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TUWNHRD RV E %8 X 4-5m O 40-50cm ORI E L@ 67 AR @R E Y, BIZJE S 10cm
AT OIS 8 & B VEE B S . 20 BT @28 AT, HICRBERE - TWDHR, ZOUREICE:
ENDLWENDIET DR EHEAEMD, Wiowd 238 (L E O JEWHEREY O FLERIC D723 2 (5 61 1K &
V¥ 62X) . ZoREmAEIZ, TAzELETHE, Ez@blik BHEICKST 5.

LR NEE OBEE EOVEE FICE 0 EECA 8 & il (Loc. 5) ZfEAHL & LiliEEE S e 1
(Tr1) &PES. F7z, i@U(Loc. 205) i@ (/g LEE 12 b EEMHLAR K O T A O R TR A3 ITIE—
LT 2\BABASAMATS. MAZRALCLOTHD ATREMEARE WA, T2 THERML, &L Trl &
WFT 5. ZhooakEs, HEARKOMPREFAIBROARREFICHFIh TS,

AR X sk D I AL HES O @ (Loc. 4) T, EX9m Ll EOMEHE U TRZBHORE LI-DE
L, FOREBEIESNI2m OREN LY, RBIIWE LS, M%< &, T Bk
B R L HERE I B DL T D

A Hi 5 00 A S VR VU AR A S AE D 43 A 2 WHER R o0 15 5 %38 (Loc. 313) (1D, =it 4l
0, BUEO WD, WER, HHREE), HEICKT 0. RBEEBFILT O b o
WZHEER 26m OB R OWEEER AT 5. ZOHEHmbBEILEEORESZEELI-bD L L
7.

IR TE R SR R OS2 L TWAH D2y, HiE (Loc. 335), #HriJF (Loc. 333) THIZ T
5. ZOGARND D B ER T b A6 00 HJE & EEIRIE 50m L sk (55 55 K12 IR) (213l Lk /g s
BRAGALTWD EHETE 5. BIEE THE O M MR Tk, REHRE O S I3 < BRIT L5 E
DHLDOEYKREW. ZOHE EEEIRE CELAEOIREANE S . #il 2 1ZH A (Loc. 333) TiX, =IREH
%, wAREE40cm IZiET 2 8-15cm KON G2 HIE X 2.5m OESE K R K 1m ORERE S .

ZOHE EIZE X 70cm OREIRE - ZHE ORI Z G RB N ERS. ZOREO Nl @k
JRAERE (Trl) NEEns. ZORBIIWOMERE ZELHFIKARBICE DN TS,
PEHR I S5 %8 (Loc. 313) 12 DA, EIREREE I EER 58m TE o Tof L, FEEEHO

JEEH1Tm OBE L, B R ORESE 2 e E S 16m L EOREN S22 5. RIEO T (B8 L b
o 4.5m EA7) ITE X 12em BLF O @K A TE 2 & .

Bl (Loc. 187) Tid, JEEA 16m OEER ORI BB O L 1= Whia &, Wb X OVeE 8 & Hide
JEESH 8m ORE» BB, ZOREO B A O AT IS IS & & T,

HNA K O R A R O 5 HHNA OHERRIZ, KRBT ) (1984) A3 E IR X5 Hsk CHb N B (J8) & I
NIEH DT, ZAMENOMAZEY, EOITORFITHT THMAT 5. WEREAOHERYIL, 71l
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(1934) RS L AP HIE Th 5. #5655 MO EESSHERIC RIS L 5T, AR L RS
I, FRERFEETEWR L, ELRMAE~LE L, BHEO— v IR LTz,

Zo o billiERE B AR Lo, ik (Loc. 284) (55 TH Y, Trindntid 5 (BE63X). =
OIFFE IR LY T 5 Th S 5. Ao @ LEEREE, bfE (55 64 X) OFERBIR T4k
(2, e & e LRI 23R, B o5 S, BE OB ERIEREOTESE D DR S LD Y
BRZV. R RO L H LTI, B OBEA 500m L FOBWN S OBREHEICA DA, FAEOJR
JERNEIRERECHESET Ny P LTV ORBRsND. %k $2 X518, REREHET Ny MO
BE AR Z<ELL, FREREREOIESE QBN S R 2R ORKTL T v~ RGROV I OBk
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ARERTD.

&

H o RIS o @ L@ » o
I, ADEHTS. ChooHOD
FEJEIL, ENDO(1968) IZFE LD D
NTND (BAK) . AHIRTIEIA
Je8 0>V JiE 73 B IR e B S ELR T N
v MY B HLE S AR & T
HZENZN(FEE5X) .

KB4« &R (Loc. 183)
THEIEEREO VL MDD 2D
WL AT S S Y v
ZOANRELRLTND. SREO
AN L > THHAEN S > T O
DSPEHT D F I L7 (8
66 ) . ARHAENBIX, EFNITH
% < OKRIUE LA OB 73 BEH
LTkY, 5%bEICEZLOEY
LA ASPEH T 2 ATREME S K & W,

AL /U S OV LR
Je& D Ye A g o> LRy Sy AT A E L
Jo. WEEYEZBRVTRERL
. ZOSHREREZHE 67 KR
T ROBHREUEHEE, @ik (Loc. 5)
»HH, 10PILEILIEE THTH Y
9P L, TOHE LEE S @ILRE
FioRETHD. HEA (Loc. 31)
A RNETH Y, L L s
THETHD. Z05b, HA
(Loc. 31) C, Cyclobalanopsis 3£ 2 &Y, R (Loc. 187) X OMHA (Loc. 181) T Lagestroemia 73
ST H AN E & B 5> TWD . —TJ7, pinus L ONFagus D% EE &, Abies, Tsuga, Alnus & OF Ulmus-
Zelkora DFEM I LA E LTRH O, Wb EIZ ER0REMLE R~ TR H 5.

MRINEBEBUERBOBBRR UL
A M O i s oo 18 | Lk e 0@ IR R R TE 2 5 A TR Y, dikomIIEE It Eh s, i
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WA & MRER OHERITER LA —D b0 ThH D, HIZH B & EEA OB LR E O LM/ AIE—
B 5. Lizho THlig, RS RO B O I8 (51 R — R o b o> TR o 3@ (L fE 125
tEnhs. UL, /WNUJIE L@ ILEE & ORR 2 EERTHLIIEoNerol. DIFORBNLA
WE T, MmiEgzR--EEs L.

OB g JE (Trd, Trl) OJEAL. @ LEE DI EAE T 2 ARBEIKE B I3/ UIE T TR R W E SR
TV, 772 LARBEDCE T 2 b 0k, KA (Loc. 233) O/NHUIE OBEE PICEAIE T 5.
FAREL GEN, FWHERIT BT 52, TOEITEIE, T— METTL LY 0.002&EV. Fo
S0 H T, AREFIEA> (1976) D/NRKIGED PTG, SEHLR K OF7 A O JE I 3R A5 — 809
DB AERIEN DD . TORFUEIH LMK ARE LY TAETHD. —J7, EILERE A FRUE PR 0O
bO LT DL, WIREIERITRART XY T WHTER A B> THOMT 2137 Th DA, AHBORKE
JEiE b D WIE R B HIFBIED & T AR STV, EBRMIEE T, KEFEETO
HEARER RS |2 L S 20 2 MARRIGAE BEIC S OREFIZ AN, 1976) KV EAZIC & i@ IREEIKE B 1L D7y > T
72N, L LA O R FARE Lo n — LB ORARENEN L1282 F 200, £/l



| ( |
x | P =3
b S ‘ 2 9 \ ¥ ¥ g
E < £ 2 3 : Ik P s g
£ ; s % 3 9| o | & FLE T [
3 8 H 3 3 s 5 S ° 8 g3 RN R I
2 K & o g 3 5 N = 2 I o s |4 = M om # N
s ° ° S OIS lw 2 £ w > S @ 2 g ° EE 12 e
e e g 318 NISESE 2 s s 2 L slg |8 s g gE -
3 2 [ < @ iﬁ S < 3 8 e 3 [ <= 3 I I 3|6 & |2 »
i ot 7 AR “:7%& ;1 e . 30(%) l.” l‘[) ' 10 2‘() 3‘() I‘()(%)j 10 2‘1) l‘(l l(L) l‘l) 2.“ l‘(l Z‘U 3‘1) 4‘0 5‘0 60 l‘() lp 10 Z’U 10 10 Z‘U i}lll 1‘(1 S0 (il(l N 10 21(1 1'(] 2,(] 30 1'0 50 60 7‘(I 80 90 ]1';“
F & oot 5 300 200 5= = TH T ] = i ER T = = e = : 7 7 %
|
_ 10P 240132 =28 é ‘ 8 3 ] I— - o | A Az - E B o @77 Vo % o]
i |
SO L — —
# K Loc.31 63P 269 200 B o ! : o To ° —— -] [ —— i} [o o © 77| = 17
64P 238 200 \ | o n — i ) o o o 23 ° 7
§5P 241 200 i ‘ F’ — [ ———— o i g o b : E T
66P  37) 2003 ! p g = Pt ] pp o o 4 i 7z = 172 m
_ 67P 38 17 H l. 1 1 ! . L] .0 | ‘. ‘. L.
TFTEWR Loc.1 « 5P 293 200F= = | B= F% F l:J % E ju] } |77 F E [ Attel] =] ? T E E——— 17 B
=1 E S = [ i ne— L—IE 2 z = : = 7 I
FER Loc.187  243P 210 166 =3 =3 ' ) E g e ] o Nl —] —] oF—3 @O 7] B ob W PR
204P 157 1333 = i le i — —3 —] pgp 7 ] 7] I T RRR
245P 235 T EES = o D E — p A p — e 2 o2 % PR
246P 185 |34 = g D — | o™ oD — 7] %] A %%
P& Loc.181  220p 43 29|e [o . 0 T E !: . I
221P 194 16T = = E [ E— O g o ° B
222P 162 101 % ! ‘ H : 1 — p -] 2] 2}
203P 228 150 % — /3 o |0 = B :
224P 297 250 10 o - — = oo [ g o
225 146 121 B3 o o |0 - ] pp —2 © O |
226p 287 2403 ° : = of ] ; ] b o — 1 o 7] F
227 338 266 = o == i ] o] plo — 1 a ] o o
228P 382 338 V0 ; 0 M <] 8| F o3 o [l — o ]
229pP 5 5 i I ) . . i e lo i

BT INMUIB Rl IR OTER R
BATESRM T 2B ERT. 28, OR1%UTOERERT. & BEAIEHEHE 10023
TOEHETRT
BEHRBULE 6T R T (547 1 Y /- =T = A i A4&H)
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EIEOITTH B O (B 2 XM #RHUR) bE 2 B d.
OB, HEAR D /NI JE T O LKL
1%, Cyclobalanopsis 3%\t O ?, O
ZIZF L TdHD. Cyclobalanopsis23%\ B
HICiE, #EHAES ZLitkdebE2L
ICHRFT 2 MER D 5.

Q. mLEE X, MRS RS
Hidk¢ix, VRf@maE <, gl g L4
R TH D, Lo, BRSO
RURESTIE, ISR, EREREOIRE O/
%GR, IS OHEREY O SR A 72
Mol HERLTWA, HERHIKTIE, £
RENHRITH Y, ZOEHITNRIINE E B
<ETHD

ks, WILEEZE D &b E WA
“MEB R TH L. MR RHEREY
HEAE Lo THY, FHEZERELT
BY, BETOEBHOEGENSWE OEGRE
WETDHZ EIIR#ETH D

filu sk & Dk be - RETEEICEE (Hn) 138
WG I 18 L35k o> 1R B 4 HIULZ S0 A1 3 5 (RUR T R oD
IR 8 (KYP) Ik S5 . 2 dofi =g oo I iE, A% FRUE h o o RS (23 S 2 42
IS E (My) &2 & de 2 L s, /NUJINEIEER O TEicb s s, £ Hnid, 25 R ik
DIKE G ORANT 6 S D ATREMEA K & S AKBFBICKT LT 2. BRSO S DY Va3 v
D74 yarbZy7ERIT, BTETHY (F2ERBHR), AKRITFEE T O/NMORARHER Y ORE
ED, 1976) D7 4 v a b Ty 7R AL -51 AR (BT AN, 1984) LIZERERTH S.

V. 1. 6 ZBARE

B4R : KER(1930) DA FR MRS & HiE

B - P TR

BF : SiIREEELOVNIEZ REEICES .

AJEE AR & MARE S IR ST 5. KAREO— )£/ TiE, ES 30-35m o
HWE»525. Zhickt L, EREO— I FIRV T, T D, B - BN R0 THE

JES4-Tm @ LMOBBAE S 2T . ARETIE, ZoTHEaEATEEmAL L, L

DB DI 2T 5HEITIE, AEREE & MRS (5 681X) . i O PAMRIZFIREERE & LAy, FHEFEEH
AEHCER A% IR E O — I HEAIR B T A% I HERE L 7 AT REME Y B 5
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V. 1. 6. 1 HERMWE

HWREH : BIFR.

Bt ARHITHEAR.

BF : BREHEOVNINEE RESIZE S . FAERERE & IXRREREMEOBERICH 223, KHFEE
DO IIAIE 2R L TOAMT 5.

B AU O HEAR CIEAREE X T O S & g A e B OTRE» B s, REBICIET T A E
DHIBLK LK JE 2 Bete. ARBEIRE & HERBEICETE (SK) LIRS, AEEPCA B, BUEBHSAMENEL £
ERFERDZENTERND, mAEIEN(1962) ICL D EEIIMICETDIEINTWD. Fr BEMD
AR O RAFIE 1L, AEFEEE OB FICREGOREN AT D, ZORBIE, SEAIC L
TBAZIRCABIKE TH D, £z Z OJBITIFRAILS (Loc. 255) K OV 0 JE 0 Ml THEIK D BV
JE AR, WEOERENPEEN, WAKDBABHESND (FE69X). BAITE L < EULB3ER AR E
WEL 2200, ZOBMANOHERBICSEICKI L, ZOWRNEZ & 0MIREE2 2 OB T ORE & &
HITHEATDE & L.

AREEIE, ERLOEILNKFEMTIC L0 L, £ EEMICHEARERCE B RENR S (55 70 KK O

57 XZH) .
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V. 1. 6. 2 XKHFES

tER : KK (1930) .

Bt PEIR TR AL

M AARAEHTE, ABITEEIKCHEONE 7S 117.4m = A R 4@ 5 kA 582, 0O/
MICrE30-35m L L, —HALMTIHIHATELZIES 4-TMOEITES. 202 LMo b0, &
5-20cm T, FICWEDENSRY, HAKROGTF ¥ — FO/NMELZR L Z 5. —RITBIKITE NS, 8
LTWBEHA LD, KRAKAMATESO TMTIE, AR, TA»SES 3m OF/NEDE & Pt
JE, BRFE10cm D% &R S 3m DO & UM K#% 50cm T 20-30cm KOHEAE % < BT K
1M EN S 2 5.

AJE DI O NEEPCETE (Mu) Z 8t (55 71 X)) . ARIERE 1Y, i (Loc. 266) TIHE &
1.5m THh v, #HiBE(Loc. 266) {1 TIHE K 35cm &< 4549 5. 25 FIRBUE 1328 FR G H K O
HRIFRVE )7 D 118.7m = mifihiE B OV O ALVEIZ /53T 5.

HEARERE 28> CHOMT BT OARTE L, EHObLOL ki L, BHLBESEOBE %< .
AERIINELNC MY 5. FEHOREVEEE T 28— I b s T s, Lok
KB % O BB I/ S e ST b.

FKFURE ORI HEE T — v IR OIIZIE M TH D, KFEIIEHEICEN TN S,

KBEBEIr—LBO I HEAa VLTI, Rt URAFREBIEEN. 7284 2 VE PO
WIRT D Lo TD I ENRZ. BDRi(Loc. 252) REAE (Loc. 66) Ti, D LT &g Lo
B2 W BEADHSIC Aso-4 DAIAR G EN, 359 L TCEDEEL Aso-4 ICRETE S (F2HED
FE6XBM) . FN LY FALOBEIIMRENE .

*t
TR TS BAE T D O NEEE BT, B IR B sk O (R ok LB IS TR L) E T &, R E
I IRBRE O B ICt b TE 5. £z, B BRI TE LR R RIE % O A KR E & o Cordi
.07, HEARERIE T OHEAREEDCE I, BF FUKIE IS O I RIS #E B A T OREFIE 2y, 1976) ITkfLE
Ehd. E-ARRIGHE CE, HERRKERBIE, HAHDcamds.

V. 1.7 ZHREREHEEY

B4 : K (1930) O =M EEICH YT 5.

B - T E AT =R

2 RREEOROFRL, AR - MMRREH, =M - s .

CEIRERL OG22 REAICEY. B LEBKEEU Eo REe — LB DD . K

REHERHTHD.

B BOFRILROERRAS - MhERAHIC S T AT L LTORKO RV E N 5700, J
JEEB ISR 2R o720, RSN SR 25EWH 5 (FE73K) . A0 F (Loc. 150) TIIAE O E

WA DO AZRTFTRY A OABERILADRBEShD (B 741K) .
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SMRHUR O ARG T, EEENC B K RIS & D IRIKO ROIEN G2 5. T ORIC
I3, MOBREHERM LKL, Fv— MEOWMEABN L EEND.

AL, B LEIKAAE (Bb) BLED A e —AJEcEbis. L L/NUIA R CIEAREES
BEIRERTH L. AEOBAMITI=MEL S TWDA, ZMEHBOEEFMFIIRLS 20O T, &
JE 278 5 H i m— L JE O MY 2R AT (B 75 K) L35

V. 1. 8 BiGBREHEEY

A B

i =0T\ R RS S

o IR I EE, &SR OINEE.

F: BIRERE RNESICE, S5 LBIKEEU Lo R — LI E bILD.

B R EHERR ) CRICEE N O 2 D . AL, R KR 50cm THE 5-10cm Db o i A&
g, FEE, FoK I ERHTHE, JEEET3-5m, FERET6-10m Th . EiomiF ik
KoamTH 5.

KgaBo Qe —sEoRIE, “MEEEHEMICFIC ChD. AEoEAMT, KNExE> B
ME—LEOBREENREFNBETE .

L AJEIE, EEEE (1962) LIOKHT A IEm AR (IS ST Te. ol R (1984) 1%, Aol
Tz, BFrAl Ime L, Briam(EoBRERETE) 22508t L7z, AEE2ES Aife— A 0B
LV EL, POoMBEEE D IOMBREE N &b, H HFB R S HEL, Bl 4 )
b, KEERUOARBEOMEHEZ, HKEHEBRLHEMYEOESmE T 5.

V. 1.9 FHERBEEHEEY

B4R K (1930) O HFHE % 1 & 2%

Rt T R

oz EraM, I BREH, Ny - REGH, MEFSHEE, IS, BrEE - S
JREH, ARk - IR A7 L.

B B RE, /DU R OVl L & ARSI, Aso-4 Ll o R —A@IlEbiDd. 7
BARED EEIZBR2 N EENDZENHD.

B - KRB O L RBEERIK A S 76 KR Y. AE T AB AR T, BE A B L LibfE
B OveE & $kde.

Ao B RGBT 2 A EITEE 4-10m T, £ 10cm BEORAEEEZ % < GTEE» O 72
D, LEEICESH10cm VL Im oW R B2k Z L3 H 5. #HHEE (Loc. 187) TiE, JES
3-4m OB LI ARG OBE 2Nl LIRS EA B S . JEEAITICIE, SV b OB O KBS 30cm O
EES . 20 LIRS 30cm OWETRE, MM OBEEEE & TR X 130em O RE G IEE K& O,
PEMMAPRESNKTHER L7 852 55 Bo2 B A ER Y, Aso-4 LD R —AEICEDR
TW5. ZRBIKBEIREO EHIiE Bbl 2% b X 2 5K A 8 % &t
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MZEEMCHHEEE Lob Dk, O/ LR TEARE (AY) 28T e —AE2% 5 (Loc.
306) DFH T Aso-4 [T ARMER T, BEARARIL, HAMoOFmARETHEREY L VB TS, B, g
B (Loc. 305) CTiE, HmEr—AEOREE) S 550cm FALIZ, Bblixkitk &N AEE 40cm L B A
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TAEKWLKBHY, EX80cm DIEfE % &
S>TWV5.

B - BURB#R N v 5T - RREHTIE
Aso-4 ITRMERTH DA, Or3LL FOu—AhE
DEIFIMmBEH Y, FEEHKE THERY L
ODHmME—ABLVEN. KEORBEZ, BA
FHEC8mLh b, BT C3-4m, RET
2-3mThAB.

HHTIE, ABOBIEIXEE T 3m [
%, dLEcELS emEETH Y, JLERIZ Aso-
ARREIRFESNTND.

PR B HOARTEIL, PEEFEEEZ O® 5
mEBRLTWD. KB, ZOREEHT, ES
2m Ll kD Aso-4 12T\ 5.

AR - JNIFEHCARIE L2, Aso-4 XKk
BTHD. L LHES R s e 9~ 2 A
Teifi £ - (Loc. 265) Tl Aso-4 23 WHR Tl
&, Fio#ik(Loc. 5) O HM R —AfGHIZ
X Aso-4 DANANGEND. AHMEOHH
JR B EHEFED T 4-6m OE S OB N H 22 Y
MRLEBEZOND. RBE(971) 1T, AHH
EiZ, EEmUTO/NRROBER ST 5 L2 EHL, KO BETCREAINIZbDL L
7o L LA (197D b LTV 2 K 512, Am O HEREY I Or3 CAHA TRIZE LI nio b o
IZAT) OB R OHIRLT 7 ZE KR TH D, WKDRBI LD 45 E0 bk L TRIIKAKE
FELNTHREINT-EHEET D HFRELETHASD.

ARJEEE D HIa— L8O IUEHITH H (Loc. 187) TH 5.

e SR HiL 0D = Ji B e HMERE ) & BT s B I HERE ) & D BAGR - BT S T = I DR & B s &
AR RETEL, kEik, mEMITIGmBEETHD. TOWEE, RKFIhRAITMEL R
D, BRABMIETIOMUFE2Y, mEHoBaHE CRIEIARARICAR . BHEFENE MW
BORIEOWRDF LD MR —AEOBAIEI LN TR, Z OB LEN NI il Tik, Wiko
BT Do Aiitgia =SB R & U, B 3049 B Msk (58 77 1) 2 391 MR B EHERS ) & LTI
w~L7Tz.

IR A M T =R & BT R & 2SS IS 72 D 000, HTH R S HE R S MR AR & < BUSER
LT bThs. HHOERIZONT, ZMEREZZK LRSS T, BITHRA R A2 O
RTEICBE Lz L bEZ DB (R4, 1971). L L— AR ik oo = M5 4028 55 ISR L
THMLTNDZ End, ZMREFARR S, FHRFERRHMR OIS, H7~EB) 2 M s 2
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bolcbbiffETEs.

V. 1. 10 BEHREEHEN

HER : Rl (1984) % HiE .

W T =

S T, AF, EERE A, ARk
=R LA

R - EIFEHELOVIIIE - & LEE
EREAICE, H34AL V(03 ET
2 X% 50cm 0B r—ABLL Lo | IH
n—AfEICEDND.

AR FRB LR T, BE LR
%. A (Loc. 222) Tl%, KPR 45cm,
— &I 15em R OIbHE DD S 72 D TERE T
bH5.

AJg O L7 RS ORI % 5 78 K
R~

AT I 1 VR 0E SRz R (1962) 73387 H
FHEIZ =L TWebDTH DN, BiE
(197D Tz oFHIFE Z Mo L, HHIE
W, JIEE A K O AL 2 K55 L
7o KBIL, £0 9 B)IE P OMaRE
IZHYE 5.

V. 1. 11 BEBREHED

B : mEIEA (1962) O HEE ICHM T 5.

B AR

N SRINEROPEAMNT, —v#IEROBEAR, BE, RIHRY, BEELZzE.

BF  BiEREEO/NUIE - BLikfEE REGICEW, S4av U Eornm—AEIcEbhs.
Or3 % RO & 2 W T EIICE L 2 LR d 5.

B AR RS CEICEEN SR, REOBETIZE, RO ORTOoAkEN
5. (1962 ICL D &, MBELAVEZEOABOBETICE Or3 BHET D& LTS, #A(Loc.
296) T, RFOHK FMOBIE LY BEIKERE I Or3 NEAET 5. AEOfK EIIC O3 NEEn 5
DL, AR, =4 (Loc. 338), ME#%EHE(Loc. 235), K WV-SFMlEFEDHBEHTH L (BB TIK) .

ZDIEND Or3 & & ERVB L Lo H 8] = — A8 O & 7713 4% bk o 8 B B [eHERE) & AR Cd 5 23,
BY L EOE WD S W XK S .
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V. 1. 12 EHBRE#EY

A - B

B - R L =M E

B, —yWIAEROIR, I RD
IWEFI/NGAAT 5.

BF : EIEEEE MEAICBW WL Lo A e
—LBIZEDND.

B WREBEEHEY TH L. FEHTIE, IwE
TARBOMECTH L. WK T, IwRHBET D
A e —ABOE FRAREOBEIZ /2> TWD. 1l
ETHE, IwOETAARBORE TF O FLICHE
S

ZOEIICAREE, AA VU EoRBR— A
b, TORMIMELDEFRCTHLM, B
EDREICIIRE RN DS, ILER LT T
%, BEHmoOEEL, BEfhroEms v 10
m UL BRI ETIE, ZoRM TR S OkREE, emBEL LS.

V. 1. 13 AFKBR#EEY

AR HUR O B AR, ARSI, AT KRR S 00T 5. AR, BIEOEIERE
W EHD DGR NT TR & KT HE D KRR Th 5.

ARHUE O AP K RRHERE T VTR B IRER T, RS BIALZBA S OMLY 7 A6y, K
BRNULBEEH O REOEHE R3S, A RA (Loc. 125) TiE, EIRERE LIS, T HIEIC K
\ZHE &£ S TR RD e (80cm) , JEAiE 1) (30cm) , # ) (20cm) , J&HE )8 (20cm) K& OV kel
Fits (550cm) "B 2. ARIETIE, ZOBEEL L2 AP KREHERDIC L TBRAELTWD. 22
B, AFKWGRHERS A T IHRIE A 23 700 L KBERE TIEA T SN D5 E R H 503, AF KR
HRE A E L @B LIS, BA 2SR 7 A B KK (AT) BT 2 DHT, KK
MR HER Tk, KRB FAICH I SN 5 b OIFBE I T2,

AN RIS O MUl CIE B VT Z WA HERE L T D IR A S 5. Bl xIE, Ao BT
EAmP LICGET 2 HBER S 5. FRBEFAMEOERENEIIE, EE 50cm LA O AR ) 23 5340 3
0%, AT OREHAEY S 2 VT ZRHEREY L L, Alr—ABIZEHTRY, AH#RYLE L UIRE
LT,

V. 1. 14 ZREIBREHED
HESR : HAR.
B TR,
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DA R, ROV O MO
&, AR, =M, =@, 1T
Mg &,

@I E IR A A B,
Kb E T 30cm fELL Lo Hifr—
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(ABSTRACT)

The Tsuma and Takanabe district is situated in the central part of Miyazaki prefec-
ture, in the southern Kyushu, and is geographically divided into two parts. One is a
part of the Kyushu Mountains, and the other is Miyazaki Plain. Many Quaternary ter-
races exist in the plain. Hitotsuse Gawa(river) and Omaru Gawa(river) flow down
across the district and into Hyuga Nada, the Pacific Ocean.

Geologically, the district is located in the Shimanto terrain in the Outer Zone of
Southwest Japan. The geology of the district consists of the three major stratigraphic
units, the Shimanto Supergroup, the Miyazaki Group and Quaternary deposits. The
boundary between the Shimanto Supergroup and the Miyazaki Group lies along the
contour line of 200 m above sea level which concides with geographical boundary bet-
ween the mountains and the plain. The Shimanto Supergroup is divided into three for-
mations, the Miyazaki Group is seven formations, and Quaternary deposits are mid-
dle to upper Pleistocene deposits and Holocene deposits.

The geological framework of the district is shown in Figure 1.
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SHIMANTO SUPERGROUP

The Shimanto Supergroup, composed of extremely thick marine sedimentary rocks
and small amounts of basic rocks and chert, is widely distributed in the southern
Kyushu, and divided into two stratigraphic units based on geological structure,
metamorphic grade, modal composition of sandstone and fossils. The lower Shimanto
Supergroup is called the Morozuka Group of Cretaceous strata except the Uchinohae
Formation in the Miyazaki district. The upper Shimanto Supergroup deposited dur-
ing Paleogene and early Miocene, and called the Hyuga Group, the Nichinan Group
and the Kumage Group separately in three regions. In this district, only the upper
Shimanto Supergroup is exposed and consists of the Kunimiyama Formation, the
Uwaino Formation and the Yamanokuchi Formation.

The Kunimiyama Formation is exposed wider than other two formations in the
district, and is in fault contact with the Uwaino Formation and the Yamanokuchi For-
mation. The formation is mainly made of alternating beds of sandstone and shale, and
in its lower part thick sandstones are frequently interbedded. The formation strikes
east to west and dips north.

The Uwaino Formation is restricted to the northern part in the district, and is sub-
divided into two members on lithology which are in fault contact. The lower member
consists of alternating beds of sandstone and shale. On the other hand, the upper
member is made of shale which interbeds thin sandstone layers. The shale with boun-
dinaged sandstone is exposed in the upper part of the formation. The strike trend of
the formation shows ‘“ J°’ -shaped pattern and the dip is northward.

The Yamanokuchi Formation is widespreaded in southern part of the district where
is limited its northern margin by the Omoridake Fault, and mainly consists of shale
with interbedded thick sandstone. The sandstone blocks bearing shales occur at
several horizons. The formation strikes northeast to southwest and dips northwest in
general.

MIYAZAKI GROUP

The Miyazaki Group extends from the Udo Mountains, Nichinan Region, to the
Miyazaki Plain. The group overlies the Shimanto Supergroup and the Osuzuyama
Acidic Rocks with unconformity, and is made of a sequence of marine sedimentary
rocks which is more than 3000 m in thickness. The Miyazaki Group in the district
deposited during latest Miocene to earliest Pleistocene, and is divided into the
Kawabaru Formation, the Tsuma Formation, the Honjo, Formation, the Uryuno For-
mation, the Niinazume Formation, the Sadowara Formation and the Takanabe For-
mation in ascending order. The Takanabe Formation is subdivided into the main part
and the Hisamine Member based on lithology.

The Kawabaru Formation overlies the Shimanto Supergroup with unconformity. It
is mainly composed of conglomerate, sandstone and sandy siltstone. The con-
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glomerate is scarcely recognized at the basal part of the formation where is mainly
made of sandstone. But conglomerates interbedded in four horizons. The con-
glomerate laterally changes to the alternating beds of conglomerate and sandstone,
and finally to sandstone.

The Tsuma Formation conformably overlies the Kawabaru Formation, and is
made of mudstone. In the northern part of the district, the formation is very thick and
interbeds massive muddy sandstone in the middle horizon.

The Honjo Formation, only distributed in the southern part of the district, confor-
mably overlies the Kawabaru Formation and interfingers to the Tsuma Formation. It
corresponds to the Ikime Formation in the northern part of the Miyazaki district.
Alternating beds of sandstone and mudstone which have some different proportions of
sandstone and mudstone, are main lithofacies in the formation. Thick sandstone alter-
nating with mudstone exist in the lower and the middle part of the formation.

The Uryuno Formation is exposed from the Miyazaki district to the southern part of
this district. It conformably overlies the Honjo Formation and interfingers to the
Tsuma Formation. Thick sandstone alternating with mudstone are found in the lower
and the upper part of the formation, and thick mudstone alternating with sandstone oc-
curs in the middle part.

The Niinazume Formation, restricted in the southern part, conformably overlies
the Uryuno Formation and interfingers to the Tsuma Formation. It is mainly compos-
ed of massive mudstone and thick mudstone alternating with sandstone. The
Tarumizu Tuff, remarkable pyroclastic key bed, exists in the formation, and can be
traced across the district. In the northern part, the tuff is found in the Tsuma Forma-
tion.

The Sadowara Formation is exposed widely in the eastern part of the district. It con-
formably overlies the Niinazume Formation, and interfingers to the Tsuma Forma-
tion and the Takanabe Formation. The main lithofacies of the formation is thick sand-
stone alternating with mudstone which exists in three horizons and laterally changes
to thick mudstone alternating with sandstone. It is recognized by well log data of the
Sadowara Gas Field that thick sandstone alternating with mudstone extends to the
underground of the coastal plain.

The Takanabe Formation occupies the eastern most part of the exposed Miyazaki
Group. It conformably overlies the Tsuma Formation and the Sadowara Formation.
Main part of the formation, restricted in the northern part, consists of mudstones and
thick mudstone alternating with sandstone. A sandstone bed including mullscan shells
and pyroclastic grains is interbedded into the upper part. The mudstone of the forma-
tion becomes sandy to the north.

The Hisamine Member, the southern part of the Takanabe Formation, is composed
of slumped beds and submarine channel filling deposits. Slump structures indicate
southeastward movement. The submarine channel cut off the slumped beds and partly
the Sadowara Formation. The filling deposits consist of the pebbly mudstone
associated conglomerate, and alternating beds of sandstone and mudstone in the lower
part, and alternating beds are predominant in the upper part. The direction of the sub-
marine channel's wall is concordant with the direction of slump movements.
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The Miyazaki Group dips about 10° E except near its basal part, where it dips about
20°E. The Kawabaru Formation strikes NE-SW. On the other hand, other forma-
tions strikes NE-SW in the northern part in the district, and NW-SE or N-S in the
southern part. The hinge line of their strike trends cross from east to west at the cen-
tral part of the district. This geological structure is in concordance with the contour
lines of Bouguer anomaly.

QUATERNARY

The Quaternary deposits are divided into the Pleistocene deposits and the Holocene
deposits in the district. The Pleistocene deposits are subdivided into the channel filling
deposits, terrace deposits and the Hyuga Loam. The channel filling deposits are fur-
ther subdivided into the Omarugawa Formation, the Toriyamahama Formation and
the Shiinoki Member of the Chausubaru Formation. The terrace deposits consists of
the undivided higher terrace deposits, the Chausubaru Formation and other nine ter-
race deposits which are covered with the Hyuga Loam interbedding some pyroclastic
key beds. Only the Sanzaibaru terrace deposits are marine terrace deposits made of
sand, and other terrace deposits are fluvial deposits mainly made of gravels. The
Holocene deposits consist of the Holocene terrace deposits, the floodplain deposits, the
coastal plain deposits and the buried deposits under these deposits. All Quaternary
deposits were formed with relations to sea level changes, and the present heights of ter-
races indicate later tectonic movements in the district during Quaternary.

The undivided terrace deposits are distributed near Hokkeyakushi and Hasekan-
non. They are about 20 m in thickness, and covered with weathered pyroclastic flow
deposits.

The Higashibaru Terrace Deposits are restricted in Higashibaru hill, and composed
of weathered gravels, about 10 m in thickness, which are covered with volcanic ash,
about 11 m in thickness.

Both the Omarugawa Formation and the Toriyamahama Formation are channel fill-
ing deposits, less than 40 m in thickness and contain marine mud. The Omarugawa
Formation is distributed on the hills of the both sides of Omaru Gawa(river), and
covered with the Chausubaru Formation or younger terrace deposits than the
Chausubaru Formation. It contains the Nitari pyroclastic bed and the Hanakirigawa
pyroclastic bed near Hanakiri Gawa(river). The Toriyamahama Formation occurs
isolatedly in the Toriyamahama area, the Hioki area, the Chugenbaru area and the
Ikeuchi area, and contains Torihama pyroclastic bed. The Omarugawa Formation is
assumed to be almost equivalent to the Toriyamahama Formation in age.

The Chausubaru Formation is composed of 30 to 35 m thick gravels and interbedd-
ed Makinouchi pyroclastic bed at the southern part of Chausubaru hill. On the other
hand, the formation consists of two units in the northern part. One is the Shiinoki
Member which interbeds the Shiinoki pyroclastic bed and sand pipes bearing mud.
The other is the Chausubaru Gravel Member and overlies the Shiinoki Member.

The Sanzaibaru Terrace Deposits are made of well sorted sand on the south side of
Hitotsuse Gawa(river) and pebbly sand on the north, and covered with the Hyuga
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Loam which contains the Baba 1 pyroclastic bed and the part above the Baba 1
pyroclastic bed. The deposits were formed in the last interglacial epoch.

The Baba Terrace Deposits are fluvial deposits which were formed just after the San-
zaibaru Terrace Deposits had been formed. The deposits are covered with the Hyuga
Loam which includes the same components covering the Sanzaibaru Terrace
Deposits.

The Nyutabaru Terrace Deposits are fluvial deposits which are composed of 3 to 12
m thick gravels. The deposits occupy the widest area amoung the terrace deposits, and
are covered with the Hyuga Loam which contains the Aso-4 pyroclastic bed and the
part above the Aso-4 pyroclastic bed. In Ichinono Hill, the deposits emerged from
water just before the Aya fall pumice would have fallen down.

The Saitobaru Terrace Deposits are fluvial deposits and covered with the Hyuga
Loam including the Dai-3-Orange pyroclastic bed.

The lkatsuno Terrace Deposits are fluvial deposits which emerged from water just
before the Iwa-Okoshi pyroclastic bed would have fallen down.

The Ito Pyroclastic Flow Deposit was produced by the eruption of the Aira Volcano
22,000 years ago. The deposit is restricted around Ishizaki Gawa(river) and not weld-
ed. The gravels, just below Ito pyroclastic flow deposits, is included in the deposits.

The Fukadoshi | Terrace Deposits are covered with the brown loam of the Hyuga
Loam in which the Kobayashi Pumice pyroclastic bed is interbedded. Sometimes the
Aira Tn pyroclastic ash is contained in the middle or upper part of the deposits. The
deposits are correlated with the Tachikawa Terrace Deposits in the Kanto Region.

The Fukadoshi Il Terrace Deposits are covered with the Hyuga Loam which has
the Kobayashi Pumice pyroclastic bed and the part above the Kobayashi Pumice
pyroclastic bed.

The Hyuga Loam is eolian volcanic ash in which some pumices and pyroclastic flow
layers are interbedded, and overlies terrace deposits. Its lower part that is under the
Baba 1 pyroclastic bed is weathered, but many remarkable pyroclastic key beds are in-
terbedded into the upper part.

The Sushida Terrace Deposits, one of the Holocene terrace deposits, are fluvial ter-
race deposits and covered with “Kuroboku’ , humic soil, interbedded the Akahoya
pyroclastic bed, orange-colored very fine ash being a good marker-tephra. The other,
the Shimotajima Terrace Deposits, are marine terrace deposits made of sand, and
were formed in about 5,000 years before present. The surface deposits of the coastal
plain and floodplain are subdivided into three main deposits. First one contains dune,
beach ridge and natural levee deposits which are made of sand, second one is abandon-
ed channel deposits with thick mud, and third one is back marsh deposits. Those
deposits cover the Buried Valley Filling Deposits reaching over 50 m in thickness at
the mouth of Hitotsuse Gawa(river).

ECONOMIC GEOLOGY

The Miyazaki Group yields natural gas dissolved in water. The Sadowara Gas Field
is extended from the northeastern margin of the Miyazaki district to the eastern area
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in the district. About 11,000 m®N/day of natural gas and some iodines from associated
water are produced in the southern part of the Sadowara Gas Field. Recently two test
wells were drilled in the northern part of the gas field. Main component of natural gas
is methane, more than 97% in volume. It is inferred that reservoir rocks of gas dissolv-
ed in water is sandstones of the Sadowara Formation.
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