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[(WISTRA-HFRLE] & (F/EF20m) 1FIKD LWk iE & AR Y ORI E & D B g
<, B (E/EK50m) (TAREGE U0 ORI E & HEAE S OEE O B TH L. BUE IR 0
BLFr—bERLT M- HAME TR I TWA. P H A LR I b & A B8 K LR
JEERENS. JEX30-50cm, HAMEE-RFKE, HOR-HR T, SmEEITANA - BEGEA NG Y, B
1-2mmOEET & S IS EH ATV D, ENICA T -TLKIIKE N i EficieEn s (A, 1978MS) .
[(BIETEREEILIRA] B8 LR T L M-REOMENRREN D HIEN G705 . 155200-220M D iE &
PED & ILHIFER IS FHE R HER S 2 v Ly 7 RERES TRV 5. BB ITH AT, BT
FIZFv— "IN LS. EE3MOBEOKLKE bR ENS.

[FNsRHiE] ISR ESE & KD L VMR- PRI E DR EN G720, EIImLLFO L M
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Zfde, WHEEIE T 7IIRRIEHES L HET D, BT - E T EO P - KRB SR, —EE

T O EEMAS SN AE- T AEOMEGIRIET 2. BRITT v — F 23 PH- REEOEEE T90% L |

D, ENCHERHENEEND. HRBO X T MEORLAIEA X & a4 T OB

tEnsd. EESE, ECEDOSEEED O BRI SNIcABE-EABO T v — b, B A, WENLR
DH-RKHEENE &R D O MRV ETE S TN E R S Bem-ImTAJET 5.

W4 2 EEER )

gL Il - H) (1983) s, LERRIFE S 7 KIREO LRE TS, LEICIEE 1 MRk TE o ek
Eho.

R EIA A,
FEL TS ORISR LOREFEITRE O ILE, &R HDMEIC 5T 5.
#60m.

BRFEFR K & RaRIcH 5

A ENENIEZ20-50cmOWE EREO ARG LV e, OBV ESCHE A Hde. HEOWE
TIXPATHERES LIZ LIERRO B, EEICIZ ) » TARIRIREANBSE SN2 L bbb, BEIEEI
KAV MNEED 720, LIXLIEY v 7 VRIRIAS RO THEB 3 38D b D (556-bIX) . BfEd
DRV IT I, BRI A XOMBEE VD, ZAOBEROEREICIE N T 7 RARE
BRI 5. v MNED OWEEE AT D WE G EAE L, WEO FEN S PETIE Y v AR
RHEHBHEEL, Vo 7 AOBBIE LT ERELS RO ARS. £z, ZoWBO M TIZINT 7
TR S TG RO R ET DR 72 D T D & O I HERHEIE 2 FF O b g 1390 1 DL IR D HERT & HEE =
TS BARIED, 1992) .

FIET HRIZEIN B RO B D IR PR g 5. SRR ke s, e

R\ ECIXE O S RGO i a2 rd 77— HRIZEHE RO b D (BE5) .

w3
o 3t

B A

)
VI. 5 FEERE (O

HWEL ZSHA (1992) fd. B2 7 KILKBO LR BN Tk LRI 2 Gt r MEo FRE T
DWHEGLERE L ERSNTND, LA LARETIE, B2 KIUKEBEMTOmWEE LA RE O
MR A RHERE O TR EMLE-ST 5. EBRITARRIEITIC T L, EEE T X% K LKJE & Ma2
JE A& B, YIl - H)1 (1983) DR HJE K ONRAS (1993) OEE S AR L, KHERFO T - Ficfd
W95, RIS T T X% KUK E & B E U L AL ORSRERE NS AT .

B REENT AR O .

S RENOW 5T R RSN O WA - M B MU, 78 B 7 LN 70 6 R EIT
W - RS 2 g, REH/ERICOMT 5.

BE 60mLi k.

BEFEFE HREE & W ER.

-95-



B WEEECVVNEBOLENGRY, BEAHEY S, BT & 20-100cmiZ 8 L iz HRLED
SHNEE L 0 22 ARDHE &R S5-20emICEE L dL ME LV A s, WEEIEL LIE LISHRILEERS T 5
TR TG HET D (F56-dX) . PV MEIXFEATHER AR O Z L b b D, BEIRITE AL
YA XDTF v — FOMNENGRD. 7 7HURAREENGEIL SN TIRATIESSE R DHD. 77
F—RURPASJEER ) 1L B OE TR D b (F60) .

VI 6 KUK B OV ROoRS -

VI 6. 1 KILUKE

KB ERE I TAE R 72 LR g & UC, TALE DI - 5 1 - 10, JKRJT - I, BAWETD - 10 - 10,
R, Eou, =k, @, THEMLLD -0, f=e—1-1V, &ri, B, KB I-IV, [LHEIT -
0, 7 &%, b, 4Rl - I, AR - 0, B, %77, FEA, HAY, MM, AW SHHkE
N5 (ltiharaetal., 1975) .

RIS BN T H < OKKEAPAE L (BE50) |, KELED> (1978) , Y41l - )11 (1983) ,
[ Tk (1993) , AT (1993) 72 & CREARICALE STV D
[HDERE] PO L vAes, HUM, WE=SE, FSEL, AL, AL, Wi, s KilpKEz LR
INTWD BILEDy, 1978 ; Yu)Il - &)1, 1993) . EEETF KK (340 B LR8I, ARFE K LK & 1
vy 7 KILREIZx S Tun g (Y11 - FHJ1, 1993) .

[(REREERER TuctV)EEIt , A < I, AN AV RKIKE, TR, FHEIL -

ﬂ%%ﬂr BEINT - 011V, &/ RAKUKBEREEST 2 & ST QA - i, 1989 ;
HL - TR, 1993 ¢ RS, 1993) . FHERKILIKIE & & 2 UK LK B L E v E s E K LIRE & v s K
KBt ST g (Pl - Jlk, 1993 5 fl#F, 1993) , RIEKIIKENHIZ7 4 Y v a vy b T v s
B (FTAR) 2.9002Man it Hav T s (JTAF, 1993) .

FROKIMKED S 6, FEINT « T« MUK, a5 JOUKE R OSREZINT - T - I - VKl
JRIEVE, WA (1993) TIXAIL00mO M ICH N H8EHED K IUKIE & S TNDHAY, 4 lal o
S B 1k Z AU 6 K LR BV O AL e B 2 © K BT BRI 0 I 0 S HE 00 ]2 S H30mIck £ B .
INSTRTOKKE % R TE DTSRI TIE R0 T2 D THE R Z L1302 720, RN -1T
SR EAFEITAEE « THEAHITIC, M S5 IR E 34 Bl BT 055 2% BSHsEd A o o0 KB
FEHE, BT IV KB 1348 BB IS0 S BRE ST g (A, 1993) = L ph, [A] UJEHE
DRIKFFICR U = 2 12 e 24803 G- 2 HIVTZ TN $ 5.

[(FRERE] TR X VBIE B, BE, I, i, i, L% 1, KRB, A, Fiakil

JB OEAEDETE S0, BB KILKIE K OF1E K LK 8 2 dv 2 dvta UK LR g & v 7 KR T8I %f
S Tna (A, 1978MS) .

Ulbo X1z, < ORILKEOBAERH LM SN TWDA, HIZEEBEORIE « Sl T L
Mol CIZBHLME BN T2, BEFOBIEHRE Chs - Wl Sz kKB ORER b £ 72 5720 kg
ThD. ZOOMERITIE, ARIEHERIZ 3 T H#A KA L THE L, okt S h
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TV DR KILIRE & © 2 7 KILKIB et bt S 402 KILKIE O A 7Ll g 5. o kIR JE O FEH 72 7
DN 2 Ok E B S iz,

fEKLUKE (A) w@HEKLKEOM4IE, Itiharaet al. (1975) 12X %, Ml EECIEIEEFA
ILpKE (BEILZEA>, 1978) , 4% R IEBEAUH CI3Mpe MLKILpRE (BEL - S0, 1984) |, T kLK@ (]
K, 1993) , BT CITMERKILIRE (A, 1978MS) EMEEN 5. fEKILEKKE &5 1Rk e &
DOHIOE XX, HJ i TH100-120m & HEE 41 5.

T2 TR G T8 B <7 )50 70 & RS HERT HUARIZ 20 TR < oA L, B SFAk 7 Tl g)E250-300
cmT, HUMAFIETIE180emTH L. FEIIK B A HRIK LK (10-30em) b (g 7R - I 5 €2 v - il
BLKILPK (20-30cm) T, RESIEEemEL R O B A Z G T [ -K A AR LR (130em) 2B D.

EEO FEICIEATER L R ons 2 LB S (BINEy, 19785 Yu)Il - &)1, 1983) .

RHERT B C I E60-200em T, i 7.5 O #E5H T K PRz LK (20-30cm) , FATIHEER OO 3 i
J 5 FARIRI LK (10-15cm) , HRIK - S5 Rk (LK g (20-30em) ,  JK A sk 1L K JE  (10em
PAE) me7esn (F6l-aX © Z OFEEE TIIHKIK G- S fhn K LR E L0 B g B d) .
DN KT T AD YT IEN=1.501-1.502°C, FILEWITMETH L83 H0 4, Ba, BER,
BRE A Bt

WG TS A S0 M U504 9 5 WA K LK JE R X 30-60cm O Hoki- Ak K (LK 8T, FAZ LY
wtEt (10-15cm) , H-#bkfa (15-20cm) , A (5em) , BRIKE (15em) (i 23 5. RIS N
£ RITEANGR Y, BERLET. Rl2mmoita a2 L aic g,

AR > 5 138 B Tk LK & L T1.62+0.04Ma (B51L11EA>, 1978) , 1.60+0.25Ma (4
1988) DFTHEMRMEFHNTWD. Z2ds, FHINED (1996) 13, BIHE TE ORI A b H LK
JE OHEREFREZML75Ma BiES > TV o, mikILRE L, EEWRE O AR ILKE,
A KR e O K LK 8 (Ishidacet al., 1969 ; iy EEBEMRIRMIJE 7 v —27, 1977, 1981) , HUfE
JEREOFEBILKILKRE (R, 1971 ([ZHHEENTHD

E2 9 KUKE (Ap) Ykt 292 1 T AEOMBLK LK T,  HI0 LTI K LR g
(Il - &)1, 1983) , AEMIPEEASE Tl / JUKILRE GATkS, 1993) & bFFEND. RECFECH
DR - & B AAHIPEGES TS 1ROk L o LAricskE s (tiharaetal., 1975) .

SR O RHENTALR R & U, AU, 28R ORI T 5. RS, 2070
CMPEE T, FERIEIL TIZA70emThH 5. BRICHH G- A @ THl- TR Cd v ERIC5-15em D 3 [
THHRL Ry it Z & b b 5. IR )7 O 4% B 44 AHE Tl R OB DT AR 03 56 5
T 5.

ARIXMEHIRE 0O & 2 27 SR8 2> S TR RIS BT n Ay, RIFRTH (F 4 Mg k) o
v 7 KILKJE A 5131.020.2Ma (BELiE2y, 1984) , 0.92+0.52Ma, 1.03=0.25Ma (DL L, &K,
1988) , 1.00+0.04Ma (HEJUiEAy, 1997) OFTHEMRBELIL TV D, FGTRIER S IR O HE G I K &
ELBRTHS (H)ilE, 1991) .
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a: REKLRRE.  OREENTE AN PR 3
57 DOFRINL)

b WLMACK LRE.  (RRTTERERIBVOE
¥ 7  F ~9300m)

VI 6. 2 ERUFELE

U FORS 1 v B T MR A B < ST TP o B o0 R B LT VL 1208 Ui RS 1 23 AR &
nTHEY, FLkLvMal, Ma0, Mal, Ma2, Ma3, Ma4, Ma5, Ma6, Ma7, Ma8, Ma9, Mal0
JGEmgiLEnD. 05 HARRIEHII I EEH AT O PEOMalE 2 e EN S (BE50K) . FficMal
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JEBIEEOR « KR - HEBICHEGAICEREND. b, FERE TE WREMER L) (T8 2 Ak,
TESREShTWS (BAIE, 1971) .

FUEHEERE Ma) TR (1960) OMAIC L DR 18T, BRERIEETIZHDE 1IRAR T
& (WAEAs, 1971) RCHERS L8 GRS, 1993) LIFEND.

FICHFROEZT DN M-S (B61-bX) . ALFE/\HE CILBIERN2.5mO BT K ks 18
C, 10-30cmiZ 1 JERREEDEIE THIKL S FRID O 7 I T EkEN .

REHENTALAR A\ RI O PE  (RASAEEI O PRI, ARENT AR (L7 D28 B2 BUBRIT AT (FAR (g dh & O
PefRH#EEITAYY) |, RETHCOMATENS (HLoOMBE O IR & REHERTARRA IS, Fo7 mhE
RFIE . (AR, 1978MS) 20T 5. AR E LT 2 Ok 1 134 B AT Hhi )i L T oo
T 5. 2L, BEFEONHE TS ZBEEHO Y b, LR\, EERET, IO b
DL, WHNET LIZmolE e A CBERTE AN 72, JBIZIT D EET3-8m, KR EET2-8mD%
b7 %, FRRE LB TIIRGT ~2Ic#li< 72 5.

FEINE2> (1978) 1, Malf@DEHEITMESIE EIEL e o T D Z L b RFIJITHE 2> & 43 B 4 H S 1
DAL B 2Tz, —J7, =i (1998) (X, (L)AELHJE L CZ o HEOEGENA LW &, (22D
JEHED TAREOHIEIL b T 7RIRSEH AR L, BT 7 T —RRREEN T 5 2 & h, o
DJGVEFT THERE OMAGER M L7 LHEETE S5 2 L, QiR ZOBHEL Y AL CIEEE MR
BELTWDOICK L, B CImAICZED D Z D, Malkg o i E CldAER LiiLe <, KBk
Py e L T HERE A T h o T & B X T

VI. 7 b A

HEYMER 243 BB RPN O KBRIB D B 1E A & & 2 7RI EE & IR o KA ZE LA ) OE
Bt oERBE S WE SN TS (5K, 1948 @ kM@JI1E2y, 1953 ;5 B3)Il, 1955, 1956 ; W A1ED,
1971 ; Matsuoka, 1976 ; A, 1981 ; Y)Il - 511, 1983 ; KL - H)Il, 1984 ; #u[HIE7>, 1986 ; —HHT,
1992 ; iR, 1993) . 7ed3, A lRIFNSHUR DK EUEERE N v MES B SR LA, Ulmus
-Zdkova WEPET B Z & THMSIT b, A X oA THOBH (M, 1970) ICHthEn s (H62X) .

oMt FEHHOOMIEOMalE» b3 Y3 - v U7 R EYOFERE ML YK O HEREREE
B, HEDSIIANA AR, fa, B ADW, H=, WERA, TH~ i AR NED S
VNEBTROAMEDS, B D IIAE L OB b HIVE D XL O 7B HEE Siv T s ()1, 1968) .
F72, HEMESEOMaLE A S 1B OB EL 2 K-S 1 2 B b (IBA1ED, 1971) , iR
{b4i (Matsuoka, 1976) M S TWS. LLEDIENT, 4514 BIKET & ARHERTHE R & ORI 04
T2 HMASE Lo B AL ARG TnDd (Il 1955) .
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%001

%05

Arbareal pollen
| |Nonarboreal pollen

7, Unknown pollen
I| Pteridophyta spores

Abies
hd Tsuga
Picea
hd Pseudotsuga—Larix
= Pinus
° Sciadopitys

u Cryptomeria

) I Metasequoia

Taxaceae —Cephalotaxaceae —Cupressaceae

hd Ginkgo
b Salix
hd Plerocarya
- Juglans
Carpinus — Ostrya
d Corylus
Alnus
Fagus
Quercus subgen. Lepidobalanus
° Quercus subgen. Cyclobalanopsis
Castanea

} I Ulmus—Zelkova

- Celtis—Aphananthe
_—  Distylium
hd Zanthoxylon
hd Euonymus
Acer
Aesculus
° Tilia
Lagerstroemia
° Ericaceae
Fraxinus
© Gramineae
Cyperaceae
© Aneilema
© Liliaceae
~© _ Chenopodiaceae
© Menyanthes
© Carduoideae

Monolete spore

Polygonum sect. Persicaria—Echinocaulon
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AR KME HEk (2 53 A 9 B BE i oW, B R HIERGE IR 04055 01, 2054y D1ZEHFE R, 1948412
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a: BRI T-ARERT. b AHERT-INERT
B R OBl 2R (RSCPiCLoc.
LULmRLT) , RTHARERTFIIR—Y v 7%
BOME A2 RS, 1 RN ((RER
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%2 < ORI, NEBERRINSH O FRE RS LTERINTRY, MR k- TEREHEEDZ ©
7o b Lo MBS 72 5 7200, Rkt IR CH 5. o7, ARIKEHIE RO B EHERIY &
OB i &2 @i« P72 &V D 30D 7 A —F I KBI L TR 5 Z s L.

AT BE o 1 1R KT 1 20> & O AR E TR S Lie b o0 (BIHOEEF o0 32 R0 R0 e ET ) (AH Y
L, Bl b & F 0BT & 217 Cuvewy, LB i R BRI (I3 4ERT) KUY, ZR Ao
WK GRISTTAERT) (MY L, /MAIRIC L o Tavig W BRNT ST B (B e i iR R BATT LS
e SN2 b DT, SRR A 2RISR SN TN D.

LIF, #hn, Hhn, AR EIE, Fhiuh, tm, e L CRET 5.

X. 1. 1 KENTFRE

R FHk D B ROV T, A - fiRT (1980) K OSHERF AL AR Bt iR (1983) 13 A7 «
AL« FALT « FALINIEIC 4 K3 LTW D, Ao thifg 28 EAZEE i, tmif 23 PALE: i, i A3 FAz
I - DHEIZZENENRIGET 5. E72/UKRIED (1998) & EA7 - A7« FAZEICKS LTWD A, Zhud
At Othi - tmi - HE A YT 5.

HEE3 ISR T I RETICE 2 Fi OB R O 5T %, 4564 - 65 L #E I O HUE HRR K 2% .
SUBEEERVSMEEHERY ORI ITthfm 2382 &5 LTV 503, AREJBLE I
%, Loc.2 (LN LAIH) i, FEm70-80mICthfi A Ai LT Y, TERE % REEAICHE 5
WEE (R RA25emO M- MM 572 5) MN5-6mOES THEREL T\ 5. HRFOKRE)IIARTIC
Lo THEkSNZERmESZ LN,

ZOENOthE D2 < 1X, SAREL SR LT, YR ARHIIARFIZ R L CTEB M BIA LTz
IR BB EmE B 5. LT, FEeAKITR LR T, HEREWIT D7 L bAmMOE I E RS,
AL 2S5YR-25YRD G Z /R L TN 5.

Loc.3 Loc.4
(A& E) (F&)

St BEeA AT O th i fE
5of o> AR

Loc.2
(L3EH)

)

ol per erem
T emwerens
[*] seniem

60 -
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i Loc.7

m Loc.6 (HF)
e () 5%
15YR% &”3 Loc. 14
toc.h TS .
98 MY Loc. It =
(#n) ~ ] T GBS Loc.13 7(;235}6
B tmifi X 15YR%  Loc.lz  (EEW) L
o 1 Loc.9 (%) = [:,g._%?
, Locg (HIEM) 15YR% el R
tmifd (;;%) SYRY% . tma i

50 25Y% Fﬁ_"ﬁ
Eﬁ Loc. 10
N i
tmit (&EW)
- QI S0l tmifii
LT8

=

65 AH I FThootm - AR O UK
FUBE 641 & 17 L

H66l  KPEAE A RS ICE D
i HERAY) O E B T 2L
B HisiLloc.12 (5563[%) .

FREEEEURMEEHREY SIS ST 5. ARERTIROE E55mAT (Loc.12) T
IIRBREOK: -0V 8 2 REAICHE S, JESHTmMOmEHERm A R 505 (Fe6) . HERY O h-
TE R PR 20em D HE [ - P A G T bR, BT KRR 10em O A D LS Te b B TR S
TEY, WEMNIITIL7.5YRE/6DGEHEZ R LTS, £72, dL@ICi#HE LzLoc.13TiE, J£&8.5m
OWHERE (R RKE20cmoo i - ) A KEBEEZ RSB > T 5.

ILRETAE RIS B 1 D tmiix Bz (tm1) & FAZ (tm2) ISR T& 5. 20 ) btmlfHY dLloc.11
TUE, B2 AESICE O R E6-TmOtMLEHERE Y 23580 H v, BAREL6cmO i #4 £ < &
WHE TR S h T b,

ANHEMTIAT R s 5 BB T T, tmiEd (tmifi 7 /b — 7 O T b I SARAIT T %) ASAEIAMIZ
LB EmE LTRSS L, o Lns, = OmE ORI xS L CRMEROHERI A b S h
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TW5. ZOHFOLoc16TIIRRESMDILFEHZ DT MG THK SN TN D.

TNLS OO RN E, HREORFEIARICESTIRIC L > TR anLBELOND. H65K
IR L2 & 912, HRHOE Z132-Tm T, MO H75YRSYRTH 5.

ZoH L, RN LT - FTHED TN - ST S IS AT S tmifi i AL & AL 250 B ik
(EAr & vtml - tm2iE) ([ZHI TX 5.

BUEEERWEMBEEEREY L ESNOSRICAEL TS, FEIRIEEAEHTEZZICTE
5, HER LML &5 T - FRE T, F65XdLoc.8 (i KE30emd Hi - M/ i) & Loc.10 (fz
RZELOecmO M) (R L7 X D1, AFHb2.5Y FRE THRIRZ O TV 20 [IRRT AT &
TR AT I, BALE A2 (B2 X D1, t2[f) ICKANAHETH S, 2 1L iEH & O

tmEashs <, —HTIIRETD.

X. 1. 2 ZmBR&MIE

671X AR LA AL oD B i D 43 AR & BRI M OVR— U > Z O fE
RVFERIT A BIE. ROBAR B E O TR D 5 5 b 0. SFILE EHER OBLZHE, TR AT
A=V > 7B O, LIRS L[ L.
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Loc.24
(FRRAT)
25YR%

[OTR

S

140

=N

100

Loc.20
(HEF)
15YR%

I

tmi#

70 =

68l 7z R ah Ak o B I HERS ) o> AR X
FLBIEHE64R LA .

BB GRAUIE, 1953) , EEHARNE (50K, 1955) 451 HRT%. BIIEA (1985) (XEEFE
EHEBOCIA U, s B IR - 4 BT - BERFBTT - MO - B A - 0BT L L7, kb
DREZERE LS - = RS - BB PR 1 AL RO ZE L - A R - R R A AR D B
R THD.

A TR RAHALSREIZBR > Cth, tm, thf & K4y L72AY, thifmidas B, i (3088 5
AR IR T 5. i StmiE St & S OB i Ch 5.

FOTRNCRRHEL (FIC/RBAME) OB REDnAi%, e8I FEIHO MR %777

BRUBREARCEMEEHERY  thinfto b T b @44 2 B, 4 Riliss R
WCR.OND. WL ERT 2R MiE & L OER S, HRERESAREICZIh TS, 2LT, &
BIEEH (%) 12X > THRISSMI B3 Y 0N 2321 T D,
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LOTIRPLBIESN2HFLZ . E7o, DNERMICALE T 2 H 7 O T K DK E 1ECa-HCOM %
AL, EEREOMEH10-20mIMTH 573, NaClRHSEAMEERIZ KX D150, DT Rn bt Shiz.

Xl 1. 2 FERBMOREHBTK
WFKDHYA HREHTIE, TR TR E D01, (ERIZKOMR, & ISHEBAIK
DRI ST L7z, THERC A H19HACIC 2 5 1,300 R 2124 & DK R H Y, FHIITITHIL0FIC
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WA 43 B e o> R M KK
- 199843 H 12— 17H ¥ & 19984E7H 22— 26 H i8S
= Sl B Ty =
&5 BLRIEF O R | okmme ok WTAKE | kERE kg HFAE
) (m) ) AEm (m) @ EEm
1 FESEERAEERT (ZRELH 35.8 0.58 1.44 352 0.72 1.30 35.1
2 L 40 1.30 332 38.7 2.36 2.26 37.6
3 A 35 >4.07 g <30.9 >4.07 e <309
4 FRFEAANE 39 2.46 6.40 36.5 271 6.15 36.5
5 FRZRI 36 0.41 2.60 35.6 0.56 2.45 35.4
6 A 32.5 3.52 0.66 29.0 334 0.84 29.2
7 FEFSEBILISAT | B3R 40 9.62 19.85 30.4 8.74 2073 313
8 st s 37 0.95 1.65 36.1 0.95 1.65 36.1
9 HHE T 33 >4.28 Fiik] <28.7 >4.28 bk <28.7
10 ek stessod-i] 34.5 0.76 2.47 33.7 0.93 2.30 33.6
11 ok 2] 29 4.54 2.81 24.5 4.04 423 25.0
12 W& E 30 1.23 1.47 28.8 1.29 1.41 28.7
13 SERFHH 27.5 2.10 0.94 25.4 2.38 0.66 25.1
14 FRERTE 20 3.48 0.49 25.5 3.59 0.38 25.4
15 s laskid 30 0.37 1.95 29.6 1.27 1.05 28.7
16 RHEIBHFAT 39 6.16 0.48 32.8 6.60 0.04 32.4
17 39.5 5.41 0.47 34.1 4.87 1.01 34.6
18 30 411 0.02 25.9 4.04 0.09 26.0
19 JRMET 23 5.06 3.05 17.9 4.18 3.93 18.8
20 AHEEECREHERT 33 2.22 3.83 30.8 1.51 4.54 315
21 wE 30 1.40 1.64 28.6 132 172 28.7
22 JERRAR 35 1.25 2.77 33.8 1.26 2.76 33.7
23 THMER 29.5 0.55 1.32 29.0 0.68 1.19 28.8
24 . B 31 4.10 0.72 26.9 3.44 1.38 27.6
25 FEAN YLE 30 0.84 FHIzE 29.2 0.76 2.01 20.2
26 ZAREA 36 0.45 0.86 35.6 0.41 0.90 35.6
27 # 36 1.17 1.42 34.8 1.31 1.28 347
28 WHH 19 3.54 FHE 155 6.72 FHE 12.3 Bk
29 HR 27.5 0.05 0.90 27.5 0.11 0.84 27.4
30 BiE AR 29 0.54 >0.46 28.5 0.55 >0.46 28.5
31 HEW RO 80 1.28 3.34 78.7
32 AT 86 8.90 1.79 771
33 RS ERIT 81 2.16 6.90 78.8
34 AR AT 68 0.50 FHEE 67.5
35 AT 140 0.49 2.44 139.5 0.50 2.43 1315
36 [pap il 61 1.05 0.51 60.0
37 ERES 66 0.14 7.11 65.8 022 7.14 65.8
38 PEATHE] 76 435 2.66 7.7
39 LB T 78 2.52 171 75.5
40 FkiEmT 85 1.93 1.80 83.1
41 HLLET 102 7.37 18.37 94.6
42 izt =l 99 4.80 2.88 94.2
43 HRUE ] 87 9.95 2.16 77.1
44 Eetlig 125 2.46 4.12 122.5
45 FXMETAEH 135 2.26 4.45 1327
46 sty 104 1.55 3.95 102.5
47 FO<FET 90 2.03 3.18 88.0
48 R T 91 3.22 4.18 87.8
49 JUESEE] 89 2.73 4.45 86.3
50 HOARLAT 79 1.02 9.01 78.0
51 AVIHET 75 3.55 3.47 71.5
52 K] 61 0.61 1.54 60.4
53 o aliing 77 2.93 4.77 74.1
54 FERFNIGH]| 76 0.99 2.17 75.0
55 HHDiHhEE 100 0.17 1.00 99.8
56 JEHRT 85 7.20 222 71.8
57 B IR RT 74 0.44 3.18 73.6
58 Ek4TH 82 2.00 4.38 80.0
59 JEiET 72 2.18 2.21 69.8
60 AEARHET 61 0.98 0.49 60.0
61 B S-1i] 99 2.45 3.25 96.7
62 il 90 1.27 1.73 88.7
63 Z5 R BT 115 5.10 597 109.7
64 75 5 BpHT 102.5 6.00 0.73 96.5
65 O ARET 73 0.54 5.58 72.5
66 At EgHT 80 1.85 2.31 78.2
67 K=E1T8 69 113 1.19 67.9
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HES

25 BHIEHUR O H K, WK, BHRR KO KE

B KE pH RpH M) EHLY) WG PR AR SRR SLEE AR ML WY WY WEY &gk TR B
&H#H X =3 137 1Ky ARy AR Al ARy ARV ARy MAY UMAY AR LAty
£ EC Tw caCo; CI° S0 No, F PO Br Na*  K' Ca¥* Mg" Mno™ tomlFe NH Sio,

(mS/m) () (mgfly (mgh) (mgh) (mgl) (mgh) (mgh) (mgh) (mgh) (mg) (vgh) (mgh) (mgh) (mgh) (mgh (mgl
i 348 249 71 72 47 488 87 119 ND 299 ND 7.5 547 197 11 010 027 010 160
2 139 243 62 64 20 141 156 27 ND 041 ND 92 68 91 17 006 032 009 215
4 298 181 73 76 68 225 280 29 ND 120 ND 127 248 210 54 010 056 018 218
5 476 228 69 69 120 49.0 200 78 ND ND ND 446 155 313 7.0 010 046 tr 246
8 204 214 67 67 46 314 270 22 ND 023 ND 86 277 206 40 009 026 008 7.4
10 333 217 66 67 23 324 197 552 ND 150 ND 80 317 226 41 010 028 005 158
12 260 222 68 7.0 44 299 130 90 ND 342 ND 175 236 121 24 009 047 006 19.4
13 158 180 70 69 40 67 115 117 ND ND ND 92 34 148 21 005 010 ND 126
14 168 177 73 70 32 158 126 53  ND r ND 107 98 99 29 009 018 ND 128
15 107 225 69 69 23 98 900 L1 MND vt N 61 74 71 13 005 017 005 122
18 214 200 64 66 48 240 74 15 ND 285 ND 181 172 98 22 022 061 ND 201
20 221 244 70 70 8 57 105 76 ND 044 ND 13.6 82 229 27 010 027 v 187
21 159 230 68 69 21 73 66 352 ND 294 ND 33 77 174 11 005 012 ND 188
22 314 241 68 71 128 43 149 67 ND 225 ND 60 106 424 47 010 022 r 203
23 266 233 72 73 8 218 37 20 ND 600 ND 193 251 137 75 010 037 008 227
24 217 190 67 67 66 121 108 66 ND 165 ND 150 87 178 3.6 010 021 ND 182
25 426 195 69 7.0 117 269 325 127 ND ND ND 210 199 426 61 048 040 r 193
26 496 234 70 72 133 268 S82 71 ND ND ND 204 165 603 67 076 063 009 172
27 255 250 70 72 87 151 84 03 ND 105 ND 61 167 316 15 010 026 007 182
28 258 179 60 62 51 181 313 102 ND ND ND 153 44 220 54 152 021 tr 206
20 290 283 75 75 100 225 16 26 ND ND ND 167 169 281 24 010 052 41
30 303 289 74 75 118 116 115 93 ND 125 ND 139 8&f 386 1§ 010 020 ND 248
35 179 239 67 69 43 88 140 93 NP 165 ND 106 135 127 25 021 044 ND 195
37 87 218 7.0 7.1 o 71 107 79 ND ND ND 61 25 46 18 005 015 ND 117
39 282 218 59 61 44 169 251 330 ND ND ND 194 212 190 21 010 039 ND 145
40 157 186 57 59 16 126 212 96 ND ND ND 109 65 83 33 019 030 ND 140
4 180 151 57 66 12 116 221t 301 ND ND ND 1L5 43 141 33 044 035 ND 202
43 802 153 S8 61 16 1972 09 632 ND ND ND I0L5 102 255 90 096 101 ND 197
46 141 208 65 66 38 62 93 45 ND 560 ND 71 84 118 20 012 061 ND 199
50 244 &@E 73 7.6 54 111 189 167 ND 840 ND 160 105 203 31 021 042 ND 236
52 284 AWE 67 7.0 65 238 145 135 ND ND ND 226 130 223 25 021 041 ND 212
53 200 kL 59 63 14 192 284 147 ND ND ND 185 111 7.9 25 043 041 ND 172
55 176 AWE 65 67 44 99 165 65 ND ND ND 140 34 127 42 020 040 010 122
56 593 kaUE RSEAEGE 55 598 630 569 ND ND ND 587 524 149 61 037 078 ND 227
62 183 AWz 67 71 44 81 135 66 NP 445 ND 119 115 128 32 009 024 ND 245
63 115 &F#Z 71 73 13 109 135 36 ND ND ND 86 66 63 13 009 024 ND 11C
64 163 F¥E 63 66 24 114 145 159 ND ND ND 115 62 84 3.9 049 021 ND 139
65 408 kwWE 69 78 106 293 420 ND ND ND ND 277 106 415 67 040 083 ND 226
67 19.0 &ME 64 66 40 86 150 185 ND 049 ND 7.9 58 222 19 018 042 ND 181
Rl 91 318 88 87 27 51 83 01 ND ND ND 80 18 71 13 005 029 ND 172
R2 122 275 70 71 26 95 101 43 ND ND ND 80 32 99 19 006 020 ND 126
C1 313 195 70 72 9 351 15 08 ND ND ND 360 61 141 61 022 020 ND 27.C
C2 158 167 79 80 65 85 05 06 ND 110 ND 328 30 12 03 010 021 ND 263
HI 2020 331 77 80 1198 3690 15 ND ND ND ND 7850 295 57 25 181 364 ND 488
H2 3220 227 77 7.9 1527 2421 ND 49 ND ND ND 8810 345 80 25 198 38  ND 552
H3 2180 331 7.4 7.5 255 6162 ND ND ND ND  ND 3652 204 531 201 385 090 081 52
H4 554 424 74 75 225 341 ND 53 ND ND ND 1098 7.0 7.6 3.7 049 113 023 490
(GE) ND : TR, tr R, R1: FEIL, R2 : AREIL, C1 - c2: REIFHEHMER T ,

H: bhpE ERE, H2 : SEREKER, H3 : RPOEH, H4 @ ERER (W - EHOREE 199857 H#E)
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WA M K B O I K DKL 88— (ZD1)
199847 . KA 88T

LA DOFE TRMDE T 2 Wb > TE Tz, TR, KBEHNICEIT 5/ S R2MOREDFRTHD L F
PTWD (LA, 1995) . LavL, ARRIEHUIROFFHIZR BAM OIS L, JEGES S # R
EF VLT, MEDLH T KA E TORE HL2mLL T (Murakami, 1951) &, i F/K % Highy5-<e
FThroleZl lbbh b, REAHAKIZHAT, BUROWEI Dol > THD (I, 1940) . Fiz,
EEIIHFEZ LT, 2O RIChZ@EEPME LTRAL, BROIEFERTZTEMAT2 BRLHT) 28, frx
oD Eoi#HibdH D (L, 1954) .
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25 39
me/1 me/1 me/1 me/1
3 2 0 1 3

HFHolKl (£ D2)

RO REMTAROTEE, HRKKREEN O L < OFEFICL > THASL TS, ZOHPTH-
EH VoI, Murakami (1951) 2319484E7HICAT 2726 D Th D, LI K D &, HUF /K 3%
Ham <, Atofgizm o TR 2o TER Y, BEIICAIUE, R KRNI 2% 5 IR E R
LTW5.

FEBBXIT R & 91T, 199847 H DMK R & FART, JRKE) O A g i~ & M N OK R E D
JERZR LTS, LavL, FEMNICEHS8XZ Mt 4uE, KAJIDIRD 5 6, GERJINTET IZ 175 Hi
TAREBET HHRERLTNDZ ENFREND.

KE KEHIE, 7R Ca-HCOMDKE TH 573, NO.43PN0.56D 7D L 912, iz
NaClCREIE R FIVE R SN TV LI b b D, £z, BRI ORI O —HCIL, HEkA 4+
VIBEREWIENEZL RO D (BB4F ; 4589 - 9014) .
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55 c2
me/1 me/1 me/1 me/1
3 2 1 0 1 2 3 3 2 1 0 1 2 3
[ i ] 1 | [ { i 1 1 1 i -

%89l (£n3)

X 1. 3 #TRAKAKR

AEWER L7z U FKE B (BE88IX) (1 LAuiE, Hi F/KA /RS, JKSCHIVE o ' BH Tl ~ 7 #iE A 3 7K
R&, EEHT 5. BMTARDKRREDTZDITIE, JIAKHS AT T/D 2028, T K H H i 70m o 2
ERRE, AR R & O B A HANIZ 2y o TENRZERBWT WS, 2 ORICHZE 3 2 A 7 87m
DOF BTHIENT ON0.430D JF 77 Clk, 199847 H OFIZAR T, MBI/ KSR EDICNLE S 5 7 o
TlE, HMTFKEESANTIME oL bE. JOZ LD, BMikES T 5 b - & bIRVHIERS K
FUCBWTIE, & B IRIENT S0 TRtk oM PR KRBERSh Tnd b oL HEEShS.
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100%

7

C1+50, +N0, /A \CatMg

0%

100%,,0% 0% 100%
// A
/
/
/
/ \,
Y L B
R, /£ S \ J
He/ N AN N 67 64 OB6 / \SO* +NO,
N / AN] o /
y \ y . 55 63 /
/ \ 64 5 620° wR2 /
/ N 855, \ 100% o
/ N reo O N RI* g5 Vs
650 % 4062 N \ Y.
/ 870 A\ Ri \, c1
o3, o8 02,\100% 1005 c2 7N 0%
100% e 0% 0% — 100%
Ca Ci

0K (D3

M. 2 PR

X 2. 1 REBNTHREOHEEH T K

AREN TR X, SRTNEAREIZEF O L B2 5% B S5 RO /S, Y5 RBAT LY Tk
A OWHUT T AT W e (B, 1964) . BUH TG T O REIIE, /RO 3
LTWDHEH PR LEAATE L, %ISR < 50403 2 UER e h IR S T D Pk okfs & 5217
TS LHEES TS (BIR - 5, 1961) . AEJI T IBOPER FRKOWKREIL, SIS TR
RE/NFIRBITB T, HE20-100mE TOE SIS, HiLf@ & E R LIHEESE O B8 2S5BS
NTW5., ZoHh, EE50-900mOWEN, KkoF HatKkEE b, WEZICOEOL
¥EAKE LT TE 72, KEEINaHCOM 2R L, KEMIZIEL+53 22 S # F 7K O PR ITEE L v
tEZHND.

Xi. 2. 2 HERMOFEHTK

ARAHNT I AP EH T AKOBZIE, BEAE L TLMTFEEN S, T¥EM & L TI950HE L, 2
AEA E UTIZI0SMELIETH 5 (@l - M, 19652) . 7> CIRARZMIC [ 23288 TR 5 h,
205 HOIONE, RKGHUIP AL E 3 228 RO A H RFAABIL T 288 TIABERNIZE 5 kT, 4
BT REZFAT T, E150mO 7 TH300mdOBH &R H > - Ltk ShTnbd (FF E,
1964) . BUETIE, ARKIFEHIRAN CIZAEHTE 72 < Ao,
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HRHNOTEIIFE, REBOMBREE TObLONE < (i - MM, 1965b) , ML HE K
PEEERI20MTH - 72 b O, EIITHEEER2EMm~ RT3 05 (BR, 1986) . 20k Hig,
HEE DS BEN R BV D O, HEHI N K~OHENR D720 OBETHETH I EEBRTH DL
Abibd.

REBHNOGEIF ORESAiZ2E L, wfh (1963) Ltk (1964) &, HES100mIc->%, £95.2°C
FOHIB.6COIREARZZN BN L7z, fitde - &40 (1994) &, FERICE8COEEGZ. Zhb
OIEIE, HAROFEENRREAR (MPIRE) ©2-3C (FF - TR, 1974) (TR TH7e ) .

Taniguclli (1994) 1%, ZXBAHOWIEHIKE~DOH FKERERZ, T AKIR & H 7 3RE O BER O ZH
M7e284k &, Type-curveit (Taniguchi, 1993) % HCTHRI459mMmE HEE L7z, #iEAH (1994) I,

— A DORBEHD OO, HFAREY I 2 b— g o OFER, BURTIIARZOTEE T KO Huk
B, IR EOLUI00LL FTHDZ Enb, BEHEKICRs TWRWESZ X -, Ziucxt L, Taniguchi
(1995) 1%, wifG - M (1965) AS19634FIZHIE L 7o AN O 194 D A 7 0 i Al & ik LT,
1993 T 3AR D FH 7 CHIIE 2 ik A 7o i, COREDR T LB L2, 2oz &hh, 30FEHOE
KEDHEEMAS, HHIRO KR T2, WEED SRIBOM T KROEE 2R LIzt HELZ. 20
FERIEL, HIED (1994) OBz LIFE Y, ARSI T 2 HERIL T EOH T KEELZ T 560 &
LCHERICET 5.

Xl 2. 3 tHEEE (RRERILEE) OMmTK

SRR AAHENT B OMTENT 0, AHEN A AT )11, ¢ FF1| B ONHR) D Fos RE S g & P,
TV (FK - JIEE, 1976) . ARTBEHOH FKTIA L, TR EURFHEERENE (1976) ZHL b LT
FEfis iz, Ziuc ks &, BEOARIORL, EHFEEICL VLS RE A IKEST 5 X9
RIGREZLTWD. FHROMIT, IEHET EHERAHED O AT R~ R 2 TR 20> T, [ABTBLE SF1
DOAEH THER-100m AR LTV S, RIEEOREM FARITIFL A ERDIRE 0N, HEMTAD
TR EEA L T2 EIEEWVER. K - IR (1976) (2 &iuiE, B8 DA-A’ TR L HUE
Wit CR2 &, ARImBEOERKEITRIERE EAEICHS T 208 - WETH Y, MR T100mFE
FEOWS ETHEEL, EEE FEICKGEND. RIEREO FICHERTT 2 Y 7 BT, i L <]
FEINTWAHTD, HEEKEEEX BN TS (F91X) . KIJEFEOEHERE L T\ D & ZAIFEKE
WL, V) AR OENE Z 5 TIREKENRZ LV, 196312 #E2 B R E IR (1976) 2

AT A IV THEHI L 72 R EE118m D H 7 DK 2380, 3-6X10* (cm/sec) DA —X —Th o7
D, ARLBEMOWIEH FAKROKEITES L35 AT, KEBIZRH T KB IITRET 2~ & & AT HE L
TW5b., REBEOHIEM F/KOKEIZINA-HCOM T, — iz, WEREMAE, WEIREH TRV
LR LTWD.

XI. 3 95 45 R

AR IR AR S 2R O A HISIE, MO CTIRE SN D . AR IZBIARR D O L
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- g -
[ — T4 L —p—— 0
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- 4 -
A
- X -
A
— L] p—
- + -
-50 — — -50
- Q 1Km
-100 — -160

oL FHESFPE (R B EPEALEGH) oo HUE T if X
WK - JIIG (1976) % —fBikZs.
1ot 2B HIRC VRS, 3: 8, 4: iR, 5: i HIRU Y DEE, 6: fEfA, 7 HUESER, 8: EABEAICLD
HAg Bwi, 9 A7 U —r, 100 HEOKAL, 11 BiKOKAL, t: BREHEREY, K @ EMERIE, So: v/ ~EEFE, Gr:
e, A-A’ 88X DT HIFR

N D0, Z=RIBMUIOBHIROBRFIFIEFIZH L, ZTOTMRITE _RKEEKEOZ L THS.

Xl 3. 1 WHMAFORILR

ERIED (1964) ( ZiuE, sCHRD AR AT R ERI3M T, Na-CIR oSy & i H 7 D8R
WV, 1913 (KIE2) F7H OPEE RIAAERBRFTT OHER b STV 228, BUFEL Tngn
COFMI A TH D, Eio, MEIT AT OARENOWE T, 1872 (BIR5) F2A ITHADREL Y
R Z o TR FE R S, AT LT, BERERR R % 1 O Na-HCOJML D FIR Th 5 Z & 23 4B L
7o ARFLIRAKITRIRREBIL IR AR & U CHRIPI E SRS, AR E LTHRIA S 72ns, 204
REEDOBERICED, BLIWELZ2Z T LLOBIESNEERICR>TND LN,

ZOED, FILEITEA G LS G A H OB R A LW D 1E 0y, RSHENT R BRI T A
SR, ERTRFARARIC (K] EFHERD ERE D OL RS D Ll SN TV LI TH
5.

EHTRFE TN, RELITOMEF T 5 [EEIOLRER)  (88KH2) »dh Y, HTE
HOTMNCHEEZ LTV DA, B SNz E EFOREBIZR>TWD . SRIOMAEIC L, Rili%22.7C
T, HERII22mS/mE b T <, KEIFINa-HCOM Th - 7=, A% (1985) 12k
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FO2K IR DKE RS —
199847 1 . K HS I 88l R .

100%
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100%,0% OBAL00%
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VAN
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/ ~ E /
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Ca Cl

593X IRILRAKD NV V=T - AT T T A
199847 A AL, MK HLATIE 88T T,
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X, AREERAKIIT T v FEED24.3mglkg s WO ET, BAEOERT CTLHEESEICINVTHAI LD
RHSH B0, AEONNBIET v RITMH SN R (5% ; #5592 - 93K) .

1996 (FRk8) 4F4H, AFENTIXRIIT RGAEE/NF I\ 7 PEICEREEL,200m OISR 2 Bl L, Thhs
TR Lmsk Lz, SEOMAEICL D &, RiEE32.2°CT, HERT292mS/m, /KE(ENa-HCO,-Cl
BTt (558 ; 54592 - 93) .

M. 3. 2 FREDRIMLR

AR [ s P oD 2 L IR C ORGSR, RESR E TIE AR ILIRIR LR <, BARERIEE LTHEALT
Wz BUEIKERS 0 TRV EOBRIC LY, EAKITFIH S TOAR.

AR, SEHIES TYREL800MD H T DHEHI M T, REHNHRE O [REOR]  (B88KIH3) KXY
FRETO THERHER)  (5588KH4) 78, 25CLL EORRZFOERZIMY YTz, [RFEOB 1%, #®
IR2333.1°C & LMV 3, EE#E)R218mS/Imb & YV, KEIENa-CITH LS. Zhick L, [5RiER
SR, RIEA42.4°C LW, HEERIE55.4mS/mT, KEIINa-HCOM Th -7, Wi RIE, fir
ERNCITEARIERE T2kmb E Y L T, ORI £800mERM L THLITHENND 5T,
FEole B D EOERR CTH D Z &AHB Lz, REKOYIE L EN R BHWT 5 &, TRED
i) W MEAHRKZ A TOWRRT, TFERIER) (X, HEKEFROHEBYNE Y A 7ORRTHL EE2 LR
% (555 ; %92 - 93) .

Bt IE - PRI (1974)  JKiRdm. JESZHAR, 228p.

AHEEHE (1949)  RUEURFARIE T OFE S TN ERCGE . HIEHE, vol. 55, p. 99-104.

ERARERR « Z2FFhia - B 9L (1964)  mUEDAFHLARES. sURRKTRTAERFFERT, 155p.

Berggren, W.A., Kent, D.V. Swisher, C.C. I, and Aubry, M. -P (1995) A revised Cenozoic
geochronology and chronostratigraphy. In Berggren W.A., Kent D.V., Aubry M. -P. and
Hardenbol J. (ed), Geochronology, time scales , and global stratigraphic correlation, SEPM
Spe. Pub., no. 52, p. 129-212.

Brown, M. (1973) The definition of metatexis, diatexis and migmatite. Proc. Geol. Assoc., vol, 84,
p.371-382.

WA FrfR (1960)  HOARBLPEREBV-ad & L CRELE A D850 —k—. 290p.

FEJ R - SRATE S - SRR (1997)  TPERIULN O HBIS I KA TEHERS ) & RIFEHEE > 27 KR D
NaALDT 4 yar - M7y ZERD HUEHME, vol. 103, p. 994-997.

Danhara, T., Kasuya, M., lwano, H. and Yamashita, T. (1991) Fission-track age calibration using
internal and external surfaces of zircon, Jour. Geol. Soc, Japan, vol. 97, p. 977-985.

Galbraith, R.F. (1981) On statistical models for fission track counts. Math. Geol., vol. 13, p. 471
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IfESEE] (1992)  BMEIE—BRFE D SR E T—(Q)Fe S E O WFIE IR DORRAFIRGL & BAFE DELK. B
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(ABSTRACT)

The Nara district, situated between Nara and Kyoto Prefectures, geologically belongs to the
Inner Zone in southwest Japan. In the eastern and central regions of the district where there
are the Shigaraki Mountain and Y amato Plateau, Mesozoic rocks are distributed and overlain
by Miocene and Pliocene series. Low hills and basins, called Nara and Kyoto Basins develop
in the western part of the district. The hills are made up of the latest Pliocene to middle
Pleistocene sediments with Pleistocene terrace deposits, while the basins are filled with allu-

The geology of the district is summarized in Figure 1.

TAMBA BELT (protolith of the Ryoke metamor phic rocks)

The non-metamorphosed sedimentary rocks of the Tamba Belt change gradually into the

Ryoke metamorphic rocks in the northern area of the Nara district.

The protolith of the Ryoke metamorphic rocks is the Late Jurassic accretionary complex of
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the Tamba Belt. The sedimentary complex of the Tamba Belt is subdivided into two major
units with respect to the lithology, geologic age, and tectonic position. The Type Il Suite
characterized by greenstone and limestone is relatively older than the tectonically underlying

% Not exposed in the Nara district

G: Group F: Formation

Fig.1 Summary of geology in the Nara district

- 159 -




Type | Suite.

The sedimentary complex in the Nara district is mainly composed of mudstone and bedded
chert with minor siliceous mudstone, sandstone, greenstone and limestone. Strata dip steeply
north or south. The sedimentary complex is divided into two units based on lithology. The
Wazuka Unit is composed of mudstone and bedded chert. Most of the sedimentary complex
belongs to this unit. The Ujitawara Unit is characterized by mixed rocks and sandstone with
minor intercalations of greenstone and limestone in the northernmost area of the district. The
Ujitawara Unit probably belongs to the Type II Suite, while the Wazuka Unit may belong to
the Type I Suite.

RYOKE METAMORPHIC ROCKS

Ryoke Metamorphic Rocks underwent high temperature and low pressure (low P/T)
metamorphism in the Cretaceous time. Original metamorphic rocks are considered as sedimen-
tary rocks of the sedimentary complex in the Tamba Belt. They consist of mudstone, sand-
stone, chert, limestone and mafic volcanic rocks. Strike of foliation, such as slaty cleavage,
schistosity and gneissosity of metamorphic rocks, trends WNW-ESE on the northern side of the
Kizu River, and trends NW-SE on the southern side. The foliation of the metamorphic rocks
in the northern part of the northern side of the Kizu River steeply dips north and that in the
southern part steeply dips south. The foliation of the metamorphic rocks between the Kizu
River and Daijisen-chou generally dips south. A synform with WNW-ESE trend was formed
near Daijisen-chou and the foliation of the metamorphic rocks in the southern side of the axis
of the synform generally dips north. The metamorphic rocks can be divided into four mineral
zones, such as the chlorite, chlorite-biotite, biotite and sillimanite zones, in order of increasing
metamorphic grade. Rock type of the metamorphic rocks varies from biotite slate through
biotite schist to biotite gneiss and metatexite with increasing metamorphic grade. The Older
Ryoke Granitic Rocks and Ao Granite were intruded concordantly into the Ryoke Metamorphic
Rocks. The Younger Ryoke Granitic Rocks except Ao Granite were intruded discordantly into
the metamorphic rocks in the northern part of this district. Contact aureole of the Y ounger
Ryoke Granitic Rocks except Ao Granite is recognized as a cordierite zone in the northern side
of the Kizu River, but it is difficult to distinguish the contact metamorphism from Ryoke
metamorphism on the southern part of the Kizu River.

PLUTONIC ROCKS

The plutonic rocks can be divided into mafic rocks, Older Ryoke Granitic Rocks and Y ounger
Ryoke Granitic Rocks. The mafic rocks occur as xenoliths in the granitic rocks. They are
mainly composed of hornblende gabbro, norite and diorite.

The Older Ryoke Granitic Rocks occupy the southern and eastern part of the mapped district.
They are divided into four groups : (a) Jyoryu Tonalite, (b) Sukawa Granodiorite, (c) Sagawa
Granite and (d) Shobu Tonalite. They are Early-Late Cretaceous granitic rocks.

The Younger Ryoke Granitic Rocks are divided into nine groups : (a) Ao Granite, (b) Yagyu
granite, (c) Yamashiro Granite, (d) Omine Granodiorite, (€) Ideminami Granite, (f) Koya Granite,
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(g) Katano Granite and (h) Taike Granite. They are Late Cretaceous granitic rocks.

MIOCENE

The Middle Miocene in the district is divided into the Jigokudani Formation and Mikasa
Andesite. The Jigokudani Formation, 30-120 m thick, is fluvial sediments in origin and can be
the Hachibuse Sandstone and Conglomerate, Higasiyama Conglomerate, Onigatsuji Mudstone
and Sandstone, Y adahara Conglomerate, Sekibutsu Tuff and limori Conglomerate Members, in
ascending order. The Sekibutsu Tuff Member is marginal non-welded facies of the Muro
Pyroclastic Flow Deposits including orthopyroxene biotite rhyolite welded tuff. The Mikasa
Andesite is made up of hornblende-clinopyroxine-orthopyroxine andesite lava with thin beds of
tuff breccia in the basal part. A small dolerite dike intrudes the Andesite.

PLIOCENE

Pliocene strata in the district, 70 m thick or less, are areally divided into the Ofuku, Sonoha,
Kitamata and Shigaraki Gravel Members, and are correlated to the lower part of the middle
Pliocene Iga Formation of the Kobiwako Group. The sediments consist mainly of rounded
pebble to cobble gravel, with alternating beds of sand and mud, which reveal fluvial in-channel
depositional environment. The gravels are characterized by containing large amounts of the
Late Cretaceous Koto Rhyolite distributed in the 40 km north of the region where the Pliocene
strata are distributed. The beds have been displaced by the NE-SW trending reverse faults and
inclined to the northwest.

LATEST PLIOCENE-MIDDLE PLEISTOCENE

The latest Pliocene to Pleistocene Osaka Group outcrops in hilly lands in the western part of
the district. The Group consists of sand, mud and gravels with thin beds of volcanic ash, marine
clay and lignite. The gravels in the group are characterized by containing the Tamba sedimen-
tary complex, Ryoke Metamorphic and Granitic rocks, which indicate the sediments were
mainly supplied from the eastern reason in the Nara district. The group has been displaced by
NE-SW trending reverse faults, N-S trending flexures and reverse faults, which formed Nara
and Kyoto Basin.

The Group in the district is divided into the Tomigaoka, Tanabe and Seika Formations, in
ascending order. The Tomigaoka Formation, 140 m thick or less, is subdivided into five
members : Kiridoshi Sand, Kaseyama Alternation, Simoumetani Sand, Sikahata Conglomerate,
and Higasibata Alternation, in ascending order. The Tanabe Formation, 200 m thick or less,
is composed of the Mizutori Gravel Member in the lower and Zakuro Alternation Members.
The Seika Formation, 60 m thick or less, is mainly alternation of gravel and sand, and silt.

- 161 -



TERRACE DEPOSITSAND ALLUVIUM

Terrace deposits in this area are divided into three, named Higher, Middle and Lower, in
descending order. The Higher terrace deposits were formed before the last interglacial age.
The Middle terrace deposits were formed during the last interglacial age. The Lower terrace
deposits were formed in several ten thousands of years.

Alluviums can be divided geographically into landslide and colluvial, fan, flood and valley
bottom plains, and present river deposits. The alluvium is widely deposited in two regions. One
is a N-S trending valley bottom plain (the south part of the Kyoto basin) along the Kizugawa
river. Another is the northern end of the Nara basin. In both regions, sand gravel layer (several
meters in thickness) compared to the deposits of the Lower terrace, is widely deposited under
the ground. Alluvium, composed by clay, silt sand and gravels, accumulated comfortably over
the layer.

ACTIVE FAULT

The eastern margin of the Nara Basin was bordered by an active fault system. Narasaka
Flexure, one of the members of this fault system, deformed the Higher Terrace surface about
33 m vertically, at the northeastern corner of the Nara Basin. The mean rate of this flexure is
calculated 0.13-0.17 m/10%. The last event of the fault system was known during the last ten
thousands years by trench excavations.

DISASTER CAUSED BY EARTHQUAKES

This area was damaged by the big earthquake, named "Iga-Ueno earthquake", that occurred
in 1854. Old documents reported that many houses collapsed and many peoples (about 280) were
killed in the town of Nara. The traces of liquefaction, caused by this earthquake, were observed
at the site of Kunikyo-Ukyo. Further, this area was impacted by another earthquake in 1596,
and the traces of this earthquake were also discovered at some sites.

ECONOMIC GEOLOGY

Some hot springs are located in the northern part of the Nara Basin and Kasagi near the Kizu
River. The Ryoke Metamorphic Rocks have been quarried at some places. Lignite embedded
in the Jigokudani Formation was once mined until the 1940's.
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