I BIRERRS (55D DIHBERIE)
=& (11) 2335 NI-53-2-14

C et * ..
EBithisDith

5= =

Geology of the Toyota District

2 1L NAKASHIMA Rei

R &5 UEKT Takeyuki

Wlg 5 YAMASAKI Toru

2K B— TAKAGI Tetsuichi

e 8 SAITO Makoto

SH3E

e BT WERERGEYS— Gy






Hb 38 b BT ZE s

5750 1 #HE X

AR (11) 55 33 &
NI-53-2-14

B I o HE

g AL RERES -l i SR — - AR

45 F1 3 4E

BRSNS AT SR SET
WERER G 5 —

="
=1



11 R£R

3 2k
A -

. A,"“'
<

J

7

=l é
b !
£ $
é_":; . KN

L V,/' s ’

T 7 s
Bl
3
S €Y CELY L

{__,..
S
Y
4
{
r--i’:
K F %

() [£1:200,000H 18 %

5737 D1 E HIEZR 511X
Index of the Geological Map of Japan 1:50,000

11-20 11-21 11-22
#h 2 AL iR o By B
Nagoya-Hokubu Seto Akechi
NI-53-8-1 NI-53-2-13 NI-53-2-9
(1984) (RTI1T, unpublished) (2020)
/& B Asuke 1:75,000 (1927)
11-32 11-33 11-34
%k 2 R S H 2 Bl
Nagoya-Nanbu Toyota Asuke
NI-53-8-2 NI-53-2-14 NI-53-2-10
(1986) (2021) (2012)
& 1§ Toyohashi 1:75,000 (1928)
11-44 11-45 11-46
¥ H i IR 1 3
Handa Okazaki Goyu
NI-53-8-3 NI-53-2-15 NI-53-2-11
(1986) (AFIF, unpublished) (2008)




B i is o 1
hE AL ARSI e mE '

WERAR A > 7 —1%, G 15 4 (1882 4E) I Z DRI O WA A BIFR S Tk, 4 o kR 92 HE % fif
B9 2 720 OFEMFE 24TV, A LR OMERKEER L, ML T&7. Z20oHR TS5 H50 1 WENEX, MEO
WEFRAAICES CFEMAMEN TS ), RN MEERSHEE SN TS, B OMEKIEO/ERKIL, 2057745
O 1 WHEHEERETRO—F L LCiThi: b DT, ¥, BEES WEKERRED -0 0EREEE & LR
ENAHTEEZHBE LTS,

s O MU S OERG L, R 22 EFEA 5 27 £ OB/ L BRMZEIC L BRICESTV TV S BEHKIED
TERIZH 725 C, ¥ a7 RIEHHEDS, HMRZE AN ORI LGS, Bres =R T BRI A DS, #rss = Ran it
JE, R, HEREIZREDS, SRR T KITEARDSENENE A & K OVER I OHHE O E 42 HY L 7=
RO ED F EDIIREDITH 7.

RIETIE, ¥ 2 TR L CTEEGT O Y 2 FRUTIIME] & e 2 54 a2 R EEAA L L Co[EEF0 %
MATEHRT L. HROARFNBEOFH X FEAARDE C oMl T, EADOHEIMON, 7Y v RS T2V AT =128 5
GAEORHAD B Y, WXSEHRE L TBY, T 3HBGAOT A FIA4 VIZIFERINTBL T, BEXSICHY
L2 EENELRDDTH L.

B HHIEOMWE HIEOVERIZH 72 - TUE, SHIREEES, BB, SHNREZHEET, SHBRE, L TKER,
FESEER, MBS HIZIER — ) v I RER R IR A L T, HiRE R E R A, S itk a1,
SN ORTICEE 2 Ko Tz 2wz, BT ORRSER, EMEERFEORE WK, AHEKFEOR  FMHK
LHBFERFOREEEZER, AL LTHERZBEROPHFZEUC, HEY =7 HARKFOHK F—IK, ERT LAY
DL, ENLRHAEEE OJFE I, B RFO/NEMA, 7V 7 AR O REEHE I ITRE L H#0 5
WZH720 %L DT E 727207z, DL OBIREREE & OBIFRE O 4 (ZJE HFLE L 1P 5.

REMEVER 720, HEBEIRFZEE M OB —18IC, MRS, B IREFIC, B IITRIC, IR - JOLmFZESErM
DEFE SRPOMD RS R/ ERER L, WA vy - WEEREER AR L — T D
BEIZEBHDTHA.

s

VBT A v 5 — MRS ZE R

A RR R

PHEGRER G Y v ¥ — MR IR EREEIT SR

Keywords : areal geology, geological map, 1:50,000, Toyota, Aichi, Jurassic Sedimentary Complex of the Mino Terrane, contact metamorphic rock,
Ryoke Metamorphic Complex, Ryoke Plutonic Rock, Inagawa Granite, Busetsu Granite, Shinano Formation, Seto Group, Seto Porcelain Clay Formation,
Fujioka Formation, Yadagawa Formation, terrace deposits, Miyoshi Formation, Yagoto Formation, Ibohara Formation, Koromo Formation, Hekikai
Formation, Koshido Formation, Kagogawa Formation, Alluvium deposits, Sanage—Sakaigawa Fault, Siliceous sand, Kibushi Clay, Jurassic, Cretaceous,

Neogene, Miocene, Pliocene, Quaternary, Pleistocene, Holocene

SFI34E3 H 31 H2® Sf34E 12 A 17 HEAT



H &

B 1 EE HITEMIES o oooooeeeeeerssosssssssss s 1
Lol LU HIeeeeeeeeemse e 2
1.2 TFHE - ot eeeeeeeeeeese et 2
1.3 JHEHleeeeeeeeeeeese e 6

50 BT HIETMIEZE corvvveeseeeeesssssseee s 8
21 FEPMET) T T FAT I owveevrsrersrerseessee e 3
2.2 EFEERI TV v 7 AR DBEFRIERETEIZ L BRI IR oo 8
2.3 BHGRIEIH I o oeveeerseerseesses s s 8
D4 PR eeeeeeene e R e 10
25 T B I eeeeseeeese et R 10
2.6 TR - SRIIFH wveereeeseersersee s R 10
27 H R S e eveeeeeee e s 10
2.8 FEHHIE o ovvererssersessee s s 10

BE 3B FEJEIT D T TR oo 12
3.1 BTG e 12
3D A R e 12
3.3 B RHeeeee e 13
304 BB AR ereersereresseesse e 14

A4 FERERIT YT 7 AR ORI K 2B IS BRIR -wrrrererrrereeresessssssssss s 17
A1 T2 H T O EETE e veoeveoesese e s 17

B 1.1 TTFZO T e 17
B 1.2 B 18
4.2 B EAESAE GAFIEREIEIC X BEERIISRIZ) v e 18
8.2 1 B oo s 21
8.0 0 T oo s 21
8.3 HUETRETE & IS AT -orveereereeerseesseessss s s 22

BES B FHBRIERLIETE oo st e e 23

5.1 B 0 U E B oot 23
5. 1.1 TTF0 T e 23
5. 1.2 A oo 25
5. 1.3 B et 26

5.0 B B B At creresemssemss s 28
5.2 1 BRI weeeeeereremeese e e 30
BT T i PP 30

5.3 B BB I e eevseveeese e 33

B G BE U JE oveoeeeeeeeessssssssssssss s 35
6. 1 TP B eeveeree e s 35

— 11—



BETEE T REE e 42

Tl BT TG DTG B evemseeemseeesseeeses s D)
T2 HETE A B eeeeeessreesseeessseesesi e 44
T3 BB vereeeesereesessesee s 44
Tl TSI B eeeeerseessersseesse e s 48
BE B BT AFIJTUTR covveveeeemsemseee oot 51
8. 1 T B ceveeeemeseeessseesse s 51
8.2 T eveeeeeseeeseems et 51
8.3 ST eveeeeneeesesseesssssss s 52
SR =1 = = OSSOSO 52
8.5 ZETIEI B everueeesseeeis e 52
8.6 EEEIE T URH 24 B eeeeveseeessneesssesemsoesesssesessssessss s 55
8.7 T L U 2 BB wveervveeremseeemss st 59
8.8 I L UL ovvvvvssoeressseeeessses e 61
8.0 JHURE B cvvveevesseeessesesss s 61
8.0, 1 THIE MBI R I - evveseeeeesseeessessesee st 62
8.0, 2 T FEIBHETE orvvvvseeeeemmsseeesssessssssss s 63
9 % f@%ﬁﬁ;ﬁ ............................................................................................................................................................................ 64
0.1 H T HI EE T oovvvvveseeeeessseeesss e 64
0. 1.1 K1) 2 BT I B LT HI I orovereeeeseemseeemseeemss s 64

0. 1.2 WIFRIEATIT I B HI T HIE - ovveersereeemssersse e s 64

0.0 BT « A - veeveeseeeee ettt 64
0.2 1 JEBE B I cveveereeeersremsereeseseesec st et 67
0,20 L AT T B eeeevveseeeessmeeessesessesessesesse e se e 70

0. 2.3 R cwvvoveroeeeeeemmeems e 70

0. 2. A FEPELLITCIT I owvvveevmseeemseemseeeeee s 74
.25 I eveeeeeeseeessereisie e 74

BE O TR D HI I oo s 75
100 1T BB ervesseeeesseeesssse s 75
L0, . 1 AR T eveeeeersseeeesseesesseesessse e 75

10, 1.2 FET eereeeeeemsesemsesems e 75

10, 1.3 BEHI « F b eeevereeeemeeemieeeose s 75
10,2 JRBIE L evreeseeesseeesses st 75
10,2 1 B R eeeeremsmeemsressesetses s aese e ses sk 73
10,3 TELEL ¢ B et 76
0.4 BT 7 wrrerseesseesse s 76
105 HIFE 5 e 76
10,6 EEFHHIIB D HEEE & FESE eerereeremseeemsesessss s 77
IR +eeveeseneee e s 79
AADSEIACE #+vsesesesesesesesssesese sttt ettt et b s 4 h b s 4 b s 44 b4 h AL L L h LS L LA LA 38

i -



&
—
=

B ¥ W
B B ®E

*
=

H
=

&
&

=

&
O 0 N O W»n B~ W

*®
EE)

B HBFEEEE R
w N
B HE

&
_
=

b
=

&
EE)

O
S I ]
B E

*
_
=

W
=

i
=

¥ R
(S I A ]
E X

¥ ®
=

=

=

g
ot

H
=

=

H
AN kA W N

B ¥ W
K X

=

B UG & O JEITTLOYHETFS -vvvevsevserssesssssssissiess s 1
B L UG I, 00 T T K G54 +vvrvvsevsevssessessesssesssssss st 3
B UWEHLIS L7 331F 2 HUTL BT & T 72T 1] wververevemsenessenmmesmssemssesisesss s 3
ZAE N T RIS BT 2 B T HITILIX 3 cvveveeveevsersessessessis sttt 4
SIS 12 350F 2 MU - 3B & JE S HBITL & D TfHE -veevereerseeeeeieese et 5
Bady _BENWFBIZ L 2 PO HUTLTH 0 F AU wrerrrereemeeseescis e 6
S I | 2T T S B I ELTH] - evvvevesersevsemssessesssssse st 6
B Lol b P AT LI ovvvevsevseessessees et 7
S MEHE LT B30T 2 G T & THETI --eovereeversvesseeesseemssemssremssressss s sssis s 7
LT [ HIIE 0D Hb ZE T[] - vvveeeseeeeseeesesemssoms s
SR 2 S ALENZ BT 2 2 2 FRAHIME O 556

D 2 FHFHIR D A G B v

D FGHRATHIME D B AT E R oo
D a TR IR R A R D B E oo
WREW D > TV 7 AOEMERIE T ) RAEE AW ORI E K LRI E DFEF T s 19
FERER T T Ly 7 AOFMERIE Y ) BAES AT OLRIEE D B R 20
SERER L Ty 7 ADBMIERE S ) B EE A ORI E DM B E e 20
FHGVETIEEHE 0D T — RFHIL +veveveesserssmssessesssss s s 26
BRI BT D BRTE G I ovevereeeruetsit e 27
AR T D EREL B R oo 28
JE BN DR ZS N AC R 2 O BRIH G I v everereeme ettt 31
AR IR T D BB B v vt
BT DT B BT 5 R —1) ¥ 7 RERIRI

VG 2T 8% OSFHBESERT 12 81T 2 S B B ORI ceoevreveeeeserse st 37
PR JE ) FETH G B cvvvvvsessersssssessssssssss st s s 38
AT O O BB E 2 S U772 BALG, 7= b, IR LA e 39
BT AN O THEFRE 2> S REHY U 72 REIALAT o oveeeeereeeeeeeeeee e 40
B 12 350F B BB B IE D BIE 0 HLHET cwvveveevseresessesesissis s 42
IR 2 35 0T 2 AT B EE O T HUE G TE vvereereesserseessrss s 43
HETT ) B O FETHIG EL ovvvvvveveessessesscs e s e 45
TR O FEHE S T rvvvvvsesserseese s 46
ZEHH B D) FEHE S EL evvvvvsessesssssessessss st 47-48
N R A R AT b T D Y= 2 7 N OO 49
B O FRIE G EL cvvvveveersessessesseses et s 53

SR ORI
SR L BB BT 5 A DTES 71 T 575 I e 54

— iV —



8.4 JUEETE D FETE G BL evvvvneeevsoseveeeesssessesa s 54
5085 FPHEIELJE (D FEE L c+vvvvveeevseeeessesesssesesssssssss s 54
8.6 ST RS ORI oevvvveeeeeesssnessessses s 55
5587 FERPFIB O TETE L coevvvveeneeesssessesssess s ssss e 5657
58,8 BEEEB OO IR cvvvveeeeeeeseneeremssseeeessssssessss s ssss s 57
% 8.9 EEUEIE L ISR D TR 1) 2 R HE oo 58
8. 10 EEVEIE (1) BB TE T L wvvvvnevveneessesesse e 59
8. 11 I BT BTG, G, TRERE DM T LTI - evrveeeeeeeeesseeeeesssoeeeessseeessssseessssesssssse s 60
558,12 BT B 0D BEHE TG EL e evvvvseeeeeessseeessssessssss s sssss s 61
5813 R NEHLZ 51T 2 ZAE N TR TR 2 5 72 HIE AR D 37 Bferereeeemseeesseesisnssssss s 61
55814 SN NMEH S 34T 2 IS S HEHEAE ) O PG ACTE — BT BT -ervvveeeeeseeeeemsseeeessssseeosssssssssssssssssssssssssassssesasenees 62
49.1 I R S Y S A A N R L - = i OO OSSO 66
#9. 2 R 2 35 1F 2 TS T (7 — 27— ) [ coovvremeeeeeossssnsssssssssssssss oo 66
593 RIS P 2 5 ST T FE T cvvvveeveeeeeeessemensesesss s 67
9.4 B[R FE LU 33 UF 2 BT AT --eeevvesseeeesssssessssssessssssse st 68
%95 IEHE B TR O W TB BRI -vveevvveeeeeeesseeeeessssesssssse st ssssss s 69
9.6 T R R T ZE BB X GES I 12 B80T 2 SEHRBETT 0D A4 57 T ceverrereessnissscss s 70
9.7 M BHEHEMER S TICBUIFD DL T BEREIO) A A 2 T o 71
#9.8 BUIHT AN BT B TS A HE B AR O JR R W -++vvveveeeveseeesseesssesemsesessssssss s seneas 7
9.9 BT ZEANT B30T 2 TTGHIZE BT - vvvveeeeeeseeeessememssesesssssesssssssssesssss s ssss oo
9. 10 B0 s B O304 22 3515 % b B 1

510, 1 L T T R 411 D 52 R ATHRIS (2014 4F 10 I HRES) corrvrvemsoreereemmssseessesosisssss e 76
6.1 3 BEHTEHNTOMBEFIE A S PEH L 72 LA 1) A R e 38
55 06.2 F  EETHTEEMERT OSEFE DS L L 7HEYILE 1) A B e 39
56,3 % EETHAITOREFRE 2 & FEH L 72EEBEALIT U A R e 40
64K MBERICHAETDZRKUWKEDT 4 v a s 2Ty 7L UPOIFAGERE v 41
9. 1% EHEIEICBITAIEIT T — 710 5 2 EHEEE R o 65
PRI 1T P FEBETE T B [ vveveseeeeessseeeessss s 8687
Fig. 1  Stratigraphic summary of the TOYOta DISTHICE +wx+w+eesessessessessessmssmsets ettt 89






F1E MO B

5145 @11&Elmmrﬂﬁaji&ﬁ<m¢ & b3 R OY
SR I & BEFE L, e FIERIC R T 5) &
E LM BEEIEATO 5 H00 1 I TEH IS L, f#
FLBIHL R TR 136 FE 59 43 49.3 #—137 £ 14 43 49.3 15,

G V)

JekE 35 FBF 11.7 #—35 £ 10 43 11.7 B #ipRIC 72 2 (5
1. ll) 2 T X b dsl o> 0 iﬁlﬂﬂfﬁf E_EEIFEO)%B
FAIZ1E, 2005 41 Jéﬁ}\éhtlﬁﬁﬁﬁl‘lmé:lﬁﬁﬁﬂlﬂw

na. mﬁ*ﬁ V3 I, P i:l[:#%ﬁﬁ%’ifﬁ(zmz

S L1053m!

A 1aa1L1683m

el 6im

35504111474

136°59'49.3”

137°14'49.3”

1.1 & MR & 2 O L O I
W7 — & 1 M PR E b o>t BIAR i  % FUA.



FIRATFAD S RAFW), LRl AR, L
KBE Hﬁm &iLﬁQmoE *ﬂM#%ﬁ%}
7)), HUHRHT, @%ﬁ Az, KHFT, 51 0, % 0
AL TWa (1.2 ).

5 P [ M 385 & 55 SR 0D v i, 1 = )P B (R85
DAL ALE T . T8 & AdT BT AL E S 5 i
BEE, BEREEEANSEENS %2 REICL > TR
END(EE 11K, ;@Eﬁiﬁﬁﬁwﬁﬁﬁﬁ#%&
V)%&Mﬁ#%%%ﬁﬁ@*%m 2\ 7 2 BT |
L,&&.ﬂgi T EHEN S (HTHIZ AR, 2006 72 &)
TP o - 51X 2 o5 -4 F A ol E
TH ZAH-FE S AT TR 515

%EE@%&@%%H,%%E?%E@@CEWM@
76 fE < V=G L, dk A& P IL (629 m) A B i < R
Ll L2 PR E A, k%“ﬁEW&AﬂGTm&®&E>’
iofﬁb%ﬂé Eml%mﬁﬂﬂwgJMﬂ
%#6%/%M@wnu nﬂ3m m%m<
1,053 m), @%m@% @mm A%mﬂﬁ m1@ﬁ>
HAH. I ESED B A 1L TSR & X,
RHZ A (1963) (& =0 1L (=300 75 5) O/INEARTH % L
M5, BRI (BE7 1,000—1,100 m), &35/
(T¥5 700900 m), =il A/ INEEARTHT (R 400—-600 m),
AAfHR{Ld\ilkﬁﬂ( 75 100—400 m) & X4 L7z =l
ﬂi!%ﬁ@%ﬁmif L, FORFIITEERE
WASINAS A . BRI 2 G A N AL 2 & B P4 123
NThBY, EEPLHEMOFEAFIICEEL, MblEEES
ML e B AERCREET 2% (55 1.3 ) (ZF 108
R B (1972) 2 5F 12 L7

1.1

2 T AR % AL B JAEN DA & P8 =3 L3t & I 5
(551.3K). ZoOLHIEEBED ZMEE2SHENTB D,
HHKMEA O ORI 100-300 m 2T, =ZAL/
ﬁﬁﬁtﬁ i#l%wrwﬁié WTE S 3
BH, FAENN
@i(mfi&)éﬁm(nbﬂi I, I—JTLFXE:#/:%ETZQ 7=
TM%@%%iﬁ%%ma JEEIEHAEINERE S %
. BN L oo 1B L2 i R A T i D RO R Y
HEL TS, BHTFEAENT e RIET I d~<D (12
L DIBHEENALND GEAKIZH, 2002).

= DR H s o AL B g 1 R L SR E S B (58
L3E:%§%5E§W) H 1 L1t | A A Tl 0 W = Hb

FAZ AL E S B AL (629 m) 22 S FE < LT, EH IR
Wfiwozwmﬁm LY, HMHOEATREE
Ziﬁﬁ]g%’\k‘fn< T EICHENEEE S %
5. EHTREEL CIIERORASR TV 7Y, &
AR ORI Tl EEmIcZ S hTw b

1.2 k- A

5 HH DA s 12 0, uT L«%somﬁﬁt7om
BHGAAT L. EEE BT 6 BB RN
TWwa, HTHIE2 (1962) i%f'ﬁ“](mﬂi@f}zﬁﬂﬂﬁ/i’ =
Az & ERT, =0, ﬁﬂﬁ %@ﬁ BT &4
LJN”14I>%ﬁmLE&%IiﬂEMU%@M
", E%%R&?éwﬂﬁ%h% =0T, ZERE,
WEIE, BRI, %ME#ﬁéﬂt.EEI%Tﬁo&ﬁ
Ed,iﬁ@ﬁ%&t%ﬁ%M,gﬂﬁ< i), @%
JETE (Rfr 1), ZBRE (B2 2), ZMEmE (P A7), BT
(A7 1), FE)ITHE (A7 2) & A L7z, FHRIETH IS
ELTHRIET A, IEICOWTIE, % e %I
E T FR PR O TN fE v 1) &2 F vy, BT R OV
EHERE M A2 3RS E R (1968) EREICHE - 72,
T [ Hbdske & S s 12 B 0 B By R X 45 ot e % 4

LSBIIRL7.
S HXIEHIRIC B 5 =0 H I, 2 HEF ST
WM HIICAE T 5 =AM am s 52, BT S

N5 Z & TRIEWICH/NTTEZHERm AR S N Twn
A, WIEAEN 7/1,000 TH 5. EHFEIETIE, FELGH
e AR O B H T K M AR R0 RIE KT L2 43 Af 9 % <3l
e WU & MR R GBFRR) & L7z, C oI, WTH
13752 (1962) 7% & CHEAHH & SN Twiz Lo L, R
1%, Z5BEE £ 0 R A IEAE (5/1,000 Rifh:) % 7R
IR S TTI K i ¥ A s VAN ey ¢ 1 TR~y 52
HOREWNRIERZRT 2 &0, Z0FH & 2RO H
MO & L TH-o 7. flﬁ I, EBHKEANTRD
DDA L, FENGHR EE RIS 5. SFEIE
ERMIE SN TB L TFHAMBEHIR SN WS, &
MO RAEN~O G H L D BTl 10/1,000 DA BL,
T T 51,000 AR & HEZEALDS A B, LHtEbEE
KH, TRREAMOMIETH - EHEESI NS, il
L& HKIEN T, EERLE - o128 < 5
S 5h, B FEHEARD L b AL O 5
TdHbH. 2 EHIR O E TR B AT O T KI5
wan s, HOTm & EENHIZIE O HIZHEIZ LT
AR, FENMEH & BRI AR 9 5. AR & oLt
ElE, ENESsSmE 1-2mTH A,

R ] P P I O AL RS O AN A e, Jeidk 7
J—rvu— FXDIbIciiiES 5. :ﬂMﬂm%ﬁ%’%
2%, BEEIZ100-170 mTH 5. HENIFEIITER
E%impgﬁwﬂgﬁ%&é.@ﬂ;iﬁ%ﬁﬁ%ﬁ
RICHIET 5. e

CES RIS L O AR I H 72 0, FERIT &I,
x-S ICFRE N, R 100-120 mO EETH
A FIZEFBERHINE»S 25, THINLGZET
WRH NI E A EERSNTES T, BED L) IZEH
BAGAT S, #9100 m OEE BT TH % =4F



EED)

IR
RAFH 2005 BEHIEA

L (R
(3 B O %

REA

1955E§§Em:ﬁi‘\ BB

ET  TosstranT
1967 BET | (EA

IZHRA

5 1056EFEEHIHA
8 ,
1959E BETHICEE

ey
19705 2MH
ITIRA

AEET
1965F EHMITHRA ;

e
19646 BT
(B

AN

LT

1.2 M SHKIERISOTEIX

IRz

EE)|
Baait

13X XIE IR B B HIB AR & 3
WL AP EAEF W (1972) 22512 L7z, BT — & 1B EE b o (o 5 i v 1
2.

=R

2005 EMHH
[THRA

i)

| 2005 & @
SN -N



SHEIEEEE

A RAES 5.
EAF R L O TFIcH 72D,

25 100
200 mDEETH A, FERI, BEll, Ao L
Dz, WHABHEREE2 S IR0, BREZ 2R3/
R A S 5. BEASLHLEOHILAS L 5 \fﬁjﬂé

Wﬁ%ﬁﬁ* Bﬂ.%ﬂﬁﬂz@ilﬁ@iﬁ%b EL, RKAJE
TEHHEINCHENS, BEEHIE70-100mTh 5. T2
FREEEEINED S 5% e 2T 5. 4R
Tﬁ%’ﬁﬁﬁ?@{f%ﬂﬁ%’".k LCHgEN TG, Tl
EFEIZ iﬁﬂﬁ%ﬂlk*ﬁ\ﬂlkb‘?/J\[JJiﬁfJ"\ﬁTé I
WL, BB &R TRER N E s Tnd,. Th
IFREICH T AIEPIEO B I A EH 2B o 722 2
THRIEDS AT L CWAZ e E ML CTWnwh, F7/z,
B OFEALNC S FREOBME SR 2720 25

BAm
] =Em
= 8|
B RMREm
=M
R F1.4 K ZAENTFHsIC B 5B
EHIEIX 55
0 2 4km M H 1Z 2 (1962) % H: 12
— TERL L 72,
FAITIEDS DTN 54 L Cn b, AL E RO E F

DA, PRHEETT D 78 m D ﬁ@%émiht%wﬁ
Kok 30 % N ﬁ@@@%mi %Emwim%

éAth@“ﬁﬁ®%émiU¢Mwﬁ#%é#b‘
FTNY, TaTRMIMEEDFEROS TR L,
DREICLDEEEEZOSND. FEFERORANFRBEIZ
1, ACAZIE & R AL OB RIS L, Z A Ul T
EHINMICHL T 2HTH 5.

BRI, BEHMEETORANE SN E N7z
A AT L, A28 50-100 mO FEfETH 5. i E 3
KHINE 2520, BEEE ShTwb (ITHIE,

1962). ,‘ﬁ?‘%?ﬁﬂr?ﬁiﬁ‘ O fEEme AR E LTHESNT
W5, OSSR 80 m, ﬁﬁ%@ﬁ%ﬁwm 3=

&?@%Tﬁlﬂz‘f% P 8 2\ LR AR RS ST



HofZE SHihig & Eithis HMAihis [ I thiag SiEHhim
swim | emm | wwE | emE | ewE-RRE| ewm | wRE e e P
w2 | mim | e | cEi@ | cEimee | wiE | enessm EUREE | (EGEEERn
mwg | FESREE | WKL
37 = = =) ) tum ) i RIS
w1 | wPm | wPE | AwmmE | AmmeR | osem | ssmmen | ewm | Dees Lo
s | mEm | BeE | »e@ AEE | EE | GEesemn| twm | 2R |ETE- a6RE BTE
1 — . e .
=412 = 75 5 =il V= 7 -
g Do FEE | OEEE o mE ROE | RBREARN | SUIE | AR | ooseE | IRk
w1 | perE | semE Rem | Rem stim | wiE AEE pifies
gutt | =wE | cwE | ASE | FE-EuE BEUE | PASE
EREE | BEE | xEIE | Eea I
B1.5 T XEHC BT 2 I - R & ED g & O XL

313 (1985), FHH - R (1986),

2Lz,

5. JEBEEORKEANEECIE, B (B4 40 m), B
F (B9 30 m), %‘EEJHEQL R 25 m) (2 B By
LM IAAT S %, FRGERE AL P AL T d 535 (ﬁﬁkéﬁ

Pe-BENWIBA AT 5. JEdx 58I &, AL
ZTAVPNELTAHALNLD (B 1.6[X), T‘ﬁ%ﬂfci%ﬁﬂ
NEAE RSN LTV 2 ISR SIS,
T Hb El%ﬂﬁ@%% WAL, RIENEEE
JINZHREN-BHTH S, ﬁﬂﬂ’\}lli D ALEIEAE SR 110 m
T, WP BB O LA LA TH HERE % T
ERBHELR L. 0 TIIIRA S R o872

% CRrE L7z SR & D Biicid, B 90 m o bA7
T DZERETH, B E5# 70 m oD HATHT O 35 T8, %Lfﬁ%

# 50 m DAL CdH AT AIEA D, FAENR
&, TR CTH I ﬁmm@%mﬁtaﬁ%%#“ﬁ
T5. ZTNENEEHOREO AL, BRI H
JIETH 5.
EEAﬂi%WML%’W
T, BEE 4050 m 3T, BT 40 m M TH A3 50
fil, TNENOWHEEIIEEE, HiEE, wETHh
B ARICTA S ITHRRE ALY, ROEIRNIZ
E%%%%\Eﬁé

L, 5 60—70 m 255 B,

=FE I S R R AL E L %M%%Atﬁ
BRI 5. BIERC B 5% & LITRAN 2,

T 80— 110 m O =1 & 1w @ﬁk@m@%@@#
ST B, RO IR R -5 WE 23545 L
B, ME%%Atﬁﬂﬁ @ﬁmm@ﬁ FEIN R
N5 (EE1.6H). JIIJ:L%;‘UH CERENLALMIL,

ea oA & Ll =0 A 3B S # 90 m, R DA 41l

AT TSR 10 m EEA ICEESPET L, dbp s =iF
i, Z5BETH, SEMEHAYAS A, ZRFEIZEER 30-90m,
ZERINIEE R 20-30 m, FEHBHNIIEESR 10mTH 5.

WARIZA (1986),

753‘,

W

& 1Z 7> (2008),

WIE TR SN TED,
EFIZA LN,

=T O3 AR I T O LT
SIS Tdh 5 =g X ) TR0
FREHRHENEOSADIITEIRL 2 5.

BWEAA S5 NS, BB - B (1972) TG
EO=E e G e LTl Kl LTws
EEI%Ti@ﬁﬁéﬂL e LClo 72,

] - 5 A [ R R I L REGR (2012) 2 5%

B O ER

Selliatutz, SAFINOLITH BHN & G| % T
S SN ) P

tL %%ﬁm&é%%m
ﬂf%é@%M@ﬁmﬂmﬁ@mm#%ﬁm*
IAEEH 90 mDF-H 2 R ASIL A5 5 (55
el @?iﬂﬁ THEORATY; & L TRIH STz (R
BEL I, 1968 ; EHT, 1991).
T PE LT T T A

L, FIVEER > £ T AE R AT A5 Tl
Ep . P ZRZRREN B2 T A% LS

il

RS

MY 5 (6
?@320) #ﬁiﬁ FIL < sHfLEN TS

P R R 03 32 1| & & 325 )1 LI 127
B OB TH B,

2 H R RO E RIS

SIS S 5
—El%%%@%ﬁMT%Fﬁ%T%A%
T, L REERE & HRE
W&ﬁa@iu
A E

1%, BRHER O T _E 5T
DR D . BHOEFZELNEIZ
F5.
it
B, 2
NEPTIRQE

#1160 mDEH
(e SUINE =S

1.714).

AL R o & H
F80m, FEVHESIZ EREEAMKT
130 m DZEFEH

fiiE L, &EFERIE
CHENHEHTH S, %W@%Eﬁ
EER 60 m, T EROY & I TR SENT T
#9 30 mDZFRFHI AN 34T 5. P 2 25 RET
THRMAE S Aob, BHFHRIC
HALTE T 53
A b

Jij:ﬁff%&

LEnk] 20—45 m D

Sy T Ly 7 AD
TEY 50—60 m OZFEREHIAE R D, TH
1.8 [X). ZEBHHIA S

IR 10-20 mTH b

B TH]
FERETH A HAE



L6 BB -FINEIC X2 Z0A o igm o3
FURAZRFH 2R L, ZAFH OB SO T L o THIEDTRD Hd. &L LTEAIT A 581y
& .

i PEREE

171X LRI 1A E T 2 PHRIE
SRR 2 55 2 k.

ENIETAT | 2 FH IR 0> T B 0> e W T 0 3 R 0% 2 73 347 35 HEFENmEZ TZHLTBEY GBE1LIK), 2o ToOMID

LB, MEATORET AL NDL . BIDRAENN AT 5 KT
TRIFESH 1.5 km &% D), HRIEDDEEL TV 5,

1.3 X AU NG B0 2 T TR ET 2 & &l o H

DEBICAITE L, B & DIFEN S, 9 2 km O HLIE

ARG, LTSRS 8 DDA T W B, Rl & Y] B AL - R AT AN ET T & EE T

5. EHEIGOMRHIE GPFEIRH) (23B10F 2 S5 OEREAM TS, RN IS BIRIER2956E L C

X, BEEEE LR (1968), #A - BE (1972), % W5, BHEBOVERIIINE R ATEY, 1O TORME

W MR (1972) Ik s TR ENT W A, JNOTMEDIEDSY) HHEE SN D, KH ORI IE S Hb <
I ZEF L H A S AL L 72851 & BHERITT o3 IHE ST EE U728 ) B E SN B2 & 7o o T 5.,
WA E L, K OEIZ 1 km§TH S, FEHITEE FAENMEHb L, BN E BN ETR L2 E 2 AIZIEDS



75FRL 611 m
FHE0m |

51.8 g e & P =3l
R WG T A T 70> & 35 % s

LM TH L. EHIEDHY 2.5 km &L L, 222 TORSE
NOWATORETHHEE TE . ARHPIC I HIRIRD A58
FELTWAS.

BEFELN EEZRNNP RN LB, TNEIEEL
NG, EFERMEHE SN D, EFE)EH L EFER
JIMKHE DO BREIEZ 24 1 kmEFE 0.5 kmEgTH 5. &
N & EER NN & DA L 72 &EFEN OFt i) E3E ) MK
T, COBHIFIZ 1kmIFTH 5. b OEMIZIZEHA
belbli7e EOHILA SN,

BRI EAFEED S 37351 o jttl oK H
THh 5. RHIEL, SPTHETH 3 kmTH L. WA
I A AT S, A& LT =T S T oK
I IEHRIEDI A FE L TV 5.

KEANEMIZEAT EED ST KA O T

%19

TEJIMEHLZ 35 0F 2 H)1Hi & bR T
TRIOEBAE, FEANIES 2 OAFE/ 2
Bz, BHTTET A 585 & .

Y, EHIFIZECEZATHOSkmTH S, FHilg) &
BT A HETAREIA T, £ 1.5 km QKA AS

D, BHARRBEDFGET A, WEIIEHEOT I R FE) 2
M9 B RIS 5.

FAENTIE DR B DM A AT T A I B
T, BEIIERRLEPERICIZKENEEL TWVD.
28 i E L ECE R E B EER (2014) 12 LU, 1972
7 AoERZN (W=05E) Tld s <ICEHEH, &
PE)IMECHE, B3I, &I B VT, 1976 4E9 A
OB 17 5 TIEE CICRAJNKH, 53K BT,
2000 4E 9 HOEE 19 7 Tld & IEIMEH, &EIEL)
EH, E3EH IR, &3 BV TARBIE 2R K
W EAFEE L7z,



2 7

MO IOV T, FEE & LT
DY 2 TR BT R DR R AEED X OCHFZE
B3y 7Ly 2 AN A, AEEFTIE, 100 Ma i
BOBP/TRAERIER % R AERIERIE L, £0H%D
BERGFERCATEN & B M & [HEMZ R ER] & LT
XH$ 5. 20 LT, HREBMEME #7222 7
EEEFER D > 7Ly 7 AL L, BERE IOV
T, FEPHERERNER &2 - 722 2 Tk o %
WA TH D56, BEMER Yo ZHRE T Y T
Ly 7 A, FEDPIFERDY 2 FRAIMETH 5854
R A2 8o 722 2 T RMAIIMEE $ 5.

FERT O Y 2 T RIS IR EIRICE R T S
A, HEREREEB LOHRER T T L v 7 AR
m%%t¢%%%wﬁ&m&m&<%&¢&.%ﬁ%@
A E =R ER D, O T EIERH ST E,
EIE R - SRR RS B A TR LT
TIXHERE I, HREBIEBERE 25 % 5. S BB
Wi EOBERE?»G 25, S EHE=R0D LA
VXTI O B AR S I - P T R o0 B L O
éﬂimﬁ@ig.:@%ﬁ%d,éﬂMﬂ%ﬁﬁt?
% D0 TORNEN A EHEAL R 22 S i dvA &, #IE
ht@%#%&%.%Wm¢¢ﬂm%ﬁg%ﬂﬁ%ﬁﬁ
S A, B IR M3 L2 G TR C b 2 gd — 521
AL -BTE N0 LT b, 2 O IE R B
FEY O AN AL, JE$% & Ry OFENER T 5
bOLEZLNT WA, & HIXIEHR O U E A X % 45
2.1 HIZRY.

2.1 EEWOY 2 TR
BALFEA

#%gﬂ@ﬂﬁ%@%ﬁﬁﬁmﬁ%M%ﬂt%m@ﬁm
FANNE, FAHD 5 EET O D 2 T /A Ik & HIlTC
X DM & o - WE RS ST 5. oMY
KizFv— 1+, WE Ba BESRErLRD, &K
ELTAT Y Va2 L TWwh, —Heyicdbdb -1
PHMOEMZ 2. HBICEENT O Y 2 7RIk
DATH TR OH, BN IR D SATHERRIZT W & 20 5
B2 2 IR S N REME 2 S . s i
EEA, AEABLIOH) BEAxEL ) ROEF AW
DIEMERAEH 28> T b

HOE B

(i AL ORI - I

Wt

A - AR — - R

'

2.2 FHFREW I TV v 7 AR OHFIER SIS

£ BRI I

FHRZEWR T 7Ly 7 AT BRI AL O SR E R 2
BEHEA SRR S NS, EHXE ISR OERE R T > 7
Ly 7 A, ERRELY EHRE L, PEOEBME %
I, REEOFET LERIEEICBVT, ZOMEILFEE
BV CRE LT CH L. HBEER I T Ly s
AN, B E RIS HER N R W oD ER &
Lfﬁﬁb,k%%uu%%;%@ﬁﬁqﬁﬂ;%?ﬁ
B HEE Tl v g i RETAE R S & OB R
u@ﬁgg1wa.%ﬁﬁ?gﬁ%ﬁ%&u%a(b
B 0D JE B U T OV S D SIS 35 1) B 2 D
A EREFLOFICFILSNS. 7)) ERESF LW,
) EA+EFTAOHEWHEE T L OERRED AT
B, HRER AT L D BMERTH L. Lz2h - T,
RIS OERZER 2 > T Ly 7 ARBEEI, %
W AL O BRI B B R & o 721210, SRR
EHIZE o TEE SN0 b S/l %
ZU TV EHW SIS, F/2, HEFOY 2 T/
AR T HRESEIIOVTY, B EA+EH5L0MH
WHLAEEE S OERIEH 2> T b, Zoafsics
WTIE, M FEIN LR A OGFEIER SN T L 2 &
ME, FEREBEEIC L D2 EMERER 220 Cwb )
DEHEESIND.

2.3 HEFREHCEH

PRGN AEEIL, BRIAEAL TSR & ORE
EmEP LR ENS. 209 LHEEIERED—EBIC
X, Fe LTCEERLHRAOEMRINIEE S5
HEEDFGET B, AEREED 29 LR 2 IEF12
FrRRIRIE G LIRS B 2 20, AFicBnTdh h
NI L, MG 2 b OfERISE % [ RIS ] &Rl
k5.

PREIAE i 5 1 2 T R Mg o0 BB & b v 812 oA
L, SBIREME FRRIREH & ICX S s, EBITE O
LTI, WAEHOBFUIREIc—3% LB Y, ZhlL
NOFFTRIEABERTHET L LEZLND. BUREH
VLR -k (PR BERE v U bR S A PR,
FIRRDR AR VRURE — Aokl B RRIRBREIR 1 PO B AL R P



Hh ST R F1K SRR
wgery | (M) (55 - SEEmERY |
[ EARRHEED |
00117 [
[ BROELE |
Tl | BH | MFERUELSE |
A g G
a 0129  |-roeoeeem S R
tH # =
; Sl R B 1
" A | oee | | ZH5E-N\BE |
w | | ¥ e
a5 | o 3600 [T SENB [
ElIE:
R s333 | wrEn | BRE |
= %A AR
I D R
w ey 97 p =
Gl 2303 b .
mE=R
660  |-iiiiiziziiioipmooommommeeoeees
: SRR
SRR | 2| E
NS |z
v . iy [ ]
=| %HA : AR ; @ E
CHES O : -
£ | fﬁﬁﬁﬁﬁij‘/j’l/‘y77\
- 1005 |- f L2 R P -
A HA
1450  f----p e
S EREDD 1 ST

2.1 X & HIXIE IS o i B AR X

AEMfIE I Cohen ef al. (2013 * updated) @ 2020 4EH (v2020/03) (ZHE - 72.



frad FARET L. RRIRSHIZBLIRSE M L IR L Ch
PR SHHE CH L2 L, LIFLIED Y EAalS%E S
O 2 & THEEOT SN D BRI (2R R 2 AR -
T AmOEmMEZRL, BBIFRE XD ALHCErE b
THHEESRHECTH 5. REERE L, X b
ORI AAT A, F & LT, Mk hRSIREER
EEREMIIEE D ORI S5,

HRERAE N CHEER T > T Ly 7 2O E BR
&, e, RETERES & D ICHERER T > 7Ly
7 A%AHFLTEY, RERGIEFRINEREIZEA
LTw3

%lﬁl%ﬂhﬁ@ﬂwﬁﬁ‘ TR & IEn, :H:*B@Ell_
TAGENT, ST EORIET,  RJHET, TGS AT Bfljjz¥
L ==Y T = VAR < A N o (TR S L g = e Y=
JEtE & g L e DAL E OBICAET S7-0, EHTH
AT R VR WEIT > & 9 12 <A L 7280 LR 58T %
ERAEMNTIZBOWTTL2BETE 2w,

B g O E AR HEAR BRI XA AR & <, T T
REREPS Y, PPt 2 R4 2 WA Hba s io
Mo TWwb, —J7, WILHER OB R ITEIKE O E
&UEEE#%&D,m%*%ﬁ%TWTém%ﬂE#
RodoTwa. BHTTHETHT OIS 5 K

HWKED 1%, #18MaD 714 vay - bT v 7444
L U-PhERDPEENT VD
2.5 i 7R R

FEH T, BB O H = RDA A6
L, BRI TwD . BRI EEIc B 58
WEEEL, HEEEEE LIRS, ARSI, FICIEAT
WHOHERE 25 7 1), SRV F 721X P H 24 < R
LCw5, KHBOFRMEERL T2 5870k
e, KENEO3BIZaTons. #ktE e K
HJNE I, k- v b - WEEERE L, HijxExk
Loy, BEMEIIEEEY TR 35, HHERET 7 IO
NI I - BRSO FERIE B L
103-83 Ma & B X% 6.7-62 MaD I & BA S
bia. F7-, EERRE, RENEOEMRIL, Thitnd
£ % 6.2-50 Ma® 15 W] v g7 it —wi Wl G e, B L 2
5.0-3.3 Ma ORI - i & AL 515,

2.6 HHHE - e
HH X1 ﬂﬁﬁ@%*ﬁ‘fni TEKE*}F’@L@ ﬁ%E&U‘/\
ﬁ ﬁﬁ@ﬁ%ﬁﬁ&@ﬁﬂﬁ FEEHRRO
, RS EEJIIJE X ains. TR

o~

(4

i i
&mmm

B OV O e EEHERE) C, 2 st s BT
=P R ORI, AL 1 O GHRIE, EAL 2 H %
BE, PO O, KA 1 OB, AL 2 '
FNmZMS 5. BIE, WE, RErSER I TS
0, AL % BAEME WA EIEICARETELR L.
SERTREIE,  EARSERGHERR Y & R i I OV A 3
Ty (ORI ) (21X &AL, RIS I3 R OE, %1360,
REUENS 5.

2.7 M H W

B REE T, LD S B A TR AR
WA &2 DY 2 TRMAIME & R ERCEE & HRE R 2
PTLy 7 ANNMB P EEE R L TOMm L Twb
S I ST MRESK T L, £ Az :béﬁ
B R EIANE LS, XEMEWmIZB LTI, 2
BE o EHOMTRED 1,000 mI2ET 2 2 &A%
FEEQR—) ¥ 7R B RHEA 7 EOWHIERIC L - T
Do TW5.

A LR BN N - S i 1 P A - ol R B (O
REEDSHIS N, Bzl S M Tt < EERICH
7o %, B RIEH TR LR H AT O LR F
ANZBNT, BRSBTS 2 PEROEES )Tl
T4, 2 OFESF O H O AR 2 PR 1 < B
FeMERE 23554 L, V=3 (Fiey) “PEFIC 72 5. EHI
TR BT 2 Z OfEEOFFIL, LR A5
Hi§ G WIE T DIt —Bi) I T 5. FRBe-BE)ImT
JElE, EHIXINER Tl & TR 2 5 BRI 129 > €
L - TINS5 A 2 VEEF O T T, PR R
A, SRR, SR ARAM IS TS, M &
WEL I, I B RS X OSSR (R s & T,
EAR LR & NS . dLBE T s B 5 BT
FEM T A& B T 2 FEICC, mATiGahRNIZ
n&m@m&éﬂfw . COWRBIZEITT AHTEE L
T, BTN A & 2 & LTI AR A6 2 1
- BAERTRE L S NS, WEKEE LT, =i
B AL S BT RE S AT 5. R BhTE

AT DO LA & BB 0 L B Huts T L3 FRRIR AR &
WIREHOTER L 12— 5. WL geit 5
BT T, BRI AT KB I L B - P A T 0
HEIA % 783 A & TR & S AN IR 7 S AH O B & JE B kT
=Ry

2.8 & O H

o IR IR D SR & LT, ARRE L, B,
B Tk 5. AHTR L T LR L
WEDER - LTI ANC IS Sh7e0%, BRI+ % 5
(R 2 L7 RRAT LT e\, BB b B



WEIRA RIS S, BFEIX T T ZADFEEE LTS
THY, 4D20HIUMHITL TS, B - A e LT,
LR EECH T B 7 & OWEEAIERIE ST \wiz2s, B
TEIZIFEAEDPRIE LT D, BHTTELEICS VT
JAALAE RS OIS AHRIT L T 5

BREPEIRE LT, o CILE BRI B 2 B R ELR
DEAFED 20 HALKITE S U6 F o 7243, 1969 4F1ZILF%E
DD T o FEEINZIL L7z,

B RIEHSECIE, 3 D0HR E 4 OOERDTH D, iR

BT 1,000 mPLEFEWER =) Y S ThA LT SR
TWw5,

5 P R H 3 % & & VIS R S 5 7 12T LT
5 LT, WIS ORI R I X A EE
ZUFR TV, NEEICAE S 2 8 HXIEIs i, gl
WETH - 72 HEHE (1944 45) DT, 16 T RIH
BELT, RREHE 891 4F) & =i HE (1945 4F) 12
Lo TRERBED L.



HIE FRITOY 2 T RAIE

BRI st 5 2 om0
FEALICIE, HAID S E-EO Y 2 5 RN & HIFC
X DM RNE & - BRI Ai 5 5. ZOME
TixFx— 1, Ba, a BEGLGENLRDLAT Y
TaT, R-EEIEAmOERE LD, FHFEICEREO
T2 TR IR D5 Ai D37\~ D8, BEEA IR 0 55 Ai FE R
1AV 2 S - I Y 2 T ARSI S 7
Td BTHEMEAT . SIS I REH A 55 5 B
TERIEH 2 - TBY, I EWESICHRETFEL
DA EEDTFAEN R =) ¥ 7 F =712 X > TR I N
Twa. (559.13% HMEMEHHT, £59.1 )

REOEHREO ML, 7 - IRH (2000) (29t 72,

Ein

3.1 W

s

S HMIEHIE O 2 2 F A IIRICE T 2RI IEE A
EfPb LT [H20 75550 1 B KR [ B ] (=,
1890) |ZIXFEHEA % <, 20 J54r D 1 [ E45 | (M EFRAFT
ZHEERIXEE, 1956) THIO CTEDHFAENM S NIz, Z Dk
b8 (552 0 QUEIED, 1972), [ 45 K O B
W] (AT 20, 2004) & K HUE G - B, 1972) L
WAATHTRENT W\,

3.2 A & R

S MO Y 2 F A, HETEHE AT

3.1 IR S LM BT 2 D 2 TR 5
END EFAHOBMERIER 2 H > T 5.

- 12—



55 3.2 T a TR RO E G
FANTEMEEN N 2> T 2

AW ARG () Libs (G,

NI —DOEE 3B em RVOEE l4cm.
WAEITHBT, BHEIET vy — FOER L DL D MEITH S, HMZEWIZ L 2

i A TV S, HiEHTOIofR KT, (GSIR110813)

B.7 v — . HiEEOSHEA THERDOEGEIZ R o> T 5. HAETEIRITYT O 1L KA.

(GSJIR110809)

CHEDTT Y 7 (SS) 2 GOWE - JEED 5 2 5 RS, ERBHLAORAT T OS EENEIINNTEM T (55 3. 1 KZH).
D.W 70y 7 &G GIEE. AEHITE, BEMORE I EE mm OEFATERZGED oS, &

OEVERHE IIALER O TR (55 3.1 MZH).

UW\UJHL ’”‘ﬁ?‘% Mﬁf L R [ T b A R 0
@E?\?Fﬁafﬁmﬁlzﬁkm#%@ém N N I
(3. 1H). BEOBGIOMEREENAS L,
I A % 2 72 RIE S OFE MR (55 3.2 D).
ERICHAEHE AL HGER T, $RE2 S EAILTUER O E
PRI 72\ LR E 2 FF0. TR (B2 Bl F o) s 2
THBEEZ R LI W, BIEATOEN, SR ol
O, FIAERIZEER KRB & & 2 SN AJRE DT 2> 5 H)
Wr L7z, 7 BTSN 72 6 L3 70 U R 15 134N
HTH5.

1S5

3.3 &

H

KRR O Y 2 TR InERIE A 5 v

- 13—

BT, 27 vV 20Ex 2 3RES Ox) R, AT
Va0 EEE L CERRTE AE Js), 1BE Um),
Fx—bUc) BH 5. FRMAEFTIIHERF ¥ — b
O E UEHOEMR 528, 2R L7iaoHhic
EIND.

RIEE (%) IZREORBE ORI E I E DS % &M
=T v = W LEBEREEALND “"’@Eiﬁ%
. H3.2MDO L) iR BEESLEARE (5B3.3
M C) TIHRIEETH D 2 EDHME LTV, BBHHE N
ﬁfﬁwta@ FEI2MCHO LI IJALIC L 2 EERED

ICHD & BH L BWOMEIRE G 2 LER D 5.
wH‘“C X, WER LEEORETMOFEIANHEET, WE
OB ZEE LTwWh (5 3.414D). EHHIrIlEiﬂ
B OREL T, BRESOHE LT 23 REHRICLIELIE



3.3 Yo 7RAMEOE ARG R
FTARTEMERSEH 2> T b, A7 —N—1F

1cm.

AGREETORRRE 70y 7 O BE. BN ST o G U TEIL R 350 m. HH 5 EIZ4E 3.4 A, (GSJ

R110807)

B.EFAKREHOREOTE L2len o BE. Bl ol Ribr a6z, )75 HEI35 3.4 E. (GSIR110814)
CLEMEHOYREE, BOECEIAE, EMANeSE. HAE SRR O G MALIL R ER 180 m. /7 FHEIXE

3.4 X D. (GSIR110810)

C2.C1 OFHGE. KEFHIF v — b THROGOHENRG I E, BEililis 7v— MAAGISELENTHDE Z LM

Db,

EHOORIRA S GEHE
HHN5.
e (Js) 13, RO a2 %, BalaiEz

D GE3.2A). BAESIER 21> Tw2 00

LELELMENAFOERIIED NS (3.3 X
A). BENTIE, BEICEERN GB3.4KA) BRI L Tw
LDOWBIEIND.

Fr— b o) IZEAMICIIBIRELEZ o> Twb (5
3.2 [MB) A%, —H#BICIIEI % 520 TR L ki o 78
HDENBVWL Db H D, BEMERE > TW5 7o,
F v — MEAOHBROEN OB ST, e EH
ES LARERDROONL. Fv— bOBEITERIK
DOEPRNZ > TWD (3.4 KC). ¥ IHOMNIME
T, —fRICF v — FOMIEIROBREE S LT, B
HiRE, HEEEBKEPMON TG, B XE g o

EE R TEIE L T L G) %R

— 14—

FHETOXGNLH: LS, BHRE BRARKENE
IND. E3A4MBIIRLAT vy— MEOEATIE,
WL ORI M 2 ERE RO b, Thid
HEEORWEERSELEZOND.

RE Om) E2 0 b A ZoMER T % & tiRE T,
V2 GRMIMED ZERLDOTF ¥ — POT RIS T
LEEM A LR L. BEEOALE T, ££1-2 mm
DEFHOBIRERZABDOHND (E3.3KB). Lol
FEF TR E L >TWD (3.4 E). T8 TFTIX
FAEADRRDLNLLDbH 5L (55 3.4 XF).

3.4 MR

S HMEIEO Y 2 Z AR, ZhsidaEizb
72oT, BFA, AIHEABLUON)ERAEEEL ) EAL



. 5_1 f :
Ly R

3.4 Yo 7RI A AR O B
¥y 7ya k=TSR,



34K VagmEEnEROEREE

FTARCHMERIEH 2> Tvb. A7 —VIZA-DEE-FAH L. 27— N—id 1 mm &H5EES

Zo), 237 B A=a),
ARG oMK E 7Ty 7 FEEB
Y5 EIL4 3.3 KA. (GSTR110807)

BELWARZZIF R RELRF v — Mo LEE
5. HEMEBFI oL,
C.Fx— b, (FTHIFRIC

DI EERED S % BIRIEE. & — 7Y = a VTGRS,
3.3 M C. (GSIR110810)
E.EHFAPERERBORGOEE L -REOVINGE, KREIDESAOBIRE SO E (£ 1 mm).

PO WERALIL AR 180 m. YIF BEILE

M. YR EEUZAS 3.3 UB. (GSIR110814)

F AT (And) @& L 7cles. BERTEEIT oL,

LW ORMARSEH 2o T, FHldEE 4 F(Z
bRLINTna

X 1&17;0)%? RHIBA AL DL S OFAEDHEE
ENns 75> WRIZIZEREKSEERIE R <, WH O

I WER I EH L TwhnweEZ 5Nb,. —F,

CHERAEB LTS (D).

TR,

DHI)HIDF =T

HAE TG0 > oo S5 1 L L THAR B 350 m.

TR LR R, S SRR oD A S [ (S Bl e SR BRI TR

TG AR 2 BefF . (GSTR110808)
o Twb, HETHEALL (GSITR110813)

REBIIZRENPELEL TTES TS, OEN AT

HAET o o FpKith

G I TEAL R 150 m. (GSTR110811)

IR (R T AR A B 38 B I AR AER, 1973) ©
1, HAWLD S TIZ 2-3 kmBEL 7 HEFEREITIZE
W, HIERTEF 71 m (BEE-34.3 m) IZfERA AT RLER S L
TWh (591X 59.15K).



4%

ARG CI, EMXIEHEIC S L, BIHEAEL O
IR TS B % 4 o 7B A DR S % U
W%%%%&zy7Vv7szjﬂ5.:®%%m
[FIZERCEEDL 34§ 5 R O MMM HE - 72,
2T, FEFERCEHEOE A &0 R0 IR om0k,
Ve % 2 72 5OV T H RETRIR T 5.

4.1 WFFes M OHREE
4.1.1 HMZE*

SFREW T TV 7 AN B SHRE R A L
Hiuﬁwf%%i%gﬁ%ﬁht%&%ﬁwvto
T, RO TH 5 KEN LR OBHERK GRIEED
F B UL A T R OKEEIT BLAH ) fHE oM & & o C
44 S 4172 (Harada, 1889, FH, 1890—1892). (X IF[A]HF
HNAERL S 7220 J5 430> 1 U IXIE T 2048 | (=3, 1889)
T ORI T B ] (Z3l, 1890) T, AR IZ LR EIEH D55
IR EN TR, 7 H 5 T40 1 RGN E ]2
BWT, MO TEREHOGAMPRINTED, RHbi
RSO RGNy RETAHEICER S L LRl i
TWb GEE - Ak, 1927). 2, 20 77450 1 WHEXIE
(4G 55 1 R GOV FRASHT MU R XURE, 1956) 1I2B W T
X, EEER Y Ty 7 AR BN S - BRARE
AR AICIX S L2 BT, RIS ER A0 5 46T
HELTWD, 205450 1 EAGXIES 2 B (L IE 2,
1972) Tl, #HREK I > T L v 7 ZAFHRAI VY 7 o
VA LR RS L XS T Y, RIS
s 5 EBRCAHIIENAZR A SCEE R RS % &
SR S AR AT ICIX 0 SN T WD, 20 A5 D
1 MR X [ A5 Jr OV B | (AR 13 40, 2004) CUE,
FEFREW L T L v 7 AZDONWT, Vo TiOFEET
aar 7Ly 7 A0EME A & L TRl Ao
BRIEH 22780 E L, S EBIEHON#RE =
REXTEELZ, FhICE b L, BiADFEEWHERES
ATy 7 ADEMTH WA, RBERTRES -
Fr— b - AIKE EERIERIC & o T U7z B A
(AR F R ) - EH AW (B SW) - BERE OB
W - ZRAET) OFFOMAETICL RIS, &
XGRS 3 s, AR RIS AL T8
Hits DR ARG5S 5.

L T [ I8 D 28 B, I EE 2 (1974) T
FHHEFHHE B THO TERS AR SNz #

=

WHREW > TV 7 AR OHERRB N & 2 F A2 s

(L a0

SIS ORKLE T > T Ly 7 A% BEA -
EHF AW - ERA S L, S RIS o 2 i E JE
FEERAAT I SN T b B RIIEHEIE, ZRE
HOGAZD L DIz, BEEROEMHISIC LR
TEFOBFAPIFE AL LR EINTE ST, IHHITA (1974)
e BER L 72 BORIT A (2004) DIAMICZE R w237 ST
W, —JF, O B IR 2 O B O MHIXIE T
1, EBHMIE2 S Ed 2 REERES OR&SRE 7 ) &
HEHFAWE LTHm L, TN HEREREHOB A
L BRI S L7 2T, RS oA A LS
R EE N S DM GOV TRERT, A
FEAHEGAW RS A HES AW Lz (B,
2008 ; Miyazaki, 2010 ; [LlE, 2012). EIE (2008) 12 & %
&, IS O & A I AL - FE T S T o 2 IR L
ZoOEMBERITALERIT, e oA oBREo L
B2 & T AL MU A H 9~ 5 Bl s oo 285557 1
JEH—F AN O D RICE L, Z ORI B
HOEMBERE TP THDL. Z L TCRETOREFED
TN o TEREDNE 2o THB Y, VI
DEREEOS M % BANIER T 2 &, &R
FARER T T Ly 7 A%, BEMGORBIEICMET S,
=132 (2014, 2016) (&, HEED E Pk o G531
BRIZAT L, FOEA X DEMESIEE %% 7
BRAEHIZOWT, EHO- U EAW, B - E
hE, BB -BERT L ORE 2 W OIRET BB
ElZari L, COMEICHEIITER S & OBIR & RIS
G LC\wWab e L7z, B, A7) EAHNTIE,
PENACREED CIZONTERIREN I 7~ 1 b
ELTETDLIENSRY, AHABRE SN OMEIR
HMAOWMBUEE DT L0 s, S5l SR
EERIROERER 2T Cwb & L7z,

81 P [ s 355 0D B A 0D S ) HuIsk I OF 2 0D T A 0D 71 7T
WRBOWERAER T > T Ly 7 ARERAERHN S, 98.0 +
32Ma, 98.7+5.5Ma, 100=10Ma KU 101.9 5.8 Ma,
HIZHEERDOH #3572 5 98.8 + 10.5 Ma, T DH D ={i] K
TP Hu3gi A0 £ 98.0 £ 11.1 Ma% 1U898.9 £ 2.9 MadE F4 1 b
CHIME # (chemical Th-U-Total Pb isochron method :
Suzuki and Adachi, 1991) |2 & ZERDHE SN TV 5 (B
T - 85K, 1993 5 $5K132>, 1994 ; Suzuki e al., 1994 ; Suzuki
and Adachi, 1998). M2 5 1%, 97 +4 Ma—90 + 1 Ma
DYV v U-PbER D HE X T b (Takatsuka ef al.,
2018). F7-, HIORKNEHIEA 5%, 71£3Ma & 65 £3 Ma

e L gLy

A=y



DHEER K-Ar4EX (Banno and Miller, 1965), K 0" 64.1 Ma
DEER-EFRb-SHEN L 70.6-69.1 Ma®D BERFK-ArdE
8 (Ueno et al., 1969) S5 SN CTw5b. 2B, Lo
K-Ar#: . OFRb-Sri%: T S N7 4ERME IR, “K OB E
B LTh=4962x 10"y &x,=0.581 x 10"y, 'Sr DI
EE LT1.47x10"y (Steiger and Jiger, 1977) TH&F
HL7EEHWTW25,

4.1.2 #E
SHKXEISOERER D > 7Ly 7 A%, Ak
HOBERBENOBRIND (4.1 K). HEMIZBW
T, INS5DEMICEI Xy L abe T, Rlits
DIHERI L 2B H LR L2 (F4.24). Zk
g3 D FLAE O R FR & o3 O FEHEL,  FE O v PR
(Ef IG5, 2008) <> HL Bk LB BAME (11115, 2012) & Ll TH
b, ZOFEEIZHES L, BRI OZE T 1,
A EREFAFHICRSENS. 1) REEFAW I,
HRRBCEHOE AN L B FEMARILTH Y, 2 oFfm
22 A LU O JR ISR A IS X 2 2 EIIAITH
b, %P, BREORLEICEL, AHaEHETIE, s
KRG, 777 7 2 VADERERWL. s 0%
@ 5E F%1d International Union of Geological Sciences (IUGS)
Subcomission of the Systematics of Metamorphic Rocks @,
Metamorphic Rocks : A Classification and Glossary of Terms
(Fettes and Desmons, 2007) |Z7€9 .
SHMERIEOHERLER T > 7Ly 7 ADEREH
1, BTNy RETA R o a4k & Rl 7T H SR e o
REIZBWT, EMAICHR - ZRL, KR
HEE O e By s e B R O Bl oM & —F b, €
NP O/INERIZOWTIE, HERNT—EOERZRT
bOo, KEWNEERER T TV v 7 ADEREIE—
L, WINOERLLEReazFhe L, LED
BRI G E &G, —RKIZES HIEOWESE THENATE
<, BEREDHARIHEKD A =V Tidb$ 5 L
WEER T & edp o 72, RS (R B O FERE 5 & DFEMEh
FHEDFHEIZBNCTHEDFIN T T ) 7 )V A0 K
ENDHENRDH L0, TNLUNDIZE A EOSE, EH
H & ATIEPAT 2 B 2358 5.
BHXEIROEFRLER T Y Ty 7 AT 5%
gL, ) BA+EFEAOSMLETREOT O
5. 20X BERCEOHWMAEEIE, Mk O
RO ) EAEFAGICHNILTES., o) BRAE
FA IR E I L DM ch Y, Himg
BV %2 5200 2 DT OZBAEHIIAHTH 5. Lo Lk
235, B I D 22 pE IR R BV AL - BV 7
HOFEEZ LY, HMR ORI OERER T > T
Ly 7 A5 AR B oliE L TH L 2 b,
FERNZZ B LAR 1 SR R AV X Hhde 7 & e L
TW/ebDEHEESIND. HERBEHIS & 2 FAZ

W, ERER T Y T Ly 7 ADARL LT, HiEFOY 2
FTERAIMEIZ LD SN D,

4.2 ) EREFAT (KC)
(FAZ IR A S O M2 B35

H)EAESLTFE, 7)) EO+ESOOSWMEAE
D OBERIRE A A IS 2 Mk T, B X I o0
REWa YTy 7 ZAMEaHIIETIOWIIET %
2 EH IS OER LR T 7Ly 7 AT RTHEE
RS CHA L CB Y, JE By HbIs o M sk o> B 5354
REDHbETEZ DL, AFITHAFRRIB A E DML R
WeEZoNS.

BHRIEISOERER T > T Ly 7 AR KT 5%
BiRE I, £ OBAERATEL. SO &N 20 Ti5
D1 EEXIESE 2 B (LEIED, 1972) 1B W THEHBAE
BEF RRE B R 7 & SRR & N2 MR BR 2
WX S, IHEE A (1974) O R FEZ A U
BOTHERAOMICOHINHEETHL EEZZON
L. WHEOEBIXIEH’IEIC I, BEFOBEEEIC X
ST BOFET ZEBIREICH ) RA+EF A O
PHEEDREZEL CWALE L, RO ETRERS
W LR IREOE A E23H ) (LI, 2012), & HIXIEH
EI0Y 3R ARSI N

HRERT Y T Ly 7 ARBCAEITNZ, $3FETH
N2 E AL, FEEFOY 2 RN IR T B R E
b EH A OBRE R AR O THH O 5NLE
AR B> T b, FET Y 2 FRAINED 543 %
FEADO® T 2-3km T &0, HAEREEMIZ BT 5 FEH,
Fr—4124k 5k, WEMT 71 m (EFE-34.3 m) O M
TR B OFEEDPTER STV D CRFEAE TR AR5
FIE AR, 19735 %9.1%). ZofbMEIclT 55
LWRtild e <, 72, ABOMRL TE b o72h, &
FH X s s & BB A2 A CRRIERCA F I R[S
JEHR-FPE A NI S i & 7R L, & OFEma O L
S RENE R ARG OSSO LR IZH ST 5
L7z203->C, EHNIFHROEER DY 2 T RA I
RO LN L FMERAEH b HRERLEHICL L0 TH
LEEZLNA.

FR O 2 TR IIAERERCE OFCHULEE 3 TR
7o) THL, RBEIIRET T/ T2 VALBWLAAET
HLH. B, EEA, ) EA BEBLUAZE
AL SN, AR 2L H b (553.4 ).

HFARIRAFOTI 2540 v 7100, BRER EA
T REW T & HRRERE LCEL, ¥4 MELT
HER L ZOMORRHOEGKRIZEE L T2 (5 3.4
ME). BERFEELOBAMEEYRT. WEHELUHE
HEIWER OS5 ) 7o VAP ENS. L
F LI, AR AEICALA T O - BER, BERN
O E Y Ol 7 4 i & LRI & T (55 3.4 X CO).



a1

R Y TV 7 AOFEMB NI ) RREF LW OBBIEE K OB Ay A OB HE R

(a) RELDFEES B LG O R (RIRTTRESEENT) . (b) AR O LS\ CE AT 2 RETERS. md BRiRE, g i
HiARE (WIET H 0. (o) BRI 2 7R 3 2R (RIRTHEEN) . (d) REVERSI1S0H S A LIRS, md: 25
s, gr REMEREG (BT =5 7 ). () AMRIROLWAYEICEAS 2 REERE. s Ziba, gr: EER
(B ITTERRT =2 #). () FrRREES 278 32 b s, (BETERT, RIBIER).
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42 FEFRERIT YTV 7 AOQEMARIR ) BAES AT OZ KRS O G
() EH A7) BEARERFEA AR S (RIBTTELEE) . (b) A EE O ) EARERFIEAOER S (BHTTH

W), (o) S AMEFEF AN ) RARERFEOAER RS T EE). () A ES A7) ROBRERRES
AT (RIS TEAEERT) . be: BERE, ms @ FIERE, ord @ A, sil D EA, gt AL

ey A
Jkﬁg?rj;uﬂa: %)

B 4.3 FEREWT VTV v 7 AOFMAERIE A ) BAEE AW OE RIS O BHE
() SEAHAGHBEZB ) ERARSERY T 7 7 2 VA (RIEHZEER). (b) BEF7) BEAAESER ST ) 7 2L
2 (BHTFEHBAT). bt BER gt AR,



BREDREITE 2 AL > TEILL, M2 b
OIFHTRL T F LD REERIROBERCHEL, Mk do
RN NSRS
RETIELRE, HRER I T Ly 7 AFOHn ) £
H-EHEARIIOWTEERT 5.

4.2.1 EREA (Rm+KC)

A DOERIASIGIKEORE ST ) 7 IVA, e
BOLHAMAETH L. BIHIBWT, BERFOLNR
FDOLHIZHA2T ERHEDSEE L EHTH o T, BT
WICBWCTIRBZERSHLAZHEY, 79/ 72V v ok
M2 R THENE . 72, W RRIREE 2R3 2k,
TEREE L OBMERICRO 55,

R OZERREL, ek LT, WO R
OIS O BE R 2 T 2 Z A I & 7
FHEOETLIRERETHL (4 1K), 72771 2
ER OZERIRE ISR T RIS ELHL <, LIELIE
BHHICBWTHEER LI LT, fEas o
FARIC BV CIE, BRIRE L, BIKOOREF SO
Babds (E4 1D, o). REFFSIE il
DPRER EIANTHREAHM A, BEORERIZHKT S
Elbh2ERERL, RENOREL -BREER L)
FRRRRE R 2Bk 2. 72721, Ok omMgEk 3
, WARPIHEIIL TWA. FFOIER ST
FHOX ) ) AHFBDOENLET ELH D (54, 1144d)

KWGOWE TS/ 72 VA, WazwLARE L +
ELTEFANV)VEAREAREN SV 72V,
BHEVWLRMETH S, [EREHOE AL ) T THMRIK
W DBRE 2 Tl AL S0 e H 5. $72,
ELAARAEATELIELH 5.

=hicH

EHAON) BARENSEAATR S (RELm

M, %5 4.2 Ka)
FEGYIIAYE, FEA H)ER, BEE pER, 8
HHT, VEOAERLEY, 7854, BRA, Yva
VAR BEBROCAEROERMEIC X 25505
BET L, EHEAO—TIEE S A MEL TV 5.

HEMAOES A ) BARENSEAAER RS (BH

W HFHT, % 4.2 Xb)
FEEEAE, FHEA, ) RA, BER, EEO, H
BT, PEOEMA, NEWHLY, EXA, Yvark
M. BRARERO 7 7054 e LTHET S, W
ORBIIH LD SR T, RER K OCHEROE LI
L BFVFEPBOLND OO, TAINAHKE 25,
FiE, #FIEARCA)EAE, 2nDA 0L oms
PUCIAST 2 H I CTEALT 2 kR 2 7R3, EFHO
—i#EEF A MEL TV S,

SKAOAGHETAN) EARENREAAER M
(Rl T 2 ly, 25 4.2 M)
FEMBI I, FHEA, 2RO, BER, HER
H#HEOT, YEOSAHH, NEWEY, B5H, Yva
VERMES. SARTEEME S EICETD, ££0.5-1.0 mm
DOMEAE R TH 5. BEFROCAZFOEMEINIC L 25
WSRO 51D SO0, EG ISR L % 5. FE,
FFERARCT)EAE, RSOGO = R EIZE
259 % TR EALT 2 HRIRIE 2R3, EEAD
—EIEF A MEL TV BITD, S AEDHEW DD
OEINH IR > TRFRB OO KRB O LG 2RO &
nb.

HFhO) BABRERFEA AR IS (RIS E
B, % 4.2 Xd)
FEEW A, FEA, V) EA, BER, EHFAT,
PEROMER, REWEY, BRA, Yhvariekd . &
FAZRACIKRO A E R 2RO R B,
- RROBEN*ZEICUAT LEAKL LTHEL, W
R AR 7 v LBERZE SR OBEREZ R LT b
DLEbND, BERKPCAZBOEMRTICE 5550
BAGEL, A, FHEAKROAYEAE, EnUALO8L
W ow SR BICIEHZE T 5 A THEE 1226 5 R RRIR
s R

4.2.2 ERiSE (Rs+KC)

R OB L, B EHROEEE LTET 5.
JER R R BEOFENT <, WIREZRL, fbfs L o
il iz BV T, FIREHOMKEET =T (4.1
e, ). —RIESHm2S5EmOLHRETOREE L
THET LA, BHKESAE LCERIZZLL, MK
DA — I TOFEMOERNEE B ) DAL v, X
T, ZRRBETEBEIIECLRES S, BN EF =R
BB LRSI OWTHEB LTS, IbiE, SHb
%mm%WmEﬁgﬁggﬁm%%mm:ﬁaﬁﬁﬂ
IR T B T O R F PRI B¢, BN ERI
THERAREOBECTIET 5.

KM OLE WIS IR B SR E T BT AME S 5/
TINVALBW LIRS TH S, TNo60% L, BER
HVEAAEPELGY T ) T VAW LA RETH
B, 2P, EEBEEY ORI X ) 2T 5.

EhicH
SKARGHEERD) REASEFIRA S Z /) 7 2V A
(RITIZEAT, 25 4.3 [Ma)
FEMBSE I, #EA, 1Y EA, BERT, L8
DELAHH, NEWEY, 7874, Ivaraefl).
LR HEOIEIRO L2V, A%, #EA, 7UE
FIdE0.1-03 mmOfE T, EALTHIVERTLIE



LIZHELTw L. EAHAIEFE0.1-0.5 mmDOMIET, A
E-FREAHELTNS.,

BEND) EAREAAES T ) 7 2V A (EHTRE
G HT, %5 4.3 [Xb)
TR A, FHEA, ) RA, BERNT, PR
OREWE, T35 4 b, DvarEES . BHERAH
DFGETRO SN B, fHEA, 7Y EAEEL-
0.5mm OMIET, FEAKTA ) EAIELIELIEHEELT
w5,

4.3 MBS & ZRAEH

T X etk oD 28 B U 4 C 1R U T A OO FE AR TR K,
FHEOBE AN L MBI ER 2o TR b b 00,
ANEH I % & D 7o B A6 1L, Z DA HEE LR 2
YLy AEHTH o722 L ERT. EHNIE
WHOERCAEHITE CTHEFZERAEICI ) En, W
DA — )V Tl SN R E RS, Wty A
WA 3 DR & IR T H ST A B RIc BT, &
AR - P T A 7R L, KRS HEE o 2 B <
B OIS OER E —K$ 5. L7zd’>T, 2hb
DEHPARERAHE, BARMITRE RS OE AL
A I8 RIS L ) B 2 WX R OER AR 3 ~
Tl r AL LW EL N, FORMTORE
FrhiiE L, R OMEVHRINE O BERT 0K FidH 5\
FEREFOHEIZ LICHYT S, Lo T, #HEE
BUET & B EAZE R LA, Miyazaki (2010) O R
ER OERREE RO REDL ) TH D, P=0.29-
0.37 GPa, T'=506—593"C DRIRAEMIA YT 2 FEED
BIMEM 2> TnzdbneEZ 5N,

BERF O ERIZHYL T 5 RENT DR AL E
R, BENEOEREVPEMER L 272 LRSS
TR EDVET H—7, SHNIEISOZRRE DS <
WFEEO R G, T LA S BEAERA UL H R
boTWa, Z0&) ARSI ZE D13
VEE DR R S e L, 1l (2012) (3T IRTE S
5 REAEREIC L 2 BMER Y 372720 Th b L EZ
72—, [ UEREFIZOWT, =T (2014, 2016)
1, HENE RS & OBER L RAIICES S 5 EH -
)RR, BfA -0 BaW, AER-RE R OH%
H 2 ORET DR L 2o L, BEItRES OB
filER A 5 Z DNEICEA L C\wb & L7z, B, EFA-7
) EAFNTIE, PEIFERSGICED IS TERIR
EWITIANE LTHETLIENELRY, A
BERZE SN OREIREEAR A O MBUEEE b3 2 s,

SHe L LI

AV EEIROEBER 22T & L
72 (Z213 20, 2016). 2 LC, AFIE 8 km, 4L
R S OIEEFRHEDS 5 km 12 B SR K 72 28 s A%,
BENEESROBEENRE o722 L &, FHEEHO
ZmOILMEE~ 7Y OWEEHC LY, B2 HhiR A
BLASE K o T/ 2 E 2 HE LR E L TR SN
LR L 72 (Z13 2, 2016). s OFEIAERE 12
L DA SEE LT, P=0.32GPa, T>630°C 5
FEENTWD (ZF1T A, 2016). HEHXIEHISOZE R
HL, ZTOHFET CTOERRLUEDHAE L OHBMED S,
AR OBMARIEH 272 B2 515,
Takatsuka et al. (2018) 1, & [ X/ H ek % & €0 = H 5
DI OHERER T >~ TV v 7 ARERAEE L OHR
BHCEFHO V)V T Y U-PHERDOBKE 21TV, HERE
B — R A 99-84 Ma, 81-75 Ma % UF 75-69 Ma D 3
DOIFEA T = VI 6N, RIEVAT—VOHEFR
RECEEDIA O PR EBEH A #H - TE 6T, HEEK
ATV P AFOIIN T DY) ADFRE —HT A
L, ORI PR VAR A P ) TR IR K
TERDSE L A & & b2, REHRICIERC A FHO—EIE
AL7z&EZ T HIZ, i 81-T5MadD AT — T T,
FrRRIRAE R S A HR AR a » 7L v 7 A & AT 2
EELODIENL, REWSREMETTIY - 72 b
v ZIZHAL, ZOBICHZBREEOEIFH - HEIDE
F 572 &R XT 5 (Takastuka ef al., 2018). & FH[XFEH:
WOBEFER T > TV v 7 A% AT HHEFREREET
& HREiIfE A & RN EREE X, & b I2 Takatsuka et
al. (2018) IZ X B RBEDIEFH AT —I ThH 5 75-69 Ma |l
J& 9 %. Takatsuka ef al. (2018) 1%, 2L 5 DEERPHIFS
NTW B K-ArFEA (B 212, 1%, 2012, 2013) 239 L 0
YU-PHEER LD S b FRICE T THLI b, 2
DAT— T DALk AR 1ZITK-ArR O B S E
(340°C-360°C ; Hodges, 2005) F£f & T HI S 7z LB
HWRICEALEE 2, COBATHELER I VT
L v 7 A& FRIRDBERGERCEHOIMERL L 72 K7
HEEIIIER SN TE Y, HIFLEA T 2L BT
% (Takastuka er al., 2018). LLEDFRRIZHED &, R
Aehaa LR ZNAL RS EA S5 & HIXIEHISR O HEK
By 7Ly 7 AL, BEEOCREOER R ERDIUE
R 55 E R O M & & T = H O OFHR LR T >~
Ty 7 AORE - BEOEMIIKBNII—HT LI L
PO, TTIER SN TWIERER T Y T Ly 7 AD
RS ISR R EEH AL, MRIICEECEEICRE
WY FENTL E o728 R, WEKIIRSI NS5 &
olzZ EDIRIBEING.

#



95

ARG T, SHRER T Ty 7 AL BRI - T
T HBRMAELOEK SR HRERGHE LTk
9. F72, DTOmBICBWTIE, ERER AL R
By Ty 7 ADS A e SEER T LA,

5.1 WrgEs K OB
5.1.1 mEsE
EFREREEIT, T L TIEMEEE» SRS h

S i1 A R LU C U, RIS A & T -
L - WL & #R CIERAY 700 km,  IE 3050 km @
PRI IC A9 5. oI EH, 1Lk, &
ABREOHEARE D Lot it s, 230 bk LA
RTE RS TOTERAING 200, BAICL-o TR
A NIIR TR L DAk 035 2 51T
W5, BEHNEBROEFKER SR GAA 2 WEK L L
TR L, TOREMBNLRFEEREITo7201E, 20 555D 1 #
PR | (Zi, 1890) 2SI TH 5H. ZD20T75D
1 BRI, SHRERE SIS 2 A 113
BWadboliifedolrd ), MkzdOE=m%E
WEDRIRAH B L DD, KBTI E X
BT 2 R RBCE D4 L ClEmE & LORS
NTWa (ZH, 1890). Z0tk, 7 H 5 T4 1| MK
[EB | Tid, EHNEMEOERER SEZ [ BERE
ﬁ%ﬂﬁﬂgmmmﬁém%ﬁ%%ﬁ%mKW%QJ@

e | R OT F IRPIEAE R & ] (A H B R o 431

il FoOMRIRSHRICARY), [T EREAE R A | AR R
OREEMAITHY) & X5 L CHEMIZRL, ThE
NORLFEIT> T 5D GFE - fiF, 1927). D%, /b
i (1949). Koide (1958) I3, D 2B O JLRRHS

éf
=
a

SOE BE

T

AX IS
SN e LIS S5 R % B TP &
LCam U7z, /DB (1949) 12X B &, ORI EHEI
Ll b 2 o0 O, é}%‘i!ﬁi%ﬁﬁﬁ‘% hEL,
['older intrusives] O —3B & L CEJIAE e Pk (8 FH X
IO FZENALRE S I2HY) Kk OREERED %35 L
72, 1953 AU —RBEREN 7 )V — ThSE s, &
NETORRE T LD/ FHIBHTHERT D205 D 1D
FREERAMER S - (EEFVADISE 7V — 7', 1955).
1960 EARICA B &, KO AR IR EHORED TGS
AT D L FEFICERAD w4 S, BRI OME
BRI HANES Nz, F72, ZFROEBIEL, #
W EDERORILSITONDE L) 1o 7 EHITH

R R

(L a0

=5

¥ LOLF
(1960a, b) 1, RIFTHIE LN OO TV 3 > & iER

. EE R ég’l?ﬂ B A 2 liL?T"J S
T EIEE - =R - I - aRERT - SRR - grde

Bo7o08KXBIL, ZnoD0INaryzagtlims
BhEenen, BEARPIRS AR - HELRHDIE
BHEAR, =SAEREPIRREEAR - BIEREPR S EE
fk - RETER S AR - SHEERPfRE AR - Rk
HPEEEE R LA 205, BIEERITER
Eﬁﬁﬁiﬂgﬁﬁm%%%@iﬁm,ﬁ&%ﬁﬁ%ﬁ
TSN — R G T L o AN A A 3 5.
137 (1963) T, HIZEHNIFEHILO R SHO S H Y
BRI S BB X N TB Y, BllERIZon TR
50, REVARICOVWTIZ4 D, L TEEEERIZOW
T3 DOEMHRGIIRESN TS, TNHDEEMH
DB ATETREN TR WD, ORI EDOH
FEDOFMEL Te > T D . 72721, HHITA (1963) I2B W
T, BIEEE R AR L TWws EERTHY
EH IR B 2 B ABBRLEHIX G20 b D13
eI v, IDH - Sl (1967) 1, B XE IS O $HR
R & & i ) oL B O &AL O
ARV, G B MO EROR I E D TIT - 7.
CORIICHZY, EH TR OLE RS EH AL
fwE &R ISR S A 2 L 2 BRI IR T
L. WH - il (1967) T, & HXIEHIE I 545 3 5 75
NeRE R (BEIERER) - REERSGEIENIND
HEERE £ ShTw b,

1970 ST A B &, BHMIEHIS O M ~ O kDS H
LR BEABBROME & &bz, mE T EE R O
AER AT & O o H CTuRE I B R B BTG E) & B
L &9 T ARAMNISEE o7z P (1970) 13, THFHt
1372 (1960a, b) 12L& 2 VN3 vy o#dmx V7 Bk X5
THER L, EWHXERISO ERX 5 & B O/ % #)
D CREINAT o 72, TOREE, D 20 7550 1 #E
I [ 2046 K OV ELII | (BAR1320, 2004) F CREBES L
LIk E D, M (1970) 13, £ XNE Hus o0 $H R R
EHE R TSR (BT, 1960a DBFRAC A3 & 51
AER PIRCA 2 — 45 5 & RIS O 43 AL R 5 12
L), KORETAS A (E HIXI0E I8 0> BETAE i 5 124 24)
WXL, COMICHE A - B AR D 5 Lk~ 7e.
HIZ, BIZHBIE Wb 00, BIEEI TS
I TE L LR LTV A, M (1970) 12 & 251k
ORISR, EIEE R ORREIE i E R T v
FTNY, WREACE LD IO EEEICITET % &



SNTWV5.

AR A O TSHERA 1960 £ IR ST LT
DL, FNETIIHETERESEE FERE S L 1CX
AL CWREAEHEE OMICEROF Y v 7%V &
PO E R o7 F72, HREBEE O — TR
WEABWCWLHENERL SN L0, HRIZE
TN — THEEAER S, b F K O EI b
72 o TAERAH O EERIX 5 LA B BIRIZ OV T OME DS
Tl GEEWR 7V — 7, 1972). % O#EFILALRM
2N —7 (1972) 12 Lo S, WEKE LCILHIZ,
(1972) @20 /555 1 #E BTG [ EA45 | R U820 J547 0 1]
TR HE I QUEIE A, 1974) & LTRESN
7o BEFWGE 7 Vv — 7 (1972) Tld, FPEBHST OEFR G
EHOBIGR AT LT, GBI A 9 DORRREC
Ko L7z, CoHT, &I ORI 73
MHRENERER & of L S NEs S FERS I, 2 L CREE
e R AYEE 7 BRSSO H i,

Nakai (1974) 13, &[] XIig His o Fr 431 1B 5 12 B3 %
FM R ME AN - AR e £ LD, 40D EMY
4 TEFDONA, FNENOMEBERER L. 205
X5 T 2 D43 I (1970) TRL72H D L 1TiT
[T 5. Nakai (1974) 12X 5 &, Type LiZH R A IH
BER VA AERPMRRE -7 5 A0 (B AR
), Type INTHLRIBEIR A PIA B ERAL R PIREE - 7 5 2
%5, Type ILIEALK A PIA BERALRPIRE -7 4 2 1
F, T L CType IVITHA AN A EHRELT ¥ A0 ET
&1, Type 1i& Type INIZ#iF2, Type I11d Type III & Type IV
%%, Type IIIE Type IVICHiRZ L, Type I & I DBEHR
LB CH D L 00, BEAMRIBIEINWE
LTwab, L2L7%d5, Type IVASIERAIIZ Type [ICH
ALTWABZ & D, Nakai (1974) (& Type 12> 5 Type IV
W TMRICEA L2 E 272 72, 22 CEIER
(BN - BIERIRE) 25, FEIERS LT
NDIZE 572 HIZ, Nakai (1976) Ti&, 2 HXE bSO
D ER & OB RRC S AFIRE, A bsdx
F L ORIE 2 KRG A SR L7z, S OKEEE R
X, FFEME 7V — 7 (1972) EAREMICH L TH 5.

Ishihara and Terashima (1977) (&, 2 H [XiE#bIs % &0,
EI - g - R T L2 ) Hbds o> A G R e
5 48 il 0> A 3G M O B A3 #H & s L, I3y
AL U7z IS, SRR EHEATRE T H
WKCBWTEFICHVWAREDO T Tl L CRE-EE
BEPLHEE LI EERFRL, Lo TEAKKNGRN
Lim AT 72 29 Lo WEREHFMETIE Z 0%k b B
HH 3 7 (1982) 12 & 2 K FE AR O E, Tsusue et
al. (1987) DA FFAILHE NN — VOB &2 L > T
FTbhTwb,

JEILE 2 (1985) 1%, FrElHh s o AR - 85 = A Ak
B ZARTE L, 21 CAEMMNELME A B o A BR

IEAGERCE & ORIERBRD A LTS T & 72 K
B R A DWW, MTEEZ BR ) Rb-Sriki%° K-Ar
FER EOMSHERMEERSE L CHRE L2 ZLT, X
BAHEN Z 5 DDA T —JICIX G L, IR 0 R
Tefa K OHEIGERSE X, EEEBER (A7 -1,
# 120—#7 90 Ma) DFEEEED 559 65 MatHE TO AT —
DML T B & Lz iARIZ 2 (1998) Tld, & HIXIE
Wi % & B HTA RSO ERILEK D, B - R
(1999) C 13 2 HH X ig b dsk o> 7t 243 )11 A fiy 2 o B SR AT 3
b b l, HAFNBE DI O~ 285 b Thih
Twa, IhHoEHE, (T (1970) & Nakai (1974) O
EHRXIZEDNT NS,

Kutsukake (2002) &, & [XIWE sk % & & = 5 &
T8 S OB S ORIE I 2 B 20 - IERILEERY
ME 247V, - SRR AR A O K 1E A L A
T4 NRE 18 A THEEOHE L b 5, HIERLEmIC
FULEEb oL L, 2LT, 29 LKLY D
Oft AT APEORKEMD LIV LT A MEX
RAED 1 GPall EOFEETOIKBERIZE > TAL, #
DL BEEMET &R LIRS ER RS o
BEAETH B LRz,

Nakai and Suzuki (2003) %% U Kutsukake et al. (2003) 12
W, T R A e = s o0 SR R S O HU B
20, AAFN, WIRMEFENEELER T TICEOR
TWAHERNBTFEDOENTWES. ZD9H B, Nakai and
Suzuki (2003) |2 & % &, REE A A LMR R EZ R R
PIkRS, Poi RERALRES ACRPIfR S (b —F IV EE &
&), HRIERE 2 VAERSS, & LGtk E BRI
FRED 4 DOEMICK G SN, ENENOHA OB IL
I ClE R b 00, FRMERE » bR ET R D IA
HICHM L TWDB ERBRRTWES, B2, HRWELE S
VAE R A AR ARL W E B L R PIRCS IS B A SN Tw
ELTW5,

Tsuboi (2005) 1&, £ gk % & eI e Ca
) o785 4~ o SRR OB %17, FEko
SrIRARFIAEMIZE LA EE RO LN L, £
I LA E L B 2 A LB I T & 97, 2
BT A N EE e HE R LCnE T ERERHLL.
ZL T, BHEITERS D9 5, Nakai (1974) 12X 5 Type I
LTI, FEMICZEE TN UESEORIIER,
HHLVITAEEE DS LR~ 7~ L ORADE
LTBY, Type I & IVIZTTILREDKRT Lz~ r~n
B S 4172 & 37z, Ishihara and Chappel (2007) i,
FH W s & &5 & A i i 7 O SHR R A O A b4
O FE 2TV, T _RTOEMEEA N X F A+ RE
(Ishihara, 1977) (28 L, sEifERS CAT) A7V 3+
M1 (A/CNK) 12 B W TS¥ A 7 4k i@ % (Chappel and
White, 1974) O¥#ix &5, 7)) iZOoWCTIid1 4 4
TIRAEDOEHEz LD L, ZLTERII LR ESE



315 4 TiEma lcnfEiens 2 aR L7z HIZ, R
TEREERDADLS 4 TIEREEIL, PR ot
HiZH P CHE"E 2L EREH L7

Takatsuka et al. (2018) T, £ H XINEHIS = & T =0 H
HOBEFIEREFEOU-Pb V)V I VAEROWE 2T\, 7
N5AY99-95 Ma, 81-75 Ma 2 TN 75-69 Ma @ 3 D D4E
RNV ARRTZERZHLII L. 2D L, wAD
VA KT 99-84 MallIZTHRE I Y T Ly 7 AD
IR A E b7z, BRI A B s
NIAER Rk OCREEFE VTN LR DB\ 75-69 Ma
DEMRSVZIZETN, CNHDOU-PbY VI VELE R
ERK-ArFERE OO T RREREL DR VD,
ORI IIHERZR T > 7L v 7 A95¢ Cladblo @it
LiER D, K-ArROBREROMHIRE F CHHIsS L
T\ 7z &% Z 72 (Takatsuka et al., 2018).

£ R H3s O FH ) NAE R B RIRBER S A o o S 17
2N (S H RO B ST 1FH ) Tk, Z2IRIER 2
Db O LAEREGDE A - Eil & OBHEEI OV T O
LITbN T A, &iIh (1991) 1%, FEIAEREE T D
R WA B OFEE & AL E O PR s i O NE T
HEOBREED S, PENALR A O B SR o B & A
RUY G o 7@ERE I CEES B SNz L F 272 T
PRSP OELOER T LI TIX, ~f g
FNDWEPZHE 7T A MELRROLNLZ END, &
HFEERICED F TILWIREHMPE CESE - REEE %
Tz a7 BISEAR (1997) &, @434 (1991)
W&o THhy 7 I 4 b LCREE SN TWw izl %
JERNSTIIT & AR 7. JERSTTT Tk, REE O £
WoEHT RN %80 LR - NI ERR 14 km
W27z o THITBEAGA L, B g s o & T T 52 1
WY 7 & R EHT IS 2 D REH» ST 5. BA - il
#%: (2003) %° Kanai and Takagi (2016) Tli%, = O T
EIH Y774 FOENPIZTY 2= FI¥FTA MRS
O A MBS TET L2 E00, HREIINEEN
BANSHH - BREEZICESL T TESTIHIELRICE
A, BT AT — B VB RS SIS TR & 7 &l
W2, &3 mA(2017) TIE, SEINAER S & aREIfE
Haeal, S-SRI O RS E RIS, Yk
TFHICHET A L=V R A 7027 Ty 7 DZRITHINA
AR S, #9 75-67 Ma D& HIG OIS & 47\,
SRR ICTEZE T A o2 bE LTwa,

=

=

Bt
5.1.2 #

1960 FACLIRE, SHFRBCEE N CHR AR T > 7L v
7 ARECEEORSHERSE S UL Lo, HEEB S
EROEH R ERBORICKERHHE 5 2 T&
7o, &) LIIRE R AR L, BEAE R OF 72 2 4R
MEFFICLDERT - OERICLY, ErRLELDY
fibhT&7., 22T, UTFICEHXFEhE» S5

TRAEAR L, T s & B 9 2 SRR LA Y
T LEMOERIIOWTEM TS, 4B, K-ArdERDY
Rb-SriE T 6 N2 EAMEIL, “KOBEERE LT, =
4962 x 10"%y &h, = 0.581 x 10"%y, “Rb DELEEHE L
T 1.47 x 10™"/y (Steiger and Jager, 1977) CT—#HEFIE L
7EE W Tn 5,

SEHIE A (1962) 1F, EEFE IERER OFEHEOFE
JAERE e Catl) DB EEK-ArsER L LT 74-65 Ma % it
BHLTWAD, W - A (1966) (£, FHEIAERE (AT
DEEFK-ArfFR L L TR LIRS 69-66 Ma,
REEREOBERK-ArEMR L L CEME R 5
75 MaZ s LT b, B - A3 (1967) 1%, & HIKIE
Hb I AL VG 0D W I 0D 5 i R FH T AR AR T 0 R 23 1 1A fd
L HBEROR-SHEMFEN L LT 69 MaZ it LT
W5, F 72, Kagami (1973) 13, ZHIGIER AR & G5
TERA R (REE - IFRE) ORb-Sr&H7 AV 70 V4
e LT, ZNEN 1361 Mak 769 Mam Hii5 L TV 5.
3 (1982) 13, REAEME S 71.7+ 1.4 MaD Rb-Sr &
a7 A4V rsuaryERE#wE L7 72, Shibata and
Ishihara (1979) 1%, 82.5+3.9Ma®Rb-Sr&%7 1V 71
VERERE LTS,

1990 822 H1%, =i A OHFRIRBAEEHDOEF A
k@ CHIME %12 & 2 SFEAGHIEAS I AT L7z, TRET
BRI DWW TIE, HBE o 2 Bh Mt o> & [ w7 L B T L O
AR A5, 77.6£3.7 Ma, 78.1+2.0Ma, 78.5+2.6 Ma %
LT (BoRiEa, 1994). 72, BT NI 7 5 1
HIT D 37 Br o805, 753 +49 Ma, 772+ 4.1 Ma
£ 759 £6.1 Ma%k #& L T\ % (Nakai and Suzuki,
2003). FEINIEREIZOVTIL, & HXiEbIH oL E D
VT Hb s oD 5 N VR T T R AT (8 HH DR b s D BRLIR A
ﬁﬁﬁ%)#%SwiIAMa&&ﬁiL8MM%®£@
aMA@M%%@,%%@E%E@ﬂﬁ@%ﬁﬁﬁﬁ%
W7 & £ P AT 0T 2 P X b3 o P R 2 A o e A
[ZHAS) 205 835+ 1.5 Ma & 82.3 £ 3.6 Ma A itiE ST
W5 (ZEI13D, 2016). —7F, Takatsuka et al. (2018) I,
NS o HhI O FH R S O LA-ICP-MS 12 X %
U-Pb 2V 3 Y EEROBET 21TV, B O BB Is o> EH
T EARNT OFZNAC R IRRE A 225 74.7 £ 0.7 Ma,
T RIRE O G ENAE A LI A A 5 69.2 £ 0.5 Ma D
ERAE, EB ISR & HTAEIRNT, b o R IR T =
LT & R AR T OREERE,» S, ZNE1708 +
1.4 Ma, 69.5+0.4Malz 0709+ 0.9 Ma DA E RS L
TWwa. INLOFMMEIE, FEITERE SO W TER
#rER L CHCHIMEFER L D O FEICE . Tl
{2 DWW, Takatsuka er al. (2018) 1, TA&)IfbE A IZHIE
DRBFENALGEELLOD, TFFA P2 R ER
5, CHIMEFUEE S { FEZKKEFER L RT L OTIE
HWEIRRTWES, 2O X9 %R CHIMEE 44 MR E
U-Pb Vv Y ER L ORIEROZFL, 2B HIE A & 1



HIF 345§ A b — F VAR ZHAGIE RIS 12 B
Wb ER® 5, Takatsuka er al. (2018) 1%, W EMRZE R
TEFFA ML, BEOEREICHR Lz E 2T
Wah, —J, WREEREICOWTIE, MEREETL L
CHIME £+ %A MEMR & U-Pb ¥V I V4R & 1384l
I Td 5 &5 L T 5 (Takatsuka ef al., 2018).
ZOEPOERMEO RO & LT, Ishihara e
al. (2002) %, M ORE LR GO RT~ 5 4 ME
FRADEY 77514 hDRe-OsFE LT, 76.4£03
Ma % #i5 L C\2 5. Tsuboi (2005) &, FEINAER S D
Rb-St#ii7 A v 7 v YR E LT, Type WaAH (EHIX
W Hb3s D P R SR I HA2Y) @ 715+ 2.4 Ma & 63.0 £2.0
Ma, Type %A (& [ 0 b dsk O SRR S A IS AH ) @
674+ 1.4 Ma % ity LT\ 5. Murakami et al. (%09@ X,
JE B b3 > 3N AE R 5 3 A 380 C d 2 Bl FHARIT 20
5, 733 +3 Ma—67.4 + 4 Ma® LA-ICP-MS |2 & % U-Pb

Qtz

A BFER)NTEEE BIREHR)
A FRIITEESE (FHAER)
o HENTEREE

UNAVAERE, BIETMaDI NI T 4y a sk
Ty 7EREZHE L, FHIROMENTERES O FEBAR
TohbE L7, HHIZ, Murakami ef al. (2006) 1%, [F]His;
DRWBWAFE DY 22— F¥F 54 bhOYVvary T4y
TarybIvrEMAELT539+9Max A L, Wi
B D EERBUC X B TH B L k<72 1 (2012,

2013) 1%, WO RBHIFIZB T, EEHTRIFETI 5
@?ﬁﬁ%ﬁﬂl%rﬁ%#ﬁ#ﬁ%ffﬁ#% 70.1 + 1.8 Ma, M
F REAHE O NAC R S R RRIRBEIR G AH (2 H B H
O R RIS HYS) 525 66.7 + 1.7 Ma, FrikiifET)11
NORFTERED 5 71.1 MaD BERK-ArERZ T L
TWa,

5.1.3 #i&
SHMER S O HER R S, LSy, o
wErE, REEREOIRIZOMT 5. 204k

/7]

Mafic

Pl

b 5 SRRSO E —
I AHLAL
(a) Qtz—Afs—P1[¥,
(b) Mafic—Pl-Qtz +
Afs. Qtz @ A I,
Pl:#HEAH, Afs: T
W71 £, Mafic
TEE N, MG
£ ¥ VAL S, GD
e ks, TO :
F—F V%, QD:
AR Qtz-
Afs—PIX DX 55
1ZIUGS (Le Maitre,

Qtz + Afs 2002) 125> 7.



HRERATHO BT E
(a) ENAER T RRIREAR O P R & % 80 - TEA S 5 1AL
EANICEH AT 2 IREER S, (R EmEEnT) . (o) B RRIRBEIRAE & 2 R T 2 IAER & RICE M (T E AT . (d) )

et

HiAt

(&, bR oo iR T S O TRBCE O IR ISR L & B
FRIERATHL. Z0H b, FEIERMEXILE O
BRAAH (Nakai, 1974 12 X % Type HLICHIY) &, FEEHBO
FrFRIRSE AT (Nakai, 1974 12 X % Type I & INZHAY) & 1245
FHNB. b, FRIREHIEEEEO [ B ] BIE D
FORRIRBEIR G AR (LR, 2012) DIERTH 5. &IZHEXS
£, AEHIZ BT R B & AR RIS 7
W) BADORKESZ S EAVROONL, K
MDA D720 TEST 20D L) iR 2 LT
O, EHMIETIIARRIREH &5 S H PRI 5
i HEREEEDOE— FHMEH S 1 FIIRT. EBIK
EHORRBICE L, RAEE T, SODAIROERE L
C International Union of Geological Sciences (IUGS)
Subcomission of the Systematics of Igneous Rocks @, Igneous
Rocks : A Classification and Glossary of Terms (Le Maitre,

2002) 12569 . RLEEIZOWTIE, BBEedakifE 5 mm Pk
AR, 1-5mm 2 WKL, 1 mm BUT 2 MR & &5 TR

—27—

i Ok (BTN . (o) FREJIAERE A RRIR

e O FEEH (P EARESEET) . Tg, © RRIITERE R RRIREH, Bg @ IETERI 4.

IR (gneissose) ] &\ FEIE, HICTHiEE 2 G52 L%
EWRL, [foliated] & [MFEE LCHAT .. BAHLEICE
VCEEMEE T oMM A RS HEERE, B - 3G (1983) 12
P9

RN AR OILIRAH L, F& L-OfR -
Hr (AP BERE VLR - ERPIRE 2 SR S
Na. FEINTERS RIS OO RIREHIZ, F
& L CHURL— Hofs o RRCIRBER £ PO B2 REAE i P A5 2
DRERL S, BLIRSH & B L TR RIRIE RS 3B CTh
52k, LIFLIE7 VA ) BEARM&EEE 2 & TRED
Fohs, 72720, BEIERE O R RRIEMHIZ, 2B
Wikg & 0 B TR 2 HiE 2R b oo, JLflTid
— R TERE S 255 < R CH 5. FR)IERE ZHEK
Bary 7Ly s ACEAL, REEBEICEASNS
(% 5.2 Ma, b). HEJINLERS DT AL —&IELD
HEAZENHE O ERoTBY, RESHLHEEY
295, RE ERAEIIEE LTk I Z R B E R



%5311

HRFEREH O TE
(a) BENAERESLIREA CGRET_ERAT) . (b) FFIREAH. JRBIETRE X 0 L1270 3 2 85\ iRk 5 2 7R 9G4 (BT
AT, (o) IR, BN & O M09 %, B2 Frpctki s 2 7 5l (R EDTPE R . (d) IRETER S (BH
I .

TEmPIEE 2 Sl s N 5. RETEREEITHERLER T~
Ty 7 AROCHENFEREGICEAL T2, B AR
FUIFHCRTIE 2 CABRIZBEL R (554, 11Kb). R’
HifEmA A D, — R BIL Ok A 72 HTRL O~ 2355
L, LML o T\ns.

DT oAET & DRSHERORRIZH 721, 1960 FA
DK-ArfFER &, BB EHAYR E TV 22 V2 Rb-Sr
SET AV ra AERIZOWTIE, F— Y REOFETA
#E Lo, Gl HERYE L7z

— 28 —

5.2 BRNERS (g, I1g)

wE EREAEIMAENOMEEEHEmE L,
SeH (1954) 2SHREINAER S & dnds. S H KRS OS
iz, /b (1949) K UVKoide (1958) 12 & 0, #JII4E kP
fe L s, DIREEIITERE KD 5 VI HISE)IE
K7 & EIIEN T 7278, Nakai (1974) PURE, 431146
Fa & FENL 2 & o7z, EHKE O SEKIE,
B DB ENNGITAN 5340 2 5K A 5 12T AL L T



LI ENDL, RREIZBWTCOMENERHEEZFHT 5
ARV EABR AFLMBOREED 5B %
FEC, ISR L, PR SER A O
f%%m<ﬁﬁgéﬁ%§gé.%Eﬂmﬂﬁfu,%
B 0 2 TR T > & PRSI 7 46 C R s vkl T 2 s
gﬂﬁuﬁﬁ?é,it,%mﬂ@ﬂﬁ¢%%u%,%
T ACH BT 0 5 {5 BT A 66 -C AT % A A8k 53 A
5. ORI E T XEIE T O SR L B Tw
B70%, JLBEOWEF IS BV TCEE L Tn b

& T X WE M s G O 3 AR I 2 BV TS, 2 FH T VE L Wl
M2 & ST A €, REWICE AL 2w LAkdb -
MR AMOBER 2 HI, B RIREH & ARE o
BIREM LXK G SN E. W OB FUE B =2 I
AT, LB D EBRE & —39 4. FRRIRAM
EERAEF & X RIS L9 12— FHAEEL L <
WA T2, TE O EN TR RIS DA TH 5.
JEBIWTRE & U A6 TIER IRIRAR A5 <, SRIREAH L 0 F
ABRLBET LN TE o720, WEMOBE
BT E 2 HREICRET 5 2 EDWEECTH o 72, F D720,
WERKIZBV I AEHOBER R TRLTnE, R
B> Rl BTk, BRIRAAE & A RRREAH & D1
ICU-Pb Y VEEMRTS55Ma (GREZEZEBT 5 L i/l
49 Ma), BEFK-ArFNRT34MaGEELXEET S &
/17 Ma) DERENRD L Z L2 5 (1L, 2012 ;
Takatsuka et al., 2018), MiFIZE AR THEL CW5 50
EEZOND. FRIKEHO R RIS L, EBlE %
BIGEMAR R 2. EBFE L VERTIE, ®Hi
TR IR OE AR L, i - Tw b
Dzt L, b TR AE R - A H AL R - F P
MA% <, EMOIESSE b RkE. EMFEXLIT
R FRIRAEE AN 2 2 & D 2w as, LB L b
G, GAEEERE L TRRPICEIL TnD 2 Enb,
RTRTA v IR SN SRR LTS LD &
EZHNA.

BUIREA L R T >~ 7L v 7 AHROEMZE S
K ORHEHAER S & OB ABFRIEEH KRR I BT
THIEET 2 LA TE R, FRRIRAHHIE, HEXICF#
HTELBEOERLE T > TV v 7 AHEOHEMAE K
BERAET S, REEES L OBRMSETIE, RETERE
HOEIRAS, BEIAE RS O PR S IR E A
LCTw5 (4§52 a, b).

EHEXS DT oL 57 3 IR EEIE, M
- RLRERE VTR S, ANARERE Y VTR
AP BRERCRPIRE 2 SR SN D (511K
% 5.3 [Xla). Nakai (1974) ® Type IIIZAH4 T 5. IR
9B FIRIREARIZ AR, RRIREEE SRR b Lz v
TN L, KEMICT VA ) EAOERIZ W

L, BEREEEAE D 2wl GEYNTIEEAETEDS

NeWnZ ETHEOITONE. 72720, FRIREHO—

HelzE— FHERAEZ D, FRREEORF LI O
WSRO LN WAL H S

£ H R HIS O GBI £ 0 AR O B WU D KER 43
O 5 R RIRGAE, o v RRIKBEIR £ PI A R
ERERNE T 2R L L, ANARER M —FVER
CHENRS, BEEEY VIERE, DR ENS (5
51853 b, ¢). 2025, TLVH)EADORIK
EdEZEE R WA MIROEM BB s5.2Ma) L7 VA1) &
FOBERE T % & T RIRBEIR D 5 (55 5.2 R ) o7,
Z I Z M, Nakai (1974) @ Type 1 & Type HIZHI 4§ 5.
Nakai (1974) 121%, Type I & III & OFEH (AR O Fr BRIk
FAEBUIREHM L OB FUTH:N) IZHETH 2 b 00,
Type I & Type Il & Il 95 Lk RENT W5, EHK
M Mg L 2 T e SR T o T 3 <, HIEAYIC
BIEHNTHEALDHER, i aa BRSO T
ELBUENRONTVD, ZOME, BHXEREICE
WCILE, Type TIEHHY 9 2 FRRIRBEIR S (56 5.2 Mc)
Gyt A MBI L CHIREICBRE T A Z L IEHEECTH 5 72
728, Nakai (1974) D3k, 2 BAHIC X ST 72 Type |
EType & & —1G L CHIRIRGMH & L7z, SROEIZIC
BWTh, Type & Type II & OBHIE R BERIIFEFHICB
THEIN D572 00, MFITEARIZHRE LT
WhbolEZONDS. BB, BHKIEO R IKEHHIL,
RO RIRIEIC B 2 IR EHOERETH 5
B3, RBHUS I T AEIC 7V H ) B OB %
IR v F 7, R TSI E A O — 5
123 TEWRIRIRIEE 2SR b0, Zfre LT
BOREM EBHBIC R Y, 220, ik L CHMINERE
DHEBS DG E O B AR E L CHRRIRBEIR G A
EWEATERS, BEIRD G AR S G AIR A b5 C
ET%:&%%%#%&@%@%%<:&#gmﬁmﬂ
TR CIFHEICH RIS LR 2B, BEHEARIT?S
PG HZENTICE S, BB L ZEINIE D 55 O F Rk
R, EBEO LB, S E S 14 km, 1EE
T m-FE m b7z o THE  EBIBTITT (RR, 1997 &
KA, 2001 5 EA - 2, 2003) A3FEE L (55 5.4 X)),
NETTHANDBGATH, 72720, BRIZERSL L H I
ST T DU NI A8 LR o B E O B 52 A5
HThirok, ZREROCHYEOWEICLIY NS 7T
T A NFOWRILTE o7z,
BEER BB EOEEFEME LT, Suzuki and
Adachi (1998) 1%, [ X0 14 o i Hh st o> &
BRPENT 725 82.6 + 1.8 Ma & 81.9 + 1.4 Ma?® CHIME & - #°
4 MEREFHE LTV D, =813 H (2016) 1&, HBEOLE
By 355t > 2 P SRR ST & B P vl )1 v T2 13 bt
DR FRREH OFFHAFIZAHY) 225 83.5+ 1.5 Ma & 82.3
£3.6 Ma®OCHIMEE 4 1 MEAZIE L T 5. FHIZ,
[6 U < 2B #bid o & HilTHART 225, 73.3+3 Ma-67.4 +
4 MaDLA-ICP-MS 2 X A U-Pb VNV a V4EMRE 737+



TMaDI VI T4vary Ty ZEAPHESN
TV % (Murakami et al., 2006). Murakami et al. (2006) 12,
U-PbINVaviEfteynary 74 viay by 74
RAEREERERT L L7z 2T, BEfF D CHIME € )+
4 MERDOK 83 Mah 5, LA-ICP-MSIZ & % U-Pb )V
aVERD D Bk b F 67 Ma E T2 EHKIEHUE O
FEEOE AR & R L T\ 5. Takatsuka er al. (2018)
&, 2 Bh s oD B T E ST O 43 1A f i RRAR S AR
5 747+ 0.7 Ma, &[T RIENT O ITERE IR A AR
A5 69.2+0.5Ma®DLA-ICP-MS 12 £ 5 U-Pb ¥ )V V4E
REHRE L TVDE, RO OEMREIFEEEZZEL T
CHIME & 7% 4 MEAA L D  AREIZHE VDS, Takatsuka
et al. (2018) 1%, ZDHME L LT, CHIMEERDEE %
KIFFERZ R L TR Wi 5 L T 5.
WHIAEM & L CTlX, Tsuboi (2005) %2 B Huds @ Fr JFRAK
FHPS 63.0£2.0Ma®, SLREHNS 71.5£24Ma D
Rb-St#ity 7 4 v 7 a v FEREZHE L T b L
(2012, 2013) 1%, FRRIREHD S 66.7 + 1.7 Ma, BRI
25 701 £ 1.8 Ma D BERK-ArF L HE L T 5.
F 72, Yamasaki (2019) KOSl (2020) (&, bSO BH% H
WOBIRE DS 67.0 £ 1.5 Ma, HFRIREHID S 66.0 +
1.5 Ma, &5 IZ/NEAEMRICH Y3 2 B IREG @A 5
677 £ 1.5Ma®D B ERK-ArFE L 7 Hii5 L Tw 5.
Murakami ez al. (2006) (&, & HIT1 HRAT 2B 5T o
PZEE NS S G N = 1O WV Ve Iy A RN IV NA AR 4
ERELTS53.9:9MaZ s L, Wi iH s o B
LHERTH L LBRTND,

5.2.1 BIREME (g)

A EHBREBSEN T, JEHEN O S H TR 2 5
MRUERETIZ 2207 C OIS B ALY 13 km, HVEHY 0.5-3 km,
Z L Ot oo S FH T AMNT 7 & £ FLNT 4 Rl %
i S HUIS IR ALY 3.5 km, PERK Skm 39 5. T4
At 2 X HbI AN TR T\ 5 28, AL E T Hb
BCILER L T b, ko SR O EANE R -5
Nt cE s g, OGO B
=MW B T, EBIIE & RO RRIRE A & D5t
RB—ET 2200, WAEHOMIZHBEER L HEET
578, WEBEFIIMER CE Ty, &R 2
SAREITIZ AT COMAL AT OB FILTE D IR A AH &
BABBRTELTWLIHDEEZSNLD, EHTIIHE
BTEhol.

EHERUVER k- MRNEERE S ERS ANA
BERE VAR, ANARERIERPIRRS 2 Sk
END (553 HMa). FHIZSRIR - 9E T, SEW
FLALRD LN, R OREIIZEHEICL > T
TALT BH, —fIEALIC & B < LB L S Frlf e &
FHOSAIIR SN T W B 720, SR Z(bE 205y
Ai & OBRIZIH S ST,

AAECE

AR A A R E A R PRk 7 (TY202, EHTRIEET O

HEREITV, #5.5 Ka)
TR FHER (517 %), A3 (0272%), TVAYE
F(1.7%), BER(7.0%), E@APIA (1.8%).
R4 - BRI, AR, Yvay, REWEY
SEEE T, ERSEWORIEL 6.0 mm A5 0.5 mmFEE F
THEBMICELT L0 4y Ml AT, fHEAIEA
TB—FHIE, ££0.1-5.0 mm 2% T, BHHEATET 5.
AP TS ORI % FHET 2. 7vh ) BAIE
FEBAEV L, MOEYOR IS 2 ML T, BRI
EART. Fo, N—T A MEER IV A A MEEE R
TIEbHLH, BEIFEE, EF05-40mmiLET
Y = z=286 X=kBtoLttkrryd. EEapia
FPEHET, BE05-40mmBETHL. —MiZY=2=
BAriBt, X=kBtoSttkr iy, a7ieeenr
WOLZELHDH. BE0I-1.0mmOEHEOBNAL %
R & LCEAR, Y=2=Klf, X=iKBOLOMELRS
kA RT3, BRAHEEIEED 5NE.

B RERERE T > fER s (TY007, £ HT LT

DB, 5 5.5 Xb)
FRGTHE  FHRA (472%), FATE(283%), TA)E
£(192%), BER(2.0%).
BB SE - IKE, AT, Yvay, AEWISY

SERRE T, ERHE ORI 6.0 mm A5 0.5 mm AR F
THERBHICZEILT LU A4y MEEZ R, SHEAIEH
BB, BE01-6.0 mmfE T, BiifErisEd 5.
AT CTUOSEY ORI & T L, B LR RS
TV ) BRI TS ORI L, /=t A
MEEASEET L. F7o, HAER IV A A A MEEE
RYZEbH b, BEIFEE, EF05-40 mmPfLE
T, Y =z=88fM0 X=gBtoZoatzry. E
£ 0.1-1.0mmOHAEOBWNAA LRSS E L TER, Y=
Z = g, X = ReOoOBEELRLEERTIIh, B
HEPROHND.

5.2.2 HMIREME (I1g)

D EHVEILENT 2 5 ZE0T 2 45 C, ARIRIT 2 A 5
HUIF 2R ALIZIERAY 16 km, TEF 6 km 272> THATT
5. T O & TR I 22 S ARRIT 12205 T O M T
X, REFERSE L OBFUHE T, B2 REFER S O
BNERDPLEROLNG.

ERRUER okl AR FRIR A PO B ERRAL R PIR
HEEARE L, ANARER b —F VAR OAENRE,
HEfE Ly R EP OB INS (B5 1K %53
b, o). EMAEY L7-BERFICHE SN LA 2RBEOR
FRIRFEEIZ X > T O oI5 (B55.2Ka, ¢ 555.3
Hb, o). FEHICEER K om AT IV ) KA



555 40 RBISTIT O R)IAER S O # G

(a) BIFROEFIN B O3 2G5 11AER A, (b) BIBELROEINH OILKGE. WEEO B EIEISIC3EET 2 & 9 %2 1E% mm
DAy NT=7IR, IREDOH Y 7 THA MRIEED ST, HROENE RH) PBEINLEDHTH L. (o) FL M
L7 EUEY RH) 2 &G~ 0 )4 MELBRIMERE. GEIE9 s S HlEER OB,

MEELIENH D (5.2 Mc). BHTZER A 5=
Mz 2 TALR - R P S TS IE N 2 R B 2 5512, A
RS ORREE LB 2Se e B2 2. JEBIE L ) B
T, FACHE-FERTE A OEMAHE L, S AL
% B E AR - TW A DR L, Jbib Tlddb -/
FEJ 7 & LA - T 5% <, EROXS 2> X
DR E . LB X 0 AT RRIRRE & AR B 7 =
EL N, 15D EO—EITHIERAEICHET 5
BEMED & 5 AY, BIbWTFhoSHIEIZB W T L EERNT
W3 RDIEMPELTND I E2s, EAMICIE~
TYTA v 7 REBEERLTVRLIDEEZ LN,
RIWE O EOSAIRTIIRaUE 2 &L L0d
5. EEOADIEHEAT B#oE S 13 em-10 cm
BECTHD. [FU EBIHRE O™ M S BT 5
i, BEEemET 2BIEOT V) RABES & &
O EDH LD, FOMBUHEE, K& S O3 Ai i 1%
BHDORIMDI=01E > &) L,

—-31 -

EUINCIR D #ICld, B LB bl & i3 2 2
WISEWT (7R, 1997) 2SRRS4 3 % . R BISTIT 13,
JERHIE S, R LT 10 m-500 mAEEE, LR
14 kmBEED N & 7 T4 s &4E) NI O LR &
ENTWD (EA - H%, 2003). LB B W TRED)
SO I EE S A FRIIAER a1, —kiZx ATt A b
b L 725 IR mm OFR 2w LAy b7 — 27 5Ko
HE T THA MRPFEET B (A - %, 2003 ; 51T
72, 2006 ;LI 2012). FD X ) RBTTIE, Y2 T
I A MIKRFEREOEEER S Y Vb, —EBRkRA L
EHEILEBEIZL > TR 23 5. —T5, FOEEIC
7= % B KIEHE T, B AL oS HTH E IR
OBEJITRIZBWT, 185 mBEOERERH & Ebh
LEANCHEROENH OBEIBEINL 00 (5
5.4Xa), RBHIBICASNDS L) BHELZL Y 7 T
A MRIZFEO SN (5 5.4 Xb). EETEREI LY
MU T, JIEAE L, WREHOBISESHETH L &
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SRR EHOBMEIEE

(a) FREINAER B IR E R CHUR PO BRERAEMPIREE) . 4 — 7" = 21 (EHTH IR [TY202]). (b) HHE)IIAE R A SRR
FA CRHR R E R E  VAERE) . 7 0 A=)V (BHTT L& [TY007]). (o) FHEIAE RS A kDA CHLRL B P97 5
ERMEAE b —F V). =7 v = ab (BHTEEIER [TY203]). (d) 5 R S RRRE T (Fokifa PO B REAE 9 DY
frgn). a2 = oy (BT [TY209]). (o) REVER S (£ AR TR BEZFOEALHENRS). £—7 =2
v (Rl T 0T [TY001]). () REGIER S (S AR EA TR A EFEERBREPIRE). 7 0 A = 2)b (R Ny
[TY301]). PL: #HEM, Qtz: A%, Afs: 7I)V7 )£, Hbl: E@APa, Bt: BER, Ms: HEFR, Grt: A1,
Ap: 7/8% 4 b, Aln: BILAS.



-
—

EHIZ, —ITIEBERRE R LB ICEDN TV,
WO OHIBMOMA EOZETIIHRE LD ¥ 7 991 %
PR FEHIZEIE S N Wiz, BHKERSEICIE, FE

L CENOFEIZETEE PR SR m AR b7 ) 454
LTWAAREMENSH 5. Lako X512, S H IR
BT, EPHIRICEROOND L) RN Y 2 5
F A MIBETE RS OD, RS AL R
FOXA S A MEDOREEDTR VI TH 5 HILFER
T, ST EEILEROE)IBTERIC BT, HfEIC
RoTHELIMELKOUAEYIBIEIND (55.4
Mc). Doz &ehs, BMXIEMHRICBNT, 25 7
XA Mg e Lo RSN % @5 5 OIXWEETH
5H00, FA % (2003) K NI (2006) &%
WU XS # D43 AR B R L7z,

FZNIAE RS R EA O i & i & o0&
I, ROEFEBSEYOMNIA L RERORILITE ZAICE
DZALL, KBWIZIZEBIRE ORI 2 6 BN 20T T
OHIE CH OIS MEND D D, T2, FHRIRAEH
3, KEMIESIREC IR TH ALY O = AR R
LI h, TV ) BRPD R EN D LA, LB
J& & 0 AL DA TULES R 7S O AL O i % B
I, BREH E LU= B2 TRT b H 5.

=hicH
Mk gs RIR AP A B EREHE b —F v E (TY203,
EHT R OBEBIR, 4555 M)

TR - FHRAT (49.4 %), 113 (409 %), TN E
H(21%), BER(58%), HEAPH (1.9%).

B8 - BEA, Yvay, AEREY.

SERE T, F& L TRENOFHCEHNIZ X0 IR S %
Y. B ORI L 0.1-6.0 mm FERE F TG

ZALS 5. FHEAIEEAE, EF05-6.0 mmiEET, R
THHEAFEE T S, ARSI TR O O H & FTIE T
B, WENEE L, A - TRAR OB R E R
T ) B T O ORI ETEL, 7S—H A
MESE2IEST S, BMARERTHGbH 5. BEE
FHE, BF01-3.0mmMEET, Y= 272=88f, X=i
BEoSetizRy. LA EIAHIERIRICEL, WK
TITARRIRMEE & L CRkBl a 5, @A Eae
T, EF1.5-05mmiEETH L. —KIZY =Z = IEfktEh,
X = iR D Stk % IR

HoRLgg IR A PO A BREEREAE i P (TY209, EHITH
AT OB, 5 5.5 Xd)
TR BHRA (43.9%), AFE(29.7%), ThVH)E
F(87%), HER (11.0%), H@EANA (6.7%).
RIS E) - BIKE, BhAfA, Yvay, AEHEY.
SERE T, F& L TRENOFHVEHNIIEE S5 IR
ZRT. ERGHW ORI 0.1-4.5 mm LT £ T

=]
H
P

E

BHNZZALT 5. RHEAIERE, E£02-40 mmigE
T, RS ERT. AT T SR ORI & FiE
T4, WEIEET S, 7V h ) B Cho s ok
BIAEAET 2. 78— A MEESCHANG 2R3 6055
5. BERIIPEAE, EF£01-3.0mmllFT, Y=2=2
B, X=kBtoLatrRyd. HEANAIZEETE,
FICHET, BEE0S5—45mmiEETH L. —fFlZY=2
=fxet, X=kBeEoLeltkeRy

5.3 ®EfERS (Bg)

W %%%@ﬂﬁ%%@ﬁ%ﬂﬁ%%%@%ﬁﬁﬁ%
BT 7 S AR I8 o0 B T IRET R V2 A0 TS <A %

e Ed %, /N (1949) ASREIERSG L AT L IZH
Y5,
AHROCEARR  KE LR, 2 X6 5

@%%ﬁ#%%%@E%ﬂﬁ@@&@ﬁﬁﬂ@%ﬁmm
RIT2 8T, RIFPETHAIEFEEARATE E TR -/
W s A e 1 WSS 5 A=A L= %) 4 R0 Sl s |
FIZRRR N 72 L CoAR§ 4. SRR BT,
T B D [ WG 1 B 1Ly FET I 30 70> 5 TG v 36 i T R 224 2 20
FCH AT L. TTICBRR XS, BEiftEs
FRIREA) ROERZER T > Ty 72 AICHAT B (58
4.1Mb: #5.2Ka, b). 72721, PEINTERSE OBLIR
FHE OEFHEOEABRITHER STV, RETER
FOGABIZB VT, FREIMER G L D -
ﬁﬁt%Ké%%%@%@ﬁ%#ﬁi@ﬁéﬂfwé&
A, I TTEEEAT I BT, PR S 7RIk
THD) A EN TN 5.

EHERUER F & LT iR =R ERLE
PRS2 LR SN (511K 55.3Kd), £25
& o TRIEE, SEILD A bS5, —HICHETCEH
WFIZEAERD LN\ (55 5.2 Kd). & [ XINE bk
OREAE A AR e L UMb RENKE <,
B BHESD . Y VRS DT B RO JE
Briiudsr (LE, 2012) 12H, & H IR #IEE Tl 2Rz %e
RTNA) BABSICZ LWED S 225, FE AR OMHH
ik CTl3E v VAERAE D S b —F IV EE TOILWH O
E— MK A RTZ L6 (R, 2008) Wiitd Z D
HNTH L. TMIZHRER L SO O R IOENIZ
L5 EIREESL BEROFHCEMEYNIC & 5 S L
IR DB, BRERI L TV v 7 ADERIRE L
OEFMNETREEMmBEDO S A2L2502 0D
5.

METENR FEREN L LT, 2GS B o LB i
W BT eI L O 225, 77.6+3.7Ma, 78.1+
2.0Ma, 78.5+2.6Ma® CHIME (2 & % EF 1 hEAL
DG SN TS BEARITA, 1994). 72, 2R
380D T s oD i WG b 3, D Wiy o R T 2 S BRI @ 3 7 R



WA ns, 753+49Ma, 772+41Mak 759+6.1 Ma
OCHIME#EIZ L 2 EFH A MERDTHRE SN TV D
(Nakai and Suzuki, 2003). Ishihara et al. (2002) 1, Iz
B OREEMEORT< 4 VHERTOEY) 7575
4 FDORe-OsEME LT, 764+£03MaZzHii5 L T 5.
U-Pb Vv V4ERRE LT, 69.5+ 0.4 Ma 218 70.9 + 0.9
Ma 2SI O RIETHE I O A AHEAHERR
ERAERE DS, 70.8 + 1.4 Ma B2 By Huls o0 £ T AE IR
Mo\ ERBRERLERE D S HE ST 5 (Takatsuka
etal, 2018). Z L5 OEMAEIL CHIME € F 4 »4EAR
LD HRRE DY, REMERESGIIEEF WA NS Em
IZEEN D Z L5, Takatsuka ef al. (2018) TiE, =%
ZETHEWARLES TWD L T b, EEIEN
E LT, BB R Bh IS o s i VR TF AAIE o Aoy
HENRERE Y VIERE D O BREFK-ArER 711 +
1.8 Ma A &SN T 5 (1L, 2012, 2013)

EAECE
S AR EAFRRETNERAERPRRS (TY001, [
WEFTIT T D R, 8 5.5 Ke)
TR FHER (541 %), TR ) EA(231%), A
W (123%), HER(63%), HER (42%).
IS8 - SLAH A, BIKA, Yvay, RNEVEEY.
T, hEESRIGERE R, FIEAEEE, B
A-25 mmAEET, FLWEFHESEET L. HE

Hol

il

4

o

B BEREOAEYTHET S, TV ) BAIGERE-A
J, REFEELIRT, /=44 MEELSROSN L. HAR
AR THELHDH. APIIMIEZ THROH ORH 2 Fol
L, HEELERY. AERITEAE, B£0.1-1.5 mm i
ETHLH, BEMIIFEAE, EF01-1.5mmT, Y=2Z=
BT, X=keaoLatkiry. SCARITEAE,
FLIRTHAF 0.5 mmAEETH 5.

S A REA R AERERAERPRRS (TY301, [

W T Y S DS BRI, B 5.5 X f)
TR - BHER (427 %), A (280%), TILVAVUE
A (120%), BER(83%), HERE(7.0%).
BR8N © A/, BIKA, Yvary, AEHEY.
SERE T, AR D 2\ IR ORI AT
MBS 52 ) 4 v MlfE R, RIEAZERE, E
££0.5-28 mmEET, FLWEWHENEET S HE
B, BERROAELUET 2. ARGMEThOSEY o
M AT L, WEEEE RS, TV ) B -
HIE (B 2.2 mmAEEE), AMFEIRT, /S—3 4 Mgk
MR LNS, HAHMERL I VAT M PROLNDL Z &
bbb, BRERIPFAE-ME, EF20-01mmT, Y=
Z=th, X=kenaoLattRy. AERFIEEE,
EF01-LemmiBETH 5. S ARIZEHE, KIRT
HKFE02-03mmAEETH 5.



%ﬂ%%ﬁﬁj:nﬁ<1965%
(1968) 72 &2 X AEEW R T O FHAIC BV THE X &
LTRENTNS

W
1
il

B HH MR b3 B8V 2 W e (J:iﬁqﬂa?ﬁm&?)‘ﬁiﬂ?ﬁ
) O FALIALE LT B Rkl inu%’@ EIHEI,
B AT 2
AEBIETE R\,
ﬁULTméﬁnU’ﬁwf

ZAPAE S A B H X I T T R A 1T
72720, WAPB OB M 1 % I
T R A R0 M T B L A R D)
WCBW OB BE T2 LN TED (5
mﬁﬁw FATZDOWTIE, BRI (1960), &
50 - T SE A B b R R AT
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6.1 ¥ &

HER RIRIED (1960) 23EFE. Mg 3T midkiio
on P b X (BRAE O W T AR 3P IT) (3R $ 2 (KIKIT A,
1968). 7R4E (1954) 12 & 2 E-H)IfMAEARE & 1ZIZE T
ThHs.

WM T T ALER o A X Gl XY

Sf BHMEANTIEIZE A SBRICEL L 2V, b
Fﬁ@iﬁﬁﬁﬁﬁmuu% J@Tf@Ef ILCEL TS, BH
EANCIE, S ST Eﬂm FHRHT 7 [ v oh
L, EEHTHTEI“{TEHT&UEHK$HT®:IEE€¢B iR

a. SHMHEMWE] b. SHTHEE c BEDKEAE d RAFHEME

‘Cfc
o050
o®-

vVvVvVvyVvy - 30 m
vVvVvVvyVvy o
vvvvyv| AO
vVvVvVvy E%
vVvvvy E -_ 40 m
—50m
- 6.1 T IR
- BUAE— vy
—  —60m HEIRI
A7 FE KIF12 2 (1968)
Bl %2 L Hi%
LA R BRRD L
7z.



. BT (1991) (T8 IA MERTE B0 76 5 5 Kk e &=
“THILWERE ” & L72A%, AAHZ I8 H R & i #dsi 2
T%%)O)J:*Hﬁh‘ét . BEHEKECIEmEEE LT
). EEEIFHZF[SBTO)&’%‘E TR Cld, Wk ds
2 X o THI &G S N2 ARRE OREELE AR AT “ﬁ
5. FENEROSHATHRZENICB VT /A

e O 417 ) I — 2EERE DRI “ﬁ
T5.
EBFEE MRSttt Ko TAEIEAREE DS,

AL RO 12 L o TR Afﬁ%bh
5. HRALHER T, S Th 2 HAESHIIAE
HGTCTEZY, RO I5EH 5 IR ~J10T
T*‘U\T%bhé (% 6.2 X).

EE ﬁﬂiﬁﬁﬁf’ﬁ rETHREENR—1 7 Tid
#140mPL EOREEDSH B (55 6.1 Fd : KIKITA, 1968,
1976). IFILHFRCIX, 15 mOEEFEIH L L T8l
BTE, A=)y 7ERIC XL 30-40 m DIBFED A
N5, TMORIE L OBERFHERIN TR W0,
RARDOBEIIRHTH 5. »

= KRR o B, G, RS BT
1, M FERC F CHEEI L 2B CHRIAS E, - T OV b
B, VIV NERALNT (KFIE, 1968). TV Ik
BAEREDTE , AR Z =1 Cwah . KIFIEH (1968)
WX BREMEOR=) v A LU, BIKERE,
WE, REVHEET LI EDNbhoTw5 (56,1 [Ha,
b). KELHES CILAMHII ST, KRS DR
e Fr— NS R LWHE, EiEo~ b L7 fER
EOEHERE L 7MY - MR & ) RRIK R S A
%5 (586.3MA, B). Z0EAMICIE BIKERIER
TR ER Y, KIWKKE S ST 5. EREE S Sk
T, BHER % 2T 72 < 7o 72 BRI O X 9 12
G EE DR HLTE D A H B,

1EA IRIED (1963) 12X 1), BT RHINT o LAl gl
I2BWT, RO T RTFEASA L, REWE
oA B GO KRB E 1O %E) Ocast
R mould 25 S 7z, KIFITD (1976) 1%, EHTTHF
OHMFLILIC BT, WAEO T H % EIRER B
EGREDLS, 4BOTHH, 13Eo&H,
BB, a7 A EOLATHE L (56.1%). £

125
B A

L CHALE OBEERME A S, B8 OHERE B % ki
50-60 m DRSO EME & HEE L, Ik R 23
L7:. HAEWHMERES (2015) TiE, HAGLIL &
LA SFE SN HILA L AEILA R IR L7, 6
6.4 T HAET HMREZ HS (2015) 12X o THRES N
7AbH & R E LiB#E L 72,

HEH I A (1967) 1%, EHTVELMENC B 2 R -
oS, BIKEWS, BKEOHRE»S, §HOfEY)
LAz L (623 H6 5. TNHoMITE
TEEEILEHTREE 5O TBY, m%¢ﬁﬁ LREE]
¢ﬁﬁm%@z1M3M@@ﬁ%ﬁf%%A%Wﬁ%ﬁ
(N, 1949, 1963 5 FEEF - MU, 1989) & S a7z (iHEFIZ
A, 1967). EHTH (1991) b FEH, 5 6 MO LA %
FEL, BEMEMEHL LTV

HRITIC B D EEALA OO 24T o 7285 F, 5 FEH

ML (556.33), 3L A LD THRENEL,
Stepahnopyxis JBEH 5 72 5 R LHETH D Z L 5bhro
7o, REFIIRONS Loy, L LEEFED
Actinocyclus ingens & N T2\ WD T, Aingens DY)
FELEE (9171 Ma) £ D b ilrwvw 2 EAEE S s (W
PEERIREME) .
WRER BALAHELS, WIS E R
&, EHRE R X 18 Mafilih & ShTw b (f#
37, 2018). AEMALA 2> S (S BT b — i o
B A BIMEYHICEST 0L Shiz BRILAL»S
EIEEN 77— & TlE 7\ DS, Aingens DH)EE B #E (F)
17.1Ma) £ ) itrve shre.

BT H T B 2 AR HAE 3 2 MRS — it
WA A A ORI % 7R3 FBEIKCE R 12D W TR &
Tolzbl?, 74vvary- by 7HEMRTII£19
Ma (327 1g), U-Pb % T 18.0 + 0.2 Ma (3272 26) &\ 9 i
B FOEREIEONT (F6. 2 X, #6.43K).

FHIIA (1997a) 1, W EHETEICHRITET 2L S
THMKIKED 7 4 v ay - My 7ERD 152 +
12MaThsEHEL, ZoORBRESTHBICET LI &
R L7z

DEofthgre 74 vay - Moy 7 EREEE
T5E, REEOMBEAEAT - E 25
na.
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O QW » I

7 O FEIHGH
D ALRE O BRSPS L - 00RE . S TVEIA AT (55 6. 2 MOH e 10). Y WY DR EH) 50 em.
OEBEA GUMERE. W I (55 6.2 Mo 9). B (%K) OEEY 1 m.
DAL R T A RE S, STV (55 6.2 oML 3). VN TY OREH 50 em.
SRR (KD & S ERARE. SHTTHEFEN CF 6.2 MOH#ifg 5). A7 —ILoEE Im

§r6.15 EHTHMITOGEFED @R LAba) A+
KIFIEH (1976) 12X 5.

THEEOF4

BEHEOF4

Acila sumirabiis Makiyama
Saccella miensis Araki

Chlamys iwamurensis Itoigawa
Crassostrea sp.

Cyclocardia siogamensis (Nomura)
Lucinoma acutilineatum (Conrad)
Dosinorbis nomurai (Otuka)
Nipponomarcia nakamurai lkebe
Siratoria siratoriensis (Otuka)
Liocyma minuta Nomura
Cultellus izumoensis Y okoyama
Solidicorbula sp.

"Teredo" sp.

Periploma sp.

Protorotella cf. depressa Makiyama
Homalopoma sp.

Turritella sagai Kotaka
Batillaria ? sp.

Vicaryella ishiiana Takeyama
Proclava otukai (Nomura)
Calyptraea tubura Otuka
Euspira meisensis Makiyama
Phos minoensis Itoigawa
Siphonalia ? sp.

Zeuxis kometubus (Otuka)
Zeuxis sp.

"Tritia" sp.

T O OLF
RN el
[ E4)  Discinisca sp.
kY
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6.4 ST VRN R ONEENT o S BF R A & e Y L 72 BALR, 7 =fbf, ARfbh
1 —-8: HALA, 9: T, 10 ARIbfa. RE—IKIREEA.
| Dentalium sp., GSJF18472, il 0.4 cm
2 Saccella miensis Araki, GSJ F18468, HliE 2.5 cm
3 Felaniella usta (Gould), GSJF18457, Al 3 cm
4 Cultellus izumoensis Yokoyama, GSJF18449, #liE 6 cm
5 Lucinoma cf. acutilineata (Conrad), GSJF18469, HM§ 2.5 cm
6 Macoma izurensis (Yokoyama), GSIF18471, i 5 cm
7 Macoma izurensis (Yokoyama), GSJF18467, i 4 cm
8  Dosinia cf. nomurai Otuka, GSJ F18405, Al 5.2 cm
9  Miosesarma japonicum Karasawa, GSJF 18453, ##1F 1.2 cm
10 BROAIELA, GSIFI8462, & 16cm

85 6.235 EHTVLILHAT O E S D L REWLE ) A MTEIZ 2 (1967) 124 5.
* IR OSSO SRS AR
A D4
Metasequoia occidentalis (Newberry) Chaney
Carpinus miofangiana Hu and Chaney

Carpinus subcordata Nathorst

Corylus sp.

Magnolia miocenica Hu and Chaney
Machilus sp.

Parrotia pristina (Ettingshausen) Stur *
Acer rotundatum Huzioka *

— 39—



FHT VG A WEHT o0 585 g 0 & 2 L L 72 b
Parrotia pristina (Ettingshausen) Stur, GSJF13412, #HADE S 9 cm
Parrotia pristina (Ettingshausen) Stur, GSJF13413-B, HADEHE 7cem
Metasequoia occidentalis (Newberry) Chaney, GSIF13407-1, ‘AADH & 3 cm
Acer rotundatum Huzioka, GSJF13407-2, 3, HADEH S 17 cm
Machilus sp., GSIF13414-A, HADEH S 15cm

#6.5H

856.3 3% BT HANT O MEE A S EH L 72EEA ) A b
FEIIIREERIIC L 5.

b 04 {8 A%

Actinoptychus senarius (Ehr.) Ehr. 2
Paralia sulcata (Ehr.) Cleve

Stellarima microtrias (Ehr.) Hasle et P.A.Sims +
Stephanopyxis spp. 96
Thalassionema nitzschioides (Grunow) H. et M .Perag. +
Total number of valves counted 100
Resting spore of Chaetoceros 4
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7.1 BEE R OWEgEHR

SR O EEICE, RER TR TR O e
B (LI, 1950) 23045 4. WA BEIL, 1920 40 L D
R OELSCTH RYIZEHRGE S, 1950 AR IR
- BAHORLEA A 7Z (FEF - &k, 19222, b ; JLlF -
TR, 1952 1 JR4E, 1954 : MMR - 3, 1954 Akamine and
Nozawa, 1955 ; Z2J5 - F2IR, 1959 ; FRIRIZ A, 1960 ; AR,
1961 ; HTEIZ 22, 1962 5 KIFIT A, 1965, 1968 ; FjE - %
i, 1967 5 i EFIE A, 1967 5 25, 1971, 1985 ; 7%, 1971b
B, 1983 5 AT A, 1984 ¢ FRili, 1985 5 FR1l - F1,
1985 ; HIll, 1987 ; i, 1988 AL - H{E, 1989 ; Hll -
FPAR, 1989 5 Hrill - By L FMENIZE 7OV — 77, 1989 5 Hll -
1, 1990, 1995 ; HH T, 1991, 1999 : Nakayama, 1994 ;
Nakayama et al., 1995 ; #iLLI, 2003, 2005 ; 2T, 2003a ;
SAFITEESR S AR S, 2007 0 ZAIE, 2010 5 HAETT LR
FFES, 2015 AFKY, 2019 : SEHEF I A, 2021). AHbIE;
O RERE, FIATTINC X LLEEOR - i - B
& 225 72 1) (Nakayama, 1996), 2fRIZTH RV A 1A 4%
S T B (hill, 1987 5 i, 1988 & H T w4
Z2H 43, 2015).

EHMIS BT A BB X% 4 7.1 IR
T ORHI WS ERL, sk, WO ARE L KHIE
D 2RI SN T E 2 (BRIRIE2, 1960). TR 1)
X, TS JUREED RS, KEPHE LR, RILAEE LB

| oA

(HEARAES)

O 3FHBICHSSND RIFIT, 1968). F72, KHII
[BIETAL ST v — NEEAROBE D S % 5 BRI E,
VIVNBEWBOHENS % AR, e, i,
TR OB REG D5 70 2 5 EH R, WEERE 725 7 2 5
[ 4 RIS D (i, 1987). 72721, FHHIZ
A (1997a), HLEFP (2001) 17 FE 15 % Wi e A S
M ST EERET LT A. 4B, Aol =
T2 & OMBBERLORIRRHORERE - £ L LD
W IZ oW, A H - #I(1969), HEF (1985,
2001), Hrilr - B+ FERRFZE 7 v — 77 (1989), 75 H (1990),
Nakayama (1994, 1996), #iIL (1995a, b), )1l (2001) %
SR E N0,

B ISR 0 B B W RE T OSBRI s
T & 725 (IR IE 20, 1960 1 2%, 1971b 1 111, 1987),
Nakayama (1994) (X -fg, ZHIEOFEN % Zh
ZN9-8Ma, 7-2Mak L7z L»L, I EZ
MR SN2 LI I E N2 7 7 T ORGHE
AT 2R3 2 & (FHIED, 1997a, b 2T
72, 1999), WEAR R & LI e, KE)IE s Fi
2ot & B IS TG |2 20 TR BRI LA AR Yl
T5 2L (B - MLERIIZE 7V — 7 1998 5 ZElZ
A, 1999 ; B+ FUATFZE 77V — 77, 1999 5 FIE, 2001) 7>
5, AHISEIN BT WL, I S
ikl ClfiT 2B EEZ OND. Tz, RHUR
BT EEINERICIE 43 MaDEROINE T 7 55

MURIFEDY (1960) #F (1971b) il (1987) TS
T EEEE EEEE EEEE
K Xl Xl Xl
H | ERERE H| =#akE H| =#EE a H| =#EE
g || 1 g | | 1 g | | 1 B |
= a |2 [E w |2 | B ques TR qys
ll=] M | N M | HEHE |#| = HERE
o | 2 K EF RO AR o | 2 IKEFERIE o |2 Bt
R BRE R B
HRELE R LE R LE %ﬂ? HRELE
v
B7. 1K EWEHIEIC B 2 EROREF O i



BEns & (BHIEA, 2005) 205, AUl oo i = e B
DAENZ I & (R HEEHTHE & 72 B

ARG T, AU OW T R T 2 W b g, Bl e,
%EME®3%KE“ﬁéﬂw7li)ﬁPW JE& & 55
MWD THROND 720, HEISHSE3, BELLT
—}5 5. il (1987) 12 & 2 22 H 1 R 7 Rt 350 Jed 13 R 2L
T, BHERRE, =EEbE, EeEibEo 3 e &3 EELs
KRELCELRY, FoHERREEOBERLHETH S 2
s, BIEBE LCHEREEFERT S, HERE, =
s, e o 3 MEOREFIXERTH), Fh
SOBMIIGPRBEIZL > TRELELRLZ E0D
PR L TR E T4, £/, M RE L

AHINIZ BT 2 EHEHEOSBOFERIL, HETTTH
EEHTHEEMCBT 2R MK EE, S, i
JERED—fREN 2 P, — MR % 0.72° 5 & L, 5 HuEE
SIS Lo THIE L7z, A& Tk, REIBICHREN S
3IMDIRE T 7 7 ofER L dmsmE e LdEE L, B
T O TR IS REDP R VE LT, &Eoh R
SBFEMELZGE7.2M). 4% KEIE XY T
D HuJE 2 SAEKTE A BRI ORI T 7 F 3 BB S i
X, &R OWHMBRE R I RE S NSRS D 5. i
FREEE, REE-SIEIC L > TERLTWw LA, &
BEOWEIIE100mTH b, ZD720, H¥x-5EIED
WIC, RO —fRER & —IMERHIE U & Ak L

f L RER RS BIRICH D e S, TR )= % i 7o, WU, — AR — R E & B A s
FlREEECED D, TR RSB IF I Mib 0o 72, Wi, MR o 45
ER | HE HHHS s
= pi) ==
Ma) | Bfc |mumEn | mwmE s BEEE
3 C2An.1n
1 || 8|55 —CoAn2n 15
B | © Mammoth ————— ’
el C2An.3n 7,9, 15, 26, 28, 32, 35, 42, 56, 57, 63
iy
iE C3n.1r 8, 23,24
I . y 4,12,31, 33, 55, 60, 67 REIE
17 | % | @ | Cochit 14,16, 30, 34, 59, 71
] Qo C3n.2r
A @ | Nunivak 17,22, 25,70
6, 10, 12, 16, 17
] Sidufiall —S3n-37 20
5] C3n.4r 3
] __| Thvera 36, 38, 40, 49, 53, 75
27 PR B
6 C3An.1n I
1 74 -
C3An.2n 52 WA LE
1 4,77
7 C3Bn
1 C4n.1n ?
8—: | C4n.2n
] b %
173 |
o C4An 21
C4Ar.1n R E
C4Ar.2n
102 Con.1n 7.2 BB
] % kg O
C5n.2n o HL AU
e, AFIIC
] RL 7
1 5.




RITFTE (2005) #2%(2 L C, Cande and Kent (1995) 12

Lol B, HBOFEEOMEEAMANEIIRT.
7.2 WEAFLE
WEZRUESE BRI (1960) 12 L 5. EEER 7 A

FClE, BRI EHEEED RN LIZhoTnS
WS, ARIETIHEMAIESE L CWAHIESA E LT, i
F RO E RTINS Z 2123 5.
B IR (1961) TIRIBEFE & ENTWBEDS,
VITT &%éﬂfw&w
S5 BETCERT AT T%f}“uw)’l‘%ﬁ\]k |
HETALH 25T 5. DT, TR,
M DFILOREANIZ S 4545 L T 7225 (ITHIE2:, 1962 EP
M1%ﬂ HERANTHRY THEDIL TV 5, Emﬁa
*B’fﬁ %)/J\ DAY D, K=Y rFE—=52X X, H
el = K*m@f@ﬂ %%#ﬁ@“é <7tiz< 37, 1968).
BEME R RS SRR ARSI
FERRJE (2 RT3, —HEBIEIAREGICE DN S,
BE 1210-30mT, mAT50mTdH D (I,
1987).
A KLYV bE B HxEORRNSRA.
*%L F';l:ﬂu%atr*&iiﬁ Ix7, Ewﬂ% Y ]
ﬂ%mﬁi BRI & Btk AR b, A
\ZEERD & RIS B

DIFIE, ARIgofn 2 &HA IR 2. SHh AR
M2 B4 B 8L OREN (M 40, 41) TIE, EERH 20 m
DR D BIER sommﬁrJELED WCHEDbND (573
K1), RfEE, FPECBEIEET L AEEWE (557.3
BI2) &, Ktk v g EE7.3KM3) 2FKkEL, &
JEH10 cm O FRE (55 7.3 X 4) ke, REOTAIZ
1, ﬁ\OTXEﬁﬂ%iEtuu%):#%%nt# ATl
KIEETH 5. Elﬁﬂﬁl:aéﬁﬂ@hﬁf&%(iﬁﬁzl) T
X, BEH 20 cn OALH T ILIKRE (HE T RmEL AR
2,2015) 2OV MESR OIS B 7.3K5). HiE
ﬁiﬁﬁﬁﬁﬁééﬁéé(mls) X, v rEEEHIIE, ok
(rOMIE & ATE L LT 575, ik Ik LK S
D7y vay- Ty s (FD)ERDPS, R Cldas
AW TEE L, BE BB E L, WM
MEIZABEAICEDND & T 5. JRik-5)IIER D
EHETCES (M4 62) TIE, 3008 THEEH 2 EIE
2mPED YV b~ AR (55 7.3K6).
WBRE ARSI ISoRERE X, v
FOVRILE R %2 & i Y AT A2 X A HERE T
0, et (hil - B EMARTZE 2V — 7, 1989

L

H

— i

AILIE A, 2013 1 ZEHEFIZ 2, 2018 5 BFH, 2020). AHbis
T RBOMERETH Y, Zho OHFEY BT

T o B S TR S5 (FEHE T,
2021). AFEHERERF I, AR A S BB O U 2 1 5]

fECTH o7z & EINT WA (Hatano and Yoshida, 2017 ; HEH
¥ - $5H, 2018).

bR AHTIE, FFIvNTy, FY U FUERF
el P ORE R A ER AT AL F I YTy
W B8 5 2 MWL 5% B 3 % (Miki, 1938,
1941 ; =K, 1948a, b 7R4E, 1954 5 IRIE 22, 1960 ;
i, 1987 ; #HT, 1991 ; 3HIE, 2001).

777 KRBIZIAEXKILKESHREND & S h/zA (h
i, 1987), A& TIIRMEZR TH S, HEHILHIT O
FHTKIKE A 5 1%, 9.3 + 1.0 MaD FTAERIE SN T
W2 (3D, 2012).

HES AR OIS, TR RE O FE
#AY(1) IETH 5. BEEICESIZEDLDN L FBETIE, L

fLIZIA2p - T (2) #i— (3) IE— (4) W & 2L % (55 7.2
). R g O M ] E R 2 TALICIER S A &, (4)

C3An2r, (3) C3An.2n, (2) C3B & 74 4. dLFHTKILIKE
DFTHAD 5, (1) 1ZC5n.2n7> 5 C4An E TOWVT A D
IEHRARI S 2 2 (55 7.2 K 21).

FR ARBOEHEAETICES L L, REOEMRITS
L% 103-83Mak B L% 6.7-62 Ma DB & 72
% (57.2K). 83-6.0MaDFUEIIRIHTH 5.

7.3 & B 8

WERRVESE Tl (1987) OKHIIEHEREE %, &
S CUIERERE & L CHERT 5. REIEOKIE IR
H (B RIE 20, 1960) @THS KEFELRE (%, 1971b) DT B
*Eéﬁ“% F7z, E&H}J)E(%m 1981) & 5, iu&ﬁl
e o —FB (FRIL - FHII, 1985) 1245 5.
1 YFIiEPIﬂ]mW@EHﬂﬁ?{ﬁﬁET@f}LUJEJT\ﬂ(FPLLI.
1987).
Caxiil Eﬁx??ﬁaﬁz Hl’%ﬁfﬁﬂﬁmﬁ‘gﬁﬁﬂﬁfﬁﬂ*ﬂmb:
AT TIEL “%ﬁL B AR LT S AT,
TEEF'UJHM)M}&THU VG HEHT 12 20 a‘f?ér“< GAiT B,
SR 2 F 0 B FET T S T, /T, CHETZ b
Ry 5.

EFESFF S 4*E
. METRR R A ER
%HHJIIJ% TEA f%frmé. it,

\ZEbND.

LJUDHEE%T BAIIE
L BRI ICTE
B R AN

BLropny
Eer|
A

/

BE —#l2i320-40mT, WATE0mMTH5.
=B P EHEROMREEE L L, fEME, RCE,
RN T VR EOER G A OB 57 5
DRI, RIEOR 2 EHEEZ T 5. EEHFH/\a
M2 B 2 801U OREN (His 39) T, EBIE 40 mLl ko
K A A -HEERE» 525 (557.4K1). &
IR L, Ty Y AVEESEEL TS, EH
TR N H D gLl OREN (1T 76) T, )EF40muLo>
MWE»S2Y, BEY 10m0>muﬁxﬁim*%®7<m¥



3B i ) =t

7.3 WM REoOBES R
1. B CERT (b5 40, 41) 2B A80ILTEO R, 2. #2541 OAEEWE (BE), 3. 4 ot E L b
J&, 4. M4l ofiiE. 50 HETACHNT b 21) (2B 2ALFHTKINKIE 23t 2oV N, 6. BHHOEY T (Gl
62) 2BV MNEEWE. ALYEEN Y —DESIE 35 em FHADMEIIARIZRT.
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5574140 RS O IHE

1. B W AR (M 39) 1280 2 8LLEHEO 45, 2.
BHTRT I (M 76) 1I2 B AELLEEEO FE, 30 H
FETF KRB AR (M5 33) 12 B B a4 R, 4. &
FHTT#/CHT (M2 82) (2B 28, 5. BHTAME O
i 62 1231 BB L 7-REks, 6. & H AT o Hh 5
66 125 1F HAEMEFICHE L S N8, 7. SRR
FUHT (M /T 58) 12 BT AW S -0k, QL gk
VY—OESIE35cm. FHAOMEITAEIIRT.
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#7.5 % KHIEOZEREG E

1 B EARN (i 69) 1281722V MNE b b, 2. BHHREI (M 68) 1281 2 LEED 5%

3. HUHBHT R

(M7 29) ICBIT D HRE AT 2V M, 4. ZdTETT ARG SRR (M 17) (IS8 2 20 Mg, 5. & & LTTREL
(M1 32) 1B 2 =0 BICABEEICEDLDN L DV ME, Wk, MBEEOER, 6. &l B RIRA (M 2) 2B 50
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Wb s (7.4 02). HENREANTIZ B 2 810
e (M5 33) Tld, FIREEDFET 2B 30 mPLE
OFRYEWRE, IV NE»LRY, R A XOERE,
il a2t (55 7.4 X 3). HENRFHELES (2015)
TiE, IS ZEAWLREIRE L TWh S, #ik 33 )8
ATIE, EBEOTEEY S E TS5 L TWa 0
T, REETIIARBIZED S, RN EOEH T
BT > AL (5 82) T, AL EHE NEAICE )
BIE 2 m EOHEES A ZOMBERIRONS (557.4
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VIFS, RED -SRI X > TR L7245
M7 SR AR T 4. EHTAREIT O 64 TIX, 40°
BETICEFT 2 BIE 10 mU Eoh s s s
(557.4 X 5). BHIARMNT O T 66 TlE, JLHIMIC
40-90° TR 2 FEE 10 m L Lo i EERE A, Wi 12
X o THEMIN22°E, 4 34°N o Wi Fg 1 CTE i e 38 1 1
ENTWE (F7.4K6). BHTHMALI (M7 s8) T
12, BIE 4 mPl Lo 4 XOMEREDLEO/NTE L
Lo TS, FEIINGSE, 75°N THEFL T 5 (5
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% (EHT, 1991).

FT77 RKEPSLTFI7IEHEHBERTHR W, dfil
(1987) 12k > TAHRBIZHREF N & SNAZFTHAL 152 +
1.2 Ma O HR KK RE (FH1T A, 1997a) 1%, SR Hk
INLLDOTH5.
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(C3n.4n), (3) C3An.Ir, (2) C3An.1n, (4) C3An2r& 7% 5.
FR ABOHHBSERICESC L, KBOFfAIES
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72 @ (RRIZ 2, 1960), KEFEE O L5, weikE, 4
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HiET, 2015) 2 S HEHT 5.
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ﬁﬁ“f«%%ﬂ’(b:ﬁﬁ(ﬁbiﬁ\ 2012 ; HEWHEMEZER,
2015). HHATASHMT (A 15, 16) TiE, 2 B KILIK
&7 5 7 ALK (BB, 20032, b) 2SFERR S 1L
7o (7.6 IK). HHEKILIKER, BAFKILIKENORT
HAVRIZSILTE Y (FHIE, 2010), 3.3+03 MaDFT 4
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8.1 Wh ¢ ™

MR O FEIURE, AR/ NI O G 5376 5
L EIAR OB EHEREY & S S 2 b, HH - A
(1927) 12 &g, &M XE I B EHERE Y (& SR
MOREREHER & SNTBY, B R Uiz
ENTWAE. —J, ik (1954) IZB YOI A &
ZEFHOMERE L L, 2 OHREY 2 Z1EN O/ 5 O
JINC & 2B iR & L7z, FRIE A (1960) 13 454% ILFS
VEER D M X % ERL L, Ki{hﬂz@%fﬁﬁ%%ﬁfﬂhﬂm
R E AT L, AL & Dﬁm% /\%E N OB B HE
FhER 2 X5 L7z, HTHNE 2 (1962) 1, AHuIs ) & K1)
W E TOHPH wawﬁﬂ %%%F?é &T
L2 O NIV R e T, gﬂm élm @m LPM
DS OOHILH & FEH % X5 L7z (55 1.4 ). BRI
OHAEY L EE XM 2P A S 2 ), st
@40@%%@@%&%&Lf,zﬁg,éﬂ§ %@
J&, BTk FNENER L. %%GWMiﬁ%ﬁm
DA T B Z UG & Z5REE O HERE Y 0 i % fe ik
L7z, BB RIS T, il (1994) R4 E A 1T 2
(2011), HNZT MR S AZE S (2018) AARE DK —1) »
TR R L, SR RS R E O HUT T RS T A
AR L 7o, BT (1972) 12 X 2 2 #h i FEH AL AR
7, BRHIRERIEES (1979) 12 & 5 BRBef) i iE LR A
FH [ 38 PN 0 IR AT L 72T SR 12 B\ T %Eﬁ
DOFER F LoD Th I (LT R RER RS, 2005 ;
SIFITRERR S ARES, 2007 5 HriE 4 R T & EHE R
HZHA, 2008 1 FIALTT LM & AZHS, 2018 5 A ATH
i S AR ST E 4, 1989 ; i e i & A& B4,
1985 ; HETRMREZTHS, 2015 Fris &M LHE S A
HMEEL, 2018).

EHEH I BT 2 EHROFRITOWTIE, kil
IKIG WAL 72 E OB DS IRE ST inizo, g
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HoE s BHRIRGSAO MR R TI, i

E

. A HE
B 54 95 ka DB HUE I AR R B 577 5 & 9-8
FAERT O ESRAEAA e S 17z (BRI A, 1996 5 FR1L,
1994). HEFFNIT A (2003) (&, ZEHgEHE O _EALICE L DR
g s, WREET 75, W4 775, IR TnT
75, RWHTITFT 7 I ICHRT AR T 2RI L7
TR DERIZ OV TIE, B TR R EIR O A

(bl AL)

UNEFIZ 2, 2011), )M TR Mo VNP IZ

72, 2007) 12 &0, REERE A S W R FAER DS S
TWh,
A XL
8.2 = It =
HWEZ WE&#U%”# GEZN

1 &;L‘rﬁﬁyiﬂﬂﬁﬁ@% o (BTH I
722, 1962). e
[BFFRafR ﬁﬁpiﬁﬁ#‘%?ﬁé}f%’).%aﬁﬁ EINIESYN
HARETCIE, ﬁﬁﬁﬁ T ETELDND.
27 ALEB Eﬂﬁﬂa&ﬂﬂ @EP[JJHU@H%;I_JE

# 130 m) 2> 5, Z,*EBTT ﬁ}ﬁ%lﬂ@l*fiﬁl&(

(E

100m), AXLH= %Eﬁﬁ#%mﬂmwwﬁﬁifw
ZIFEH (&R 35-100 m) 12049 5.

BE 5-20mDBET, iz EFEw.

B M- OREE-REED S % HEEERE S 2 b (5
8.1, 8.2[). WHRIZIIALRE & 2 v ML v XIRIZHR
£ 5. R EFHIZIZEE (2.5YR-5YR) & 29 % 13
LR YE0H 5. BEEZEICIFy— 2540, KL
Y7 2 VARRIRRCE, Jes, (EabaEns. B
FEALL CHLSBE L, 79V E A0S, HE
7oV a— x Hibr 5% %.

1ta Emﬁﬁ*m& HIKHT 0 &, RAKEY OIekLa A
FEH L7z, $RHT 2> S 1 Pinus I & Quercus)® (Lepidobalanus
Hi)E) 25, EIKET 2 51X Quercus J& O Lepidobalanus g &
Cyclobalanopsis B DSHFE 2 EENL Z Lovbh o7z (5
8.3[). INOOMREMIZHESC L, KEOEBILAR
FLAIRRI - I (2018) 12 & 5 Fagus—Quercus BB | ZH24 9
BT ENHEESNG, SIS < A S N5 Sequoia B 72
EHLEINLBCERIM), METH L 72OMWFEHEN S
DY) T =7 DOWREEDESI NG,

RSN - 1t AR (2014) 1%, EHTTEKITICE LS
BHAREORE (FEEH 90 m) 128\ T, b Hufd S 1t 5
W TH B L RN L, RIEOHREAAMIS (B FE AL
fAA T —37) 19 @ Brunhes-Matuyama Chron 557 (#) 78 J5
R XV ATORMIEG I TH 2 & L7z, RgofEit
R 5T Fagus—Quercus BBAT A L, 2 077 1L MIS
2177 5MIS 15 F RO FFE 2 & 72 5 (R IF - KI5,
2018). VL Lo BRI DR REZET 5 &,
AR O MR AEA L BT B HE o0 MIS 21 O T RBIEA E W

£ HH [ i A e Wy b3l D A NN T B A2 < 504 9 % mﬂ



B EHERR O TR0 (b - =i, 1973) 1%, AR I
éhfwéﬁﬂMTﬁ#wa,:h%@ﬁ%iﬁgﬁ
BT 5. WEBIEA (2019) . [FHIIC 51T 5 2R
W L THRE SR =) v 7 a7 oEERI-70 m
2 5-40 m 2B\ T, PinusJ& & Quercus & (Lepidobalanus
WE) 3% T D baEE T SRE L. 2 ORI,
RO SR LML TB Y, ZifEA Y E D
HWTFIZHFIE L TV A REEED S 5.
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HER FAEE - 5k (1954) 25644,

B BT IR E (%8 BRI |
BFEEF®R TR AEAIIES . ;%Eil@’rﬁ%@%
R AR O 4 R O e (T ) 1 By
TlZ, E%ﬁ%ﬁ%mg%ﬁﬁé\c:%z

D B 0 %k B TR R I O B 70—
80mIZHAET 4. BRI Cld 4 BT OB F
WAL, ANEmE W) SR aEs. NFHEL=
@ik, EnFNEHEREOIE L EHEOSAROENT
XHILCTWwW5.

BE & HXIEbEE L TIEE-10 mDRBIEZD, T
DL EER IO EEI TR 30-50 m &RV (BRI
7, 1986).

= T v — O[O PR S 2 5 105
Bhbihn (8. 4X). BIZABILL TWa, LEBidE
1 (2.5YR-5YR) # 27 5.

1trm #HE%L.

WREENL FRTEENIORTIHERIE 2 v, SR
FAZF v — b2 5 e LHEFERER 2 & g L Rb b S,
RIEHIE EZ 5D,

8.4 [HRER )

HERZ &K FEREIC K . ITHE A (1962) X
BRES (1970) 72 & CIIB M 2 MR 5 2558 & ST
V7eas, Bk $ A HIRTH OB R BT ORI D X 28
R &3 X B L7

B BTG RE KR, BEETIC B 2 R
NG 2B 72 5 BE R E O B3R,

A ELBEMALRIZH 72 2 B ET KT, KEAKNTIC
RS 5 HEEFT 80—90 m D F-H 7 MJE IR C & 2 AR %
HERL T 5.

= HEREW I IR K A X0 F v — b O]
Mo 7% H1bHERE (558.5, 8.6 X).

EBEEERE AESAOIECTIIZIEE, TECHET
T EBE AN E Y A BEATE .

BE ¥-5moEE

WRER EREZERNIOR TR . IEH % A 5

EHRBOZIFHE D DR 10mE<, BRI LD D 10m
Ev, HEREWE TSR A XD T v — b O
Lo TWh7zw, ZifEEEULTwa. Larl, =
HFRBIETHEND Z & TEOHAD AL ZHFEH
ORBIBVAZFICESNRTEY, PR IHRERIE 050
CAFER L. T, ZREE L IR O IR I
BPLLTWBAS, KLy 7 VA, B, Fv— b, i
RFERCE, TRER ELRELRERED S % DERE L 1EIT
Fr— IO REOMIEIIE LS. DL, Rig
ORI =07 L B R EOM Th 2 LEESIND.
BT A A=A E UL T b 720, PHREREIE
SRR - R LB TH L EERZOND.

B
Fe

8.5 =
HE#
ER
1ECit
1962). s
2% BERH2ORINE R, FEEH, ZiFator
AL AT 5. RENEROEHABRR ZEEHIC
ST 5. AEHLEIL, BRI ASNS.
BFEERE W EiEmRE L O EHIE, A OEK
ARG TER D,

BE #10-20mDEETH%.

28 LS REEOEMBESAEIKICE 15
&, Toa— 2 gk, RE»S %5 (58.7, 8.8, 8.9
). BRZARIL Y 7 o)V A, fEfE, Fr— b, R
WA, TREGENPO L. Fr— M EZREUINT Y
TV 5T 5. WREICIIFIKEHEIALNS. &
FEI BT SE LR L. SAOILERTH LT HHT
ISR OWHEP S CEMPEINLI L H D, %
IO R 7% B LIRS OWEEE L 7 v 2 — A B
EBH% ), BELNSSRY, RELPATL L9
1275 (58.8, 8.9K). Th.OWSEHIIRERE
DONED 50 R D5 EDHHDT, Kg L XHITE S
(56 8.9 [4).

1td BTN OAKFEHD S Cryptomeria l& 3% S
LA EE L 72 (55 8.3 [X).

WHEENLX Crpromeria &2 L > THO LN LR LA
TSR, RRIH - AR (2018) 12 X AUEMIS 15-MIS 11 FRR
D Crypetomeria—Fagus ¥ i & MIS 9-MIS5 T R @
Pinaceae—Cryptomeria B |24 5N 5. MIS 11-MIS9 T
FR (X Cyclobalanopsis—Cupressaceae # i C Cyclobalanopsis
BOLZENFEHE R, 8. 3MOELKRICIX
Cyclobalanopsis B\ 1ZE AL EFTN TR\, L7z2d%5
T, FHEOIMEATERILZOBTHOREZD &6 52
ORI, IR L 2 f?:iﬂ%é.

xPbe R0 A 9 A M - AR (T2,

HTH (7> (1962) 2364, AR4E (1954) OMEEERE |2

BT FEAER b 3 & BT (BT T



81 =ZifEoEHEH
A EHTEARINCB U 2 %0 (O 83). YV MNEIWBE»ELD. A7 —)Vid1m
B AKX LHTHIRITIC B 2 B0 (O 84). B, VLT ORI 45 cm.
C: AL LHAENIC B 2 B (RF oM 85). W EHICH)IE O IS ZIf ol E s Eie 5. SBIEAEEm.
WNY DE S 45 cm.
D: AL LHIENIC BT 2 % (RO 86). WA ERERHIIEO FIZZEGFEo v e, BHEAEZR L. mBIER
AW, BEOB ST 5m.

ERHEAR HELBOREWAE R
T R8I ymmigom  (R87) jmEosm RE
10 4 S WiE
0 ] ®=
= MER
7 2008 © 11~2 LR
E7- arees & L BAKNE]
2 %&ggﬁ? (52 88) m 5o m
2 TR E M iRAE]
£ %7 2 (155 89) 128 35 m
4 ¢ E2
3] —1FfE
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1. KHIIIE
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= 8T 22 2. K] 8 2Q ) S oz = S 3 2
s gEcs 5§ P 5 S S8 ~ > 2 I8 % £ 2 T 28,8 =
9 w535 38 Sy N g $2 8. © £ g & J% = 588 ¢ & 9838888 5§
2822 23 ] = 3 2 sSgEsg R % = ) «S88 % Ss35®g3S 58
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- E—— O SA R & B B S CASTCICTRIR Q= QL § Sz &3 ST ES<5SSR<Ea85K
K1-3 T =  — =] n —]
[
B K1-2  — + E——— = = pE| B ]
K1-1  p— =} —— | =] =} =
M3 |- —| ] - " | |+ N m e b .
82| m2 = " ] m ] e ) [+ ) — — g ] + [+
M-
=
|||M]—2 T (4] |+ — + — ] - | + — - m |- o+ +
M1-1 ] —— + e E ] e ————— | m + + CAE N
0 100%
0 50%  41<0.5% M : over 200-grain count of tree and shrub pol len o : less than 200-grain count of tree and shrub pol len

H8.3 X =& BRI B A KRR OIS 74 T 7T A
AL DR IIABELEREIRIC LS. M2, M3 &

8.4 NHEOFRHEH
A GEHERTHEXBIRAICB I 2 EH (oG 2). WABHERHIEZF v AL e LTHY AA
CTNHEROWKERE ST L, THRIIAEEHE. EOBESIEH 10m
B : & R TR KB HEAT 12 B0 2 B (RO H5 90) . T RTINS O IERE 7S 42 % .
MRS, /- POBE ST 15em.

8.5 PHREEOFRHG
A BT EHENICB ) 2BH (O 61). ZHFEO v MO IR ORRE & iEE A
HE L, MBIIAEAT. BEHOB S Sm.
B:ALUHEHIIBIT2HREEOIKRGE, RIEBHOR SIS TV T — A MK E & 12
F v — P OPEE~KEE» S 2 L0088, B S13H 2 m.
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8.6 X FERIEIEOHIRK
i BT O E A IR T

1985) (AR IZx L S 5. FEHED [ Hhis oo 1y T H &
IZBWTC, ZBRE O EAIECH 258 & R (R
BB IR ENDBMAABHE L SNTwb (R,
1994 ; PN 20, 2011). —FC, #IL(1996) Tlx, 3
BT O R BT B RS LSRR E NS
HRE & i & L Tn b, EHAIEOARRE W)
BETd A5, GKIEHEIC B 2 3E0E X ) Tk
WXHERECTH B 720, HTF RSO AR I R EE
THDH. BENIA (2019) 1%, ZEFETH O 4 JilJE L CHEH)
L72R=10) 7 a70EE20m75-30mIZBW\T,
Cryptomeria BN ILEINZET 2@z M L TB Y, &
8.3 DEREH DAL L ML TE B2 RESIEDH
5.

8.6 K O 4

HWEZ WHIED (1962) 234,

X BT O A= S OEE O SH
% (MTHE 2, 1962).

BEREGR SERENEE WO EERHIE, ey
REATHE, BT R O (R K OB R
WHERER)) 12 L > TARBEAETEDLNS.

D KNGO B GEER 70 m), SEILHHL
(FE 49 60—70 m), £HEH EER 50 m), EHfEH
(B 30 m), EFELNMEOFE LG L =iFAH (5
R 15-20m), ENIMFEOZiFEH e S ERE EE
25-45m), K Fiisio> S0 ek & TR g (R 40m),
A (SR 10— 15 m) (22045 5. T B o e Iy sk
BV TR RO RN F CHRES O
iRk & L CIn oA 5. BHEEORAIIERIC

AT IR 30-40 m DB b SRR AR MR & L7z,
BE HEGHLENGHORLEN LR T, &HE
LTI 5 m OB TR TE 5. T I
IZHE L CFRDHER TE RV, K= Y 7GRN
FlomoEE L HESND (588.9X). B Mo [ I7 sk
TiE, K=V Y 7ERIZL D 20-30 mDBIEAAS I
5.

B PR KB A X 0T R ik o BB SR
@57 s (5810 X). BEfEIZT v — b, fEfs, &
Vo7 VA, EREACE R EEHTH D, FHIZT IV
I—AEW S %5, WEEEICIZEE 20 em BEOME
APAET L. BHNKENOMEEH T, M-TEgEr &7
VI — ZE QR AR E, RRE R LT 5. K
LEEERS (SYR) -8 (7.5YR) 2855

bR EHKELIE? SIEAIERD 2o T v,
137 (1957) &I - Hril (1968) 13 R B o fi I8 Hids ©
H D2 S BAbA % Ex i L7z miElEs
(1957) 1%, #F 85 mDOHEN S 37O M H & 19
HOBHARNL, ZoMErEmEREE AT %
FIL - Al (1968) XA MO RF) 1 mIZB VT, 128 f
OHALED Iy =5, ar s, TV UKRE, T
HolbAazimE Lz, SNHoHEAE»S, Standella—
Rapana#¥, Nipponomarcia—Bedevina#f, Anomia—Ostrea #¥
RRE L, B OB D L NERE LR L7z, B -
S (2018) ClEEETMEHIICBIFA2R—) »7a7
DOIEE# 10 mO AR BB & 7 F O FEHEE BALG 2 s
L7z BEWIED 2011 12 X AL R —1) ¥ 7E
ﬂ@@ﬁt%&%%ﬁ%@ﬁ%ﬂﬁk@%ﬁﬁﬁf%é
HSET o5 ) £ Tl BAUA % & O ipiieiE 354
T 5.
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SHAMEMEE (R 95)

Z5289m -
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R
(b2 76) (59 wrE
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BE T o
Z5114m — IelE \
= HNEE \
o @ K1-1~3 TEfbase /
o 00 o\o o

BB
R

(H#1= 94)
SHETAHHE]

Z=52m

\
¥/
/
\
\
NE 2
V|
x/
\\

8.8 M B OMIKK
M DAL LA RS

<% 87X FBHNEOBEHTH
A EBHTHCTENC B 2 T (FF O AT 76).
CEMTALTITIC B 2 T (RHX O H 76) .
CEHTETITIC B0 % BEE (o H s 76).
2B % FTE (DM 76).
CEETFILITIC B A BEE (RO HLE 92).
Iz
Iz

LT I

DB A T
B TAH T
CEETAPITIZ B A T (O H5 94) .

BT A EHE (SO H AT 93)
B AT (S OHAT 94).

WO EIEREO FICEEIE R L. BHOE SI1EH 8 m.

ZAHE O, ZEEOE 313 5m.

ZERHB I CHAE T ARPRBE O LS A MR E, BEOE S 2m.
KB A XD 7 ) % G OEE. A7 —IViE 60 cm

o KEEx SO RE, FEHOE S I3 4m.

R KEE A XD 7 ) B % GO, A7 — IV idf) 40 em.
WE L REOERE, FHO®E S 10 m,

AR T o FICR AR N L OB sER S, A7 —)ViE 15 em.
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T.P.(m) 25 25.02
25 BT
V4
] SRR /
4
205 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, %—%_,1881[7] ,,,,,,,, ;'!,',,,, N I I

FNirmh S RHET
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WHE - WEDE
WIE - REWE
[ ”E-weERE
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/
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1 =
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B /
s b ]
i [ < -
04 -t et -
il B \\
1 = Nfg 50
0 =]
R I NfE 2P NN
T 1 e G
| HUHRERET e
" Hk
| bm hFEE
8.9 EEE L RIBOR—Y ¥ Il

NAEAY 20 2 2 2 ek & & & s L R e & i L 7.
T & E R LT KB L 7.
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#5810 X EHilFEOE

REHG
A EHTH BB 2 EE (FXoHS 96). HHO b - K2 SLEERE. YUY OF S 134 45 cm

B TS ANT 2 505 2 8 (FX 05 97).

WHRENR EMHXELED S 1 $8 R OMRFERZ RS
T = Z XA, B O FIR HIs0 DU 0 4 #b i 610
HINEH DR 95 ka DI MR E 7R T K-Tz (LB H
777 WTH - HiH, 2003) 25K E S SN TW D
LR T RN O FRfe T8 (B 21-23 ms BN IR
A%, 2003), HINL T e T 0 S < NFAR D BRI Y v
bﬁ(:?wﬁn3m R 10 m 5 FRILE 22, 1996),
BRI DR 2 1) — >t v 5 — O LE (5
JE21.3 m: BE-21 m o FRILIEA, 1996), FEFTFRINT
ORISR O W 1 (R 13 m i E—16 m 5 7§
g2, 1997). F 72, N H S QAT H E/NER
2B AR EEO Y )V ME (R 10-12m 5 4-6m)
PHEL N HRRIZOWT, ESREMRMEIZL Y 9-8
11 (3 91.0 ka) &9 B O FERAEHE S
T b (FRiL, 1994).

L IR BT B B IOV T, F04
ﬁ%%ﬁ&gwﬁﬁi%%#f%é —}T, %ﬁ%&
SR SIS 2 43 AF 5 % T B oD I b dsk 12 B8 T
A—Uzﬁ%ﬂ@&ﬁ# BB O T RO %ﬁﬁ”
FIZL o TERPER > TWD, ZF (1982) RZ&FIT A
(1985), 4EFAIEA (2011) TIX, B O TR D 5 i
ek & D T oI OEKE THEE L, MIS
Se DHEREW & LT D (M2, 2011). —F7, FFil
(1994) Tl&, FEHEE O T 3 BOHERRE % 3% L
—%Tﬁ®%E®%E%kaL1wé.%Lf,%ﬂ
FNOPRBEA FALL D MIS 5e, MIS 5¢, MIS 5a 2 &
N7zeEz27z. EHLLLEBERDNMISS EEZTWD
P, BB CIEEEEORBREIZENE ZATH30m, H#E
T TOmE R ->THBY, HEER (FEE) OFRENR
%%, HERE A EFE LTI A (1962) TlL, #iFOHh
J& & MET LT/, SRR O T R % RIS T

A

— 59—

MO - K LR, A7 —Vid 1m,

HT LGV, L L, TR E 2 E o S E
ERHLTnAEZEAEET L L, BHEAMIS 5 OHE
TR CURRRRE 2 1 g 720 & & (BN IZ 2, 2011) 72
B, BEPIEA (2011) HOERA Y & Bbs. FHil
(1994) 12X % 3 Bo#RED S B, EofRkEIEEHE
J& (BB L M) Th Y, PhL TRORBIEMISS X

DOHVEENEEEZ b,

KENERIZAL DML L L BRI, 7
B o> % R SR E GRARIZ A, 1986) 1281 B Bt
Hef&WnCd % Bl g & ot F 8 L C, PALE: ik
F&W < b 30 gIEA Y & LT

EEI%$M®%WMT VIR L A % AP
%%@%AE@$44$1Wﬁi,%ﬁmﬁﬁk“ﬁ?
LARBIZRIEES NS (I IEA, 1990).

8.7 E%E&ww%%

wERZ NHIZD (1962) D64,

R £ T o> 44 8k = R0 SR 30 o0 B - R B b
D (HTHIE, 1962).

BFEMGR EilkE, WoEEAHIE, R SRS
THE, FEIE, B, BRI ORI
WHEREM I X > CTEDNS.

D N & PRI O ) M (B2 5% 60—80 m)
FAENAG R BT 5 & HEH (R 40 m s 55 8. 11 X))

& EMA MR SR 30 m), EEIARICB T 580
Bl R 40 m) . BRI & TR B o R )RS

AT HREER 25-35 m OB b BT AN & L7
BE #10-15m.

EE KRB A X o A SRR (5 8. 12
). BERIIIEmES KBS 1 X, s, Fr— b



a5 EHEHIC B 1) 2 R ERE
— )
FE B8 B19 520 X BHRZIT L 50
B21 B23
/ B24

""" 40
------------- “*. = 4 ; g’"’ 30

wemm Ll 0 R - =
20
S . . weme o

500 m

° 0
T .

Rl

fEhEt bm HE R U A E R
v nl ESIREERY
WEmE-REes) 9 EE
AN = [ = =] Ks 3@5):‘ E
L] WEMEORESE) pk mims
B BE-BESS) K w0
B R—U5hs g2 FEHENITEESE FFIR)

811X SHIEMIC BT AR, §EIkE, o O T T
NAEAY 20 Z#E 2 % iehs & & Gl dE I T i L Hr L7z, 8Tk, §E)IkE, WS ICowCid, S NEo T ~oE
etk & W & Z R LTI L7z



8,12 W R O FEE G

A
B:

TR R 30 5 FEEE (R 0 #aT 98)

SHTTHEERNC B 5 T (X O H#8T 99).

£58. 13 FANENMEHE L 3515 B RAENIATIR T H 220 o 72 B

DAL HER
GRS NEPRLA IS

N A AT D, EIT NI REW 2L 5.
VB C, WRDSEY. BR Y O O IRET
5. B EEI R EICELR .
ftB &% L.
WRENR ER7 EEORTIEME 2. BUATR L D
QMM DS o TBY (MTHIZR, 1962), EIER
LN OMEREWI L 2EEEEZ OGNS, WHEIHLD
L) S mIRWEEICABOMEAA LN, BIIEL Y b3
PRIETAME T L2 o 1 3EfE I & £ 2 5 5. BTHIE
A (1962) 1&, BT % IR RE S (R T L7228, #R
- /MR (1972) W3R =) > 73 2 Mt LT, g%
BERISHIE L, #3 JTERTOBEIC BT I H 72
HE L7

RKENWEIZAS DML E L LB R L, v

KON K% & HWEE. BIHOE 338 3m.
KON KL SR, vy OR S 1348 45 cm.

- 61—

W D 47 2 B R A (KA U3 2>, 1986) 12 B1F 2 AL B
HER & otk = Z R L C, A B mHERR Y Cd 5Bt
FREHLEE L.

el

JIEE e USAH 2L

”
8.8
HEE EERAE IR (1968) 12X Y, & 2
BT B/ANANNCIY - 7 ARGLTH AT BT | & av % &
7o BHKECE, BUETE L) B EE) T 2 HEA T
LHBEENBE L, )4 & R X M), HiE
T4 & HB A L T#E ] %f) .

BEEfR WS EEAMIIE, Sk E A EETEY,
FARIEBR MRS, iRt B O AR IC & o C
Bbs.

D E)IGH, BT B, IR R
JNFEIs IR SR 60—80 m, ARG CIIAE B 40 m.
KR H O 20-30 mIZ b 044 AMPREH & ) b4
1 mE\VHIETH OHEREY & FE) I et 4 g & L <), %
8. 11 N EHEHIZ BT 2 RBOH T 754 %R L7z,

BE 10-15m.
B K=V Y IERTL2MHRETE 2wS, BEDE
WG D57 5.
ta #MiE%L.

WHREENR FAZERNIIRT
PORMERHEEZ SN,

AL 22\ AY, B R AR

8.9 I & &

EBHME T, W, EEEOCEHEZRETT 5450
HIK, & 5HWITEH 283 2 JHri k2 & et o
KEFEOHE T R L EFRTAH. 22T, KPR
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31150°2! 860)
319003160

45204290
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[EF =
Fzz]4msmses - a8
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| Bl
= 3a1
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58,14 X RAFNIMEHIZ 51 2 R A TR R ) 0 DY AL 1Y — SO BT

2195022, 180
211940524770

51310°5/040x

|
|

101560-101190%

Fris ST R S ABMEES 2018) Zldk. MOLEMAPEILE, HHHKEEO A, “CHEMME (cal. BP) IZJEFAIE

BROENMEREE R

W2 AT 2 BT OHEREY & iR A R &
L., C ORI O R 04§ A HefR i & ik
KR L35, WHEKIZB VT, WRHRERHERY
E LT, HAERHERRY) & WM N O A KRR
ZIURL, Wi T ZE AR & bR R
T LR () & LTRIRL TV 5.

8.9.1 HIEGIEHIRY
ARHERRWL, ARSI S 2R s &
T L 7RERHRED TH 5.

Dt BE ENEHTIERH 10m, 2 HEHTIEH
15-20 m (5% 8. 11 [X), ZAENMEH TIZH 15 m, KEAJI
LTI 10 mPLF, BIHEH TIE 10mL T TH 5.

- 62—

B B XE I 35 B RS A EHERE A | ) 1 B o>
W TH 5720, FHELoEGEECHEAEEZD F
AR HNZ N, FEEEIZIEINAEDY S50 2 B 2 2SR 5
B a3 R L ORI CTh 2705, 18R B,
TRESEBICEEELR 260 H 5. LA EE,
Wk, kit BHERLEIEZRS.

WIBER EHEHICOWTIE, FEINEREOFEE
TOR=Y ¥ ZHET, # 1 J7HE-K 3300 SEFO 5 150
WS RFZEAIES TV D CUNFIZA, 2011). 2D
A5, #4000 EERTOBHENSIE, o F SHTHIERL = LE-7
YRE G EOVEEIRNEY, THT YRR Y A HO W
IRIER R Ty Y R, A X% Lol st EEHE
WL Twa (UNEFIZ2, 2011).



FAENAKH D AR NI R (44 5 HE B O KAEG 2 &
VL3 239 FHR O KAMAEAT L) 12 B WV TUEHLE AR A LD
Mo T 5 (5 8. 13 [ AR RIS AZ B 2,
2007). HEMOBEIX, v+ XE, ), 3V, TS
F/aroWE TANVER, L7 /X T FE,
ryYXE, 7B, e ah® o IE, ONTE, LY
OVHFEESNTN 5, HEE D51, 3 50 3,000 45
BERRT IR FERDPHELN T D, T2, HEH®
BATHE| S NzR =) > 7a7rs, 1 JTEH»S
#2,500 ERTIC D72 D 14 SO RFER DB SN T
W5 (5 8. 14 1 /NEF LT A, 2007).

T I W5 b3 0 AR TR HB LS B T, AR X 7
WEHEREM & L CIR L B Ai$ 5. R—1) v 7 a7 gt
MRFZENGHNCEDE, 20Ty HER OFEER D
FEMNZREGET & v T w B (JITH, 1998 ; Sato and Masuda,
2007 ; Fujimoto et al., 2009 : Sato and Masuda, 2010).

8.9.2 HIEREBIHIEY
BRAIEBHHEIES (nI)

SEJIMEH, S, RfEIMRH, PR, KA
BHZ AT 5 BRI OB EAR IR I E R 5.
MR & OEIEH 1 m. SHIE, A= Y 7&RTL
PHERTE RV, BES mUAOWE»S 2 5. Fig
WZIES VB E) AL H 5.

REIRM R U B EEMHETEY (om)

SHMENO S EBORF M, 1P ek - Gz
T B HEEIOKE T 2 MBI TH L. E2H
B, RAENIMEH, BRI BWWTid, BRI HER
W53 5 5 IR EHAREY OFFAED A SN L6035 5
N, ENENOFERDPAENTH L 2 EDVLVTO®RE
WHICEDTVRD . SHIE, R—1) ¥ 7EET L iR
T&2w), BEEmOBEPRDE, BEHY IV ME,
HithE, EAERTEPS % 5.
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9.1 HiFHEREE
9.1.1 A= JERNCL2HTHE

B RIS D £ 9 7 SRR B T B 38 ATHE A 72 sk
T, WFERICHLBEHOMEERASRS I, M IS F
THET L ERWEETH L. Z0o, K= 7E
BaE O T HE O PEE CTH 5. & HXE I,
BB R v 7gk & vz gEhid, 7 (1970) 28
335 ROEEL %o CTEHTTN O HE T ONNAE O 5545 7
HREER L7, 20k, FLTF—%%HwT, #iIn
(1972) ZSHVE X 55 DRRES, wifG132 (1972) AANEOFH
AR, HFEA (1972) L ERER 2 EofRE L ) &
oz FR - /NR(1972) 1F, BT O AR
BUIFLER=) yrERNIEO X, BRI BT A
J& DOTERGEAR DT L7z, BB, 5 S
23 (1981) 1%, BHENOZHHERIC X o TIT b7z E%
THIE) R v IHEOEREZIEL, BB A
IO H T UV % 84S L 72, R o I IS < iE, Rl
(1994) R 4 ¥F A3 2> (2011), AL MG S AR A=
(2018) BKED KR —V) ¥ FERZHEH L, EilffEER
J& > 1T 8 e <2 T & AT L7z

L ME I O ZEH T 0 7 — & GRFESE T AT
J5 AR, 1963, 1973 5 [l L7 44 )5 [ A AT R,
1988), R AR—1 ¥ 77— (FHIE, 2002), FAEFR—
)y 77—y (R - TER be i B IR ASAT, 1968 5 3K
I, 1986) 225, ik GHRIEB AR Y 2 7 /A
kb ZD AL T TORE LIER TR (559.15).
%Eﬂﬁmfu&wﬁ,W%ﬂ?ﬁﬁﬁ%%@Kkﬁg
OF =6, BB B ) EAFHAE
(AICH14 BEATEMH) TIHEE-101 mIZB WV THE &
W7z VA, TE BRI IS 35 ) 2 e AR T (Bl
SERFAPARIFZEAT O Kik—Net, AICHO04 ZE3 B ) Tl
EE200mIC BWTERERFAEVPHEREIN TV D
(https://www.kyoshin.bosai.go.jp/kyoshin/db/index.html ;
2020 4F 12 7 10 HAERR). 5 9.1 X, #H Az LD
R=1) 7 7F=% (559.13) L REUHAT 2 WA
DIFHTAE S (AL, 2003), J5dx — 5311 W7 RE <0 g )5 — H 4%
Wik 2 & 22N E % £ 08 L - s A 2 R L7z
COMERD L, iR L 7 5 LR L o S A
T 240 S B A EBEE K E { B B EAA A
S, b VI Tl IE R AYME 1,000 m AR
ZET 5 2 EHbn 5. AR O —HFTIE R L,

HOH R

(ks #L)

E@¢%§55§%?£M&ﬁ%%éﬂ54#ﬁf,?
Tl 1715 O TG LR 3 AN IR B & 7 B 50 oA Ik
BEHLTBY, ZORBOMToOREBESLERV L
Wohb, LIzho>7T, -5k LA T
HFHEM L D B TWa 2 LB EEEE S i
N,

9.1.2 YEREICLSHTHE

E MR OERYE (77 —5E) 120w, #
HRAERAE Yy & —# (2013) O T — 7 12DV TH 9.2
MR L7z, MRS S E A, Pk IR )i
ML TEY, ks LTEASHICH > TEIE
FAMET L CWD Z b d, BIRERIERWEEL
RLENEBIZBOTIZZOFB L Y L EHEEOMHEIZ
HTREWZEDRDMNE, Lz oT, K=V v 7&HR
WX BIEMBIER (55 9.1 ) O X ) ICHBECTI WS, 5K
Pe-BINW R 12 X 2 ATa Ml OB ATE I R 2 5 b HfEE
T&5.

TR, HERKETEIEH T 2720 0B OF
W2 e LT, [ =0 s e i TP PR i | % 52
M L7z (BEHIE, 2002, 2003, 2004, 2005). Z DOFHATIL,
VE =30 (R ) ~F7 & B =3 (E46) 5 o b Mg & % 0f
FERTRE LCBY, B IR 0w A 055 [ g A B s = 7
XRHITIZ A > T b, EHIXITEO R VEEG OA) 411 % H
RIREEA M ASEE LT WD, MBI T L A LR, PN
B EPTE MRS, ST SRR oW
BEAE DI 2GR R IE I 7 CEEAR R O IR & 4T
WV, B ORI E  E A BB EHOBIRPHEY I 2
L—>a v EER L. 59.3 X2, PSS ET:OMAT
2O, MRERE - TEARE (ARE), MR R (R RETE)
E(BRE), B (CRg), HERE T -
%@W%ﬂﬁﬁ%%@%%%ﬁ%ﬁ@%ﬁﬁ%ﬁg
g%ﬁ%ﬁLt.:wﬁﬁ%%#%,%ﬁm%%%k
- EENTE I & 2 BURTH O TR LR SN TN 5,

9.2 7 - #Eih

BHRER B, ERILETEE? S ML E bz
B DA L CTB Y, B - SR, mik-M% Lk
A I TV B (5, 1968, 1975 5 Hill, 1987 7
&) PRI VR T AE R 200-300 m, FEVE 124> T
EEITIT L, M EOMITR TR 50 m AR 7%



§59.1% SBHKEICBT EITT— 12 & 3B
a7
lvAT S e (m) . AT (m) HAROFEA Sk
ZREE(m)

BT TS 40.3 76.7 -36.4 i 1
) T 30.7 206 -175.3 JEfiA 2
EH T AR 48.1 99.0 -50.9 fE R 2
T EARmT 34.8 138 -103.2 WA 2
BT T 34.8 137 -102.2 fEfA 2
iRk T 53.6 69.0 -15.4 mit% 2
BTG AT 51.1 94.0 -42.9 AL R 2
ik T 53.6 75.0 -21.4 At 2
EAE - 4] 48.0 59.5 -11.5 fefids (BYk) 2
BT I 20T 59.5 40.5 19.0 fEkeA 2
B FH T A ST 20.1 68.0 -47.9 FEfEAE 2
B A R] 39.0 59.0 -20.0 fefis (BUEi) 2
B T LT 43.5 13.0 30.5 fEfA (EAL) 2
P e i T 22.2 126 -103.8 JaLis 2
BTN 35.9 48.0 -12.1 s 2
- HH T 9 ARy 59.7 68.0 -8.3 sl 2
ARGl 34.4 52.0 -17.6 ELE 3
B TR BT 33.4 37.0 -3.6 ELH 3
B AT 45 190.0 -145.0 4
BTG LT 108 67.0 41.0 FEfEHHH 5
T LT 76.5 109.0 -32.5 fhlAsE 5
T P AT 130.5 47.0 83.5 fLfmAE 5
A X LM 40.9 101.5 -60.6 FEf A 2
A X UTT = 4nT 42.9 132.0 -89.1 SRz R T 4
AL LTiEgAnT 78.2 250.0 -171.8 Fglo R B 4
H 7 = A ARHT 91.7 41.0 50.7 Hhbos 2
F 717 74 FH T 36.7 71.0 -34.3 JEfEH 2
EIJEFH"‘LH%H]T 43.6 56.0 -12.4 ELH; 2

T AT 61.3 100.0 -38.7 FHRIZ KRB 4
Hﬁﬁﬁmm‘ 63.7 100.0 -36.3 ARl R T 4
A 35.1 130.0 -94.9 Slc R B 4
XA i 4 [ ] 14.6 201.0 -186.4  FAE|Z R B 4
B 14.8 512.0 -497.2 A 6

10 BT AT A B 56 R I E R AR (1963), 2 R A T ,ﬁ\é.\Bﬂé‘éHli MR (1973), 3 0 E L7 R E LA (1988), 4
IV (2002), 50 AR - TSERT B B AT (1968), 6 PWARII2 (1986). ZNENOILHRIITR =1 ¥ ZHEHIH s O I 44501

BRI TO R W20, #F'#Jliﬂ"jﬂlﬂ)—r 57%;3%” L7

(S QZaNS== =

B (BHERG K 4, 2001). Z ORI 35
i F CIABROHERERAENS Y, ZNLYEE
HCIHE=ZROMERETH 5 B (NZ 5T

HEE) REUROEK MRS % 5. REBICH

7 hbERG OB, KBRS AL, =
i (R IGE) ~F2F 2 R L TV % R
o H PR 20 20, s — v e R oy & RECIR L — e

JLlrETR DR E < 2 DOWEH AR SN TS (HER

ARFZEHEAE AL, 2004). B - mURETREAT L, iR
IR, AR, R - RAFITRE, e C & -
THERL S A, BRI & RN £ Tiddb -1
PAJFES, RHFT 20 & PR Rl £ CIddb b — i R
Ji T /\%ﬁTZo( 94.) irsea AN R i QU
1 DA P 56 & 5 — ST IR & 5 0 R P i e
W75, AL - 5&3‘xm:1tlztﬁiz'mi HB'Z%H—QJ«%E—EJH
17 6 BAF NI L TORIARILIEFE, Bil$[ﬁ}@ fiE
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fems
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-186.4mKEE " BUciems
@ 2
S N2
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o 1B EHKEICBT LH 7 — 128D RN
ST — 7 1355 9. 1 RESH, MEHEHOBMIE, FHEIC X 2 WAEEE A
DFLERRL, #9900 m OIMERENHEE SN T D, IREITERETH 5 HRE
W3y 7Ly s A, BEREBCEEL Y 2 TR ko 536

%9.2 EHXEIS BT 2 EDERE (77— 7 —5E)
REHFE L 2.67 glem’, ATl mgal. 7' — 7 — S8 7 — ¥ IHEREREG LY ¥ —
@ (2013) 2 FH L, FIRERPER. IKEIZEETHLHERER T T Ly s
A, SEFRERCEEE Y 2 J Ak o 5%

— 66 —



Eld:i ]

= o, MW nan
[ A" l.

Mg % Ao I-.K‘ W0 O 20 800 SBD SEOAAD LEOHARSAES Ha3 43 450 0 S Ja
R R L e 5 R s L o T oML

LA ]

16 BA3 28 1S A MO M3 M S MMM B D
[ aNh AGD RS WA BRB G0d ME e proge

'l‘Jurlli

DOR i TR

1! l'“
"‘T;J

) | s

EREENEE
DIFTY N TR

59.3 R WA T~ 5 P 94 DS % 2 B T 1]
FEHIL (2002) Z i, —iBhnEE. RO (T 13,

H(CR),

ARG ~ B (AE),
SRERE T 0 — o (R ) A48 (DRE), 23 (B AN 4. [ OB PURETHEIZ L > T

EL1L1D REEHP REHERTNAN @ @51, H3—-ER

WHEERE (i) LA (B, iR

BONPUGEE. FRANMIE BRI B, HIENOMEIZS 9.1 KzZH.

Wik, SURKE, € L CHRRTA S EEILILETEIC L -
THERL S M, AR -FPE AT 5.

EHE T, ﬁ#‘%MME(&UWEM§§U§g
W—FPE AN A L, Z AU pE S ik & L i - B
Wi PG A S 9 4. T =il o AN I3 e
%ME%‘%?% INBIZOVWTUTFICREKT 2. &

, ACBEOWEF I & DB F T A B I E

wa%ﬁﬁ?é B R 2025546 3 % TR o7
ﬁ%%ﬁi,aﬂ%%%ﬁ%ﬂ%ﬁ%@mn~#Lwt
B, kA ZZIZ L CUTICRER T 5.

9.2.1 IR¥%R-15]IIKTE

Jed — BT R &, AT 2 (1960) 2SI RCHR L 7z
2 H D b 2 U - BT 1A A L, AL P ASREEE,
BRI RS 20 ETH 5. 2 OWRE OILERIXITIE
AR BIEE S N B B -k (RRIRUE 2, 1960),
FL B 2 & 70 o Tas 0 MR ILE il (7 B e BF 7 2,
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1991 ; HEF AN ZEHEAEARLE, 2004) & KBS NDHHED
B 5. Bl CIEE BRI & R SRS 2 & T
Wh F7z, AR REMOMETS AWIB A SN 72
W, BFEE-BEIIWEFE SN2 bH 5. BHANIET
ZINoE &0 BT, REE-SEIIWEE LTk . I
BEEA 9.5 HIIRY. T2, WL > TEF - @
By L7 BHEZSE 741057, #7.5K7-9 IRT.

FRIUT A (1960) 12 & 0, 8 DIEIRR 5345 A3 A

%ﬁ%u%ﬁUWn@ﬁEUw%#%ﬁ%aﬁi%%ﬁ
b ol ZOtk, FL(1985), HILIEA (1986) X H T
(1999) 1, Mggﬁmﬂ%@ﬁﬁ%ﬁitt fit]
(1986) (2 2 [T CHMT 12 BUT 5 b L > 5 FAAS 5 4 3
L7 Al (1987) 13, 2 g R 38 Mgk oo # B % )i <
A L7 B SR R W R BeT O R IT o 7. £
LC, RIgoMEmEEMBEIZOWTIE, FEEH (G
FlEi) HERERIAA O 6.5 Ma (HLEF NI 2>, 1983), i JE 1
WZPRAE$ 2 BB K ILK 8 D 4E AR 4.3 Ma (B N LE e,



o

SRl

35310:11%62N

136°59'49.3"E

594 X EHENEE LB B AR

137°14'49.3"E

RO W R AT L AT M R AAS B £ > 8 — Ol 7 — & X—= 2% ZF12 L7z W7 — & (S BB ot DS

X% .

1983), ZIFBIEOIKEFEMN 08 Max EET 5 2 L T,
W7 Feg o> ALV 8 o> AH e 9 7 S 3 1 0.01-0.04 m/ T-4F,
F Wi S Eh B AR 1L 6.5 Ma & % 2 72 (il 1987).
GBI 23 (1980, 1991) 1%, AW OMEFEREAT, 1
@F#Bckﬂmbt SRR I AT 2 2 4% (1999)
u,ﬂmm%ﬁMwﬁfmbv/%m* FURET A

BIF B AR » ZHEl & FORFE M REREE 2 Ei L, &

— 68 —

Wi 2 MAERIIHET L7z, ZO/RE, manGBiE» 1
1mm$mf%é EERESPIC LT FIERZA (1999)
Eﬂ?ﬁzmﬁﬂﬂ BT, GPR (Ground Penetrate Rader)
ﬁ%‘f(f?’“ﬁ%ﬂﬂW, N REE D O W R A & R
b o7z
AW OALKEIE, ALBE O IR OB AR O£
E$EﬂmﬂL INE L, & 22 ORI TR



9.5 HA% 35 )11 W g o W s 95 B

IRI&—15) 1B /8

HRERAR) B

AN

A B AL LINEAF RIS 2 WEER (GERML - NE—RI). TRI=0RE (), REpEEEiERmlkE (). #®

TiZIf 2 o TR

C o S HTR R B GRS IRA) 12 380F 5 Wik g5 5.

#)'5 em ORI 2 kA, LA (7)) AR EH,

T Ch) AT R . W TR (W) 1ZNT10°E, 80°W. YL NI 3#) 40 cm. D @ AT (M5 100 @ i XS
M) 2B W T, Wi T (57) (XNS4°E, 50°N. A4 —)bid 40 cm.

TN, 2 R A 2 2 EH BT & 2 20 & R 76 L2 5 1A)
#EZ, KFHHRITELE Cofid 5. MBOESIE
#1134 kmThHh 5 (EHMEGHERAEZES, 1999). AWF
J& DI & 72 2 BTN 20 & R RT3 & T,
AERE & Wi R AT e CHE 5 & AR BEE S BT <@l
LZENb (PiliT, 1986 5 Hi1ll, 1987 5 EHT, 1999 7
&), WREHNIZIL 2 5, N TIEN28E, 53°W, fRE
MTIZN47°E, 52°N, A & LW Z4F R TIENT4°E, 34°N
(FF L1, 1987), N45°E, 60—65°W (F111, 1985) TH 5. 47
IOV TIE, #TEIER B o T ] (&R I1E D,
2004), [#H | (HIT A, 2004), [ZE R (S5AKI1Z
7, 1996) IZFEHIR STV 5,

LB O Wi M d 2 B TR T CUE, R BT
WEHA, K- 7, Ly, SRRk
ED bz (FRIEIGRIEHAZES, 1999). #HIEH
FIZLoC, BIRLAMT T L EURDWEIC L T
TREHEICHELTBY, 202 KPICHER L7240
RS TWBFERD A SN (9.6 ). HILRIZE
F N DR FEREWE LR, R ah e A

— 69 —

#911,800 R T 5 Z LAV L 7.

BHTEER > ETO ML Y FRAETIE, WEIT - T
WA B & R RO LA KHERS AT 7 > T
WBAY(EE 9.7 ), ZOMEREWIEETEIC X o TEM - A
2T TR WO T, I OIS CIEARRKIE X E PR
WILLRE IS LT e v & Sz (FH, 1986).

AL LZEIFRTE, PHEFKEITEET > Tw b
BHIEBIER I N TS (55 9.5 KA, B: HIl, 1987
TR, 1985). #iIL1E T B =IFHEHH 23 mDO AL & 21T
TWAY, ZNE VI L HEEOZEMIZA LT, 4
&<té%%ﬁmuﬁ@p;$&wkénthﬁm
1985). A X L= ELSHEAICL T CTORERLT
W, WS EC AR S 2 L2 Mg e kg, IE 5-20 cm
OWRBHFA A S ND (57.5K7, 8).

RWTEREERN 2 5 L Wi LA ST, WA R
Jig <2 3E M TR A R R TS Bl 9 2 AR LB i (3 W e
JESM, 1991) LI 2 BRI EATREO H D Rk
T, NS OB E LR -FIIE O L %
LD EEZ, BBILNEMN & IEIFEA TRV, BTN A
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#9.6 14

T.P 1556

——TI.P. 155

—_— . 1 5dm

4 — TP 152=
al

i Rialeb g 1F e bl
EEARENETRE

5 FET T T R LB I (R Hb3s) 12 510 2 BHRBE T O 2 o 7

TULES SRR 2r (2001) & Hm®R, —HPINEE. HuE OFFUIEMEEITER AL H 2 (1999) 12X 5. TR AR,

(2004) TiZ, HHHT X D BT T, HFINZiH- T
TR R TG I (2 & 2 ZE I o0 e 7 S TR % 520
T, HITAbL <, B REIE» 5% %) T
13 14-26 m, PHALEE LI Tl 2.5-6.5 m D T &M &S
HAED S/ (BHMEIEIEREZR RS, 1999). HArg
B EMARS NS 720, BHHHEEIC S MBS
W o722 EHHEM Sz RIITHEARTIX, =1 ¥
THEH & R RS S 7z (559.8 5 £59.9
DERIRE TR E S, 1999). HIERAA RS S
i, RHEEOEMEE; RO LN, K=y 7a7Iz
GENLHIMKUKBOREE,S, I L2 ETE
781349 100 m & HEW & 7 (EAEG MR R AR B S,

1999).

9.2.2 HEE-ZEHEWNE

ﬁ%)ﬁ&%ﬁlﬁﬁ%i, A RIE 2 (1960) ﬁzg%jﬂazéaii L7z,
E T IATENT 2 5 it o> & 2 FUIT HE# ¥ ¢, Ll
PEHTANZH 5 km 272> THAT 5. dLVEEIAFER, B
B DL 58k Tdh 5. Hili (1987) AR WTE % )5
I&WE & L CReik L 72285, 2 IE Tl IcARIE % il
L 72ARIUE 2 (1960) D & FV 72, ARWTkE OFC#HiE

—70 —

Al (1987), BT (1999) IZFEL VW, DIFizZc
BES . JRIERT O4E1LTIE, N25°E, 80°N & N22°E, 74°N
RS IEDY 12 m MR THATICA S, WEFRE & e
TIEAHE L T 5. :t:jcirﬂ%%mm)%ﬁfﬂﬁﬁmb:
50 mZAL LT %, HATHTTILIE 20 cm O W i 1 i
(N35°E, 80°N) % BZ|2iffi= @il & &N a1 L,
FHNWH )T TR 4 om DWEHEH (NSSOE, 80°N) A%
FREECEET 2. ARG O U X IR g5
% (Fil, 1987 659,10 ). RErkE o #hF2 T o Hhg o I
EAMEIIEIZE NS SR AT L, Z0HESZ O
& & LT3 L e &, WBRELIC BT A=
WEOER AN L & s, KEEIZ=0TE
OHERERTIIIEE R T LTz 25N Twb (i
1, 1987).

9.2.3 RBINE

SRR S, BRI 5 2 S
BT 5S040 & SEHERT L2 4075 L, SO JE B Mt o> 8 F Tl 7k
WITIZE 2, 5 34 20 km OILH - PG 01200 0 5 3
S CTh 5. B HIR & 2R A 5 B b
P, ARWE OWIE B RER S T\,



—— SOUTH

B-SECTIOQON

ELnEs

R s
ELI1SS —HR‘ e =" 'ar

ELI1LS
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9.8 X HUNIHEARIC BT % 8 SOaHE M EERRAE O R FE T T

TR SRR S (2001) 2 4K
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559.9 X BUNTHRARIZ BT 2 B P E T
TS S i b4y (2001) & Bri
TR

=7 | emmiEsE e

7

Tengat =
s *-‘ﬂpnt;.:w S¥neling

559,10 [ 5Ed% — 35 M0 O 70 A5 JE 2802 3 1) 5 HURTRE 8 X
il (1987) ZHlk, —3INEE. 1 IEWRE, 2 R, 3 HEEWE, 40 gl - R 5 A o A EH TR oR
TIRERE. FOI-F26 (X 2 #1823 C & 2 AN E.
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HNAEREABLIRE & FRIREH & ICX 5 SN b 57
rRBIWIRE & LT d (L - IR, 2012). S HXIET
1, TR A o AR RS ORIREHE & 7Rk
WREME OBER, 2N LV FEH 2T TE, RIS
AR I ACE B VE 7 B O FE ] % 7% ekl & TR R 7
ANHABE e AAH OB & LBl & L 7-. R 3o
WiTg % &od C [JEBhWiE N | L IEN D 2 & b H 55 (B
ZAZKNZ 22, 1963), &R C 1 [ V2 Wyl J 133
LTwin,

9.2.4 R¥FILAcKTE
ﬁ&mm%@&,%%@Mﬁﬂﬁuﬁwf,%ﬁﬁﬁ
VEEL A Y, T \EIHT 2 3E S A L - BT AT A
VL HWETH L. WEOILTE Cl3dbihy, mELsc
FEEASER L, —E TR0 T AR ST
L. R E, R (1979) 8% (1987), EMH (1999)
7 8N & o CTHIBBRIHOGREMSC AN EOSMET Sz, i
WrREIFZEss (1991) 1%, L OB RRE OWIRA & itk
FIEIL 200-250 m 12 OF, RWFBOEE 21 km, FESE
JET-TI, GBI B OGWIE & L Cit#k L7z, SR
2o, # TG ETE IR ] ($5R13 7, 2004) 12
RENTHY, EWE L L CoORRIE LT /R
T, TNX D ETEMOMEST L RAFHOSERMEF T
HACH T R P 7 10 D HETETEH WG DFEAEDT/R EN TN 5.
BRAFHOFEMEEGE (1) =€) OAR LTI,
LR OHEEIGHTB A E T A 2 L, K= v I
R AT Lz (BT, 2015 5 Fris & H T LR
SAHEMZEERS, 2018). A OREE, T8FK 30 m O Wi =EH;
Wit i L, BEOBIEA RS S, Ao R L
e AAbRE LM oOEEEMEIZH 60mTH 72, EHH
MEHI LRI OFFAEIZHEE S N TR WA, 2O
J & B RO RAL R - PR I IER T 5 &, R
O ALTE T 2 H i E R C L & 3 o Wi R
TREDS, BHEILRE AN EEET O Y 2 T kA
BEELTEHRLTWS, K=Y v 77— I12 X 55
BEE A (9. 1K) TEMETIE R WA, 2Is D55
A LA OB X > TG ORI AskE kR L 720]
REMEDHEE S NG,
RWTEOFEMZFAE L LC, HATRARKIZBNTE
BEHELSESE, K-> 7, PLryFEy MEEZ ER
Fhts S N7z (BB RELR - £HREI LY b
(#), 1996, 1997). Z OFERERD S, KB LEE 2

TFAERICH 5,000 ERFEC 4 M OEFIH o722 L 5b
MY PG EIE L 3,230 yrBP— 1,840 yrBP TH 1), 4 v
MARNY) v TEFRK 24 mOEH T E VD Z & A
Sk 7o 7o (BPEE, 1999 5 B AL I 58 &5 ik iR BB &,
2001 : $K - BFEE, 2006). —75, HOEERH AT FEHEME AT
(2004) Tl&, Lo ML FHREICBIT HWIEICL H%
REOFERLHIEORILIZOWTERSEL Y, BEEE
FEHNEAY 7,600-#9 5,400 SEFICThH o7z & L, —DHIDOE
BHEFHIZHY 2,1000-#%9 20,000 £EHT, 2 DOHIILA 34,0009
22,000 fFEHITH o 72 HEEDR D B & LT b, EHIER
RARREM RIS (2001) 72 B K BHTE O JRIANEL, HhiE
HEZESHEE L2 HAEEOERBOFRET IV &
PN STBY (85K - B, 2006), HifEORRTER
FERR, I ZRE L S Bmoige s iiff s h s,

9.2.5 #ih

Al (1987) 13, & HKmEIEC BT, gl 5
AR, KA FRR L 72 (55 9. 10 ). fEFermst
W, B -BEIRE & AT L C B T T A & R VLT
IZE A 10 kmiZb7z D ILE-FEE LIS T 5. |
1 (1987) 12 L AuE, Riaptorg#3 d H—10 e bz,
JEPEEIT R 10 B BIHES L TB Y, Wi cldaE
FERTIESFRIAS E SNTWD, F72, SRR
(1965) 12 & 2 BUEEFITAF T o #UEL IR X <, 1Bl
TSR SN T 5.

Hil (1987) 2SRCER L 72842 e R EIC BT, S
BERFLIT 0 B I B ~C g 28 AL TE 12 75° CRAMBEREN AR L
RO /NG TR SRR S B 2 & (857.4147),
BT CE o T OWITE T I B CHERE X Y FhZoiE
FEESWIEIZR-> TERLTWD. 2 b 0MEI,
Wi BB 12 L 5 TR oOMELTE 50 LiFshzEo
BRMEEZZ5NE, L LTI L > TEROIREE
HEZ Y W B D R TS EE T &
irolziz, RPEE TR e L CHE ISR LT
WY,

TR RHE, HARHT 35 2 5 [FIETHRARICE 549 6 km (12
b7z CHRILHE - FIIZ oA T 5. FOERHLiE
EQ%EME®$%KEﬁ¢5.£Emm%u,Hﬁm
KEARIELORKENNFIBIZH > TR 3 kmiZb/zo T
FEHNAAT A, LoL, REORETIE, Fil
(1987) A3 a8tk L 7= LECORE MRS 5 (L WIRE ICHERR C & 72
MofzdT, WERIZIER LT,
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10.1 85 W & &
10.1. 1 REfTHE LT

kL &g, WML A, AR E S
G HhBEHE - @%Eﬁéﬁﬁﬁmﬁ%U/ Thi T
%5 Emﬂﬁmi% B 72 B K= I\ MK R0 ]
@ﬁT%Ei KEHEOFE D 1 D TH Y, 201
FCRTEAD 5 1970 4RI T TEEAIZRIZE Sz, FRIE S
N7k L, JNEORES, AT ARHIZ & o8l Tl T e %
EOFERHCHW SN, TSk SHEE RS T
(1978) Tl 24 7 FTOBATELII DS HE SN T 5. Z0D
%, T AT O M &SRB ISR L7222
&, FHX OARER ST - BRI O Z U R T
B, T R EOEEEDNSL MKW & (ZFE
7, 1988), 7% EOEEA S, RO RAAKE R A S
EERDICREAT L7z, TSt Ak ke sl 4804 (1992)
THE SNBATHINEZ 75 77 (D B 5% FHdEER 2 E
k) ThAH. 2019 FFBUE, KRERE L% TR E 3 5578
WE 7 <, PElENORED L LTHRES N, F12=
INELDEEE LCHfr ST\ b

10.1.2 R
JCBE O W Huig2 & b2 A TS E o HERE
MRS AT 5. wWInb, ML o—E8 =
RS A AP E DI ab e - 6 e AL I
i Hudsk D EE A ffr“;t Wtanrg At -IkHar 25
BRI A EERD (B HEERD) 27 v — b Ofb - /N Tk
ETALEMERMTTIEY T X EIFIEND) 2O
S NB Ot L, &G TR 5054 7% < ik
B0 T 2T KO R VHRED S FAETH 5.
& TR O EEADSE IR, Firah O ARFRL AR L
THEL, KIM— AEHX R T #2535, K-
FH X OB L 1-2 B OAREH T (F X 0.5-3 miEE)
2B FHE (S 3-8 m) & THEE (10-30 m) 1254
iaf;bb L CIE AR CEVWE 2SR D 5t (K
137, 1968 ; FEME - T, 2018). F T MK, EHM
E@%Eu%<,ﬁﬁ%ierfE%M’FTém&
Th b, LM EERHREERAS (1978) THE S
NFBATELILNE M — /N H X 0 79 B, BCF HBIX 19 7,
T A 2 R ZE S A2 (1992) TUEAM — /A F iy
RD8#FTThAH. 2019 FHIEORATILILE, K-
HHIXO 4nFiThH Y, FEMOEERITN0TT N ThH

& M

(EAE— - L)

. PR S MRS, BRI ATIE S B Ak
75y FIECRB SR, AT A, M T AR L

THA— A= SND. BT ICREOEINORHE
D,
BIEGI 1025 05 BET R L L ORETRL 05

BRYE A BHAG L, 1955 4E70 & EfESL LR &4 & L CEE
O B L7z, K- /\EIR Tl b i 2 o 3
¥T28LTH 5.

REEIRL ABRAHOESILIZ XD, 1965 5 5 AR
LEWOEE MG L7z, S, Higshil & B L
THBYH, BRI ThHFAFIELITo T 5.

Bimsill HAS ) #HZERASHIC I D RITEN TS
D, REEIAHTH .

RENEMIL BUR LRSS LD 1949 A B E
ORI DG S AL, 1962 4E KM TH % 5237 L T E
FEER O % 1964 47 O IFlE R EZ V7o T A
MEERD, RAEOEEZBHG L. 198283 FHD R
WWEHBE2 T N Y BEE LD, SEOMBZ LY
m%ﬁ SR AT L7

Eﬂﬁm H AR bR St (1918 4E3kar) , kL
%%ﬁAﬁQ%ﬁﬁiﬁﬁt%m%tﬁéﬁﬁg%ﬁ

ARSI XD, 1963 472> 5 B DO AR BRI A B 4A S
ﬂt.ﬁﬂ—ﬂﬁﬂ@@ﬁ%ﬁﬁﬁt,%%i@ﬁﬁ@

KEWVEILNTH S (55 10.1 X).

10.1.3 &# - A

2T VY A EET AT C R LAE i E D BRIES A ATH T
A, [FTHEHT, NERI R RS O R IEBRYE
Yisd H. F7z, FlRIITIIAER S A ORIERA
Wih3dp 4. [T ITCUlE, IHRS R85 Lo B 2 Tl e
THERR i) R D RSBEASERTE S LT\ 7228, 2014 4EICBAILL 72

10.2 % K & B

10.2.1 E®

S HMMEHIE L, Rk AL HIX o —H) ~n§él L
% { O RILIRA A5 § 2 (L 3EFAN Bt b2 3 A

1960) . Eﬁ%ﬁ‘ﬁﬁéﬁ#@%ﬂ@wwiﬁﬁ%%
M6 S, 5 R R O i e | i B &2 2 R 7228, 1947
FEOEFEI TN R E— 7yﬁ9®~ﬁ%tkbj%9
SEF R ERR R S B & W L 72 (R, 2004) .
JLRHIX DA g (LR R g LI X, (ZIZFILo



5510 1B ZEANULE F TR S0 1 o0 82 R BRHEYy (2014 45 10 H #es

FE T 2-5° RS 2 B RE L E O HE» 5 7
B (T b AT, 1960). B3 &HIE o E
IR S AL (BRI - T 3ERA e & 25T, 1968).
%Emﬁﬁwﬁﬁﬁmm,ﬁﬁ%mﬁﬁ%ﬁfﬁb,%
WEMARKAE & ST AT & F o T
T 5. WL, AR (140-200 cm) & R (30-50 cm) 2°

570, 1956 44 11 SLILAFRIT L4ERER 8,500 b T
Hotz. BEE, B2 (G0-50cm), HE (50-73 cm), &
J& (60-90 cm) 2> 5 72 V), 1956 4F 241k 3 #L1ILARAT L4E
FERY 11,000 b > Th o7z, BUE, & TOMRIILIZHL
Lt & 7 o T 278, JUEEA G - 03 53K
AUIR LIRSS LT b (HHIT A, 2004).

10.3 imJR - $L0R

BRI IS, BEITIT, T,
L LERENOFR L, BHTELIORRA S S
T 5 (45, 1992 FHIE, 1993) . & H T hIAN AT 1 XI5
244 C, BHEEDS39Y v MLO BT E R (pH =
5.8), EHTE) /WM IEIREE 20.0 T, EHEES 329 v &
NV OHAEE (1) % (HCO, #, pH =6.0), & & LR
MR 23.1 C, EINEES 109 ) v MVOKIRMAETSEE
P (pH = 5.4) Th 2 (&5, 1992 1 ZHIEL, 1993).
BT EL IR 29.5 C, SILEHS 76 v MVO
FRU T LTy LSRR (pH=8.6) TH 5 (B
AR 1993) . ALBEOHE)TIXINENTH % 25, & H T
O (5 ) 1E, RE216T, EIEEES 60 v b
VOHHEST K (Rn) 5 (pH=9.6) T, Ffkimi & LT
iR EE AN I shTws, "

RIS T HCEENT, & T & KET, & HHARH I ERE
BER—=) Y I D IRRERA LT TR DA D 5.
AARTHEANL, FHEEREABEEONGNA 7 = 1 F
7Y APIZHUT 1,200 mA ST 510 (B & X ) A
BNA T 2 A F T A—FR) T, BE, #E 36.0T,

— 76 —

RENEF MUY LSRRI IR (BRMEES 7 L ) R
R) ThDH. EHTEAKE (ERFOW) (&, #F 1,800 m
POBET LT M) A - HEALYR (pH=9.14) T, {REF
358 CCH A, EMHTAPN (B H MRS &, #H 1,300
mA2HEHL, BEIEF MY T LA - ATy A
R (pH=83) C, MEIZ250CTH 5.

10.4 Hb T K

E MO FARIZOWTOWFESNIL, WA - Kl
(1950), 117 (1984) 12 & 2 & M (Z3RE4EH) O HT 7K
TENZ DWW, KT - RF (1961) 12 & % KBTI DK
HERBE IOV, FiIE2 (2011) 12 X 2 & HTTHEI BT
LR DI - FEHELIZOWTOWIELS S 5.

IR - il (1950) & AR (1984) TR S 7z & HAKHE
O T KIS SRR UL, B SEMAOHT K
DFEADII B I, FEEF 30 m (2 H T /KT O B A AR
JNOTERNZ 3 A LT %, 558, 11 X2 & R o HFG b
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Geology of the Toyota District

NAKASHIMA Rei', UEKI Takeyuki?, YAMASAKI Toru', TAKAGI Tetsuichi® and SAITO Makoto'

ABSTRACT

In the Toyota District, the basement rocks are composed of the Jurassic Sedimentary Complex of the Mino Terrane, the Cretaceous
Ryoke Metamorphic Complex and Ryoke Putonic Rocks as basement rocks. The Jurassic Sedimentary Complex of the Mino Terrane is
exposed in the northwestern area as residual hills, while the Cretaceous Ryoke Metamorphic Complex and Ryoke Putonic Rocks
distributed around the Sanage and Nishi-Mikawa mountains in the north to eastern area. The basement rocks are overlain by Neogene
formations, the lower part of which is the Miocene Shinano Formation while the upper part is the Miocene to Pliocene Seto Group. The
western part of the Shinano Formation shows a marine paleoenvironment, while the eastern part is terrestrial. The Seto Group consists
of terrestrial formations such as lakes and rivers. Siliceous sand, lignite and clay deposits in the Seto Group have been excavated as
mineral and fuel resources. In this basin, there are six fluvial terrace deposits overlying the Seto Group formed during the early to late
Pleistocene. The deposits are composed of sand and gravel transported by the Yahagi River from the northeastern part of the area.
Alluvium is distributed in the basin of the Yahagi River and other small rivers.

The Sanage—Sakaigawa Fault, an active fault, is distributed from the northeast to the southwest of the Toyota District. The fault is one
of the structural movements of the Sanage—Chita Uplift Zone. The direction of this active structure regulates the distribution of the
Sanage mountains, hills and plains within Nishi-Mikawa Plain. Fig. 1 shows a summary of the geology of the Toyota District.

Jurassic Sedimentary Complex of the Mino Terrane

The sedimentary complexes of the Mino Terrane originated from an accretionary complex in Middle to Late Jurassic time (partially
earliest Cretaceous time). One such complexes is exposed in the northwestern part of the Toyota District. It is characterized by a mélange
composed of sandstone, chert, mudstone, individually and mixed, and trends NE-SW or NNE-SSW. It was subjected to contact
metamorphism by the Late Cretaceous plutonic rocks, reaching cordierite-bearing facies.

Ryoke Metamorphic Complex and contact aureole of Ryoke Plutonic Rocks

The Ryoke Metamorphic Complex is constructed of Late Cretaceous low—pressure/high—temperature metamorphic rocks, consisting
of metamudstone and metasandstone. The shistosity of the metamudstone is fairly consistent with the strike and dip of its stratification.
The Ryoke Metamorphic complex is distributed as small discrete bodies in the southwestern part of the Toyota District. While the rocks
of the Ryoke Metamorphic Complex generally show a northeast (NE) —southwest (SW) trending strike matching the general strike of
the peripheral area, the metamorphic bodies are completely enclosed by the Busetsu Granite and Inagawa Granite of the Ryoke Plutonic
Rocks on a geologic map scale. Based on the metamorphic mineral assemblage of K-feldspar + cordierite in the metamudstone, the
Ryoke Metamorphic Complex in the Toyota District corresponds to the K-feldspar—cordierite zone in the eastern Asuke and southeastern
Goyu districts. The K-feldspar—cordierite zone is a contact aureole associated with the Ryoke Plutonic Rocks. While its metamorphic
grade before contact metamorphism is not clear, metamorphic stratigraphy in the Goyu—Asuke District implies the existence of regional
metamorphic rock in the Biotite zone, characterized by a biotite + muscovite metamorphic mineral assemblage. Therefore, the Ryoke
Metamorphic Complex in the Toyota District was metamorphosed by low-pressure/high-temperature metamorphism in the Late
Cretaceous and is subsequently suffered contact metamorphism by the Ryoke Plutonic Rocks due to entrapment by those igneous bodies.
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Fig. | Stratigraphic summary of the Toyota District
The time scale follows Cohen ef al. (2013: updated) (v2020/03).



Ryoke Plutonic Rocks

The Ryoke Plutonic Rocks in the Toyota District are composed of Late Cretaceous Inagawa Granite and Busetsu Granite. A plannar
structure characterized by aligned biotite and plagioclase (referred to as a gneissose structure) is developed in a part of the Inagawa
Granite. The Inagawa Granite is distributed in the eastern and mid-northern area of the Toyota District. The Inagawa Granite is subdivided
into two lithological units, a massive facies and a gneissose facies. Along the Asuke Fault, the boundary between the two facies coincides
with the fault. The massive and gneissose facies are appears to have an intrusive relationship. The massive facies of the Inagawa Granite
consists mainly of coarse- to medium-grained (hornblende-)biotite monzogranite and granodiorite. Its gneissose facies of the Inagawa
Granite consists mainly of coarse- to medium-grained hornblende—biotite granodiorite, and is characterized by a more obvious gneissose
texture than in the massive facies, and common occurrence of K-feldspar megacrysts. The gneissose structure of the gneissose facies
generally shows a NE-SW trending strike, and its structure is less clear north of the Asuke Fault than at the south. The Busetsu Granite
is distributed in the southeastern area of the Toyota District, and consists mainly of fine- to medium-grained muscovite-biotite
granodiorite. Both the Inagawa and Busetsu granites intrude into the Ryoke Metamorphic Complex, and the Busetsu Granite intruds into
the Inagawa Granite.

Neogene

The Neogene formation in the Toyota District is divided into the Miocene Shinano Formation and the Mio—Pliocene Seto Group. The
Shinano Formation is distributed on a small scale in the northern part of this area because of its location between the Seto Group and the
underlying granite, and is only observed in the area of deeply excavated mines. The formation contains marine molluscan fossils and
terrestrial plant fossils, which indicate an Early Miocene stage, and a volcanic ash layer indicating the fission track and U-Pb ages of
about 18 Ma. The Seto Group, a part of the Tokai Group in northeast Aichi Prefecture, is composed mainly of meandering river deposits.
It dips gently west- to southwest-ward. The Seto Group in the Toyota District is divided into the Seto Porcelain Clay, Fujioka and
Yadagawa formations, in ascending sequence. The Seto Porcelain Clay and Yadagawa Formations are characterized by fluvial sediments
intercalated with lignite beds, while the Fujioka Formation consists of gravelly sediments. Based on paleomagnetism, correlation, and
radiometric dating of widespread tephras, the age of Seto Porcelain Clay Formation is 10.3-8.3 Ma and 6.7-6.2 Ma of Late Miocene.
The ages of the Fujioka and Yadagawa formations are 6.2—5.0 Ma of Late Miocene to Early Pliocene and 5.0-3.3 Ma of Early to Late
Pliocene, respectively.

Quaternary

The Pleistocene in the Toyota District is divided into the Miyoshi and Yagoto formations of the Lower Pleistocene, the Ibohara and
Koromo formations of the Middle Pleistocene, and the Hekikai, Koshido, and Kagogawa formations of the Upper Pleistocene. These are
fluvial terrace deposits of the Yahagi River and small rivers, and constitute the Miyoshi and Yagoto (upper-most), the Ibohara and
Koromo (upper), the Hekikai (middle), the Koshido (lower), and the Kagogawa (lower-most) planes. They consist of gravels, sands and
muds, unconformably overlying the Ryoke Plutonic Rocks and Seto Group.

The Holocene deposits are divided into natural levee deposits and backmarsh and valley-fill deposits (Alluvium), the former consisting
of sand and gravel, and the latter sand, mud and gravel.

Geologic Structure

In this district, sedimentary complexes and plutonic rocks are distributed as mountains and hills from the northern to the southeastern
parts. The depth of the basement rocks decreases in the southwest direction, and the basement is overlain by the Neogene and Quaternary
deposits. At the southwestern end of the area, the depth of the upper surface of the base reaches about 1,000 m.

The Sanage—Chita Uplift Zone is located around the Toyota District, and it divides the hills from Mt. Sanage to the Chita Peninsula
and the Nishi-Mikawa Plain in its southern part. The boundary of this structure is the active fault, the Sanage—Sakagawa Fault. The
Sanage—Sakagawa Fault is a northeast-southwest trending reverse fault that displaces the Ryoke Plutonic Rocks, the Seto Group, and
the Miyoshi Formation. At the southern end of the fault, around Toyoake City, a flexure structure is observed in the Seto Group and
Hekikai Formation, which is also called the Takaneyama Flexure. The latest activity age of this fault is 11,800 years ago, according to a
trench survey in Fujioka-cho, Toyota City. The Sasahara—Kurozasa Fault is distributed along the Sanage—Sakaigawa Fault. The Asuke
Fault is distributed in the Nishi-Mikawa Mountains in a northeast—southwest direction.

Applied Geology
Kibushi Clay, silica sand and lignite are mined as mineral and fuel resources in the Toyota District. Ligneous kaolin clay deposits,

so-called Kibushi Clay are embedded in the Seto Porcelain Clay Formation. Kibushi Clay contains much organic materials showing dark
brown to gray colors, and has been mined as raw materials for pottery and tile on a small scale as a byproducts of silica sand. Large-scale



silica sand deposits are distributed in the Obata—Yakusa and Shidare areas, Toyota City. The deposits are embedded in the Seto Porcelain
Clay Formation, associated with Kibushi Clay beds. As of 2019, four mines (Hotoku, Ito, Nikkyo and Tamomi) are operating, and the
annual production is about 300,000 tonnes, which are shipped for glass industries. Lignite deposits of the upper Pliocene were actively
mined during the mid 20th century, but all the mines were closed by 1969.

In the district, there are three mineral springs and four hot springs. Most of the hot springs were extracted by boring more than 1,000
meters deep.

The Tokai region including Toyota District has historically suffered damage from several seismic events because the region is located
near the Nankai Trough. The Ansei-Tokai and Ansei-Nankai earthquakes occurred in 1854, the Showa-Tonankai Earthquake in 1944,
and the Showa-Nankai Earthquake in 1946 caused major damage to the Tokai region. In addition, the Nobi Earthquake in 1891 and the
Mikawa Earthquake in 1945, which were inland earthquakes, caused great damage to the inland Toyota District.

The industries of the Toyota District are known to be the ceramic and automobile industries, which are closely related to the
characteristics of the topography and geology of the region. The development of the ceramic industry was due to the distribution of the
Seto Group, which contains high quality clay suitable for pottery, and the automobile industry was due to the vast and flat topography,
and firm ground, which allowed the construction of large factories.
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Mt. Sanage and the Yahagi River flowing through the Toyota District

The Nishi-Mikawa Plain, where the Toyota District is located, is formed by sediment transported by the
Yahagi River flowing from the Mikawa Mountains. In this basin, there are six terraces that were formed
from the early Pleistocene to the Holocene. To the north of the Toyota area is Mt. Sanage (629 m), which
is made of Inagawa Granite and forms the basement of the Toyota District. The Sanage—Sakaigawa
Fault, an active fault, is distributed from the southern part of the foot of the mountain to the northeastern

and southwestern parts of the Toyota District.
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