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T Evaluating Temperatures and Pressures in the Bingi Bingi Point Complex Granitoid during Late-
stage Magmatic Differentiation — Magma Residue that Formed Oscillatory Zoned Structures in
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Abstract The complex plutonic body at Bingi Bingi Point in the southeastern part of NSW, Australia is
internationally recognized as an outcrop that preserves the solidified state of immiscible magma.
Tonalite magma is rising to envelop the diorite, supplying a large amount of Magma residual liquid
to the diorite. In diorite and tonalite, the hornblende shows a universally developed patchy zoned
structure of magnesio hornblende. Through the circulation of this magma residual liquid, a pale
green rim of actinolitic hornblende was formed. Furthermore, in this area, an oscillatory zoned
structure has developed significantly, in which fine bands of 1 g m in width are repeatedly formed
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in a wavy manner.

The field study and observations using a polarizing microscope, as well as the analysis of
component elements by EPMA, indicate that the pale green rim area, which includes the
oscillatory zoned structure of amphibole, was rebalanced by hydrothermal residual liquid. The
suite values derived from an amphibole mineral thermometer and pressure gauge, which utilize
plagioclase - alkaline feldspar and are based on the Al and Ti contents of the amphibole that has
developed an oscillatory zoned structure, formed at temperatures below 630° C, pressures below
2kb. The coexistence of opaque minerals shows that the oxygen fugacity was log fO, = -19.5 to -
19.0. These data indicate that the pale green rim of the amphibole formed during a subsolidus
process through the progressive oxidation. The oscillatory zoned structure of amphibole indicates
that hydrothermal residual liquid has circulated.

Evaluating Temperatures and Pressures in the Bingi Bingi Point Complex Granitoid during Late-stage
Magmatic Differentiation —Magma Residue that Formed Oscillatory Zoned Structures in Amphibole—
Kazuya Kawakatsu, Sawa MATSUOKA, Ayumi YAMAGUCHI,Yukino TSUJIMOTO, Daiki NISHIKAWA, and Kazuma FUJIMOTO
Hyogo Prefectural HimejiHigashi Senior High School

Resalts by EPMA analyses

Research Purpose

Research Purpose

Evaluating Temperatures and Pres .
in the Bingi Bingi Point Complex Granito

during Late—stage Magmatic Differention
(—Magma Residue that Formed Oscillatory Zoned _Strucfures in A‘m" I p

=

Hyogo Prefectural HimejiHigashi Senior High School
Kazuya KAWAKATSU, Sawa MATSUOKA, Ayumi YAMAGUCHI,
Yukino TSUJIMOTO, Daiki NISHIKAWA, and Kazuma FUJIMOTO
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Temperature and Pressure

Discussion

Future task
To domonstrate the valdy of the OZS. i it be
OPEN

References

Keywords
The residual liquid composed of H20 that
remains after the complete crystallization of
various minerals during magma differentiation.

Residual Hydrothermal e
liquid

3 i Oxidation that proceeds gradually or
Progressive oxidation continuously under oxidizing conditions.
The area beneath the solidus line on the
temperature—pressure chart (phase
diagram) when a material is completely
solid.

Subsolidus

Mottled structure that was formed when

Patchy zoned structure ---
crystals develop rapidly.

Oscillatory zoned 3
structure of amphibole

Figl: Oscillatory zoned
structure of amphibole

WOZS is a repeating band-like structure.

MThey are formed by ion substitution as the rim of the crystallizing
amphibole re—equilibrates due to the circulation of residual hydrothermal
liquid.

Motive of this study

Mr.Kawakatsu, Science Club Advisor, Himeji Higashi High
School, made the world’ s first discovery of OZSs in
amphiboles of plutonic rocks. (Geochi.Cosmoci.Acta,19871))

@ Nevertheless

No widespread reseach using this finding has been published.

-

Inspired by his research, our science club decided to
develop it further in our own study.




SRR EER. A7 HE B OB o Rk

Motive and
background®

According to previous studies of the San—in and the San—yo Belts,
0ZS, which formed secondarily by circulation of
hydrothermal solution, was found in these areas.

The discovery in Sanin-Belt was made by Mr. |
Kazuya Kawakatsu and Sanyo- Belt by Himeji

Higashi High school

Would OZS possibly give insights into circulation of
hydrothermal solution?
What should we do to show off the utility of
OZS in worldwide?

8-

First, to Australia to find more OZS !

Motive and . 6
background® {

In 2024, we conducted an outcrop
survey, created a geological map,
and collected rock samples at Bingi—
Bingi Point southeastern New South
Wales, Australia (Devonian).

Fig2 Created a geological map

We discovered a lot of OZSs in
amphibole in diorite and tonalite as
we’ d hypothesisd.®
d = =

a mphi 75

/4

sample2401275

Research Purpose ?

B With EPMA
*The Al(VI) content in hornblende is less than 0.6 and only trace
amounts of Cl were present.
*The coupled Edenitic substitution patterns in the OZSs dominate.
*The Mg/(Mg+Fetotal) gradually decreases from the core to the rim.
B These features are similar as the feature of amphiboles of the San—in
and San-yo belt (Cretaceous~Paleogene).

¥

This lead us to conclude the magma dehydrated and vesiculated,
creating a residual hydrothermal liquid and an oxidizing environment
that allowed OZS to develop in the rim .

The propose of research ¢

We presented the result at
American Geophysical Union and Japanese
Geological Society etcr=**

Is it really subsolidus

i I
Got highly regarded! condition?

We will make a pressure and temperature clear in detail through
eothermometer as paying attention to the amphibole with OZS
and coexisted minerals for comfiming whether hydrothermal solution
circulated in subsolidus and oxidizing environment.

To study ’

BMWe won a research grant.

MWe were successful in applying for Kyoto University’ s Advanced
Research Project (COCOUS-R) and we analyzed the samples at
the Kyoto University Faculty of Science on February 1t and 2"
as well as March 25,

B Almost all amphiboles are euhedral or subhedral. 2
B All develop OZSs in there pale—green rims. | we 15,0
B Some core of magnesio—hornblende have patchy zoned structure.

o (sample 240

Results@ f

B We analyzed plagioclase and alkali-feldspar co—existing with amphibole
displaying OZS, and OZS in magnesio—hornblende.

B The rim of plagioclase co—existing with the amphibole have reaction rim
with alkali-feldsper.

B Almost all opaque minerals are pyrite.

Fig.7: archboe maving
( Feastionrim is show

b} sumexisling
lali-#¢/dspar

Results by EPMA *

-

Modal compositions

Diorite : Qz4% . PI56%. Kf6%. Hb28% . Bt3%. Mt Iim, Sph, Pt Ap

Tonalite: Qz19%. PI62%. Kf6%. Hb9%. Bt2%. Mt Iim, Sph. Pt. Ap

¥

Based on this mineral substitutions,
geothermometry and geobarometry are available.

From amphiboles a

= ) o
- Leqemi

Toward rim

gsothermometry Fig9: Al gaobaromatry®

B Geothermometry using Ti in amphibole shows a temperature range from
640°C to 545°C from the outside to the rim.

B Geobarometry using Al in amphibole shows a pressure range from 1.7kbar to
1.0kbar from from the outside to the rim too.
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From two—feldspar

B According geothermometry which
utilizes plagioclase and alkali-feldspar
coexisting with OZS, temperature is
under 400°C at 1kbar, and under
500°C at 10kbar.

The results show subsolidus.

ALBITE IN PLAGIOCLASE {acTiviTy)

ALBITE IN ALKALI
(ac

L
MOLE FRAC)

Figl
faldspar

jectharremsty whish utiizes pagiocles
)

Fugacity "

W Almost all opaque minerals are pyrite, with a
few incidences magnetite and ilmenite.

Fes+TiO;

&

B According to diagram of logfS;—logfO; when &
pyrite, magnetite and ilmenite coexist at the .,
same time, the fugacity lies on the A-B line.

W In this case, logfS: is —3.5 to =2.5 and logfO: is ™ 3
-19.5 to ~19.0. -

Analysis() "

(@ Some amphiboles are euhedral.

The Basaltic

Analysis@

Equilibrium temperature and pressure, When OZS is formed

—Crystallization started early in magma differentiation.
(2Some amphiboles have patchy zoned structures.
—Amphiboles grew rapidly.
@Many euhedral Sulfur-containing minerals(Almost all 3
are pyrite) crystallized during magma differentiation. vesiculated

From amphibole contained in diorite and tonalite ‘

which formed diorite
were provided with a lot
of H.0 and SO, and

Approach Equilibrium temperature and pressure Table

Ti Geothermometry 640°C~545°C Otten, 19844

Al Geobarometry 1.7kbar~ 1.0kbar Mutch et al., 2016

(1.7x 10°hPa~1.0 X 10°hPa)

(D The amphiboles recorded from early to late magma differentiation, and OZS accurs in
the pale—green rim which formed in subsolidus condition.

(@Fe/(Fe'+Fe') contained in the amphibole decreases from the pale-brown core to the
pale—green rim.
—Oxidation has progressed, and Fe* content has increased.

(3Very little Cl is contained in the amphibole (<0.03Wt%).

Geothermometry utilizing Under 400°C Whitney and
lagiocl and alkali-feldspar (1kbar/1.0 X 10°hPa) Stormer, 1977%
Under 500°C

(10kbar/1.0 X 10’hPa)

Fugacity of opaque minerals logfO, = =19.5~-19.0(550°C)
assembly | logfS, =-3.5~-25 (550°C)

Nedachi et al., 1984

Discussion 19

The results of geothermometry and geobarometry indicated the OZS was
formed in subsolidus conditions.

Therefore, our report in 2024 that OZS in amphibole was formed in
subsolidus, was strongly supported.

Through the outcrop survey of Australia and Southwest Japan, OZS which
is a product of hydrothermal circulation was identified in amphiboles of
different ages and areas.

—OZS of amphibole in plutonic rocks have the potential to be used as
indicators of the circulation of residual hydrothermal liquid in subsolidus
conditions.

Future task 0

To demonstrate the validity of the OZS, is it be
necessary to investigate all rock bases worldwide?

@ Thisis impossible.

To show OZS is international indicator--*

We will go to New Zealand in January

A series of plutonic rocks (from amphibole to pyroxene)

Acknowledgement 2
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(Na+K) ,Cay2* (R2*5_,;_,R3* R**,) (Al,.,.3,) (Slg_x-y-22) Oz (OH) 3

Rz-=Mg2+, Fe?*, Mnz*  R3-=Al3-, Fe3+  Re-=Ti*-

x =A-site occupancy y =sumof AIV'! +Fe3+ 2=Ti**
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The environment at the final stage of magma
differentiation recorded in the silicate minerals of
plutonic rocks
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In petrology, the process of magma differentiation is understood based on the shapes and
compositions of minerals observed at present. The Oscillatory Zoned Structure discovered in
amphiboles from plutonic rocks suggest that they may not preserve the conditions present during
crystallization from magma. This structure indicates that once-crystallized minerals are secondarily

21



(6)
H
&

(7)

o

(8)

L ST R S AR

I TAEE B OTEB) O FLEk

replaced by hydrothermal solution formed under progressive oxidizing conditions.
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Experimental results

Research background

- When the magnetic field applied to a ferrofluid exceeds the critical
value, the magnetic
forces, surface tension, and gravity on the surface of the magnetic
fluid balance each other, forming spikes.

- The shape of the labyrinth pattern generated when a magnetic field
is applied to a Hele-Shaw cell-like magnetic fluid closely matches

the shape of the spike bases and their change tre
Represents the direction of forces;

the magnitudes are not exact.
Red: repulsive force between spikes,

Green: attractive force between
magnetic nanoparticles,

Blue: surface tension,
Yellow: gravity

Figurel Spike model diagram Figure?2 Labyrinth pattern

Research objective

We hypothesized that the viscosity of Hele-shaw cell’s polyvinyl alcohol
(PVA) is related to changes in shape, and we attempted to clarify this
relationship. Additionally, we sought to elucidate find clarify the relationship
between changes in viscosity and the number and size of labyrinth patterns.

We conducted the study with the aim of clarifying these relationships.

Experimental Method

(1) Measurement of changes in magnetic flux density, ratio of
shape geometry, area, and critical magnetic force

The viscosity of PVA was fixed at 4, 10, and 19 dPa-s, and experiments were
conducted by varying the magnetic flux density applied with a coil in 10 levels: 20,

23,25,27,29, 31, 33, 35, 37, and 40 mT. Throughout the entire observation area
@ Shape ratio Rl —
(2 Area of a Shape

(3 Critical Magnetic Force
for Shape Change

"./Z_..‘:.— o -9 .
» ~2 coil

Here-shaw cell

- .

were measured. @ In this step,
five shapes were randomly
selected from the figures that
allowed the determination of
the shapes of the entire observation area, and their areas were measured.

<
- 1

B L
————————

Figsure3 Hele-shaw cell Figured Experimental apparatus

(2)Measurement of changes in viscosity and the ratio and area of the
shape

The magnetic flux density applied by the coil was fixed at 20, 23, 25, 27, 29,

31, 33, 35, 37, or 40 mT, and experiments were conducted by varying the

viscosity of PVA between three values: 4, 10, and 19 dPa-s.

(D Shape ratio

were measured. In @ shapes in discernible areas were randomly extracted
one by one, and their areas were measured. (Measured a total of 300 times,
10 times each)

(2 Area of a spike shape

Future Challenges and Acknowledgments

Since the quadrilateral labyrinth pattern has not been observed, we plan to
return to experiments with three-dimensional spikes to clarity the specific
conditions for the formation and collapse of quadrilateral shapes.

n conducting this research, we received valuable advice from Mr. Kazuya
Kawakatsu, an advisor in the science department of our school. We would
ike to express our gratitude here.

(1)Rate of change and shapes of
magnetic flux density, area,

Proportion of 4dPa-s shape

1.0

and critical magnetic force S
No correlation was observed at 4dPa-s. é‘g‘
On the other hand, at 10dPa-s and R e i

20 23 25

19dPa-s, the proportion of hexagons,

_ Magnetic flux density (mT)
pentagons and heptagons increased.

sadeys u4ayyed yjuliAge| Jo uoijiodoad

e=@== Circular ==e== Hexagon «=®= 5 7-sided polygon

3 Proportion of 10dPa-s shape
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8 09 S Proportion of 19dPa-s shape
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Figureb Proportion of shapes with magnetic flux density and viscosity

In terms of area, at 4 dPa-s there was > 4 dPas Aron

no correlation between magnetic flux |22

density and changes in the areas 3 o S

accupyed by each shape, while at 10 | g [ :
dPa-s and 19 dPa's a EN ‘x h@ ﬁﬁ*
decreasing trend in area was observed. %’*o-o - — —

At all viscosities, the area of the ) Magnetic flux density (mT)
heptagon was larger than that of the ~ M Circular M Hexagon M Pentagon = Heptagon

pentagon. (Figure 6)
10 dPa-s Area

19 dPa-s Area
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Heptagon Heptagon

Figure 6  Area of labyrinth patterns at each viscosity
Table 1 Relationships between Viscosity and Critical Magnetic Force

_ Three—dimensional 10dPa-*s 19dPa-*s

Circle 14.7m’ 13mT 1omT 17mT
Hexagon 17.6mT 19mT 17mT 23mT
Heptagon 26.4mT 17mT 19mT 37mT
(2) Measure changes in viscosity and the ratio
4dPa - s 20mT 4dPa - s 23mT 4dPa - s 25mT

{ Proportion of shapes )
When the viscosity was

increased to about 19 dPa-s
at 20-2b5 mT, the b- and 7-
sided polygons disappeared.
On the other hand, when

the viscosity was changed
to 4-10 dPa-s, the
-proportion of b- and 7-
sided polygons formed by
the deformation of

10dPa - s 20mT 10dPa - s 23mT 10dPa - s 25mT

0909

19dPa - s 23mT 19dPa - s 25mT

‘J J hexagons increased.

M Circular [ Hexagon [ 5,7-sided polygon (Flgure 7>
Figure 7: Proportion of shapes when viscosity is changed

19dPa - s 20mT

4
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Conclusion Table 2 The relationship between the viscosity of
magnetic fluids and magnetic flux density.

Constant magnetic flux density

Constant viscosity
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@®n the low-viscosity layer, the fluidity of the magnetic fluid increases, making it
more susceptible to the repulsive effects between adjacent labyrinth patterns,
which is believed to lower the critical magnetic force for shape change.

@ n low-viscosity layers, adjacent labyrinth patterns connect, and as the resultant
surface tension increases, the shapes collapse.

@® The lower the viscosity, the more rapidly the changes tend to occur.



TR IR AR AE. D 7 4R R OEB) DRk

TP D g B AR IC i o 2 BRI R BCHE » D HRIE T 415 D 2

TR A7 AR R A AL RHEEE YRS+ 7 v Bt
SPHES = FHE KASER NHAIKES

-~

A, WFFEHEM

(1) WEEEE E ToWf%E

HEH D 1F 2020 4F 2> D AkHER ICHEY) O MR 2R E ORI O HAIMEIC O WTIFFEL TH Y . R T v
(ZVvFav, FvxyF, Avhviay, valJly— FvidvFars Tfhv~i, B
NN, BV, VYTAHY IO ofE D et yEnaroHOFARLELE, KEIC
HAELTWATLFRAL FAFRLL A LAY IEFOER, WIENL EEHAR S LT, TH
D> CTHAERTREL VO EGICIRIRZME 2RO L Cnwb Z LI L D), &
o ORLH & L UCHIGE L. Image] % VW CHEEHLEE L 724550, fSE. Mlzilb 3, #H
B O 2 o B oEEHFER 1=se"xuln—1) (FA» o RBELT coAKEHEEY 1 &3
2. n: FAEAOKEESZ0FHE Lz s 2EHOMBIES D, u: BT 2 2 o SR O 723K
i EDME, s BESNES W ED S Bz & oSS CMHEIIRE KBS T, ¢ BRIER i
IEE DB NS B, et A4 ETH=2.71828) T—M{LT&E 2EA% b > T3 C
EEWHLPICLE D, 2, FETVOMEICENT, I & OB O ITEE T IC X 5 R
DIFENTICBEfRE . FEOWE, HERFHE, [, SR COREZ KL T2 AR H 25
EERHLIC LT (D,

(2) REFE OO HIY (LARRIIAFEE D)

oL BT R TR EINIMCEHEBEOMRYIZ, WOREINTWEDES S 5, Kif%E
Tld, TV Fy<wXeeaavX0EORRERY O FREXEZHAL 2T 2L & bic, HEERT T
DWEHERCHTNIZA T 2 D h, B 5 WId) D HETHE S iz e AR IR 2 X5 i L Tl o
DERALHICTEZEREHNE LT,

B. WgE5ik
BHHA Yy ZTREIHA R Z 9T X S ISRl L. Ay 7o Fig 1 2FricHl 2o TR #E
e LTz, N=IHEAE (Fic) vEEEAY VL 03 %, BEE 1 %EMAZDD) 2ED [{EL¥E
ot ] FLEE L, #HERA»SHFEIT 1D
PrEIc, = Fu~X 11 fiiikt eaa~
A 10 itz fEpliciEZ <akl e L (M
1), EHRHFNTREEOZE L5 2 78\
XOICE E» %2 YT T, WE 25 °C,
R 65 % THERFL7-.6 A 18 H~7 H 10
H¥ <o 23 HRE. #H 8:00 & 16:00 ®
2EFo, 1 HHOEDIER (FEoFTHIFR
HRAy) L EMESE A S DA x HEIE L 72,
¥7-. 1 H DEDEM OLLE % FLHE R
—E X, 225 2 MHEBBEOEEDEE
LOMEuEHELZ (KM2),

B2 JEEEE LCOHEEA



TR IR AR AE. D 7 4R R OEB) DRk

C. Bon-#R
X3, TV FUY~ADBET2ELo/KFEMET 1 KHOEDEKE 23 AE0 %2, K41

FeIaawxAornNERd, TYFyeAbeaae 2y, HELTCESEZCH, I1KHDE LD
T AE (BEI2E0xTAE w0 BRE) 0133 E— 0z R,

I RFUvw X1

1400
- y=10.848x - 496094  1RZ= : 21.147
1200 +
+ = .
R B e S y = -6.1984x + 285248 R 1 57.805
[+
1000 o ®
o—.——'.\.._.ﬁ( y=-2.6917x + 124295 {RZ : 43.460
800 X % _
K e XX y=6.14x-280724  {Ri : 49.611
9 X
X
600 % Xx < “ x
)X Xx e y=-2.5778x+ 118706 {F# : 48.042
400 A Ay AL 2A A 2 A
N  AA A4 aa—AA y=-3.0871x+ 141883 {7 : 36.856
200 [ u _
.;—i'—"—_.'—-—""'."-—"_-_'—. y=15901x-72708 {3 : 28.073
0
6/22  6/24  6/26  6/28  6/30  7/2 7/4 7/6 76 710 712 BT
Iy Ro<X2
1000
°®
NP NS—— ) y=1.2742x-57544 {@Z @ 49.195
® o
800
xX %
X\X)NXXMK y=-4.808x + 221142 @2 : 28.519
600
X X y =2.349x - 107154  {®Z= : 20.007
() A X
40 A
) & - = A A A VS A y=-1.5113x + 69654 {F3 : 32.251
A
200 -_l-_lﬁ_..—-_-._-. S i | y=-0.4256x + 19697 {mZ : 15.006
m
0
6/24 6/26 6/28 6/30 7/2 7/4 7/6 7/8 7/10 7/12 B3
T RFTUT A3
1800
1600
- y =-50.405x + 2E+06 @7 @ 81.996
1400 -
—_ - y = -8.8626x + 407632 {RZ= : 32.525
1200 -
. 4t 4+ + y = 1.0994x - 49304 1RZ= : 29.796
o - +
1000 .
.—__._',_/o‘_'._.__. y=6.727x-307493  {RZE : 64.978
® _
800 & X KK X y=14.88x- 681423 {m7= ' 65.275
X X e .
600 K ¢ X y=5.8773x - 268874 fRZ= : 39.088
X = <
400 N Ar 4 A ‘A Ay A L, T = y =4.0283x - 184307 1{mZ= @ 42.515
Ay _
200 !.—-—-.—-—.—.—-—-—I.—-—-—.I—I—- y=0.3307x - 14989 W7 :@ 12.886
0
6/22 6/24  6/26 6/28 6/30 7/2 7/4 7/6 7/8 7/10 7/12 B{s

36




A VA R i I S R B SR [

I RFUT X4

1400
1200 / v =36.896x-2E406 g3 ;51508
- y = 44.908x - 2E+06 B2 1 92.950
n
1000 .
d \. B2 : 66.064
[ + + y=-16.106x + 739345
800 X e y=-11.16x+ 512469  TmZ= : 48.078
X
6 X
600 X L
X x X X X y=-18.919x + 867970  Tm7 1 71.204
X
400 X =-12.52x + 574465 SRV
A 44 2 A A A " a 7 fR# : 77.938
- A& AL — .
A|TA AA A, y=-1.8069x + 83153  {RZ : 31.856
200 5“-‘-‘-‘I—'—.-—--H—-—'.—-—l =
[] y =-1.6677x + 76605 Rz © 21.632
0

6/22  6/24  6/26  6/28  6/30  7/2 7/4 7/6 78 710 712 BfF

I K< X5
1400

1200

. \ y=-33.414x + 2E+06  {RZ# : 30.797

1000 ® L
X o Xgq y=-19.014x + 872631 {F3 : 30.797

800 YX % % X
X X ' v =0.27x-11583 {R# 130797
0 X X
X
600 P X X
W y=-6.0581x+278272 (= : 30,797
X
A A A
400 A_n—AA_r A A e 2 & —A y=-0.8832x+40862  {Fz : 30.797
u A mA
200 -‘T-‘?"_'—'-—..—H—H—l y=-0.9504x + 43761 (=3 : 30.797
m =

0
6/22 6/24 6/26 6/28 6/30 7/2 7/4 7/6 7/8 7/10 7/12 B 1:]-

I R7T7T X6

1200

1000 ® L)

« °®
y=-11.064x + 508131  {RZ= : 68.487
° °
300 = X XK X

y=-11.449x + 525648 {7 : 88.031

X X X X
X
@ 6 X x XX x& X X
y=-0.6174x+28860 {®RZ : 93.719
X A X
X AA A X
400 " AA AL A X y=1.165x- 53039 fR# : 56.331
A AL - A
A A A
A A
200 N = = .
—-I.—-—I—'—-——.'-l'-"—i. =g y=-0.3144x + 14574 1R : 30.797
0

6/22 624 /26 6/28 630 72 7/4 756 78 710 7/12 BT

37




DRI7 R B OmE R

IV RTITAT
1600
1400 / y=44.371x-2E406  {m@3= : 109,681
1200 - y=12.792x- 585279 {FZ @ 80.267
+ +
1000 +\¥J>T\+\ y =-14.587x + 669778 {E3 : 59.277
X o °® +
@ =00 M y=-10.2x+468451  {RZ : 45.904
X °
o0 x XX X % v=-9.4341x+433190 {R : 65.605
X
= X y=1.3063x-59388  {E: : 43.368
400 Ay A A X - AA A AA
& a A rvy x Aba—— y-22843x+105088  fR : 21.034
200 . _
- S oy M me e e o  y=-13408x+61635 15922
0
6/22  6/24  6/26  6/28  6/30  7/2 7/4 7/6 78 710 712 BT
IR X8
1200
+ —
" y=15595x-713895 {Fi 38156
+
1000 °
‘.\.—\..\.. y=-5.8841x + 270678 {Ei : 45.064
°
800 X X _
X X x XX X y=2.8107x-128097 {RE : 34.162
» X
@ 600 X X
X X _ X
% X y =-3.9548x + 181840 {RZ : 43.566
X
400 Ay Fe—Y A A
S yY Ak, e A -18913x+87052 (B :31.074
200 e = - =% B 0178481972 {F 22381
n
0
6/22  6/24  6/26  6/28 6/30  7/2 7/4 7/6 7/8  7/10  7/12 =FD]
IV RT< A9
1600
1400 =
_-'\-— y=-7.2116x+ 331927 {BZ : 47.650
1200 4+ I
- e n y=-3.0782x + 142244  {E# : 76.699
1000 ® _
'o".\4—OW—O =-5.1179x+235586 {RZ : 65.728
0 soo X oX
X y=-7.2995x + 335420 {RZ= © 73.689
X X X X
600 X % < = . Y=46165x-211052  (mi : 75088
400 A A, a ta =
ag A a4 A a4 yy A v=-03187x+14990 f{RZE : 54.447
- Am B g
200 ——.—-—-—.—-—"—-.—-—.. = ) y=-0.1626x + 7643.5 {E3= : 45.659
n
0
6/22  6/24  6/26  6/28  6/30  7/2 7/4 7/6 78 710 712 BfE

38




WSRO AE S 7 2 B o) ol

> K7 <X10
1600
1400 -

- y =-53.071x + 2E+06 1RZ : 73.264

e —— = —
1200 o y=-7.1685x+329884 (=== : 34515

M y=14.826x-678634 (=== : 73548
- .

1000
Q__.._ol*—_—..—.!—’—— y = 2.194x - 99706 (B2 : 38.690
800 e XX ®
)KX—__XX-%/—X_‘X—X—W( y=4.9047x-224125 (z3= : 33507
600 X § >4 y =5.0016x - 228757 /=== -
X < X : R : 41.078

X
400 n—‘A—AA—A—A—u—;A—M—A——‘A—AA—A—A y=03102x-13851 {23 : 20.216
200 e E m e e ms. = fa L y-12163x-55559  {RE 17403

0
6/22 6/24 6/26 6/28 6/30 7/2 7/4 7/6 7/8 7/10 7/12 E 171-

I RUvTX11

1400
z -- - y=-2.35x+ 108981 {RZ : 68.487

1200 +t
SR R B y=6.6539x-303915 {E3 : 68.487
+
1000 B J
.Tt\....o\. y=-10.915x + 501310 {53 : 68.487
800 X X X R
. s X y=0.8399x-37737 {53 : 68.487
X
600 § X S y=1804x-82142 (=3 : gg.as7
X X
A , AL A
200 PSRN - Aj AA A AL y=0.984x-44699  {=3 : 63.487

200 oSl Em e B . smgms———m =508 y-2081x-95220 (R 68.487

0
6/22  6/24  6/26  6/28  6/30  7/2 7/4 7/6 78 7710 712 BT

M3 Ty Py~ A0BHET 2L oRTFHLETIKRHOEDERE 3 /A0
TNEFnNoXKo, T2, 1EHE 2KH, 1#HEE 3KHE, 1#%&B & 4¥KH. 1 /%HE 5%H.
1KHE 6 KH., FoEDEMDOMELRT,

E3avw X1

1800

1600

1400 — y=-24.043x + 1E+06  {RZE= © 64.313

- © y=13815x-62050  {RZ :51.289

1200 . "
\ y=-30.371x+ 1E+06 Rz : 80.026

1000 % oo © o
6 = y =-5.5724x + 256425 {R7= : 25.083

jra— X v v X —
800 x X% *—x y=-7.5685x + 347768 {RZ : 33.305

600 X y=-7.3887x+339356  {mZ : 30.689

400 A——ah A A A —————axaA y-04505x-20684 R : 19.338
200 EE—8 -EE —S-msmm L am y=-273x+125327 (B2 : 21.007

0
6/24 6/26 6/28 6/30 7/2 7/4 7/6 7/8 7/10 H /[T-I-

39




DRI7 R B OmE R

E3Ov X2
2000
1800 o y =-15.4x + 707830 {R#= : 16.575
L]
1600 ’\‘.4 y=-15.819x + 726806 (= : 54.177
1400 = - - y=-3.1029x + 143705 {RZE : 34.805
—_— - B
0 1200 —_—— y=-11.491x + 528038 {RZE : 42.017
1000 . T y =-9.7095x + 446204 {)ﬁ% 1 33.053
T e, v=-10.949x + 502827 R : 40.883
800 X w wy Xy X o _ B
< XX X %X y =0.3451x - 15095 w7z - 28.707
600 \’j< .S X —X y=-1.7278x+ 79796 {RZE : 26.015
A —
400 A A ——AA———— A A A y=-0.5688x+26478 R 1 29.077
H ml —
200 .—'—J—.'—l—.—-—-—ll—'l—‘l—-. y=-0.9792x + 45095 Rz : 29.732
0
6/22 6/24 6/26 6/28 6/30 7/2 7/4 7/6 7/8 7/10 H 1
E3a<v X3
1800
° L]
1600 - y=19.919x- 911585 {®Z= : 19.330
L ]
[ ]
1400 - y=10.009x - 457443  {S3 : 23.178
1200 - y =2.0261x - 91644 B2 : 24.584
L + -
— + y =-4.349x + 200450 (= .
1000 ° . i. .: o i R : 20.642
0 ° o ? y=-10067x +47096  jou . o) ooy
800 X_X % X¥ X —
XX P SARET X y =-1.6708x + 77327 RZE : 40.812
600 - X
N T y=-3.0351x+ 139707 (=== : 53 795
400 AAh A - — A b ok A_A_“ y=-25012x+ 115063 j=oe . oo oo
200 gu B o0 B g = _._.l_..—ll_.. y =0.107x - 4693.9 fmzZ= : 37.733
0
6/22 6/24 6/26 6/28 6/30 7/2 7/4 7/6 7/8 7/10 B{T
E3a~v X4
1800
1600 \'\..\ y=-34.373x+ 2E+06  {RZ : 24.975
1400 - = = y =4.0495x - 184259  {R7 @ 34.963
I N B
1200 . y=-14.96x + 687081 {RZ= : 49.067
1000 > e T y=-1.9399x + 89969 RZ= @ 62.141
0 ...__'ou.——.—'—QO—. y=15724x-71199  fRZ : 23.909
800 Ko— XX X X x w —
X = XK y =-3.3945x + 156342 {RZ= : 18.867
600 < XX X e .
- % X x y =4.8473x-221664 (@ :37.232
400 L_“_‘_‘__A_A_“_“_“_n_‘ y = 1.602x - 73087 fR# 1 20.290
A
200 w y=3.8944x-178341 {RZE : 34.867
m N
0 <
6/22  6/24 6/26  6/28  6/30 7/2 7/4 7/6 7/8 7/10  7/12 B

40




A SVA/ RN o i T W S s e OB T /TR
E 307 X5
1600
1400 - _
=l = y=-0.7315x + 34871 {RZ : 71.671
1200 == .
T y=-16.788x + 770786  fRZ= : 78.583
+L++\++
1000 . y=-15.524x + 712679 {7 : 68.833
++
( ]
@ soo %0 y--10884x+912363 (R : 70.928
x oe XX =
600 X TORXTX XX y=-4.9513x+227643 @7 : 29.189
H X _ )
X y=-5.0817x+233444 {RZE :25.519
400 -
A_Al_*‘—;““_ﬂ‘*‘ﬁn—‘t y=-2.8395x+ 130477 {RZ : 24.364
200 e
l.—l.—I.—-—l—ll——l—-_..‘.._- y=-2.3312x+ 107018 {E3 : 19.039
0
6/22 6/24 6/26 6/28 6/30 7/2 7/4 7/6 7/8 7/10 =ED)
E3av Xe
1800
1600 — y=42.034x-2E+06 (S : 18.186
1400 e y=03186x-13229 {23 : 15.781
1200 y=-2.5172x+ 116599 {53 : 18.817
1000 *’—svr‘t—ar/"i# y=9.7895x - 447729  {RFE : 29.415
)
800 ._/__..—o—./—°°" y=8.5683x-391954  {RZ : 41.750
X oy K .
N e KA—xX AR y=4.5174x - 206407  {BZE ' 29.326
600 % %
=-2.0597x + 94918  {RE @ 38.237
400 A X A L
A4
A& 7'y AA—Ax AAA y=0.5602x-25357 {7 : 36.105
200 e ——— = g s,
y =-0.3144x + 14584 fRZE : 39.518
0 [ ]
6/22  6/24  6/26  6/28  6/30 7/2 7/4 7/6 7/8 7710 BT
L3 X7
1800
[ ] P .
1600 — y =-34.406x + 2E+06  fRZ © 69.980
[ ]
1400 B B y=8.0133x-365952  {RZE ! 21.274
- . — y=16.526x- 756354  {RZE . 45.947
1200
M y=15.191x- 695343  {RZ= : 53.696
1000 .‘”_._../.._.._. y=10.758x - 492227  {R# : 37.742
6 800 e
X v ool w XXy y=4.8222x-220342 {RZ : 35754
% KK X x
600 _
Xx - x X s y =0.6087x-27367  {RZ : 24.586
400
AA A A A, A 4, A A A4 y=0.8484x-38555  {g#= : 25.757
200 B R e y=0.9208x-42030 R : 10.907
0
6/22  6/24  6/26  6/28  6/30 7/2 7/4 7/6 7/8 7/10  7/12 B

41




LRI A AR DT EE RO E) D RLEk

E3 0w X8
1400
1200 -+ y=-0.1595x + 8540.2 {RZ= : 39.757
;"'_“\,% y =-8.0941x + 372148 {RZE : 49.917
1000 o + + + B
—_.3_.10’—“—0.——. y=4.7167x-215324 fR# 1 51.570
800 “e « >
X X .
e s e XX y=-3.3516x + 154346 fRZ= : 60.690
600 o
» y=-3.953x+ 181742 RZ= © 17.466
00 A AA A y=3.2148x-147021 {RZ : 40.110
200 | = [ | SV
I-_“-—'—I._"—'—“ﬁ y=-0.3962x + 18355 {RZ : 24.508
’ B4
6/24 6/26 6/28 6/30 7/2 7/4 7/6 7/8 7/10
E3ao<w X9
1800
1600 - - y=17.027x-779111 f{RZ : 48.317
/
1400 =
y=0.6701x - 29423 {RZ= : 21.350
1200
M y = 8.4094x - 384399 {RZ& : 26.791
1000

(] .__.;_.._n———..—w—. y=6.2738x - 286696 @7 @ 29.112
800 W"“X y = 8.9507x - 409581 {mZE @ 27.301
X

600 % >< % -
AVAv4 = - M
s e y=0.9674x - 43787 {RZ : 65.982
400 A | e
A ahd Ak AA A ——A Ak A y=2.0315x-92766 fRZ @ 16.679
200 e
- y=-1.6575x + 76152 {RZ : 23.287
0
6/22  6/24  6/26  6/28  6/30 7/2 7/4 7/6 7/8 710 712 BT
E3 O~ X10
1200
1000
/ y=66.547x - 3E+06  fRZ : 55.437
800 _
y = 29.09x - 1E+06 fRZ : 36.976
X X
X
600 A X X
%H__X/%%—X—X—’T’ y=6.8315x- 312645 {23 : 97.232
X x A
A A |
400 A A A AA = y=2.0631x-94170 {F3= : 81.633
A
| = %
200 = § o as —— == =_. 3z _§ y=-1.8791x + 86368 {@ : 31.925
0
6/30 7/2 7/4 7/6 7/8 7/10 7/12 SED

M4 evaa~xAoBHET 2L OKFHETIRHOEDE E 2 AL 0
ThZEnoRo, Tro, 1KRHEHE 2HHE. 1KHEHLE 3HE. 1HKHE 4%H. 1 KH L 5 KH.
1KHE 6 KH, F0EDEMMDOMELRT,

42




SRR A

0745 ¥

H5icid, = Fy~=xD, M6

HR DTG ED D FLFR

IEFE CALEIC S 5,

180
135
90
45

RN

-45

-135

.......... rgﬁ

IV RIS

D. #%

R U CIEMAIIC 2> T D,
ZOHLERD b F N ENDIEDIEN T TDOKN-ERRE r,
DiETAHEuORE) 0T 5L,
AT BT W B EED 5 BAAKMH 2>,

R\,

X 6

-180

6/20 6/22 6/24 6/26 6/28 6/30 7/2 7/4

y =0.1769x - 8107.5
RE : 31.9706

76 7/ 7/10 7/12 BT

IV FU~ A0 1 WEHOIEL S O3 A

(FEMY 2+, HHY %2 —L

6/20 6/22 6/24 6/26 6/28 6/30 7/2 7/4

E3av X
180 ° ° °
° tH o®
135 ., ° s
f 90 *
F 0 ‘... ....... ".!!3."'. ‘.. ....... .'.. ','...
= i o o 9 48 AL o$ 9 H
- °
X -90
-135
® o 0 [
-180 H ° oo °

° y =-0.2x + 9169.5

fR#= © 62.8844

=)

7/6 7/8 7/10 7/12

vI3a~ A0 | MEHOEDHAES L DA

ERIZA VO AL %13

ISHEEF L CTB 0. HililZ

Fega~ A0 1 KEHOEDIME S L T AE x OB %
N7, BH 1IKMHEHOEEIFRAE S I L T, REIIKRE VW IZ

¥3)

(FERbY 2+, HEYEZ—-LF2)

Tl IS THE L
| BCH DB AT g (B 2 380
AR r=a 0 L EENB, 22TO=uln—1) (n: BEH
ut B 2 2 OO D A5 AEE Eo M) TRENS,

FATHEICEDbETCr=1¢ LT (a=1/0) Excel ETZ DO LIphik Z 88BN CRT & a=sem &
REND (st BUEAVNE WS Hi & % OB A AR CIEEIRAE IS T,

0.022 0.018

o 0.016 !

0.018 e

o014 q=00L1Be 0.012 a=0,0099g 00551

0.012 ' 0,01 s

a o R 80,008 g

0.008 . ! I; il . 0,006 LI T 1 i ......... | s SO N |

0.006 [T s TP 0008

0.004 .

0.002 0.002

0 0
0 2 4 n 6 8 10 0 2 4 n 6 8 10 12

v Fy=X 11 fifko, HDIEH (n) 8 I~ 10 {Eko. [HKEOES (n)

LD 2 OfHE

(1/0)

43

LEED 2 OfHE

(1/0)



TR IR AR AE. D 7 4R R OEB) DRk

t: IRE A K BIER OBAE L NI 7B, et A4 ©TH=2.71828), EsEAIT 1/0 @
2> O HAR Z 5Tk ® 2 728 BE23 2 # Tl AR S IEREIC 5] 1T 7r v, 2 2 CL 3D 3K
7> T b, BERDORTAED S Image] > THEFHLI L, K7ic, =V Fv~<X 11 1{#
Ao, M8icite I a~< X 10 fifko, BIERHIfT VT WRED S BLKHE? (n) LED a OfF
(1/0) R L7z £, W9iczy Fy=2 11 {fkD, K10k 2 a<2 10 kD, %R
AW TWEED S BAKHE? (n) LHETIEORTAE uOREO 2R L 72,

1600 1800
6=174.46n +4.8564 ’ .
e o 1600 0=175.3n+18.872 .« .3
1200 P 1400 i
1000 ! s 1200 { l
6 800 Il 0 1000 e
e 800 e
600 e 3 p:
600 g
400 i 8 P
200 ! 200 g
0 ¢ 0 .
0 2 4 , 6 8 10 0 ) PR g 0

K9 xvirv=xl1lfdtko, ffkHOHEL, (n) K10 eI a<x 10f@Eo, fMKHDOZES (n)
LBHE T 2O BT AL u DR O LBHET 2 ORI AL u O R0

al 0 OEDCEMRDOEINE, ¥R T VOREPL PV ET I OROFARPHELE, TLF XA b
NFRReALHYIEXFDEL FERRICIRETER 1=semxun—1)TRITZ LprTES (K1),
# 1 B & DK DI 5 B8 a DA

2 R hE /7 f X
S A S 1=0.0118e"%4" % 174.46(n—1) a Dz 1 0.001774
3 a< X 1=0.0099¢°%5" % 175.3(n—1) a D2 : 0.001248

IOICHRERTZ LI, %3(97%&@7&*5( Ko TZEMLENI LTHE, ZNICL-T, 025
;k&bl’oa%éa@{ﬁ%it F—EL Y, BEUIME L CEOKEPE A THIRIT—E L b,

E. #&m

TV Fy~wAebIa~vAOEROBRGEROEEIZ. ZNZNEEEEZ D B, 2L DK
RBLTEOKEAHEZTH., ZRNEFNOERF—DLEE % b oWE R Ichit o TREZ T, &
o2k d 23 2t ixnv, BRI ERNER I NI ETTTICREINT VS

W D2 OREY) TR ERE ORI Z R 7208, Wb I X o CHEFOE &%%O@ﬁﬁ&
R CRT LB TE, RYIDENTEK X N Kimi CHEA OfE % R TIRE SRR OB E, btk
Ve kD, ZDIRKIZ T2 1D W TIHEMRE ZHild Tn b

F. B
KT AT D I H T o T, AFIAER Q) I ERBGIC 13, ZREICBVWTARREZ
iz, TTICREL THEELERT,

G. ZE3CHk

(1) FHEORER, KAOW], SHBEZS Y, AW, R EREE, SPREEL, EARRK, S THE. (5
R 7 v OREORSIBAI D22 ] . AL & 49, 2023, 61 (1), pp46-48.

(Z)ETWE,%E%ﬁ,ﬁW%H.F#ﬁ%y\bv%n:y EALAYIAEF, TLFXA
B b FIC DS N B BB ARSI DL . 55 68 HAAERIEEEE, 2024,

44



When Is the Regular Arrangement of Plant Organs and Tissues

Determined?

—Spiral Equations of Leaves in Pea (Pisum sativum L.) and Chickpea (Cicer arietinum) —

Hyogo Prefectural Himeji Higashi Senior High School Science Club Spiral Equation Group
Mizuki TAKEUCHI, Shotaro ODA, Shoma MIYASHITA, and Yuya TERADA Advisor: Kazuya KAWAKATSU

KeyWOI’dS Coordinate point, Spiral Equation Motivation

/ \ Since 2020, we have studied the regular patterns in the arrangement of plant organs and
Splral Equathn =rs 6 (1 Setn XU (n 1)) tissues. We found that cactus areoles, corn kernels and bracts, and leaves of weeds

= Larizania] dlstenes Trarm dhe eemter of tha sher o sk et growing in our schoolyard form spiral patterns around the shoot apex.In our cactus study,

= 2 laa® muraber t dhe fire of aheariatier we also suggested that species-specific spiral variables may reflect environmental factors
6 : cumulative angle of adjacent leaves in ° such as rainfall, sunlight, temperature, and altitude rather than genetic relationships.
u - angle between two neighboring leaves
s . The smaller this value is, the more widely the spiral drawn by the P uroose

coordinate points expands when viewed from above : : : :
t : Becomes smaller as the number of coordinate points forming the The purpose of this study is to clarify whether the spiral arrangement of leaves changes

spiral increases during growth, or whether plants grow according to a spiral equation that is already
Q . Napier's constant=2.71828 / determined from the beginning.

Method

We cut transparent plastic cups vertically in half so that the cross section could be observed easily.
A mark was made at one point on the upper edge of each cup as a reference point.

Eleven pea plants and ten chickpea plants were planted in individual cups, at a depth of 1 cm from
the soil surface (Fig. 1).They were grown in an incubator at 25°C and 65% humidity, and light was
given from directly above to avoid the influence of sunlight.

From June 18 to July 10 (23 days), we measured twice a day, at 8:00 and 16:00, the angle x between
the axil of the first leaf and the reference point.

We also aligned the axil of the first leaf with the reference point and measured the angle u between

Reference point

successive leaf axils (Fig. 2).Image) software was used for statistical analysis. , S | |
(figure 1 ) Sample Chickpea (figure 2 ) Top view of the sample
Chickpeal :
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y=1.5901x- 72708  Deviation 28.073 5 &—sms88 o sm y=-273x+125327 peviation :21.007 -180 ) 180 H . o0 o
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The angle & on the horizontal plane The angle & on the horizontal plane formed . .
formedgbetween the axil of the?‘irst eaf betvveegn the axil of the first Ieaﬁz nd the axil The angle formed between the first The angle formed between the first leaf of
leaf of peas and the reference point. chickpeas and the reference point.

and the axil of each adjacent leaf for peas. of each adjacent leaf for chickpeas.

Even as the plants grow and the number of leaves increases, the leaf axils maintain

almost the same mutual angles, and the axis does not rotate systematically.

- - 0.022 0.018
Discussion o oo
Even as the plants grow and the number of leaves increases, the leat axils oo ' a=0.0118e°%% 88%‘21 ’ a=0.0099¢ 055"
maintain almost the same mutual angles, and the axis does not rotate J0012 g q 001 b :
systematically. Let r be the horizontal distance from the center of the stem 008 | D bt , 8882 IR A o S ;
to each leaf axil, and 6 be the angle formed with the first leaf; then the oo D R 0.004
relationship can be expressed by the spiral equationr = a 6. Here, 0 is 0.002 O-OOS
given by 8 = u(n — 1).In accordance with previous studies, we set r =1 ’ , P . " 0 ) s s g 0 D
(thusa=1/6), and when this approximate curve is expressed as an — _ . . _ AL
exponential function in Excel, a is given as a = s e(t n). Because the spiral Eg{vflzznl1hzelae;?dnlxlrizzlrsi;;]zr:zlir?eoszEIZ Folr the 1F?'Chb|Ckpea |nc;|]|V||du?Is: thke) d
equation is obtained by drawing an approximate curve based on the values of 2 for the leaf (1/ 8) relationship between the leaf number () an
of 1/ 0, an accurate approximation cannot be drawn when there are only | the value of a for the leaf (1/ &).
two leaves. Therefore, after the number of leaves reached three, statistical Ho00 8= 174 260+ 4.8504 . 1288 )
processing was performed using Imagel) based on the angles formed by the Eﬁg P o 01753 +IBET2 4
leaf axils. 1000 i o . -

. . . . 8 800 |‘ ! 0 1288 e
Table1l Spiral Equation and Changes in Parameter a with Leatf Number 600 !‘ 500 - e
 species Spiral Equation zgg ‘l ‘2‘88 e o
1=0.0118e0-084n 174.46(n— 1) 0 o . 9
Pea 0 2 4 n 6 8 10 0 2 4 6 8 10
Deviation of a : 0.001774
For the 11 pea individuals: the relationship For the 10 chickpea individuals: the
. 1=0.0099e0055n % 175.3(n—1) between the leaf number (n) and the relationship between the leaf number (n) and
Chickpea Deviation of a : 0.001248 cumulative angle 6, based on u, the angle the cumulative angle 6 of u, the angle formed
formed between adjacent leaves. between adjacent leaves.

More importantly, the variable 6 does not change with the number of leaves. As a result, the value of a obtained from 6 is also almost constant, and the variables
remain nearly unchanged even as growth proceeds and the number of leaves increases. The variables of the spiral equations for the leaf axils of pea and chickpea
each have species-specific values. Even as they grow and the number of leaves increases, each species continues to grow according to a spiral equation with its own
constants, without changing. The spiral equation is already determined at the time when the leaves are formed.

Conclusion Future Work

We are currently continuing our research to determine whether
the variables of spiral equations, which show specific values at
the time the first leaf is formed, are also observed in other
plants, and to clarify the causes of these values.

Even as growth proceeds the number of leaves, the angle 6 formed with the first leaf remains almost
constant. Each day, although the deviation is large, the first leaf remains in nearly the same position
relative to the reference point. The spiral equations of pea and chickpea are determined at the stage
when the leaves are formed and do not change thereafter.

References 1) Murase, T., Yamato, T., Yoshida, R., Motowaki, T., Kishigami, K., Terada, Y., Miyamoto, Y., Miyashita, S. 2023.(Is the arrangement of cactus
areoles regular?) Chemistry and Biology, 61(1), 46-48.
2 ) Miyashita, S., Terada, Y., Takeuchi, M. 2024.Similarity of regular arrangements observed in cactus, maize, Canadian fleabane, and panicled
tick-trefoili. Abstracts of the 68th Japan Student Science Award.
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Towards Understanding the Life Cycle of Dicyemids

Hyogo Prefectural Himeji Higashi Senior High School Science Club

Kosei KAl Sawa MATSUOKA Kotarou MURAKAMI Hoshirou UEHARA Mihiro SATO Himari SUENAGA Kazuki SERA
Tomoharu TANAKA Tensei NAKATA Riku OKAMOTO Kenya NAKAMURA Advisor . Kazuya KAWAKATSU

verminform dicyemida Infusoriform dicyemida infusorigen -
refringend body Capsule cell Experimental Method
‘ About D'Cyem'da (DArtificial seawater was prepared by dissolving 36g of powdered seawater in 1L of deionised pure

Dicyemids (phylum Dicyemida) are multicellular animals that live as commensals in the renal sacs of field water.

cephalopods. They measure several hundred to several thousand micrometers in length and consist (@A live octpus was dissected, and urine was collected from kidney.
of fewer than 40 cells. They are believed to have evolved through a reduction in cell number from
multicellular ancestors. Dicyemids have two morphological types, the vermiform type and the
infusoriform type (Fig. 1).The vermiform dicyemids attach their calottes to the surface of the
kidney3 and complete their entire life cycle within the renal sac of the octopus. Infusoriform

dicyemids are produced in the the hest when the density of vermiform dicyemids

(3Hydrochloric acid and sodium hydroxide were used to make a pH adjustment solution to change
the pH of urine. The urine and the adjustment solution were mixed in a ratio of 1:5, and a culture
medium prepared.

(@@ We dropped solution 3 onto a slide glass, covered it with a cover glass, and sealed it with nail

20, becomes high. They are expelled into the sea polish.
b ) together with urine, swim freely in search of a (®We checked how many individuals of dicyemida were at each stage.
new host, and grow within the new host”. > The common octopus was bought from a maket. The urine was kept in a refrigerator.

This creature are thought to complete

ol < their life cycle by alternating between the
figure 1 Vermiform larvae and Infusoriform larvae two forms?).

Motive And Purpose

Infusoriform larvae are born from the fertilized egg formed with infusorigen. We had

this questions like :
- How is the fertilized egg formed, and development begun?
- How does the infusoriform larva develop from the vermiform dicyema ?
- What is the rate of reproduction?

A . A vermiform larva is born from an axial
cell of a mature verminform dicyemida
(nematogen)

Fig.2 How dicyemids were collected

Nemétééen Rhombogen

C : The fertilized egg divides
B:Dicyemida with Infusoriform. equally until the 8-cell stage.

192 |esaydiiad

uagdliosnjul
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— sexually |/ |
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D : They form mature cells
and move toward edge of
their mother’s body.

renal sac
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G . The mature trophozote
form is born from the parent
organism.

Asexual
reproduction

F . Urn cell is formed on
infusoriform larva, it start
moving on formed cilia.
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E : Refringent body is formed on
infsoriform.
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In the sea

figure 3 life cycle of dicyemids

B The proportion of time spent in each stage.

From the photographed dicyemids, the proportions of individuals at stages B—F, representing Consideration (DVerminform larva bud from the back of the mother dicyemid. After
the development of the infusoriform dicyemid from the fertilized egg to its release into they are born, the mother’s peripheral cell is regenerated.
seawater, were determined for the region enclosed by the blue frame. A total of 115 (2)Cleavage is equal up to the third division; however, differentiation occurs at the eight-cell stage,

and subsequent fourth and later cleavages are unequal. In the developed Infusoriform larva, a

dicyemids were examined (Fig. 3).
Y (Fig. 3) refractive body is formed, after which four spore cells become enclosed by a sporangial cell and

B-C: The eight-cell stage is after the formation of an infusorigen —67 individuals ciliary movement begins.

D- From the 8-cell stage onward, unequal cleavage (3 Infusoriform larva swim by paddling with cilia, after it it escapes outside from peripheral cell of
progresses beginning with the fourth cleavage. — 32 individuals mother dicyemid.

E: Refringent body is formed on infsoriform. —10 individuals (DAfter they are born , the mothers peripheral cell is regenerated, and, Infusoriform larvae tansition

_ : , _ . . to next life cycle. Density may lead to the metamorphoses Nematogen or Rhombogen, but this is
F: Urn cell is formed on the Infusoriform larva,it start moving on formed cilia

unclear.
—6 individuals (®)Assuming that the proportions of individuals observed at each stage from the fertilized egg to the
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Temperature and Pressure of Hydrothermal Fluids Circulating during the Final Stages
of Magma Differentiation in the Bingi Bingi Point Composite Pluton, Southeastern New South Wales, Australia
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X Based on this mineral substitutions, geothermometry are available

Keyv\/ords Hydrothermal residual liquid Progressive oxidation Subsolidus Patchy zoned structure Diorite : Qz4%. PI56%. Kf6%. Hb28%. Bt3%. Mt. llm. Sph. Pt. Ap
Oscillatory zoned structure Tonalite : Qz19%. PI62%. Kf6%. Hb9%. Bt2%. Mt. llm. Sph. Pt. Ap

The purpose of the research | |n our outcrop survey conducted in Australia last year, From amphiboles

we estimated that the final stage of magma differentiation was in an oxidizing Altot-P

environment. This year, we will clarify the specific equilibrium temperature and pressure

based on composition of amphiboles with OZS and the minerals that coexist with it. Ti-T

Motive and background

In 2024 ,we conducted an outcrop survey, created a geological map, and collected rock] |©.
samples at Bingi-Bingi-Point southeastern New South Wales Australia (a Devonian
magma). (Figl)
We discovered a lot of OZSs in amphiboles in diorite and tonalite as we’'d hypothesised -

The Al(VI) content in hornblende is less than 0.6 and only trace amounts of Cl were

050 055 060 065 070 075 080 0.8 090 0.95 1.00
Altot

Fig 5: Al geobarometry®

Ti

present. B o | | — - P(kbar)=0.5 + 0.331 X Al(total)
ne coupled Edenitic substitution patterns in the OZSs dominate. Fig 4: Tigeothermometry +0.995 X (Altotal) 5
The Mg/(Mg+Fe total) gradually decreases from the core to the rim. B Geothermometry using Tiin ' Ota
These features are similar South West Japan. amphiboles shows a temperature range B Geobarometry using Al in amphiboles
From these features from 640°C to 545°C from the outside to shows a pressure range from 1.7kbar
the rim. to 1.0kbar from the outside to the rim.
We estimated magma is vesiculated and dehydrated associated with =5 e —— ]
. . . L . . From two-feldspar f il [so5fs0cr Froo /aocec]
circulation of hydrothermal residual liquid in subsolidus minarals and .1 _ e 797
oxidizing environment and OZS was developed in pale-green rim. B According to geothermometer = W > | g
= F T i B which utilizes plagioclase and = i 2 t
WB alkali-feldspar coexisting with 2 E 3 |
e | e O/ZS, a temperature is under S eoffll £ | S sl ifif .
400°C at lkbar, and under 500°C 3 A 3 o |17 7
VY o < at 10kbar. z | z Y7 ¢
-y = :fix\;xz;iiiiiii;zxf e B The equilibrium temperature was = e UL
[ 00] aie  PRESG '\(\?&{4"’ calculated based on Ti in the OZS X 3o 2 ol
] ronane = S LN e e developed in the actinolitic Ny F
: "% x| Diorite o 240126-5 R T oom hOI’ﬂb|ende rm and the | 1,000 bars m 10,000 bars
// s composition of the coexisting D'ismrl?hjsgggATURE@C) i DI?JRT'BELN;TF;%:ATUREPC)J
Figl Point of outcrop survey and created a geological map. plagioclase. %16 2 % A 06 20 @ a0 w0
ALBITE IN ALKALI FELDSPAR ALBITE IN ALKALI FELDSPAR
To StUdy . (MOLE FRAC) (MOLE FRAC)
The results show subsolidus Fig 6:Temperature in Geothermometer which utilizes
B \We were successful applying for KYOTO University's Advanced Research plagioclase and alkali-feldspar ¥
Project(COCOUS-R) and we analyzed the samples at the KYOTO University Cugacit
Faculty of Science on February 1st and 2" as well as March 25t . g y ¢ ss0°C | B '/
. . ok -
W We won a research grant. B According to diagram of logtS2-logfO. when . iy
Resylts oyrite, magnetite and ilmenite coexist at the <
. same time, the fugacity in shown on the AB st -
B Almost all amphiboles are euhedral or subhedral. ! & y N Fe,0,
. . e>+ 1102 +
B All OZSs develop in pale-green rims. me.. _ 8 Fe0, | TiO;
B Some cores of magnesio-hornblende have patchy zoned structures. (Fig2) B n this case, logfSz is -3.5 to -2.5 and logtO; l fe0, | TiO, )
B The pale green rim and the OZS developed there co-exist with feldspar and is-19.5 to -19.0. el FeTio
euhedral pyrite. Fe0
G T i
ST . A : : : 15~ Fe + Fe,TiO, * ferios ~
s conios A Fig 7 Fugacity of opaque minerals assembly ") : | | |
=30 25 og fo -20 -5
1 4 Analysis
i 9 From diorite
o e @30(':’"9 ?"l‘lPhit'F’O'eSt aiede”hﬁd_ra'- et The Basaltic magma which
e SR —Crystallization started early in magma differentiation. -
T g s, Sl Fig2: Well —developed OZS and patchy zoned 2Some amphiboles have patchy zoned structures formed diorite magma was
E o A\ JOA  structure of amphibole(sample 240126-5) . . ' provided with a lot of H20
] / i ; g ° b / 1 < SR (Ieft PPL ’ rlght BSE image) —>Amphlb0|68 greW rapld|y. _
WA Rl aokou COMP 15.0kV x180  10Bpm WD1imm ®Many euhedral Sulfur containing minerals and SO2, and vesiculated.
(Almost all pyrite) crystallized during magma differentiation.
EPMA analyses
B \We analyzed plagioclase and alkali-feldspar co-existing with amphiboles displaying From amphibole contained in diorite and tonalite f
- %}ZS,.andfOZlS " r|r1agne5|o—hotr_nbler]fe:[h Hibole h . _ ‘(DThe amphiboles recorded from early to late magma differentiation, and OZS accurs in
WeitLlrgllfal? ?eglldosc e;e (Clgi egl)s ng with the amphibole have reaction rim the pale-green rim which formed in subsolidus condition.
B Almost all the o ap u'e mingerals are byrite Fe?*/ (Fe?*+Fe3**) contained in the amphibole decreases from the pale-brown
P _, Py R core to the pale-green rim.
—Qxidation has progressed, and Fe** content has increased.
(3Very little Cl is contained in the amphibole (<0.03Wt%)
Approach Equilibrium temperature and Table
5 pressure
‘ o W - g Ti Geothermometry 640°C~5b45°C Otten, 1984
qankou COMP %120 100pm WD 11mm 3 ' COMP 15.1-_%'-.-' ;:=.::;4:z: 1_;.-|ﬂ11rm | I.SHF 5,00 x130 100 Wt [ f cerkou COP 1501 330 1oym HD1inm
Fig 3: Amphiboles showing OZS (Hb) co-existing with two-feldspers(PI,Kfs) Al Geobarometry 1. 7kbar~1.0kbar Mutch et al., 2016
(Reaction-rim is shown around alkari-feldspar in contact with plagioclease)
_ _ Geothermometry utilizing plagioclase | Under 400°C (1lkbar) Whitney and
Based on the analysis results, a mineral thermometer and pressure gauge and alkali-feldspar Under 500°C (10kbar) Stormer, 1977
were used to estimate the temperature and pressure at which OZS of Fugacity of opaque minerals 080, = -19.5~-19.0 (500°C) |
. 2 . Nedachi et al, 1984
amphibole formed. assembly logfS, = -3.56~-2.5 (500°C)

Reference DIEYSIelal T hrough the outcrop survey of Australia and Southwest Japan, OZS,

1)Kawakatsu, K. and Yamaguchi, Y. (1987) Geochim. Cosmochim. Acta, 51, 535-540. : . : : : e . :
2) Otten, M.T. (1984) Contrib. Mineral. Petrol., 86, 189-199. which is a product of hydrothermal circulation, was identified in amphiboles of

3)Himeji Higashi High school Science Club, Hyogo Prefecture. (2023)
Japanese Geological Society 128th General meeting / Kanagawa university. (in Japanese)

different ages and areas.

4) Himeji Higashi High school Science Club Geological society 131th General meeting. (in Japanese) —0/S of amphiboles 1N plutoniC rocks have the potential to be used as indicators
yuten, E)F Blundy, LD, Tattten, 8.C., Cooper, £ and Brooker, RA. (2016) of the circulation of residual hydrothermal liquid in subsolidus conditions.
6)Whitney, J.A. and Stormer, J.C. (1977) Amer. Mineral., 62, 687-691.
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Acknowled structures are observed in all intrusive bodies worldwide—a task that is impossible. We need to examine the
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