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Late Magma Differentiation at Bingi Bingi complex, Southeast NSW, Australia
— Based on Oscillatory Zoned Structure of Amphiboles of Granitoids —
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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-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 pm 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 AlV! 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 Fe3+. 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

Abstract
Bingi Bingi Point, in New South Wales, Australia, is part of a complex pluton formed from
the incomplete mixing of late Devonian magmas. In the rims of 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. This suggests that hydrothermal
solutions have circulated the outside of the crystals several times. EPMA analysis shows that the
coupled substitution patterns in OZSs of amphibole also indicate an oxidizing environment. OZS of

amphibole is an indicator of the environment during the late-stage magma differentiation process.

Abstract

Bingi Bingi Point, in southeastern New South Wales in Australia, is part of a complex pluton
of diorite and tonalite formed by the incomplete mixing of late Devonian magmas. Hydrothermal
veins emerging from the tonalite penetrate the diorite, and elongated block- and spindle-shaped
xenoliths of diorite 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 also intrudes.

Oscillatory Zoned Structure (OZS) is a structure of wave-like repeating pm-order width
bands, and is characterized by the cutting of the inner zone by the outer and the parallel nature of
non-continuous amphibole crystals. The presence of OZS indicate repetitive circulation of
hydrothermal solution. Recrystallization has fragmented the magnesio-hornblende core of the
amphibole, with actinolite filling in the structure as a “rim”. The rims show OZS in the c-axis. No
OZS is observed in the core. The pale green rim coexists with euhedral magnetite, and titanite is
found on the outer edge of the amphibole.

The AIV! value of the amphibole is below 0.6, indicating a hydrothermal solution produced
from, and dehydrating, a saturated magma. Fe3* in the M1-M3 sites comprises half the combined total
of Na, Ti and Fe3*. The Fe?+/(Fe?++Mg) value is 0.18~0.50 and the Mg/(Mg + Fetwta) gradually
decreases from core to rim. The OZS in the actinolite contains trace amounts of Cl. This suggests the
rim and the OZS formed due to the circulation of an oxidizing solution.

0ZSs of amphiboles are known to have been formed by the circulation of hydrothermal
solution, and this result is in good agreement with the results of the outcrop survey. OZS in

amphibole is an indicator of the environment during the late-stage magma differentiation process.



Abstract

Amphiboles found in the diorite of the pluton at Bingi Bingi Point, in southeastern New
South Wales in Australia, display Oscillatory Zoned Structure (OZS), indicating the repeated
circulation of oxidizing hydrothermal solution. The pluton was formed by the incomplete mixing of
late Devonian magma and in comprised of diorite surrounded by tonalite. Hydrothermal veins from
the tonalite penetrate the diorite, and elongated xenoliths of diorite are observed on the contact
surfaces of the rock types. The pluton is also intruded by aplite veins and basalt.

OZS indicates the repeated circulation of hydrothermal solution, and is a structure of wave-
like repeating pm-order width bands, characterized by the cutting of the inner zone by the outer and
the parallel nature of non-continuous amphibole crystals. Recrystallization has fragmented the
magnesio-hornblende core of the amphibole, with actinolite filling in the structure as a “rim” which
shows OZS in the c-axis. No OZS is observed in the core. The rim coexists with euhedral magnetite,
and titanite is found on the outer edge of the amphibole.

The AIV!is below 0.6, indicating the hydrothermal solution of a dehydrated saturated magma.
Fe3+ in the M1-M3 sites comprises half the combined total of Na, Ti and Fe3*. The Fe?+/(Fe?++Mg)
value is 0.18~0.50 and the Mg/(Mg+ Fetotal) gradually decreases from core to rim. The OZS contains
trace amounts of Cl. This suggests the rim and the OZS formed due to the circulation of an oxidizing
solution.

This result is in good agreement with the results of the outcrop survey. OZS in amphibole

can be used as an indicator of the environment during the late-stage magma differentiation process.
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6. BE

N—=TVEICEA S5 BIRE OIS 1T, WS OB AT CIE T vy 2 RIEH, Sl o RN S
DI TIRFEICRE GBI ENT—FHMICESIT 5 2 Lob . PiaoERE#%IC, 2kl h—F
a7~ BARE AT A TEE BT, ZOBGHRICE > THfE 27 my ZRICHP L E o723
2 bbb, BIfED b= A b EEIEWISEVEZR L, AEDO~Y 7 vl —#HO~ 7/ <IFETh-o
7o 2 EDMAl 2 D 1272 LIS b LTePIRE DERE L2 I h—TF VW E~ 7D B LTS 2 b,
~ 7P LIRSV EDRWRIRER CAER 2B Td - 72, Wiebe and Collins (1998) <° Smith (2004)
I AT U CHERE LA aiiifes & LTI IADHEIX, BRI OERSE~ 7~ OFEFERE T, J1T
LCHEFE L TWAEAEZEDD LR L CE I~ 7 ~ORICHES & LTI AL, BEICER LT fER
EHOBEZI O X OB X SN TESNT D Z LI L > TR EIND Z L 2R L TW5, HEEOES
DG, AHIEORIES b, BIEEOEBICEN O EARAL XS EF L TE R b—TF VED~ T~
IZHD IAENTHSEZ & 720 . PIREEROBERICIN 5 ~ 7~ DRV T AICHANE LS BFI L7 L E 2 b
5, BkEE h—TF VA~ IR ERAATERRZIE, =T vE~ I~ O RIRE UG S v, B
WO EBEE G212, TOH%, ~T~<ERERNGECTZT 774 MEBEIIE I > T, JEICER LT
WIS e b=V E R AEE L LCTIRVIAB RN BB A LT, BT, Xila~ 7~
b 2Bl THFOEARNEZRVIARBRPOEALTLEEZEZ DD,

F—=FNEETER Lo~ 7~ OIZNRB B3 2 PRE O APRIA D, BIBRICHE L2 Bk B 03 %
<HFERINT=, 25mmX 35mm D PAfkESE O OAA S 80 HLL EOPIR R FEENE R SN, vErH
KRINEH T2 ~ SERE, UBH T 1D 1LERODDNEINEVIHETH L L E2EZD LMD
T, EHEEVRIRIR D S8 % 5 T - 8l o PIioa | SR R RS D FE T E D RN E A>TV
EMDND, PRSI Y A0 c i ESROE M) ICOARFELTEBY . FEHEC
Lo T b T DBRICTER SN EHEE SN D, ik ) DEITB T OMERIERCA 7 = — 2 EIFEL T
W5, R B AEIE IAMUD B OBUKIRR O EEIRIOIEER I L - TR SN L B DI, ORI
LR CThH - 72,

FAPIA OBIR BTG L, AL SEEN 72 PIskE RO ARIAN b b 2SR A Sh L, 2 biziddts
LTARERIC aT7HIEAAL TR Y . EORIBRICERATREENFE L T\ D, BIRE A A BT
NI A BT, M LWEVKIERIROTER OB AZ T CEBL L7 Z L IC k> TSN L EZ bR
Do PIREZ Db DODORZRBUKIRIEN, B B OEERNTH LS IER L7122 L 2WiE-> T D, JefThisE
W20 BRBEAREE I T IRICBKEROTERIZE > TER SN LD L SN TE Y (Kawakatsu and
Yamaguchi, 1987a « b,/ JGJdE L NTAR B B S P ERRET, 2023) . ABFZED R & JE L72W,

APIE DOERRIIR O L HI2EDLTZENTED (Leak, 1978), K52 I DA A WA hEIRT,

(Na+K) xca22+ (R2+5*y*zR3+yR4+z) (A1x+y+22) (Si8—x—y—22) 022 (OH) 2
R2+:Mg2+ Fe2+ Mn2+ R3+:A13+ FeS+ R4+:Ti4+

x =A-site occupancy y =sum of AlVI—+Fe?* z =Ti*™"
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- ] ———

X 52 APADA A YA~ (Deer, Howie, and Zussman, 1996)

ABIAITEI DA A BT 127> T, [BfERFOREIZIN U CET D AG DO EBEEITH 2 &0
MHENTWD, Beb EMIZ Tremolite 28 —fXAIIZAT 9 Fe2 T & Mg2 TOEHADIINT, ED X D 72 A 4
DEEPEZ > TODENE S LI U TRIEZHWT5 2 LA TE 5 (£9 Czamanske and Wones, 1973 |2
NZE), Tremolite MIFEERUTILLTD LB TH B,

A M4 M1-M3 Tet.
Cas Mgs Sig 022 (OH) -

#£9 ARAEOMAEDEELDO/NZ— (f£)S Tremolite Czamanske and Wones, 1973 {Z/N%E)
A Tet. A Tet.
= + S — Na., K + Al 1% Edenite type
M1-M3 Tet. M1-M3 Tet.
Mg + Si — A+ Al 2A 7Y Tschermakite type
Mg + Si — Fe3* + Al 2B %Y
M4 M1-3 M4 M1-3
Ca  + Mg - Na + Al 3A %Y Glaucophane type
Ca + Mg — Na + Fe3" 3B % Riebeckite type
A M4 A M4
s + Ca — Na + Na 4R Richtecite type
M1-M3 Tet. M1-M3 Tet.
Mg + 25 @ — T+ 2A 5 7l
M4 M1-3 M4 M1-3
2Ca + Mg - 2Na + Ti 6A 2
Ca + Al - Na + Ti 6B 2!
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Leak (1971) 1%, 7= LM L= ARAIT A 2R 0.6 LETHS & L, F7= Chivas (1981) i, A1V
R 0.6 LLFOAPRAES L, 7 Y VX RABRBBE T CTHEREIND Z AR LT D, AIFFROAA DU
B LT 0.6 LT THY (X42), 7V U X RABREED~ 7~ ORiK &2 85k L, BUKFRIKOIEER
WX o TR SN2 L 2R LTV D,

APA O RRREEIT ALY & ST AMRAWEIG TEB L T\ D, ARAD a7 AR HRFkE Y D03
WG DA AV EHIZOWTHD L ALY & Na+K 77 7T 1A RO Edenite BOFRVFHRERIR A 7R L C
W5 (X49), 6z, ALY ETI ((143), A1Y & Na (45), ALY & Fe** ([X146), Fe’* & Na (¥ 50) .,
Na-Na (X 51) ORI b 72 A BIBIERS 2 S 41, —#0IZ 54, 3A Glaucophane Y, 2B . 3B Ribeckite
M 4 Richterite B4 A U BEHLOATHENED 9 32 B, —F5, A1V & AT ZE T 2A Tschermakite Y2
ISFEBIBIER TR B ey, F7z, Ti & Na 0 6A BIS 6B BUZITARBIRIR 34 B AL 720,

MI-M3 A R @ Fe'" i, [R¥A hd Na, Fe'*| Ti OGFHOPLHRREL EZ2 HHTnDH, Fe?t & Mg OH
W72 BB TV TR Y . M YA D Cald 1. 79~1. 95 OIRWETHERE LT\ %, MI-M3 ¥ kK
D Mn 1% 0.01~0. 08 & & & IZEBYFEILA Y, Fe2™/ (Fe2+Mg) DEITAN (X 563). FErd H AN DL
Rty PO E OBk B A AEE Ofi & FEL L T\ 5 (Kawakatsu and Yamaguchi, 1987a « b), & 512 Mg/

(Mg+Feroia1) TRIFET 2AIADRFEUTHNON LR TH S ng 8 (Leak, 1968) (X, = 7HEND U L
IZ[A]7>> T magnesio—hornblende 75 actinolitic hornblende MFEI % > T actinolite F TR LT
W5 (X 54), B LWEUKERIEIONEER 2 #25k L7= &5 2 5508 240128-2 Tk, AHRAIZRIZEY
FEXIN7=a 72 magnesio hornblende MK ZE L TW5, Z DX ) A 4L ODEH IF — 13,
Finnmarka complex (Czamanske and Wones, 1973) %% < @ porphyry copper % RIE9 5 1Lk Bk

(Mason, 1978, Chivas, 1981, Hendry et al.,1981). Vim B AN LfaE O M A (Kawakatsu and
Yamaguchi, 1987a + b) & il L72 U T, MR DSENEWVEREE F CTho7oZ L 2R L TW5, ANADH
FrREa U DL, WoTlc At LTk, 7V U X AR T TS ESERML S OF LR L, AH
Al fiRica 7 A2 R0 ik L, ZOREZED 5 X5 ICHEIRBHEHEENSFE L7120 | ke ) LIk
PSR ESE LTHEME LB 26N 5,

~ 73 - kT D &L v 7 <o CLIdD TRWEIA TRISEFICOBEL S, BiEick-> T~
~H D CLITE L <A T2 (Anderson, 1973), AFHAHUIT O M A OYHRE U L OBIRBR HEIED Cl
D TMETHY (R3~K8), VIV IFARE T TSN 2R/ L TS, Z ORI,
~ 7= RN & T I ARBR LT, BUKIEIRIC K » TG Y 282K L. £ ZI2EWiBENE
ST CHOIR BRAEIE 2 TER L 72, VERE B AR O LR RRCE B O R & L L T D (Kawakatsu and
Yamaguchi, 1987a « b, [0 « JI[E, 1987),

AP DOPIRBAEIED S RERERLT D 1 KOMWEIL 1~2 mTh Y, EFMRE L8N 3mTHDZ
EEEBER DL PIRBWREE OB SHT IR 1 RO RORSE R LTV S0 TRy, L
L. ARG ZHERT 512 & A EDBGA A 2 ORI ELIRITHRA #: 0 &3 X 5122k LT\ D Z & iR
THZENTED,

AFHAEMIRI I AT R AR E Lo~ /'~ I L DIEEED AN Y U A TH D, —J5, sEHICHF
0% 3 2 7o T VERE BAS LBGHE & et ORI AR B~ AN R E L~ 7~ T
05, BHHPHAIC L > CTHUKRIR O EBEZ T -2 E R LN ARG D, B 28 2
A U IE 23R L S 472 2 L3, AP OECIR B IE DN BUKFRIK OIEER OFREE & 72 2 WTREMERN 6 5 =
LR LTWD,
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7. fEim
%@a@ﬁ%mg F—=TF Va7 ~D LS 7774 MROBAELET, FEO—EHDO~ 7~ IHFHII L
o MELTe~ T <ITEWCHE VRISV E D ZENRD o7z, BkaMBER Lkic, lkaoah %
ﬁ@ﬂﬁﬁﬁ% MLz h—=FE~ 7 ~n ER Lic, ZO0%. ~ I <RIBS T 77 A MIRBSTZAL S Hu,
Dl &b 2 EITDTe > THRAE~ 7~ PRBGEFRICHE A LT,

F—=T a7l Lo TaHIAEN, BUKEIROE 25210 T Pkea OAPIaIE, BAReBR 2R
EZEESETVD, BARBRE IR Y D850 c filiFm FERORE ) ICOAFEELTEY

PR U CRRRae T DBRITBR S Lz L HEE S D, Rk Y LDENTBEE OB A 7 = — 2 A7 L
TW5, BRBHEAEIY 7 VU X RARE N T, AMllD b OBUKIRROBERBIOFEER 1Z K- TR S Lz
EEZ BN, TORHIIBLREREE Ch o Tz, T2, BEED OB 7= PIRE R O FRLER AT O /4 P
TIEARRANZRTARIC 2 7 H Y R S AL, 2 ORI L < @zl 2 U TR BAIE S FE L TV D,
%ﬁ%%@%@@ﬁﬁﬁﬁmﬁmwﬁmmfmﬁbwﬁﬁ#&ok_&%TLTwé

APIA OPIRBELZ F— U — FIZ LT, Rtk G B2 2 PR A AR D~ 7~ LR OB & b
@?é:kﬁf%éoﬁ%%%%ﬁmﬁﬁ%m@ﬁ%@%@kﬁé&%z%néo

SHOEE
AFRAEHIEOIEREFED N U 220, KERZRIRE 25 1 24 7O REE S Hha 2 i &
T5 S XA TONLREENMBEL WD ESND (Whalen and Chappell, 1988), Z 9 5., AGHAHIER
OAERERIT. BERIE+ T 2V SIL+ LI AR & 572 1T 2 A T OERSEIH T, MEILA S /R0 S
AT BBESENREDSTZEEN TS, Ll A=A RNTZUTHERO I XA TS XA T L
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WO EIEY I ORRICE S DETH Y . HAROBERILRY & T 5 L EEIRE & 5 | BIE ORI
MOMAERE L LI LM EET B LN ERERINTRBY, 4B IO OMERUETH 5,
BUE, JIRBHREEZ b SAN A & 5T 28OV TEERC 0T L. SRR 235 LT, ik
PHRENER S NZIRE, ENEHELL ) ELTWAHEZATHD, ZhT k> T, Bk B HHEEN
EO LD BRI DOSM T CHiA A v OMAGDOEEBRNE Z > TS NTZONZH LN LIZN, S
51T, ORI OER A O Z B, A KA OBHIEEOIE L L TOREZHR L TV E 720,

9. &%
AREIOBFIETIL, FEEHDIENITIRD 6 4 038004 & EHRIuC S Lz,
Mk, EAJIEE, AiHMAEE, AR, Aids< b

10. Bz

AR AT 5 |2 doToo T SR TR AL AR SR B2 BRI TR A DT 72 5
B ST BB K ONRHEH 0 b BFREAIRIC L, 5 B BRVA 59974 47 5 (2 B> T e, &
FA R o) BT R G IL, RO BRI B & W F B e LV e, 22
RLCHEERT 5,

11. 5IRAX#E

Anderson, A. T. (1973) Chlorine, sulfur, and water in magmas and oceans. (Geol.Soc. Amer. 85, 1485—
1492)

Branagan, D.F. and Packham, G.H. (2000) Field geology of New South Wales. (Published by New
South Wales department of Mineral Resources, Sydney, 317-319.)

Chivas, A.R. (1981) Geochemical evidence for magmatic fluids in porphyry copper mineralization.
Part. 1. Mafic silicates from the Koloula igneous complex. (Contrib.Mineral.Petrol., 78, 389—
403. )

Czamanske, G. K. and Wones, D. R. (1973) Oxidation during magmatic differentiation, Finnmarka complex,
Oslo area, Norway: Part 2, The mafic silicates. (J. Petrol, 14, 349-380.)

Deer, W. A., Howie, R.A. and Zussman, J. (1996) The Rock Forming Minerals. (Longman, p.224)

Hendry, D,A.F.,Chivas, A.R., Reed, S.J.B. and Long, J.V.P. (1981) Geochemical evidence for
magmatic fluids in porphyry copper mineralization. Part.2. Iron—probe analysis of Cu contents
of mafic minerals, Koloula igneous complex. (Contrib.Mineral.Petrol., 78, 404-412.)

Holland, T. and Blundy, J. (1993) Non-ideal interactions in calcic amphiboles and their bearing
on amphibole—plagioclase thermometry. (Contrib.Mineral.Petrol., 116:433~447)

ST R ST IRE HE E PRRE (2023) A S O A BAA D b EUKIRIR OFEER 2 3RO BT & 6
A (AARHE RS 128 AT REEE 5 20 R IR E B AR - Blafmm ORE S T E %
Him 30

FRURYE < RENASL - SElfe - A e (1985) = - DUEH#T o [ hd~ b 5 =h KRk E) - KplcEsH D
st & LT (HIERENE, 39, 372-384.)

Ishihara, S. (1971) Modal and chemical composition of the granitic rocks related to the major

molybdenum and  tungsten  deposits in  the Inner zone of  Southwest  Japan.

139



(J. Geol. Soc. Japan, 77, 441-452.)

Ishihara, S. (1981) The Granitoid Series and Mineralization. (Econ.Geol.75™ Anniversary
Vol., 458-484.)

Kawakatsu, K. and Yamaguchi, Y. (1987a)Successive Zoning of Amphiboles during Progressive Oxidation
in the Daito-Yokota Granitic Complex, San—in Belt, Southwest Japan. (Geochim. Cosmocim.Acta,
51, 535-540.)

Kawakatsu, K. and Yamaguchi, Y. (1987b) Microprobe analyses of zoned amphiboles from quartz diorites
in the Daito—Yokota granitic complex, San—in belt, southwest Japan. (Geol. Rep. Shimane Univ.
6, 175-183.)

Kennedy, G. C. (1955) Some aspects of the role of water in rock melts. (Geol. Soc. Amer. Sp. Paper
62, 489-504. )

Leak, B.E. (1968) A catalog of analyzed calciferous and subcalciferous amphiboles together with
their nomenclature and associated minerals. (Geol.Soc. Amer. Spec. Paper, 98, 210.)

Leak, B.E. (1971) On aluminous and edenitic hornblendes. (Mineral.Mag., 38, 389-407.)

Leak, B.E. (1978) Nomenclature of amphiboles. (Amer.Mineral., 63, 1023-1052.)

Mason, D.R. (1978) Compositional variations in ferromagnesian minerals from porphyry copper—
generating and barren intrusions of the Western Highlands, Papua New Guinea.

(Econ. Geol. , 73, 878-890. )

Murakami, N. (1974) Some problems concerning late Mesozoic to early Tertiary igneous activity
on the inner side of Southwest Japan. (Pac.Geol.,8, 139-151.)

Prendergast, E.I. (2007) Early Palaeozoic subduction in the southeastern Lachlan Fold Belt,
Batemans Bay, New South Wales. (Australian J.Earth Sciences, 481-501.)

Prendergast, E.I., Offler, R. and Zwingmann, H, (2012) Adaminaby group west of Batemans Bay:
Deformation and metamorphism of the Narooma accretionary complex NSW. (Australian J.Earth
Sciences, 1-18.)

Jellif - A (1984) [HfEHrds K OTREIA (LR ST O AR I A b D BE I >WT—gnil 77
S 77 AT - RAHEREDIRCE T - IR S R R & Billc— (MiEREH, 38, 5 75, 321-333.)

Smith, J.V (2004) Determining the size and shape of blocks from linear sampling for geotechnical
rock mass classification and assessment. (J.Struct.Geol., 26, 1317-1339.)

Wiebe, R.A. and Collins, W.J. (1998) Depositional features and stratigraphic sections in
granitic plutons: implications for the emplacement and crystallization of granitic magma.

(J. Struct. Geol., vol. 20, 1273-1289.)

Whalen, J.B. and Chappell, B.W. (1988) Opaque mineralogy and mafic mineral chemistry of I- and
S—type granites of the Lachlan fold belt, Southeast Australia. (Amer.Mineral, 73, 281-296.)

L EFERE (1984) AT ELANRECE @ Ca A PIA DRSS (MIERELY, 38, 346-351.)

I EERR - ARk (1987) KR4 Uk o> 7 5 BIAS HH 1 0D Fe—Ti FRALA D REIR & ALZEREAK (11112 itk
wrge (AR % 3 5, 157-165. )

140



F—=ARFZVTHEHEH=2— TR« 7z —/L XY
P BBV /= Bingi Bingi Point BATRECEAD
~ 7 < AR OB BE
—A PO OPIR B E ISV T—

S JR UL ST B U AR

T670-0012  SuJ BLAR RS i AHT 68 2 Ht 70

EE (079) 285-1166 (1%)

FAX (079) 285-1167

URL  http;//www. hyogo—c. ed. jp/ himehigashi-hs/




