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Petrography of building stones used for a stone-wall of the Kami-no-hashi Gateway of Fukuoka Castle,
and considerations of their origins.

Tomoharu Miyamoto*, Keitaro Nakamura**, Megumi Hoshino**, Nobutaka Shimada*
Abstract

Researching the origin of stone materials used in the Fukuoka Castle is important for clarifying
the movement and transportation capacity of supplies at the time of the castle building, and will lead
to understanding the details of its construction history. Furthermore, it will supply basic information
for considering the political background such as the financial power of the owner of the castle
during the construction and the influence on the surrounding area. In order to research the origin of
the rock used for the stone wall of Fukuoka Castle, therefore, the available rock samples from the
walls were observed microscopically. For most of them, their chemical composition were analyzed
by XRF. These results were compared with the petrographical data and chemical compositions of the
rock samples of the possible origin.

The building stones used for the stone-wall of the Kami-no-hashi Gateway of Fukuoka Castle
include granitic rocks primarily and mafic plutonic rocks secondarily, together with small amount of
alkali basalt, serpentinite, conglomerate, sandstone, and silicified wood. Most of the granitic rocks
have leucocratic surface with pale-pink colored porphyritic potassium feldspar, with minor amounts
of dark brown tabular crystals and columnar crystals with dark green color, while a few of the rocks
had grayish surface. The leucocratic granitic rocks were classified as common hornblende-biotite
granodiorite to adamellite, in the QFM diagram. On the other hand, most of the mafic plutonic
rocks were grouped into common hornblende quartz diorite. Major element compositions of the
granitic rocks and mafic plutonic rocks used for the stone-wall are similar to those of the
Shikanoshima granodiorites and Shikanoshima basic rocks, respectively, occurred on the north and
west areas of the Hakata Bay, Fukuoka City. The stone-wall of the Kami-no-hashi Gateway of
Fukuoka Castle also includes alkali basalt and serpentinite which have the same chemical
composition as those found around the Hakata Bay area, similar to the plutonic rocks. These
occurrences and chemical signatures suggest that most of the building stones of the wall were
probably provided from the exposures of Shikanoshima granodiorites and Shikanoshima basic rocks
of the northwestern Hakata Bay, and minor various types of rocks were supplementary from
neighbor areas of the bay.

Keywords: Stone wall of Fukuoka Castle, granodiorite, mafic plutonic rock, mineral assemblage,
chemical compositions, Shikanoshima.
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0 Skm Legend [Isawara granite
[ JHolocene sediments [ shikanoshima granodiorite
[ ]:bune (Pleistocene~Holocene) [l Cretaceous Mafic Plutonic Rocks
[[_]Preistocene sediments [[IKitasaki granodiorite
[J:Akali basalt (Pliocene) [} toshima granodiorite
[ Tertiary sedimentary rocks [ Metamorphic rocks

Fig. 1. General geology around Fukuoka Castle with representative local name. The map was compiled and simplified from the
relevant area of Kubo ef al. (1993) and Karakida et al. (1994).
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Fig. 2. Rocks and building stones with cracking holes
observed during field survey and at Nakatsu Castle, Oita
Prefecture. a: Itoshima granodiorite with cracking holes
observed at a quarry ruin on the hillside of Mt. Kaya,
Itoshima city. b: Kitazaki granodiorite with cracking
holes observed in front of Hakusan Shrine, Imazu coast,
Fukuoka city. c¢: Shikanoshima basic plutonic rock
observed in Karadomarizaki, Fukuoka city. At the same
area, Shikanoshima granodiorite with cracking holes were
also observed commonly. d: Stone material observed in
wall stone of Nakatsu Castle, Oita Prefecture. All of them
have cracking holes with a width of 10 cm and a depth of
5to 7 cm.
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a

Fig. 3. Overview of the restored wall rocks of the Kami-no-
hashi Gateway of Fukuoka Castle. a: North side, b: South
side, c: West side. The stones were cleaned by the
restoration, and the surface of the stones can be observed
well.
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Fig. 4. Characteristics of rock materials found on a stone wall
of the Kami-no-hashi Gateway of Fukuoka Castle. a:
Leucocratic surface of granodiorite with fine black sheet
and/or columnar crystals surrounded by coarse colorless
minerals. b: Cracking holes found on stone walls. c:
Cracking holes drilled on a granodiorite. d: Basaltic
material on stone walls with a surface that has turned gray
and brown due to weathering.
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Table 1. Rock samples of a stone-wall of the Kami-no-hashi Gateway of Fukuoka Castle used for this petrological analysis.

North Face (of stone

Location wall) South face  [West face East face Rubble stone*! |Others*2
L-54, L-82, L-151,
L-454, LS-21, LS-35 ’
Mafic plutonic rocks [L-233 J-151, J-153 Guri-2 FCS-4, FCS-7
Alakli basalt FCS-8
Serpentinite Guri-3
Sandstone L-459
Silicified wood Guri-1

The sample codes were assigned at the restoration work of the stone-wall of the Kami-no-hashi Gateway of Fukuoka Castle,

excluding rubble stones and other stones.

% 1: For the Rubble stones (I3 471), three characteristic samples with well preservation (Guri-1, 2 and 3) were selected from all

preserved. Sample numbers were coded during this analysis.

% 2: For the other stones, FCS-1 to -8 were well-preserved samples stored at outdoor after the restoration work. The "No-chord"
sample was stored indoor. Each sample codes were given at the time of sample analysis.
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Fig. 5. a; Polished surface of hand specimens of the representative rock samples used for a stone wall of the Kami-no-hashi
Gateway of Fukuoka Castle. al: Granodiorite (L-253), a2: mafic plutonic rocks (J-151), a3: serpentinite (Guri-3), a4: basalt
(FCS-8), a5: sandstone with granules (L-459), and a6: silicified wood (Guri-1). Scales are 1 cm. b; Photomicrographs for thin
section of squared area marked in Fig. 5a. bl, 2, 4, 5 and 6 were taken under plane-polarized light, and b3 was under crossed
polar. In those photomicrographs (b1-6), Bt: biotite, Cpx: clinopyroxene, Hbl: hornblende, Kfs: K-feldspar, Mt: magnetite, Pl:
plagioclase, Ol: olivine, Qtz: quartz, Spn: sphene, and Srp: serpentine. Scales are 1 mm.

Table 2. Mode composition of plutonic rocks used for a stone-wall of the Kami-no-hashi Gateway of Fukuoka Castle.

J-4

bl

| RMEH

:

b= 1SEN

IHER

e e

R

J-50

J-100

J-140

J-151

J-153

KS-2

L-54

L-82

L-151

L-190 (FUA71)

L-233

L-252

L-253

L-258

L-338

L-454

LS-21

LS-35

IN-2 (FUA70)

Guri-2+1

FCS-1

FCS-2

FCS-3

FCS-4

FCS-5

FCS-6

FCS-7

@OO@O@@O:UO@O@@@O@O@@@O@OOO@@@%

ODO@DOOOO@OOOOOOOOOOOOODDOOOOE

No—chord

©Ooo@eoOOCOOOOOOOOOOEOOEOOMIO@|©©E@I|©

OCOolOOOOICOmIOCOIOICICOI0OCIOIOCIOIOICIOIO|I>[O|O

LN R > ON O i a ON [l | | o P P Dl O ol i [l e B (O (O3 > o [ o

I V|||V |D(D|D(DW|V(W|V[(TV|WV[(D|W|D|O|WV|V|XW|V|D|(O|DV (D |TV |0

V|||V VWV WV|V|W|DV|W|WW(WV|(W|(W|W|W|W|WO |V (W |(T|V|WO ||

*1: B 1D ERIERZEHS.

©: 25% or more, O: 5% or more and less than -25%, 2: 1% or more and less than -5%, R: less than 1%, x: not included.
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Fig. 6. Classification of plutonic rocks used for a stone wall of
the Kami-no-hashi Gateway of Fukuoka Castle. The
classification is based on the plutonic rock classification
(Streckeisen 1976) of the International Union of
Geological Sciences (IUGS).

A, xRt @AaRarbettbii sy, EaEmN
ARFNICLPELRZVEADD -7z (J-100,
No-chord). fUFRM I GHEMIIAT 2 —> (79
VH) Tholz. WL OhOFBTILEIEm N A DS
BEFZEALZ (L-54%Y). BEFOWmIA R
RAILELLL TS5 bH o7z (FCS-6%4 L),
IUGSEER 503X (Fig. 6) (2BWT, HEECEED
SR A S, TElEEIE MRS L T 7 A
s R Y (A

WEREIRB A A RENC oW T, SR
WTHESEMANA EREAPEE LR TH D
Ehbh o7z (Table 2). FOfh, FEMRILY &
LTAhmofpgEe ) BA, BEMN FRICHRO
HAEA 2O EN, A7xz—v (ZHVYH) %
RFLTDRENEGHIZLED) S EDbhr otz A
EE@ %\m TIPS = 4 M A A
L7z, ¥EmAapasikiitss s, ZoRBEMEDL R
<7:Cof: (Guri-2). FLC*0kM%Z, SEARH
VEA, MR AT L CE L. IUGSHEE S
B (Fig. 6) 2BV TEICHERES ISR
7z,

LEFAM (FCS-8) 13, F & LTERKERD
FHEA L, X VMK AR o WA R 8k ik &
RO AREEIPOREE S, Ay E LTI20.1-0.5 mmfX
DA YT U, RARO R & A E O,
ZLTRWZDOTLZ2REA - 72, WIHRELS
THRBTELL I ICENS ORI ET, BN
ORI 2 AIEARFTE L Tz, HHBEEED LN
oz,

BERCE AR (Guri-3) (X th — PR E IR D RERL
OB T, ZNSIEH v 5 U - b
AERMOBNHERED L) ICHIRICET L LA
5720 F7202mmAk F TOMEIEAT L L ClEiia
20 7 B RRFIHE L7,

EEERY A (L-459) ZAERCT HHLRLAD - M
@?ﬁiﬁlii’?lﬂ% YREDNEL o7z, MRS THR
- PBESL & U CRETS A RHR A RAEDGS S X R
Eﬂﬂﬁ‘ BRI NS, WERES OB (A - A
VIO VAREEEDLND) RABIIEE L TREGE
%A EOREY MR- 72 F MRS
LT, 1-2mmKROfAH%E - RAHMGEB X UTZ0E
ERLEEN, TOBRETHEHELCT B IH WA AL
nNa (HBEHHENTZ, AREOERTIEZVOTE
FT5). GBS ORE BN THTIETHY
ST EIZHC X AR O IR EETH - 7.
EEA (Guri-1) (28T TARE Ok RR 2T
B> TH Y, MAASESHIIEEEICFH T Twie
ZEHEREL TV ERELRES, ZOME 5
TCONMMWIIIFETE ed o7z,

4.2.3. L2 WGP AT DAL 50 s

— RO EDER SN L AL DFED LD 5
N AR IR 2 G P A o AR REHT D wW T
EEALF G L EE SRR 2 Red 72, F - b
HOo, 328l THBRRTEH 2 7573 5% B A I POk
aEREBNWLPEORALELICT, KRED
i B A Ae i Pk e 2 W T 5EC T, EE B
PIfEA % TSR B EE o B & b o ik i
B AER A 2 RPN I 1002 T, AR R A
WZIGIR UCERILL, Al A & [FEE I b Wﬂ/t
BT EE L CUZ LN R S B2 5 0 3 G X AR 3T 24
Rigaku Primus IVZ vy, HHIED (1985) @?(f z
Mo THERT EFX L TER L. 5 LB
X Ok S 13 Table 31271 7.

AIAMORT, WS GERAEHE, SEEERK
B OALFEHE E Fig. 7WORY. AIEAM OTER S
DAL IESIO, = 66.8—73.2 wt.%, Na,0 + K,0
=7.0-8.0 wt.% % /R L7z, TOMDOICHEMKZ &

THEE BAERPIRE - EE%%%@%% JHBLL
HE IR B I DI ORI & 133 IE R U
ﬁb,%%ﬁ@&oﬁﬁi&&m@ﬁuﬁ%fﬁot
(Fig. 7).

—0, WEREBEKEAM (1-151, J-153, FCS-4,
FCS-7, Guri-2) OfL&HIKIZSi0, = 55.0-57.3
wt.%, MgO =53-10.2 wt.%, Na,0+K,0=33-53
wt.% &R L7z, 20X ) BHKE RO SRR
L B REEIC B W CEE B ERECE IR S
N0, ZNoOHF THIMIICEHRE %A A ORI
A, R EOM EBEBLL Twe (Fig. 7).

FRERE (FCS-8) 1Z17— % ORIZDS, Si0, =
453 wt.%, MgO = 6.8 wt.%, Na,0 + K,0 = 4.6 wt.%
#RL, TWAVERETHL I EPHLPIT% -
oo WBEBRUICHEST DT VA ) LR O
BlEHEKT 5 L, TRAaoMiiE, 4, B
M, ZLCHE, H#RECESTLZ T V) X
ORI EFM L7z (Fig. 8).

FERCE SRFE (Guri-3) b BF& TILEARUE % SR D 7298,
SiO, A7 < (Si0, = 36.7 wt.%), MgO=EH % <
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(MgO =35.7 wt.%), WHRIE 2 ESE S OME % R

L7.

V. L2@EHMREOAMEICDOVWTDESR

R 2 MM RO ZORTOH ST
»5 (Fig. 3, BXUFig. 4). FoMIIKE - Kt -
BOoOBERKEVPAME LTHYONRTWE 00,
BAEAGOR G EADPEZHIN TS Z LN
ZOFUTH L. Fhdz, FFIIEEEHEE Tk

HaRBaBz L L 2RI AMIZOVTZDRE

WEEHEL, KOTZEOMDOAMOEHIZOVTE
255,

5.1 BB DRERIZ DT

Bk oo X 902, MR E O & 3 AL BRI
AT BAER S, TSRS PIREE - JLIEAE
mPRERE (b—=F ) - EEBEARNE - B R
EMaETH 5 FEARHITH, 1994). WEEICIE, 1HEH
feker - ZWAERS O/NEERDS, R BRI E &
ZOIRFINET 2 REERS EOMIZEALTY

Table 3. Major element composition of plutonic rock, basalt, and serpentinite used for a stone-wall of the Kami-no-hashi Gateway of

Fukuoka Castle.
J-4 J-100 J-151 J-153 KS-2 L-82 L-190 L-338 LS-21 N-2
SiO, 68.70 73.19 56.53 55.36 69.63 68.11 70.94 67.98 68.26 70.86
TiO, 0.38 0.21 0.84 1.10 0.37 0.42 0.30 0.42 0.40 0.19
Al,04 15.52 13.88 15.29 14.99 14.84 15.55 14.83 15.47 15.41 15.28
Fe,05* 2.79 1.54 7.38 7.64 2.69 3.02 2.26 3.16 3.09 1.44
MnO 0.06 0.05 0.13 0.13 0.07 0.07 0.05 0.07 0.07 0.03
MgO 1.05 0.58 5.35 6.37 1.49 1.39 0.71 1.69 178 0.71
CaO 2.99 1.63 6.99 7.26 2.75 3.16 2.27 2.99 2.92 2.25
Na,O 3.96 3.49 2.99 2.98 3.83 3.85 3.65 3.85 3.64 3.87
K,O 3.25 450 2.26 2.06 3.47 3.21 3.82 3.39 3.39 3.97
P,0s 0.12 0.06 0.25 0.31 0.12 0.14 0.10 0.14 0.14 0.06
Total 98.83 99.13 98.01 98.19 99.26 98.91 98.94 99.15 99.10 98.65
FCS-1 FCS-2 FCS-3 FCS-4 FCS-5 FCS-6 FCS-7 FCS-8 Guri-2 Guri-3
Sio, 66.80 69.43 68.28 57.26 69.53 69.49 56.48 4527 55.09 36.65
TiO, 0.47 0.36 0.42 0.94 0.36 0.36 0.85 2.97 0.73 1.15
Al,03 16.19 15.03 15.50 12.59 15.28 15.16 15.15 14.72 12.27 5.73
Fe,05* 351 2.64 3.16 7.27 2.62 2.63 7.43 14.22 7.72 13.49
MnO 0.08 0.06 0.07 0.13 0.06 0.07 0.14 0.20 0.15 0.16
MgO 1.29 0.78 1.46 7.95 1.38 1.1 5.95 6.80 10.22 35.66
CaO 3.62 2.76 3.14 8.15 2.62 2.77 7.02 9.25 1053 1.30
Na,O 4.26 411 4.09 3.18 387 403 3.02 3.21 2.12 0.00
K,0 2.88 3.45 3.26 1.38 3.76 3.43 2.31 1.38 1.26 0.01
P,0s 0.16 0.11 0.13 0.24 0.12 0.11 0.27 0.89 0.14 0.06
Total 99.27 98.74 99.50 99.10 99.59 99.15 98.63 98.89 100.24 94.17
131227-01 131227-05B 131227-08 141007-03 Sawara Granite
SiO, 59.99 60.01 68.42 65.89 71.24 LEE- BRI, R E ZBHMRIERM
TiO, 0.77 0.73 0.39 0.55 0.33 (RBPBEIZONTITALSER)
Al,04 16.86 17.43 15.43 15.11 15.08
Fe,05" 6.36 5.54 2.79 4.04 2.49 TERIFAMAERICIRIL- B R RN (FEH)
MnO 0.12 0.10 0.05 0.08 0.06 131227-01: JLUFTE RIS (BRI S %)
MgO 2.84 2.18 0.89 2.34 0.39 131227-05B: S & BEENKZKE (GRTEESEH)
Ca0 5.68 5.36 2.92 381 2.30 131227-08: EE BERNKZE (GRATEESEE)
Na,O 3.30 3.94 3.75 357 4.06 141007-03: % BIERERIRR A GRETH A1)
K,0 2.78 2.28 3.77 3.13 3.15 Sawara Granite : R 1E &% (BB E 4~ 1L)
P,0s 0.23 0.26 0.13 0.14 0.10
Total 98.95 97.84 98.54 98.65 99.22

Fe,05™ Total Fe (FeO + Fe,03)

The compositions were determined by X-ray fluorescence spectrometry (XRF: Rigaku Primus IV) in the Faculty of Science, Kyushu
University, following calibration techniques using glass discs (Nakada ef al. 1985). In the table, the chemical compositions of
typical Itoshima granodiorite, Kitazaki granodiorite (tonalite), Shikajima granodiorite, and Sawara granite, which were collected and

analyzed during this research, are also listed.
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7. Harker diagram for whole rock compositions of plutonic rocks used on a stone wall of the Kami-no-hashi Gateway of
Fukuoka Castle. In the figure, the composition of plutonic rocks found around Hakata Bay which were previously reported
(Karakida et al. 1994, Kawano and Yuhara 2008, Yamada 1986, Yuhara et al. 2003, 2006, 2007, 2009) are also shown for
references. The legend is common for all diagrams (Fukuoka Castle : & [l 3% 1= Z A& [" 141, Ttoshima Granodiorite : & /5
AEh kA, Kitasaki Tonalite @ AL AERPIfRS (b — 9 V), Sawara Granite : 5 R AL %, Shikanoshima Granodiorite :

G B AR IR, Shikanoshima Basic Rock : i 53 2E MR 7).
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Fig. 8. Harker diagram for a whole rock composition of basalt used on a stone wall of the Kami-no-hashi Gateway of Fukuoka
Castle. In the figure, the compositions of alkali basalt found around Hakata Bay and a few reference areas which were
previously reported (Kokubu et al., 1957; Matsumoto et al. 1992, Matsuyama 1996, Toh 2007) are also shown for comparison.
The legend is common for all diagrams (Fukuoka Castle: fi i3 I 2 G " /41, Karatsu Takashima : T 5 5,
Tsuyazaki : faid: hi#E I, Imayama : faB# 141, Bishamon : &M 1 WML, Keya : 5k ETiJFE, Kayasan @ 5k
LI, Ainoshima @ HrE MAHES, Nokonoshima : R i RE T &5, Cheju (Korea) @ HEEE I E).
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% (CRATHIZA 1999). WED LIEEEA S OEAD
BE), BHCOEOME L ToORESZHTL-SA
DOWEITL K EF N 28T 5. —JF, RIS
i hEAE TORBIGFHIENTE L7720,
HR2SFHE LA E L THHENRTWS (FiE)
2016). oL, EEIREWEZ, Z oAbl
BTk cdh v, %I X 2 A8 AHHR
FEIZHEINTWEEZLNL, EBIZ, Sk
BodtEEB o, B L OZFoduh o HgE 2
DUFFINIRITIRD B 5 5 A HAET 5 (Fig. 2b, ¢)
A, IS RGP AEAMICEE S B KR
R 2 R, F72, WL IR SR
BHY, T THERREOHHIEMNE S 2 BlgT
HZETE S (Fig.2a). MAT, H&EEMEMED
B BRRME - WD LM - BEE Off
k) 2F25L, FHMITHREMBIIZEAFO
55 T 2 T N O i R B A S BN AH % 5
ElLEZEZONA, Fhwz, HTH (1983) %
FERH (1997) 8L XH1C, AEZERTHES
BRI ET 2 5 A8 2 BEmIREE & LTl
IR 5.

AHIZZ AN A EABOIERE A DY L
LT, o fkifme LThYVELZEIZE
BRIFON L. ZOFMIE, Bl BERNRE - 5
BRI ONG. T2, AMCHEmsEmE L
TEREZNOMIZ]T -4 mmADOBA CHURLRE & TR
O Z22E3H D) 2252 EMHK - AR
DOEWBANAIHRENLZ LM TH L (Fig.
4). ZO¥EWMAPN % ZDLEEIM DT E B
WE LRI ML BRMORAERIL, R
ek, JLEmpIReE (F—Fna), L
TEEBIRMNAETH D, TohT, WIRTHE
SN AEOEREFEAMPEARICZ 2558 L
A0 G5 O IRk A O HLRL 72 BEIR A7 ) R G
PO 4R, B X OANAEME BT 2L
BRI EHE I, SEBEENEETH .

AEOM OB T, BREHEICOWT, (F
EREA - AR - D) EA - BER - LEARA D
S END Z EHbh o7z (Table2). T DFEFIT,
T S@ AP ENER SR D R waA b B o 72
2%, AHAMOWIREEOFBREBAINTHS. A
W HEL - AV ELOOBRRICI B, MRS
- THFAUEICXGENT (Fig. 6). ZOXGHE
(N (A TR i i

WIRBIZIC L 2R 2 LHT 5 X912, femaH
LM OACEB R (Fig. 7) 1&E5H B PIkS
ORUEIIFE & —F L, ZNDI D% BAL i Pk -
L AE R PSS (P—FVE) OFNEITEL 5.
RRACEEOME & 13— R CHEM ST 255 E A
T 58, ALFHR AL T, FEICFe/MgflioiE
GERERTLHEFOMEEE VD HTIXRBIER
HEEEBERPIRE CH S, T RREAEMEIC
bR E AN E R ) ANARELbN W E WM
ER BT 5.

mIRAEEE - ZHfEE IOV TIE, TNHICH
WIRER SIS b B 2k, F LRSI
BANAREEN 2 VED, E2EEMAaEAM O
FMERL D, Al e LToORERLMBL T
i, ALFHROREZ T ThwhRVnbon, JE
HA L CTHIIWICAFERES TE L2 WTHAHH 2
ELEET DL, FZEBHMAEICAME LT
ENHETEIR V7225 9.

G R M A EAM OE SRR S F AL, &
MGkt —ERAZ 2L TB Y, MRS A
OB OZRTIELDL. ZOLMEHMITH
oL BANAOEMTH 72, TS HEOEHEA
PEHBOEMZ, VRPN BAVFERAR
AL IRICTEH T 5 &) FEES, WERE R S
FMIZIERED H N7z,

WL BERBIET 50 RE R A, EE BRI
K E D LEEMERETOERBENLVETH
L. WIS EMANAZED A, HIEOMEEE
£ P9 A5 b % IR D I3RS BRI e T
HbH. X512, HY)ELGEE BRI A
EINDH, EEELCEICEEET 2. S0
FERMPSERT L L, EZBEMANHAM OE Y
R AOM 2 4G LR, B B
FIROWFEMEDSTE .

TR AT A M OALFHBDW UL, =HE
AT ORI EOMED A TH 5 72 0T
BHERCEAM E AR WS & Tl T %
WA, Al & D EBEIRBCA AM L B B
R ORE SRS & 3HEP T 5. ZodRTH A%
MNCEERE R %2 A § 558 BIEREMES & Hmg
LERDNL . WIRBIEE L bR Lo Em X v,
LB AT 2 R T A REE A O KRGS
B PRE B L O 2 88 BRI S
DERD LRI SN WREESH WS LRI S
5.

COEHIE, RZAEHMAEAM OGRS LFT
FA LR I NS B BERPNRS - EIERERE S
2, MR HOEEEBE L ZFOW RO R BB
WCHET D, RRPZELNEE BRIk
RS EE, SREPEEHOE RS X 2okl
DG DEET L. ZOFRATSLINLDEA
DA E L CGERIINAZ 8 TH5ICEZbND.

%B, SREILEWE OO LS B
PR IS O 4 A RS RSB S AL S o B E L 2
T HRPHCHKT 57— 7 BRI L o 7298,
Ltk OO MR T A BRI R 0 4
FHRT— I HPERT L L, TOMEENIREVWY
A FOREAEZ RIS, X0 2RI AR 2
WCOWTHHTAEIENTEL LI IR DEEDR
A, MZT, BUHEITSBEEHREAEM S BRI HN
TV WHAERLICH, S BIEmPIRE 35
Ai LT B (APRIZ D 1993). 20 S P32 it % o A -
WARIZ X Y, MWK S Th -
TR L2 e EZ oA, fvi, -
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BIEmMRE ORI TH 2 E-ETH, - B
%A BEOEEORE, BLXUOENTRED

RIS, AWML HLE T o T AR L
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I OIS DN, BaHoEBEIREN
TOMHEOR (RROGIER E) OFMEITHA
MBI L ERWETS.

F72, WIRTHILE L2Cs o A at odilig,
o TR = T2 (13 T DAY S W & el Y TV A S ROE i3S
LIER AR SN TWSE (Fl21X, HHETE
HAKEICRAZ AERERE). INHITDOWTIE
R BIERRALE AT & e o 12720 M % B
TELho7zh, EHBARMPNRSICZORIEE K
OLIDFREEEBRbNS. Fhwz, EZEHEHMA
WAt oEhEZ, L EBERPIRES - EEESE AR
DARETAHILIITERVWESL), HlziX, EH
BAERMPIRE EME LT ELEREEI ) LRR
W5t CAH I A% RS DS T WA I
A PIRRE BT B Y, Zodbife = Pk s 1
WEBEEHOSFICTROONS. LZBHMAE
W EH I X EE BAEmPIE O % T A G H
LD, FORMMIBICTCATES A%
ELZOND Lk,
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HWIZonT

WA UMD GO TIE, B, B
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Bhoiz. FNWZIEBOEBE AT EFENIC I
B L CHERZET A2 LW TH 28, #
DY % A RTHEB L TR 2 g 3 5 230
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RICE DAL Ok & U Cleira 28835 & LT
JAENTWBEDS, MERCEIE, B ERYW T
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NTws (FEARHIZA 1994). WELEICHEET LE
e & LTCIE, SE oI B & 2
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P EC CTIER A O A 2 FRELL 72 B RH
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8). MHERHEEBEIFIIHLE»bm L, LRAPICH
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VEREEZAME LTI Lo d Lew., L
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