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LOBRABET A LRTERAVWY, RAHERL-E
KRS OE FICAIE L, KeBORIKEICED
NTWVWAI &S, EINCR TV EEICHEY S
3. ¥, RfRcEEROEEIE LR L iR BREIED
SRS LTV AD, £ IC& N 2 AR
HL3ERETHS. £, BEORHEROBAA
MHEFhTVA. Lihi-T, FKiflEDKIEXEE)
kG, HARUEHICH T TEWEE - KBS
5155 klUFEfsER s hi- bo LHfEE N5, Ak
A & FEORBEEIE, MAICOmT 2 KEEDK
PeElE (BEZE0) KHEHETN TS, KRGS
BRINoso—OBRIC b - bDLfEEENS.

FEETHRELLET D S AR i TFE S b % T
5 HI| oI, #E L TAREOBHENEAL TL
3. 055 ERMoELEHETE, ERED 5518
BBAOEERE T 2EUKAE T, KILBEIKE - K
BEMES. BIKARSIREOBVWRAN S, BA
HhEvHBshTwRL (85 18K, £/, HEEE
DEHe kI LEESD. COERE, REaDBVWIREGE
BEIKETHRE N TH S OBBIEE EW C L 2R
LTHh, BEHRRVWEESATLRLY, Zofffic
KBBAEEDEEOD Eo5hid > T EERET 5.

FERE O SEI A S EHEETICHO 2 I, Bk
PR, R BULERU VL MERENERLTAR
5. Lhal, Zofsi@GEsE], PIELREFEREGG
PEETLOBHIFRETETVAY. BOBINCSH
T 53— oML, EHEIBEUT S L, BEORLA
(T EIEMORBFELEICHYT S, —4, B
BBHETRHED S A LRLAME L, KEREIK
ahTwad Ghidhn, 2004). mEOERIHATIIHE
BT EIWY, HERIC IO SHEE L fchE
REarLT

ERRE
EERHFMEGRGE (917/GSJ R88855)
REMD - SFEERE T AT H
RELR : i K — b D SRER.
W& 63 (<2mm), BEA (<1L5mm), HHHESL (<05
mm ; FEeICEE), BEF (<04mm), FEBHHEH(<0.1mm).



qE A5 R, R MEA
HEoh#THAEAEd 2, AEONF I RITEERO2 Y
ZE 54 FHERIIGENTVL S, HREGEMHEEERL, &
ERoKiansgEzhcuns. EHIME LTEBSE 50
MELTWS,

{tA St o RaBTHoBKET» 51, &
FLOMER L TV 3 (hREh, 198D, 1z, Tifo
i AL FEUREESIES 245, C OE 3EmF
fbRICECE Y, RBEBEOBLAEET S CKH, 1949;
thif, 1948). iz, KBE EHORED S IEFERRD
INRL TR EASEEL TV B (FPRfiE A, 1981).

FEE S T &, & ESEEORIKERNS, BE
H SRR LA PHALRDEET 5. filllidh (2004) (24
[&# & Chlamys kaneharai, Vasticardium shiobaraense,
Turritella tanaguraensis “FOFEH A5 L, wonhaE
EETH, ThEREFRSYEIHILL 2. #i3D (2004)
BARED S 28O BILAD 3, Hifky v o, WEHE
EEY =, 20 SOERAEREL, Tohicgx
L% Nanaoclamys notoensis notoensis M L T,
WA o KER BALARRC L TV 3,

WHEEK KBBH» S EEhicELd, Eh%S ok
fbamEEH L, HllEs (2004) F1fLl LG EEEH
Blow (1969) @ N. 10~12#icfi24d 5 & LTV 5.

RO OMEHERE, EIFR TN 2200
FHHE OB G KBS 2 5 147205 Ma ()11,
2007), FAFHUAE O KRBT K A5P6H O LRRICFE
9 2K IR S 2 5 129206 Ma  (LLENE D,
2004) YNNI DT 4y ¥a v bTy 2 ECHERE
ENTVD EEEFVTND o). FHE g i,
REH]E AT EE H 9 2 BA KILEEEERCS S 129+
0.7Ma (LLEIEA, 2004), 12I1T 5 FEBICHE 4 2 BEdRMT
OHNNG OIS T 2 B A KBS D> S 137206
Ma (|, 2007) O IvDT 4w g Iy
FERAREEhTWS, 4, I TRE] KiEthsPg
WALE S 2R LTEE M o BEFRESE S 142+
0.2Ma (1], 1998) O 2% K-Ar fFAMHEEsh TV 3
(B33 10).

ZOEHIT, KEED»SEE L OFERRENH 2 LD
O, PCE@MFEFET I bOLEENTVS, HBibd
5L, KEEEE S KEEH S (3 Blow (1969) O
N. 947 (BXZ 15Ma i) /B 3 ZilEE LBk
AvREINTBY (FE, 1985; #i3h, 2004, K&
Bo R hicBiflansg. hsoFERHSEBAR
HIMT LT, ABJEIE N, 9 LIFTo it chEi i s
KEhizbolEZoNS, KEIGHISEOHE=Z0H
BERITOVTI, 5 10ETREL (B~ 3,

5. 7T KB E

gL FIAE (1953) M.

B FEHETAR0/ \BLUABRERT (AR,
1953).

SHRVEE KEWIFES ML o i 5
fil, F#EEEMSOHE=20&% LAY ¥ 3.
1, BEOFEH=ETHEHoOMTFIcbHREL TS, H
AR O ER I L o TERERE R T
SHIRICHEH L TS LWL, BMEGBETEHL.
WS OBEIR, $60m TH 5.

BFBSR TOABMEBELICES.

B KEBEIBIKE-GIKEWS - vV b Eh SR
D, RECEBUKE « KBS G495, 2fkE L
T EAMEALT 2iEHEERE L, RTEHIITHEORLE
O KILBEBIKCE - BUKED Slifs T 285 - HhiE A
HY, TEHRFECEKE-AKEWE, B icERg-
GIKEY v EPSIEE (5. 19 K).

BIE-ARKEE R GEE, KRas2L, BESH
EEGU LMD B, BURE L IR LR EEEE S
L, LIELIE5~10cm KTRIBHED, Y2 —1%8
. COBKE-AIKEWS 3 KME, &H, #@h, v
AOHE, v=REDLREEET 3.

BUKTI-HIKE v v M, REKD, IKIBRERL,
L d % & ok ANUKARERT B LD IR
5. EHURF IR S R EE R L, BRERS
EELT EHB B,

MBCHEEICE - KILEEICE 3 MIE 1~5m T, K&
G AETREESREL TV S, KEELEOhTIRE
PRI E S B0, WHERITRIhARR L
B, FERIC & 10em BRIEodEsiz hTcn b, £-¢
BEHKET, LFCRAN, FRICREERZET AL
BEIRCENR SN2 (555, 20 KD, TFEphs kLKA
o, LEBEIRED O 5 FRLEE BRSNS,
—RLIC PRI T, THREZEIDAALTVEY, LR
AT, BE - v b EANEEELTWS, BibG
FaRgtltbdsidh, EEBEYEHESITVS
BIKELHEINE. IhooB#h S, KFOEIK
&« KILBEIKE SERHERY (ks —E51 1)
LIEES NS,

bR REBEEBEECAPEMFLAICET 30,
V=, YAOW, /VSOBULEEELTVLAS. F1,
MNE (1950a), HE (1985), thiZhH (2004), H)lliFh
(2004) RAEDSHILA (FilhiEE) 2@ELTO
5. AR (1950b) I KE@H SEE L 2B fLh{bAIc> W
T, PIEDGKEORE &l L, 7o HERBREE % Rt
BHEEEZATVS, 5B, AEREFEHEHEoM
TIRORELTEY, ERPTRKECTHEL ORI



L RoR TR B 7 i

- HIR'E v k& Orip up clast

- BRIEER K LR IR A

U REREAD

- 10 m

o P a— VS E g

P93 EONII Y s

A

[ ] mwE-mmE L b
WEIRT — T R B

A SIS - KIBBEDE

(—HIEEENED)

5 19K AREEOBHRE
SRR 51 B K RE O AR R,

ADEHEABEND B,

Lo & 5 1 FEE TR AT O iR T 2 ibE s
S LEMEL, KREBIcHitshTws 6k
137, 2004).

HMEER KEE» SET 2 EEREGLREA
Blow (1969) ® N.9#Ic@d 5 &bfisahTun 3
HE, 1985 ; FhiEH, 2004). AREILARGEEICTEHT 2
KRR ED NI vyDT 4y a v b3y 7FEN
13, 144+05Ma (lo) TH 2 (G, 2007). Lich-T,

FoE @ chrt Rk s g s EZ o h B,
5. 8 Bk, vV UERE

AR gz 1, FEicltEEo R, thka
7 vy 2 R, BHAEE- SRS R U ES
ZAHCBAE (ER Y VRUER HOHT 5.

L I 3 HomcEERMBE o (5. 21
X), BlkEEx72 LTV 5. FEEREE ko
W IREER AR Ty 7 22 BVWTH
n, BAHBIEWEFNSILE-FEIE AR IZITEHET
b 5. BAEIIZITEET, SRAMICIEARICES
7 3 ) OHRETEATER Eh TO 5, SlROBEIZ—
fric/h& v, s BEOILTERIC R S 2 5ikiI30E 10
m Pl kickss, it BERITREE LA RUHER-
HE SRR EHOBR KPS ICEA LRGN EIR
HaEEELTBY, SRODMBHIEZEREILTW5.

GISHAETRED o 3, FRoEik & 12iEE L
AHO Y VELRERPSELTVWS, D55, FiR
IO EEIIELOME & oEEOERIIBETEL WV
Hs, BT R BRI S-S SRR KR S R BT
REofE I ERMcamLTVWA—F, BETiRIn
SEBEMTES Lo nEEL L, EiRE K LREE
EDL—TF7 ¥ b ERHFETWS, Lith-T, C
DHEERIHA» STHICE? > TEAL, ENREES
BHEEOLSHFEEALLTVWEDDEELZONS. T
hPAD 2 >DEFKIZRBIRBO A /MR L, B
AOHIE & OEBEOHERGBECELMVIY, FELVE
Hidbh s, Blike LTET 2 HE0E &&- TR
B %% d 52 &, BEBEEo LAIciiET 5 &b
5, TS 2oDEKIEVIVE - RIESBEEMERIC
OO BEENLLDEEZ SNB,

TN O DOFREE, —RIcEEMEATED, HKA
b, KEAREET S, HRBICHE RERAMEED SN
2, BREmEEETE LV, SEPEHOREN, S,
AHFARCE 1AL TR RigHisio 411 5313 5 Hith
ARUCASTHEABICILEL A6 2B GRE (BEk
UBAE) oxttban aafetEdikE V. BRILIEOFERL
B PEED S 14 148107 Ma (51, 2006 ; 327k o)
EWVAUNTYDT 4w a v bTy THERDHES
NTHL, kkoyicESFiE Th & OfEes OGS
B0 3BT =R hiihirit £ X o 5.

Hytmiga o KEan LR oK BRI LERIC 1, ERR
&4 B < BHARI{ERE - mitedinmLlTwa. KiE
SLfHE T, —E IR THE L A3 E S DR TN
HEQBAELMEICHE->TVLA, BHTEEOFL WV
HAT, KEHLROKEELTEARSEGICHE L
HHREBITLTOVS G 10 BHITERSR).

FEFIKREIEI LR O RESLL % & R 900 m
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5. 20K KEEOHEEIGE - KILEESICE
H (2007) OFEMBESEHRIUSH ICHENY 4 2, FEET AMLAE.

H5. 21 HEEEERK

BdL - B UTiRohasgn o, MRE, SEELAHEIAE LTE-> TV 5. BXAEARA.

M ofgic 57 L Tw b, KEESLLREIE S KR KB
LRSS IC BRTINERCE - KILEEECS, BKEED
W= X F 7 b EFHETEY, Litd-1T, &koid
FTEHABH L TVWA I &IC 3, Tk 2510
Wb ERE L EZ oN b0, TEBELVLDICHE
DOFEHBORENEL, HERE LBV ENBEBL, EHiE
MIZB T I ORENH IATE T, HREODEBVE

BERLEBFHETH -4 505, KBHLLTHE,
SLLFEEEICERIRBO 7 44 F EFELEEDFA +
1 b - BHRGIEMBPRE SR SN 5, BRI LR
A eta & ORI IR I AR - ZEL TV,
ZNLA DGR TR —MCBHRMBTER S - e &b
bEEMGG, —HTIIEEEYOL DL T EHE
FIhTwalEbdb, ZHE- AR (1982) RUBHR



EEFE RS SR E RN RERS (1994)
i3, THEHRMEREES - RAta L 0 RICEALLD
DEEZTVWEY, —ETREKLOULREZIITVS
OB E N, FMETREASKICHES hIcERHR
Bo 7oy EHW L.

CEENEBEEREOHELRS R, A50MAFL VR
DT TR AR DS AR T 5 Z EEEL W,
BTTREE »)EEIPEFEL, fEARY—vas
1 Mb, BEEREE)HA MEL TV 2OMBEBEINS.
HIE - AAT (1982) Tk U'BASRBREEE EFBIR MG IERR
UMEFMEEESS (1994) BCoEREERELLT
BFEOERE NI TIRWLTVWS, LbL, —DOIE
s R ORENBED TARYETH S L, Alic
MBI ARMRESCREESOIHT S L, BF0E
A EBRMBMZNIEIEEVEEFEI OBV &AL
Mo, WEEEERCEALLERBEASL—ETH S
aJEetEdE . Lichi- T, ARG TR oMRItEE
A BHRHBRIIERES - RS 512 2 BASF ORI
HEAEHE LTefE—EL TR L.

LA RUEEELFEAICS, EEOF L LR
SRR ERS O BASWMIBIIAm L TL
3, IhasiRVFnbilE~0ERNEL, oAb
DT BDOT, BFEDREICK WV EROTESHTEL L
YNWEREBANy 7 EFEZONS,

E=Y S 1
RcE (884/GSJ R88856)
REHD : AP ET (R,
BEL  IBEETER LA S BASO—H.
H& 6% (<2mm), HEL (<3mm ; REELICEH), K
BEAREEY (<0.8mm).
LERE #EA GEEER, vUYA b,
BlRk 88 - vz v,
AER—THATEE2Ed5. EARdv—vas4 MELTW
5. EEHMLE L THEIAAERL TV B,

AP REEREAELRE (898/GSJ R8885T)

BEHD . BT AT & 2 K SEILOFERIR » FRiEE.

B EAEAS EO—E.

TR AV EA (<12cm), AF (<Limm), F#&EA

(<4mm ; BLREH), BER (<18mm; BLIEH).

BlRA s : Y3 v,

EESY ) A b, EEREL BhAA,
AUVEREIICHEET, BiEAREELT. fERARY -

54 MELTWA, GHEEFROESEELLL, SRR 05

RuMNicEs, BEESRL) 1 ERERENOEEEKIC

Zh-TLA, FARICEEEFCEDL WBIROEWESFEL, +

)4 A FATHL TO A, GEEESEIICEI ShITDn,

ZEPRRRI LS (926/GSJ R88858)
EEH . B3R EIC & 2 KBS LOBFRIE RS,
B B EAS D L
& L3 (<6mm), EfG (<25mm; E2IEH).
G G (<02mm), ZYRNMNTIA L, £UHA b,
Ellaay iy A=

ERRELICTEL TR 2 VA MNS 4 MC@EBREAT
W3, [iaEFHELTHIEL 7 VA PS4 bEE)HA M
ERRLTWa, EEEME LT, &L €454 5l
F?) MERLTWS,

5. 9 HIEFEEMHE=E

ARigHIR T3, FHEEEX L RIIHE=LOM
BidhEIC3IZEALBHET, SRRETERES» OF
EB= TR R 1< > 1 7ot o FRAR) | RN IS BRAIR D B
VIV EDNEDONLDATH L. COHEHYIL N E
i3, FEEREEICAHT 2B =RICIEIHE L 2osHss
iy, FEHEREEMSOMBXAMICEED LN -
7. BRIRT, FEERIBAEEKEEL VL LIEFEREE
L, BUbL TkBEKEEET S, B{bTsLRL—F ¥
7ERILPTV (85 22K). THREORRIIGEIC
ZBE 20 cm R OHEHEIKESREL TVWEH, £
PHBELLSE L &, HRBEZREEIA TV, v
FEEOERGEBILZZUITVAEN, SELLTHEL
foEEESHE N15°W, 14°E TdH - 7o, T OFhIicidE
EEBKEOMESER (8 10cm ) bRohns. £
tz, AIKEa v 7 )= a viREEhEIEDHS,

BRI ERICBHT A vV b EDSRES 1 RITRT
BHE{LahE N, ThoOERE(LAI, Yanagisawa
and Akiba (1998) @ Thalassiosira yabei 4 (NPD 5C)
B9 5. ZDHHERIE Yanagisawa and Akiba (1998)
R tf Watanabe and Yanagisawa (2005) cX#uid,
114~100Ma T 5. BN GRICHE LTS o0 rES
53, #iEH (2008) 12k v Blow (1969) @ N. 16 #ic
FE4 4 5 it E fL{ba &, Okada and Bukry (1980)
@ CN7b BEHEIC T 2 AIKE > v/ {LaslE
ENTWA. Lichi-T, FEEHE YV E DI
HodificHifLi-bDEEZI SN B,

K b HIFEROERD S I ARE B D &1 Lis
Kot A% BHEEFAR G 5.

5. 10 FEHEREMIHOFE =ROMHEFNR

AXEHIE K 0 2 0 B IR OFHE =% 513, 1980
FRLIEEAERR U FEROBREMPHE (Hah
2E5iIctE-T&E: LbL, EREF-s AL O
O, ZORIIBFEFREFET IHELESEL TV

B, KEREORABRUKEBICHEYT 5 imakfEic



5 22K HHFEBELEOHSEE LS
EtRIRET =R OEE 4 SHERRNE T oRRIE, GORy » FIciRE s 1 EoRABEINEELRT. B
HEord, EHOBE Lz ofifitEd. AiRofEd, Eild4SHToEGAoBHORERcESd 2,

5. 1% EWMFOHEE YU M EHSELHEE

Sample number 871A 871B 871C 871D 871E 871FR71G
Diatom zones (NPD) 5C S5C S5C s5C 5C 5C 5C
Preservation P P P 3 P P P
Abundance R R R R R R
Actinocyelus ellipticus Grunow 1 1 4 1 3 1 2
A. ingens f. ingens (Rattray) Whiting et Schrader 4 1 7 4 5 1 3
Actineptychus senarius  (Ehrenberg) Ehrenberg 1 L 4 - I 5 1
Azpeitin endoi (Kanaya) Sims et Fryxell - 1 1 I -
A, nodulifera (Schmidt) Fryxell et Sims 1 - 1 - 1 -
A, vetustissima  (Pamtocsek) Sims - 1 | | - -
Cavitatus jouseanns (Sheshukova) Williams - - - | - -
Cocconeis costata Gregory - - - 1 - - -
Coscinodiscus marginatus Ehrenberg 4 2 3 5 4 3 9
Denticulopsis Tstedrii (Simonsen et Kanaya) Simonsen - - - - ] - -
D, simonsenii - Yanagisawa et Akiba - - - - 1 + 1
D, wdgaris (Okuno) Yanagisawa et Akiba + 1 1 3 3 1 |
S-type girdle view of D. simonsenii group + 2 1 2 - + +
Diploneis  bombus Ehrenberg - - - - - 1 s
D, smithii (Brébisson) Cleve - - - - 2 1 -
Encanipia sp. A (= Hemiaulus pnf_\'m'orpim.\ Grunow) - - - - 1 - =
Goniothecium odontelle Ehrenberg 2 2 e - 1 s 3
Grammatophora spp. - + - - - - -
Hyvalodiscis obsoletus Sheshukova 4 2 1 - 3 2 1
Tkebea tenuis (Brun) Akiba = 2 - + + 2 1
Melosira scopos  Mann 1 - - - - 1 =
M. sol (Ehrenberg) Kiitzing 1 - - - - - -
Paralia sulcate (Ehrenberg) Cleve 34 27 47 48 31 50 63
Plagiogramma stanrophorun (Gregory) Heiberg 1 - - | - 1 -
Proboscia barbor  (Brun) Jordan et Priddle 16 3 | - | - -
Rhizosolenia  febetata . hiemalis Gran 1 - - 2 1 1 1
R.  miocenica  Schrader - 5 1 - 2 -
R, swliformis  Brightwell 1 - 2 - 3 - 1
Stellarima micromrias (Ehrenberg) Hasle et Sims - 1 4 - - - -
Stephanopyxis  spp. 8 6 3 3 2 5 3
Thalassionema hirosakiensis (Kanaya) Schrader | - o R
T.  nitzschivides (Grunow) H. et M. Peragallo 20 36 20 25 31 23 9
Thalassiosira brunii - Akiba et Yanagisawa - - - - 1 - -
T. grimowii  Akiba et Yanagisawa - - - - - - 1
T. lepropus (Grunow) Hasle et Fryxell - 1 1 24 - 1 -
Thalassiothrix longissime Cleve et Grunow + g x i =% = 2,
Total number of valves counted 100100 100 100 100 100 100
Resting spore of Chaetoceros 42 60 42 41 41 29 3]

P: poor, R: rare

A RIRATET < O EIE 4 SHRRE T o BRI E, FIIc B0 23
PRI (358 5. 22 [Ric/Rd. [E W ESHIEEI o MiRELRKIC X 5.



(Ma) 12 13 14 15
N.13 EN,IZ I?ill N.10 N. 9 N. 8
AN (8) 14.4%0.5 Ma (FJII, 2007) | :
==
- (7) N.9, (&, 1985; #iFH, 2004) —=
&
n : | (6) 13.7£0.6 Ma (F)Il, 2007)
il
(5) N.10-12, (£7)11iZA>, 2004)
x [ | (4) 12.9%0.7 Ma (1L HIZAH, 2004)
23
5
e : | (3) 12.940.6 Ma ([LIHIEA, 2004)
(2) 14.2%0.2 Ma, (F)I[, 1998) |mu—m— — FilEHEFLE
— _ %%K_Al”
=
b (1) 14.7+0.5 Ma (&)1, 2007) | : 0
I I7af-y“/a‘/-l“”7‘)’?

#5230 ARBERUKEGES,SHE S N EHRIE

HEHEROBRER lo 2T, (2) OAJLEE %] Kighk. HmINEh (2004) 12X 3iFEEEFLROFERIL,
AT Blow (1969) @ N, 10~12 ICf84d 8 L LTwahs, HSoEFEHHEICE T 3FRTRTEE N. 10
HTohEicEWT WAy, Fhicit-7. EAERERIIEE (1999) ItL 3,

B2 FERIAREL, —HRIERCHT 2EHEMES X
PR VREIC DL > T, AMEAETE C ORE
ARG B 10, KEEROCKEED ST O S WET
B EREBL - HOENERYITEL. DS
b, WERHEEEOMLA I L TIEY IS - HEHO
HBOSHAROSNS S A, WL 5 R S REFED
BuWtasEohd, HrunFRrBohEsh-7k —
4, KIEERAREHIRICIE 914 2100, FAHA
Ehic S TSR ORIERR & 5 2 R EED 1.
TOEL BRORFEOHEFEFNEL s nch, EHO
FBOPBEVWIRIoWT T v va v b5y 25
RBEERTTS T ELMTE, TOBBIEHI (2007 &L
THREL L.

AXEHIR I B 1 5 KER R UK E b Dl % 5 5.
283K Rd. RBBh- Lo FERMESBELEICHE <
WoTWA I EMams, I (2007) &, CoMH%E
WS CIAMEICHT A LB LV E L, FRAIET
B OFEROBIEMSHKETH B E LTS, BERES
NTVAERBOPTHESSVOIZ, B2 3058
R1; 2k CE—oFBRAEH L o KB BOFEHEEFLE
FR(N.9 THBEEA B, KEBEH 52 Blow (1969)
OALFAH N, 9 D FIRAEEE T 5 Orbulina [BHHE &
nNTHH (FE, 1985 ; #iZh, 2004), KBEL O T
OHIBOEREMRIEIN. 9L bW Lich b, &
hADEETIE, 5% OFNECHEE A LS55
NIBRHETH S,



B6E IEHERURIHEREY)

ﬁlh&&ﬂﬂmﬁ@%ﬂM&U%mﬁﬁﬂmkmm
BEBEAHIE, TRt~k S N K8
BRI OfEk s hTwd (6 1K), chbs
(AR MR & Ch 2 E S £ OB T A% S
ATERSHEREYI» 512 5. EBEEER T 5 O 3 TEHEH
FEE T, dedbsicd 2 /\#E L O RS - 7224850
[ERGFRRBSRESNE- b0 TH S (hiizd,

1985). —7, Hii-REEHH o) IHER I, »oT
DREINNR U Z DZFHHERE L7 b DT, #HEESHER
WM& & bIANIBHIS DR EHEME L TV S R,

2000 ; e, 2006b). JE\ERHEREYDE, #EEAKLKL &I
HhaBEEER E2EAKLEKRKOEBEO LMY, K
W %% GO IREBHEREY A T & 1 > TRk E
NkbDOTHsb. SEEOBKEFIZ, WHEEBSHERY
hoF7shoffETcEs e 2X). ih, AXiEk
URLAME DB it RBNEUZOZHRVCSHET
2500, REMICIBEMSARERETIREVI &ITE
BI3hicw, EBEOFREELRAENIOTEIC & - T
N, HEKEAASE O SRR L o] R O SR 1 <
5. LpLAass, AREERUREIEDERETI,
HWE R D H-I-J-K Wrificm S h 3 L 5 B W
BREBEK LR EOSEREL B->THY, BEOHR
REREE Z¥OR#ME -, HENCEBREROSEIE
WHDEERFRICH~AE 255, Thldd gk
KED EEE & EVEKERDSEEL TWEcHT
b3 (7T, 2006Db).

6. 1 1E #K &

SR AL 3 < B || FLB % Mk & 2 AT
BfftofAET, REOPPREE L Bhoi
D, BFKBGEAEEATHS CNtliZh, 1985 LG,
2006a),

MEE #RAK (1952) - 50K - PR (1955) DIEHIE
(el 9

BEXh  ARE ARk EE (5] Kigih
QW) g oFTEHRTIE,  EIEACEEMR I ETHIR D
gﬂﬁszEEMJI%MﬁW)#ﬁ%EH

5% ARBNTIE, AEEYSOMESTFE ETHM
oltoEMETICE R AT 5 (6. 1 RoHiE 11
P&, 1957 ; #87K, 2000). T @iFd, FEREEFRTEH
O T ICAFEAERERETE &, F—) 7
EHITHEZR s T3 GFARE, 1979 ; 1L7c, 2006b).

(LR

BFEER THOHSE=%2AE5ICE>. FEo
i i3EE 10 m LI F o EEREE P ELR D (A
#, 1957;%6. 3K, 0T (FEOFL o — 48
I3 d 54 36 FAERIOBRT 4775 &L bEich
WF 7 SEBEEENTVWS AR, 2000),

EBE EFIEETOBEIRAHNIOm. M1l 0
EFBITOREER 3~4m Th 5. EEFHEOHRYT
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WHIBWEE N 200 E S RO EETH 5.
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556 4 BEIBITERMD S FEE I T %8 2 B E
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MHEHLLZVOT, BEMKEORE s 3H&ELI ETH 5.
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v DFaE L o B 22 | RERHERE T, b 5 7 HURIRR
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IEMfEsh, BASSCHEESh TV, ko
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OMERERIEL D bEMICEVEETH L LAEREDLNS.
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B FCHEREYI (S, MISS (CEEK L il JIMER & T
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R LEERFRED S bOILEMICHEY L, BE¥EYRE
KEFICHERI NS (F5R, 2000).
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YAMEET (86, 1[XD, W& TH 190 m,
SrEavm o BHETA (THERE] KigA) cH70m T
ETd5.

BEBF EEFORRNNGKET (F6. 1 KoM
20) THE=REAESICES. HiH24 0 UT AL TR
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BE FRIEET (e 20) TOARE i) [HEREY
OEXFH 4m (FEOEEIEH 132m), ik 24 ® UT
05 FLTOAREETN B OE S 35935 m T, FE
15.40~1888 m [lIc HEH ¥ 2 (FLODEZ (21099 m T
A B il )| | HEFEY © BRI 945m ; 55 6. 6 [X], 55 6.
1K), Ihoz2ES BMHERYOESE, 14~1Tm T
b3, HAE (1979) 12k 3 LFHETHER OiEE L
INERE (BEE 142m) T3, ZEEE 20~26m £ THIEE

T, DUERAHEINNRLE LD KRB ) MR o Ll
FE 1349 122 m).

Hf ot 23 @ SRR R OB < o
B ke BLEERIC, AR i) | [ HEREY T & 3 EFEE oK v
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H 5. UT056 2 7 Tl AR 8 em LLUTF @ B I e
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5.19) @ & 5 AR )| [HEREY R T ici& L TR
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775 (KnKD) - BZEIRF 75 (Hr-M2Z) OEEf
B4 - RIAHEA - AHEAFFEIICE 0 5 N KRBt
ZTDOTHIcATVWS (56 4K, 6 8RD. F1,
RE il | | HERE O B _F ok LK g 3F L <R
TALL 72k 2 a ) THR K LESBEL TV
(886. 1), =L, ZOHFERETEL TVIREWL,

FK - 1ttt BEH o — 4K v -7 (1965) 13AER
EAEmFEEHEO FRFHRICH L T, L LZ0O%D
WE BN O 7 7 SR DR (5K, 1993) i<
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6. 1% UT05 2 7OEHH

[ (m) E&E(m) [1—wr% =18 BAME (cm) | FHES
0.00-0.72 0.72 2et

0.72-1.00 0.28 HEetE

1.00-2.10 1.10 BE iR

2.10-2.60 0.50 BERMUMELYEE TR 1 UTBO1
2.60-2.90 030  [Ag-NM1 WEER MU E USSR ML (P, Hb, Opx) 1.1 uTBO2
2.90-3.30 0.40 BE iR

3.30-3.48 018 Ag-NM2+DKP &5 R B LR (P), Opx, Cpx, Hb, Bt) UTBO03
3.48-4.38 0.90 HRHEEELE

4.38-4.47 0.09 Ag-MzP2 SRR R ML (PI, Opx, Cpx) 03 UTB04
4.47-4.86 0.39 BEetiE

4.86-4.90 0.04 Ag-MzP5 KL (P, Opx, Cpx) UTBO5
4.90-6.79 1.89 EELTE

6.79-6.96 017  [Nk-MA FIBE R T kL (Pl Opx, Cpx) 0.8 UTBOS
6.96-7.70 0.74 BELE

7.70-7.95 0.25 Ag-MzP8 SRR MLEECY 58 BB MUK (P Opx, Cpx) 04 uTBO7
7.95-8.10 0.15 EAHEELE

8.10-8.28 018 |Ag-MzP9 BER A A LR LY #5 S B K LT (P, Opx, Cpx) 0.6 UTBO8
8.28-11.27 2.99 BELE

11.27-11.80 0.53 BRMLEELYBELTE

11.80-12.38 0.58 [-MO HAEEEMLUEP, Qz, Hb, Opx) 1.2 uTBOY
12.38-12.65 027 EELIE

12.65-12.73 0.08 Kn-KD #2& F (P, Qa, Hb, Opx)ELYEE 118 UTB10
12.73-13.50 0.77 iBEig

13.50-13.78 0.28 R UERLYIBE TIE

13.78-13.90 012 |Hr-MzZ BEERMH MU (P, Qz, Hb, Opx)BELYIBE TIE 0.4 UTB11
13.90-14.19 0.29 7R, AT ALSECYIEE IR

14.19-14.87 0.68 HEtiE

14.87-14.98 0.11 FARE A0 7HBEL A LUESECYIEE TR 0.2

14.98-15.14 0.16 BEtTiE

15.10-15.40 0.26 MELYUEE IR

15.40-15.83 043 |=WFER (2253 3.4

15.83-16.05 0.22 A T i 6.5

16.05-16.58 0.53 Bh g 7

16.56-16.98 0.40 HMFFD. FITMIE

16.98-18.30 1.32 Eh 8

18.30-18.42 0.12 L3 6.3

18.40-18.88 0.46 Bl 4.5

18.88-19.95 .07 |BEHE P AEEE REEE 5.5

19.95-20.07 0.12 Bhpgt 5.7

20.07-20.59 0.52 PR RHEEH 4.2

20.59-21.10 0.51 B 4.5

21.10-22.00 0.80 i REEE BHs 5.3

22.00-22.56 0.56 MR, FITEE

22.56-23.32 0.76 EhiE EEEE 44

23.32-23.62 0.30 P, FITmIE

23.62-25.43 1.81 FhHE. HEER 5

25.43-25.51 0.08 AR

25.51-27.00 1.49 PhRt. REER BEES 53

27.00-27.63 0.63 . LEER 5.7

27.63-27.76 0.13 e 16

27.76-28.47 0.71 g REERE 6.5

28.47-28.56 0.09 FRFIRD

28.56-29.57 1.01 . EHEE REME 58

29.57-29.62 0.05 AR

29.63-30.00 0.38 Wi HEES 15

30.00-30.51 0.51 13 8.6

30.51-31.06 0.55 i EEEE 4.8

31.06-31.30 0.24 HRFE

31.30-32.30 1.00 HECYMEAE 6.3

32.30-33.00 0.70 i EEES 15

33.00-33.67 0.67 i EEEE 6

33.67-34.05 0.38 pRuEy. fI3EfEE

34.05-35.46 1.41 AR, MAEEE

35.46-36.00 0.54 B REEE 4.8

36.00-36.24 0.24 e 75

36.24—38.59 2.35 B REEE g

38.50-38.96 037 #HFEL. FITEE

38.96-39.22 0.26 MECUMHT 37

39.22-40.00 0.78 EhEE HEELE 4.5

7T (2006b) 12k 5.
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6. 4 RFeidECHERRY)

AER FHEREYIIE, MIS6 1Bk L7 IR & C h
%785 ERHEREYID 572 5.

MEE AR (1957) O4TH-BEEE ., §3K (2000)
DOEEREIC L 5. 7oL, RERIERARE (1957) OR
L7 4THi-BERB D > 5 OR¥ESIRY L, ¥
THARBREICHRS NS, .

BRI HARSEATERO RIIKHE 1ok
(6. | Ktihs 4 ; TRER] Xk,

o AERE, BB ofich szt G8
6. 11X, mMSEIZEALiHD BEiiAm (THX] Kigi
WA T350m icEL, mimOEAETN ((£4 ) Kigith
A T 80m IcE TRV .

BFEERE ERFOV:SHROFFE=ZERELSICHE
5 (86 9XD. Ff, HNHHM (&2 TiTIEEL
FENHEREY) (BAR, 1993) Z{REmTE S (36, 10 XD.

BE WHAREANER &4 ToBmie) | HERg
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JERHEREYOE S 1 10m BiRTH 5. HHARE (1979) 1<
& 3 & AR RO thRE T OEARER 24 40 m FiiE

T, PlA &2 H 7O LERMM TR 385m T
HARICE L, BERE 125~385 STVEERE & 72 > TW 3.

BB SR oREEHERYIE Ois 2), SR
THNDEE R L aAED» 518 5 T haiHEREY &
ERIE U O TEGeE 0 B IEITEEE A R MR - g
515 B EEEIKRHERY» 5705, COHERYORF
i3 38m T, WEREX LD LEFRBETERE T
NEEE L nHEEY GhAR, 1993) %, RAmMAEREAT
EEE-TVw3 6 10K). Thibh bTHET,
ThoEBRENHERYGHEA L, TATRERT @ik
WELA YT Y r—va vORELBIRHEE» 573
AiElREEHEREY) (55 6. 9 XD ITEHEILT 5. LA
HER ORE 3L PEE L TwWa, —F, MHEEOERS
BE RV, B OPERRRIR Rk 5 o) 1,
FHioHE 3 T 41em, OIS 4 T 38em, THiD
il 7 T 32cm &b A, BRI, LS - BRSO
3, WE -BHE - F+—bEETH 5.
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Ktm oz, FIHKBES 775 (Ag-MzP8) - il
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SR e Ag-KP
,._.- .’ el As-YP .:_:.L_-.-i.-; Ag
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M @ 5 23 AWK
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e (UT101) $ERT R I K LR
i oo [R5 MO BRI
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- B AU 7HtALE
BEREREE 20 U 7 HE 4 K LR
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H6 8K K- EWF - BEH - THAR - AiRE RO REHEREYERE

77 5 OFRIE, AXESR. () 1356 1 ZoHEES. HRRKOMERE 6. | NESH.

F12cm THRARZE 2mm hoEka-FREmia ) 7
HREKILKEY S 2, BEEFCLOEMS 6 R T T
bR T X 55, Hid 4 CREEEEIHER O _EALic
Homoiwn, 8K (1993) TREENEIRT 7 7, &
EZHTNF 7 5 EEh, £55 b ERKILEHEEE &
NTWH5B,

XPLE - A ARER Foin]) || HEREY o B KT R IS L 7c
BT 7 7 5 (NK-NM) BHiED S FE#HEOFERIZES
T, Lo L, HAREIVESFETHERHOERKE
EEubmbe (CEE ] Kigtiskry) T, 277 5O FhAL

12, E& 45cm OEEKLKEEEA T, MIS6 OFER
HOEETH2HMEMT 75 K (2001 ; #K
(1993) OHRZER » 5 7 5] b 5. (t-T, KEEH
JHEREY D BRI & MIS6 & &isd L 5. #7K (2000)
b [ 1S BIFBR ORI » &, ABkEA 15 F4ER]
HE LTV A,

6. 5 TEAREREHREY
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BEAMEM O BN, TIoER Oibdh 4; TER] KSR, BERolbsid 25m. B i) IR,
Ay TV r—va ryOFEL-EONERD S5, RARHERSIC RREIIBE 9 - 10 7 7 5 P HEEMER
F7shERTVA. JNEICRERED Y2 3 205 HT 5 (B). BERIECHFEYERO AR AITH.

TS 72 12 HERR & 1 5 BT B Feinl | BEREY)
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S R HERY I 578 5.

WEE R FAGE (1957) Ok L - 4H-BERER T
D5 boJES YT 5.

B HARRAATHAZEORE S 4 (6. 1 Ko
A1 TR REHIRPY). 7272 L, BB EKELT
W3,

S ABRIE, BRIZROKRSIEHEEL - &
thofMick aHEHERT GB6. 1K), HEE IHRIRHD
Bt O (MHE KfgHsA) < 470m 1ZE L, Hig
OFEREHAIHAM T 225m 12 F THDT 3. KNIE
NI B OB S b TR Iam T i@ E R L,

BFEEE THBEARESICE> LASNEH, FHE
TREAL TV,

BE #xUth (Gis 1) ToRER R HEDORE S
23m Pl kT, TREMEETETVWEL, ThiEESE
HERSYIOE X 12 10~12m TH 5. #HiKE (1979) itk
2L, RBROHTFTOMEFBORBEL 25m L3 TWVS.

A EH (S D OB )| HEREY) 13, BERERE
D&, 4 v T Yr—va yOFEL kOB Ok
MRS & TR AR SMIR U vk E» 518 5.
BLIE - TRBCE « KIIBEEIRE 15 & 0 KILE b sk
L, W& -HE - F+r— I EFERBEO Y 2 5RERD
bOEMSTWVA, AR 20cm Zi#Z 5. KHIE
N T, wIHER OFRIE R VWIS I LM TER
LR ol

AR HERE ol _Fici3d, @kt E2dE 4
LB, BE 35 cm TRAKIE 2.3 cm Ofiko B
BREE)» S ARIE T 5 75 (Ag-MzPT) HEXK -
TW2 (GE6 SKD. BAEPLMEEN, REOEVA
{E 2 BEEOB O TREAR > TV A T &, )M
Y koo & R L BN o [FESE o BRI R d i v
Le&ns, COMBYIEEAKERCRELLS —LT
HBHEEZONS,

AB ECHEREY O R EACHETEY 13, Ko o8kl
KE»oin, BREERT 75 (Nk-MA) 220 TER
ICHRATVLS (356. 8. —4, HIRfhIicids7 oy
TOETFTIEEESTF 75 (NtD - Batdtks 75
(Nt-S) BELHBELTBY, ABREHOIZITLEE
BoT3,

XtEE - A AREB i) HEREY O B K BRI S L 72
Ag-MzPT7 (3, BEBEFAETTIEROEE ([HEET - K2
RngHhis) 1B\ T, MIS5.5 DIFFEETE S K D/NE
i (B, 1999) OB _FICBE 2cm OiESE R XK
ELTHERTES 566 2%, %HERBET75 (8
R, 1999) @ 19cm FHLICHHY]. F45b b, ARIEHIR
O T EAIRM & JFEHET - RER g /N i MIS5.4
D ZIZEEICEEK L THE D, MIS5.5 Ok ki 5%
Mok w@imETRICIER S o &icis 5.

6. 6 HIREEHERY)

AR FHEREYIIE, MIS5.4~5.3 ICBE/K L 7278 | [ HERSY)
&I EE O BRI > 5185,

MER 5K (20000 OERMAICK 3. ZhidflAE
(1955) - HIE (1957) ORAFEEEOILEICAHYT 5.

Bt AR FEEHIRARES (6. 1 Kot
£516).

S ABRRE, BRIIGROFEHETHHIRE D 5F
HETfFHEIC 3 2 S 160~140 m D&, AR
DL SHBLOHESE 165m ODERE, 5135,

BFEEFE TUBREARESICES LAONEY, HHE
TIEHEGEL TWH W,

BE FEHETHAHIRET (5 17) ToBREmE) MR
OEXFEsSm LT, FTREEECETVLEL, ChE
HORNHEBYOE S I8~10 mTh 3. fiRKE
(1979) itk 32 &, HRFHEDE—Y ¥ 7/ Ti3HIELD 5
m CHEEMELDFERE25m £ THRELIFRIESENRER
5. 2L, CoOBENETHREEHEMICIET L0
mESHLIRASHTEEL. AR - EAR - HREEHER
YO [HEREYIE, —BHDO7 4 VR b5 RABEREELL
Tk, #)IIHEREY) B &% Bk o T B I XB)
TEZIEETERY, ZhYi, ChoBREEHBET S
) HERE 12, HUEWTEI IS B W TR B o)) | [ HERS )
ELT—HELTWA.

B B Ol 16) OABEE)IHEREY) 3, Bk
K ko BOIHAHEERE L, chel>ERED
PRE0R Y T KLEEE U b ophi-fEE i E (BE
80cm) MFET B (556 8. MHEEM, ZlsE - ik
Bes s B S - Fr— FOHEN SR, 4T
r—va yOFRENRL, HARNRIE20cmUETH
5. PR-FURELRE IS, KRR S om B ORI
5 - EAEME, b L < ERE 1~3cem OIS gk
@2 3 7 oEGEEOBEVWEE R h, FTEEE
BLTVw3, Dok TFbEILENeEd 3, B
= BEREORFbEEh TV, BRFELRES
LTBYD, N385 0050, AR (2000) (3H:5E R
MR OBE» S5, ChEBHRBERT 75 (Nk-
MA) EIEAR LB KITEES S~ —uHfEfEwE L Tu
5.

RER - oW B ERHEREY 12, Ko hEE kLKt
5150, HXEHEKEF 75 (Nk-HG) - FRIBKBE 5 5
7 5 (Ag-MzP5) ZZ D FHlctAa T3 (BE6. 8[XD.

XPHe - R ARER i) HERE OB I Lo 8
Ki#ERF 75 (Nk-MA) OELICREEE1775
(On-Pml) #3&% 2 DT (FK, 1993), HiREEOBEKEF
359 10 FEERTTH 5 (§5K, 2000).



e 2R 777 EORHLEINROBEST
Unit Sample  Loc. Mincral composition Refractive index mode Ref.
Cilass (n) Opx (7) Hb (n2}) Cum (n2)
As-YP IMI03 1 Opx>Cpx. [Iib] 1.501-1.503 (100%) 1.705-1,709 (90%)
As-YP UT201 18 Opx > Cpx, [Hb] 1.501-1.503 (100%) 1.706-1.710 (90%) [1.681-1.691 (60%)]
Ag-KP UTIOL 10 Opx > Hb, [Cpx, Bt, Cum]; [Qz]  1.504-1.508 (90%)  1.705-1.711 (100%) 1.672-1.677 (0%} [1.658-1.662] (100%)
Ag-KP UT203 18 Opx >Cpx, Hb; [Qz] 1.505-1.507 (100%) 1.704-1.707 (90%)  1.674-1.692 (80%)
Hr-HP UTII1 92 Opx > Hb, Cpx, [Cum]: Qz 1.502-1.504 (70%) 1.700-1.711 (90%) 1.671-1.677(60%) [1.659-1.662 (80%)]
1.682-1.685 (30%)
Hr-HP KNIIO 4 Opx, b > Cpx, [Cum]: Qz 1.497-1.505 (90%)  1.704-1.711 (90%)  1.666-1.684 (90%) [1.658-1.662 (100%)]
Ag-NML  KNI0O9 4 Opx > Cpx, Hb; Qz 1.512-1.515 (50%)  1.702-1.710 (90%)  1.678-1.685 (90%)
1.503-1.507 (30%)
1.496-1.499 (20%)
Ag-NMI UT302 16 Opx > Cpx, Hb: [Qz] 1.503-1.507 (70%)  1.702-1.710 (90%)  1.678-1.684 (90%)
1.495-1.498 (10%)
1.512-1.515 (10%)
AgNM2  UTIIZ 9a  Opx>Cpx,Hb 1.506-1,508 (90%) 1.702-1.711 (80%)  1.680-1.685 (80%)
Ag-NM2  KNIO8 4 Opx>Cpx,[Hb] 1.506-1.509 (90%) 1.705-1.712(90%) [1.673-1.677 (50%)]
[1.680-1.688 (30%)]
Ag-NM2  UT303 16  Opx>Cpx,[Hb] 1.505-1.508 (70%)  1.707-1.712 (80%) [1.673-1.689 (50%)]
[1.694-1.698 (20%)]
DKP IMIO4 1 Hb>Opx, [Bt, O1] 1.702-1.706 (90%)  1.679-1.683 (80%)
Ag-MzPl  UTI13  9a  Opx>Cpx, [Hb] 1.508-1.510 (90%) 1.707-1.711 (80%) [1.673-1.685 (90%)]
AzMzPl  KNIOT 4 Opx>Cpx, [Hb] 1.507-1.509 (90%)  1.707-1.711 (90%) [1.676-1.687 (80%)]
[1.693-1.700 (10%)]
Ag-MzPI UT304 16 Opx >Cpx. [Hb, Btl: [Qz] 1.504-1.509 (90%)  1.706-1.712 (90%) [1.677-1.691(90%)]
Ag-MzP2  UTI14 92  Opx>Cpx. Hb 1.507-1.509 (60%) 1.706-1.709 (60%) 1.682-1.692 (60%)
1.498-1.501 (20%) 1.671-1.675 (10%)
Ag-MzP2  KN106 4 Opx>Cpx, [Hb]: [Qz] 1.498-1.503 (60%)  1.706-1.710(90%) [1.672-1.700 (100%))
1.505-1.508 (30%)
Ag-MzP2  UT402 12 Opx>Cpx, Hb, [Bi]: Qz 1.506-1.509 (90%)  1.705-1.712 (90%) 1.671-1.677 (50%)
1.498-1.501 (10%) 1.682-1.699 (40%)
Az-MzP2  UT305 16 Opx > Cpx, Hb; [Q7] 1.502-1.509 (60%)  1.704-1.712(90%)  1.674-1.684 (60%)
1.495-1.501 (40%)  1.699-1.700 (10%) 1.688-1.698 (20%)
Ag-MzPS  KNI0S 4 Opx>Cpx. [Hb, Bi] 1.502-1.508 (70%)  1.706-1.712 (90%) [1.673-1.684 (50%)]
1.498-1.500 (30%) [1.689-1.704 (50%)]
Ag-MzP5  UT306 16 Opx > Cpx, Hb; [Qz] 1.495-1.500 (30%)  1.706-1.712 (90%)  1.678-1.686 (60%)
1.502-1.507 (40%) 1.689-1.708 (30%)
NT Ngl0l y  Opx>Cpx, [Hb] 1.506-1.509 (65%)  1.706-1.710 (70%) [1.684-1.690 (80%)] a
Asod IMIIS 1 Opx.Hb>Cpx 1.505-1.509 (100%) 1.698-1.702 (T0%) 1.689-1.694 (60%) b
Ag-MzP6  KNIO4 4 Opx>Hb 1.505-1,507 (30%) 1.707-1.713 (90%)  1.674-1.683 (90%)
Nk-MA KNIO3 4 Opx>Cpx, [Hb] 1.704-1.710 (80%)  [1.678-1.692 (90%)]
1.715-1.717 (10%)
Nm-SB IMII7 1 Hb=>Bt [Opx, Cpx]: Qz 1.499-1.502 (100%) [1.708-1.711 (70%)] 1.678-1.692 (90%) b
Ag-MzP7  IMIIE 1 Opx>Hb 1.706-1.700 (70%)  1.677-1.681 (40%) b
Ag-MzP7  Hm203  x  Hb=>Opx, [Bt]; [Qe] 1.497-1.502 (60%)  1.702-1.708 (100%) 1.679-1.683 (80%)
1.504-1.508 (40%)
Ag-MzP8  UTIIS  9a  Opx>Cpx, [Hb] 1.505-1.507 (80%)  1.707-1.711 (90%) [1.682-1.690 (60%)]
[1.673-1.674 (10%)]
Ag-MzP8  KNI0OZ 4 Opx>Cpx. [Hb]: [Qz] 1.508-1.511(80%)  1.708-1.711(90%)  [1.679-1.690 (90%)]
Ag-MzP9-10. UT116  9a  Opx > Cpx, [Hb] 1.500-1.504 (90%)  1.706-1.709 (80%) [1.674-1.683 (80%)]
Ag-MzP9-10 KN101 4 Opx > Cpx, [Hb]: [Qz] 1.500-1.507 (80%)  1.707-1.709 (90%) [1.672-1.688 (90%)]
NK-Nm KN201 3 Opx>Cpx, [Hb] 1.70441.713 (90%) [1.673-1.695 (100%)]
1j-MO UTI01  9b  Hb>Opx, [Cum] 1.501-1.504 (100%) 1.709-1.716 (100%) 1.680-1.684 (100%) d
Kn-KD UTI02  9b  Hb>Opx: Qz 1.705-1.712 (100%) 1.665-1.692 (100%)
Hr-MZ UTBII 24 Hb>Opx: [Qz] 1.706-1.710 (60%)  1.673-1.679 (100%) c
Cpx=RIH¥iG ; Cum=4 ¢ » 7 + vPBIG ; Hb=%@MPHA ; Opx =AML ; Qz=H%; [ ] =
RS a=1lE (1999a) ; b=1L5C (1999b) ; c=1l7c (2006b) ; d=(L7C (2007) ; x =T BIREFAITHER

B (CIRET - K2 igstis) o y=1R R afiHEITRE (THE] RiEtis)



EXREE EXRER EARERRE HEERR
Loc. 12 Loc. 15 Loc. 10
"":5";";: AR E:g‘;;- Ag-KP ey Ag-KP
S o
s Ag-KP rework UF"I'201
ﬁmﬁ‘m Ag-NM1 Ag-MzP1 {UT101) " ::)G ]
Ag-MzP2
ﬂm%‘ 9 UTao2) |
2m Bl sofst ERAN KL
[] #fklkt e SRR
- [rm ML S B KUK BEEE 20y 7MmaKLe
BEEEE X0V 7k kL
om OO

6 L FEA - HB - RARAE EHER OHRRR

77 7O, AXESE () 356 1 ROFEES. BHEHOME RS 6. 1 MESm,

6. 7 FARBLIHEREY

A B HEREA (2, MIS4A Bk L 22 ]) || HER & Ch
&0 5 BRI 575 5.

WEL A (1957) OERBRRICES. #7501,
PR (1957) DEABRRERARSEDHIREREEAT
B, IhEBRV-LONREKEIBOEARET L3,

R ARRSEE T EREEET GEe. 1 [Kohk
12),

S ABREE, RBENEENORICH HERET,
$%%WtEM®ﬁ$uﬁ#hfﬁﬁﬁé EMmm®
1B LT OESE I 220m, FHEBo =B (E
iJl%ﬂﬂW)fm7mn$t&T¢5 7z, B
Fmﬁ?mwhmmﬁﬁﬁib@—&ﬁwiﬁﬁéﬂ&
TWL3 (56 1)

EBFEE THHEELRESICEY EAONSH, B
TEREEL TV,

BE BEEHRTF GihE5) coRE R [HEEDO
Exidemllbe, TREEEATETVLRERL., ChiE
I EKHEEYOE S 34~6mTH 5. —F, BED
K=y v r@fhc k2 L BRRINEROFEEHFEH T
i clAEEOES 16m, HEE22m THRENRLER
D, FHERFHEATLEEOES 15m, EFF195m
THREMFREL 2 HHFAE, 1979). 727L, Th SO
[BE THAREEHERY OFMERYctETE 21 E S

HiEShTIEREW. Fdlo kS, BIR - EA - BE
B FeHERE ool [ HERE S 12,  HVESITTEIR S 35\ TIRATES
e IMER E LT—E L TWwWa. —7, FE =T
O T EEMTLIF T, Eﬁ%lﬁﬁ>%.:ﬁ%m%< mh, FEE
HTFEOKR—-) v/ TRFEE0m £ THEEELLY,
BAZICHE L T GEAE, 1979). TS OWEE
ETHEAE el R otk T2 3 L 13Bbh T,
BETOB - CEETENZREREFEOERIL X 45
Do T,

= AREERIHEREE, BREEOKY, 1 7Y
r— s v OFE L kO R OBHK S & TR
ok R @ S 78 A, MEE IR, 2Rl -
H-WE -HE - Fr— rOMHENSKY, BRRRER
20cm LI ETH 5.

KB O EREHEREY L, KB E kLKL h
573, FRWUKIBE 2775 (Ag-MzP2) - FRiBUKIEE
1777 (Ag-MzPl) - FRISEEHER G (Ag-KP) #5 & A&k
ATWS (56 SED. RIFEKBFE 25775 (Ag-MzP2)
AR )| Y oBE FicRoh a4, Bitick-T
BINERGH Qg 15) bh 0, BEKEHICE S
3.

Xttt - KRB )| HERS o Bl KIS H L ok
WOKIBSEE 2 77 5 (Ag-MzP2) DIHENRD S, HiKEE
W11 8~6 JFEERID MIS4 TH 5 (AR, 2000).



6. 8 MHIFEEHERY)

AERCHEREY 13, MIS2 Ic Bk L 2ol HERE & Ch
%78 5 BpHEREI» 515 5.

HEL P (1955) OHBFERICL S,

i ARRFEE TSR (56, 1 XOHiH 18 ;
6. 12[X).

S AR, BRIERD EENESE (Kik] K
PRSP S E=JIETA (TEAE ] KIIEHSRA) ~ &6t
CHRRFEEOMERTH S (6. 1K), £ b
TOMSE 195m, FiRE#o EZNHAETIE65m £
TIE T 5. [EEHOMIEEIE, ZIaVvic b/ EisER
Mo L (PIAIEHAS 10), SRIRETAR TIRRIEN
BRicHZhERICHHT 5.

BFERE THEZABLICES EALNEY, BH
TIREEEZL T,

BE FHEHED G 13) OHIE » F TOARE
EA#ERIORE S 12 256m LILET, TRIZMEETET
Wi (6 13F). ChiEES REHEREOE S,
1.5~26m T&H 5. HALFrERESIGOMEFREARERIC
3L, FHERBNTOEBEE L Im EHETFEL,
Pt o Bt O FEAEER 3R 10~15m TH 5 (H
KEBHME, 1981). 72751, ThoOBBLETHRER
[ HERICH T E 20 E S MIFB S AT W, i
Mok, AR - FA - BREEORIMHEREYIL,
BRI B W TEMEERNHER E LT—EL Tu
5. —H, T TICEREEOETHR~ LD ICFEHET
LI T, BURICEBEENE LY, FEHEHT
BRI TR R A 25 m, ENLDEESTm £ T
BEE LR W EBOER LS, DEETR
IKELTVLREL (FARE, 1979). o OWEEESTH
(KATER ) R ok T2 2 L 3B bh S, BET
DB CRBEFIEFNIREDHEBOEREIL AP-T
WL,

B8 ARBEEA)IHEEY L, EREEOEY, 7))
r—va v OFGEL ko BWIRIRH R & FiTigeE
b5 7 BERREE R bR - E, 5755 W

Mo, RARIERIZ 15~25cm TH 5. AR
Yo Fiicid, REEIR T 7 5 icHkd 2B AHHE
PRESHFICEC PR LR EDS LIE LISHERETE S
(A1, Hid10, 14, 18).

A B HEREY O Wk R EARHERE Y 13, KEa skl
KAmotih, JEHicids oxXs thERLE. AKIE
Higsk oL oG T g, ERHER I B/ (Nt-
0G) - BB ST 775 (As-YP) - BiE4&Hr 7 5
(Nt-I) - BffEdtes 75 (Nt-S) 2FATVWS (6.
8 ; #is 15). LA L, m¥Ea ot kilktdic

B || 4 B

56 12X MHEEREHERE (D
FEETERE (e 18) IS 572 5 B o]
I HERE O EFEBICIE, JEIE 30 cm i ibE
Meb, FHERIL RBEEIET 75 (Ag-KP)
EHATVA, BEAEMERYRICE, BEAN
(Nt-0G) - B &S (As-YP) - Bik4SH
(Nt-I) #7 5hBzh 3,

IR THRETZ S5 7 F 3@,

XfEe - F AR MR & BRI (N-0G)
ORI IZE S 14~15 cm DB LIK T A3 11 5 05,
R (2000) HIEMET 2L Hiccodiip o AT HRD K
WA s 23R TR ENEA -7, - THRB
JIHERE O BRI L, SN (Nt-OG) A L 72
W2 HER LD BBV, ATIEHO 25 FERTL D IE
LW GEAR, 2000).

6. 9 wEEBHERIYIhORE T KR

BEERF75 (Hr-MZ)

(7t (2006b) fipdh. &KL, BRKPERHEREY (F
F, 2000) OB TP TH S (6. 14XD. RIAHE
G EAPILTA 4 VET (56 2R, AXiEHg
N T IEEREFE R o RBHERY h O BEIE» 5 15



6. 13K HEERHERS (2

FESEERE O (el 13). Bl RS v 70 r— v s v O L -8Bk o M8E» 575 D,
ZoREER 25m L ETh b, JERMHEEYICIRIRTHETE 2T 7 EBIRE L,

m Ao lktickEh G 6K, BEI12
em O KUK ER TR R 4 mm S (A L L
BARELTVWS BEEIRT 75 (Hr-MZ) OWRHE
RiF, BAORKARAE T 75 (Kn-KD) |- Eff
777 (Ij-MO) & DJEFRRA S 25~26 JTHERIEHE R
5n 5 (s, 2006b).

RBZRBEHEFT75 (Kn-KD)

ElFED (1984) « $4K (1993) DEHEF 7 5 4, 1
7t (1999b) HiHEEHR. BREKL, e+t vov /g
KPR OB T KBTS 2 (6. 14X, &5
HOEEAPIATA 4 MET (GB6 2K), AXiEH
WA TRERFREEREEERORED, S 2.7m kA7
otz h (86 6K, BE 4~8cm T
AKLE 3mm OREHbDHEA 72 [ B HIR K LA
5185, WRABEHEF 75 (Kn-KD) OBHEMR I,
EHFEARE (LoT, 1999b ; 3K E A, 1998) & EiRa
THFTF 75 (-MO) L OBFEFRD S 23~24 FHH]
LHER SN A (LT, 2007),

HTEM>75 (1j-MO)

Fa A id (1957) OHEMEA%, 1Lt (2007) HSEHERE.
ki, BEBIR KRR O T K TH 5
EE6 4R, #3v7+ YREREERAFELEEGN
AFA444 MNET (556, 2K), ANiIGHIEAN TI3ER
FEEREEE D OEKA, S5 3.0m okl

KAicErng (e 6K, A&7 7 3 hERENICH T
TAFEHEN LR (HA9) TIREE 102cm T, &F
4 em @GR ICECHEE LK ERE I >RAR
5mm OFRAHEOLEE, o B 1lem EEBEO AL
PR TR O Jo WK B 1.6 em R FRLkE U iR,
BT Fff 36 cm 3 AER 1.1 cm OBAEI K LS F
SIS BTRIKD X VAN L, & E#HB51cm (3
BB D KUK 2R L BIkD & Wi AR 2.3 cm OBEGH
Rk Ligh oRifkshTuws (86 SE). BOEZH
FEITRANSRL, MK 7 ) = —EK OB T KR
MoEtHERL TV S, fiHiF 7 5 (1j-MO) OEH
FRE, BEEREE MIST #8558 & OBFEERD S 22
~23 FHEREE RSN 3 (Lo, 2007).

B#FNF75 (Nk-NM)

AR (1993) @, HEKILEHEROB T KT H
3. S EENCE WIHAREAREISE MR H o EEEE R
fEubmEhbe (MR KigHigr) <, BE30ecm T, F
G S HEEAMALKLE Gcm F), HKiBBRI) 7
MR LEE Bem B), BEKEZ 3 ) THIRIKILEE (6
em [B), BEREMEIKLK (13cm ) OIMICER > T
W3, ARRIEHEA CIEEE 15cm LT T, &ARE 4
mm DREIKER PCRGED 2 3 ) 7 AR U - LR
(LR K LK S 15 0, pUEE SRR T E L, 84
TTREERG - fAEA - BRIER - SE0EKT, %
BoLBHLOEE-TWD (GB6. 23).
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Wha
ARF)I|
36°40'N
"""""""" KE#
FUAR)I o, &
139°E 0°E Kn-KD "™ _20km

56 4K & - it REALERD T 7 5051
L5t (2006b ; 2007) ICk 5.

BEEZZF75 (Nk-SO)

Nt (1977) - #8K (1993) dvds. BNKILBHEIF O
TREAITH 5. HfElcE WIFAREBR A R R
HoEREEEAFER (HEE] Kigtisgn) <, BE
24cm T, Fh» SR RELAHEERGHKLE (4
cm [F), BEKE R 2 ) 7HKIKLE 20cm E) Olfic
B ->TW5, AREHIEA TR, FRESFEREOILHIC
BOVT, KIWKLEDREVHEA GRS cm FRED 2
oY) THRRKLEES L THETE 3.

FIFKBEI - 10775 (Ag-MzP9-10)

SFE (1968) @ P9 - P10 Z85K (1990) HSEESR. i
WAILEBFEETE7 ) =—ABFAEITH S, IR
KiLgER L TR 5 3 Ag-MzP9 & Ag-MzP10 &
hE-1bD, BbA3VWREEELL—ATHELEELLN,
FRWOKIAFE 9 - 10 7 7 5 LB i, ARRIIEHIRA T
DEEE 20cm LITF T, #ERAICECH-BHRA LK
» oA TEE, HiE 25 cm LIT OB AR A LD
515 EHIcAT o5, KL, ETFoklKt &R
BLTWVWAI EMNEL, ToLdnNEHERBE TR
HOHISEAZ O, £/, F - FEEIcEoBEA 12,
1 DT kB RA 3. BFTRBESL - 4
- BRHED - S ERT, MEOXEAPIAEM -

TWwa (6 2%). A-7513, FHKBESTF 75
(Ag-MzP8) & iR bE < MIS5.5 oiERkiE (Rfn
@ LE) kg (B8R, 1989).

FRIBIKBESFTS5 (Ag-MzP8)

SFEE (1968) @ P8 A5k (1990) AEETE. ARkl
ERFEET 27 =—RBE T AP TH 5. AXIEHE
HNTOREZ10ecm LITT, f&E L8cm LI OB A
Bokiligh» 5y, EEICHERE, @RksX 0.
B FcREEA - BAEA - BRIEG - BREEASERT,
MEOLEMGAME-TWSE (856.2%). £775
(3, FRIBOKIBE 9 - 10 7 7 5 (Ag-MzP9-10) & iz Ikl
LT MIS5.5 oimakfE (RN D dicikzh s
(5K, 1989).

FRIEKBE 7775 (Ag-MzPT)

SFE (1968) @ PT &K (1990) ASEER. ARBLKLL
ZHRETH7 ) =—AFE PRI TH 5. ARENEHER
NTRETAKIMIE LCHRT A ENTERD S L.
L, #isS 1 o FEFRRE ) IHERY OB L,
[EE 35 cm THRAKHE 23 cm Ok RVWHEERAE
o755 EHERE L ORWOKAE T 7 7 5 (Ag-MzPT) 8
ERE-TVA (6 8RD. BhkPrHES , HED
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e (1999b) iInEE.

EOHEEGHEOBOETEESREEL TV A, &
TREERA - BHEA - TEAPNEA - SILHTERTH S
(% 6. 2R). HpMEAICZ L WEERLYMERKIE, &7 7

B iEERETTIRE R (TR - K28 RiEihiE) 1<
BWT, MIS55 DFFJEZE 5 Fko/NEl EAK,
1999) OE_FICBE 2 cm D5 EEHE LK & L THE
BTES (56 2K, WEABETF 775 5K 1999
@ 19cm L.

BREEF75 (Nm-SB)

B ED (1984) « #57K (1990) 4. 18BIEAHEH
DRk (M= T K@) #ifio 7Y = —XBET K
Bcd s (le, 1999b). Hisf 1 O FHAKREREOR
KBS S Roh -7, TOEEIZ6cm T, BLGH

ICECHREY 1 XOEEEAKILIKS S35 THE, &
Wby A ZOBIKEK LK 515 5 B THKE N 5.
HFTE, REA - ARPETEANEG - RES - $8L0
BhDBON I v EAEBEEATOS (B6. 2
).

ByiEENRT 75 (Nk-MA)
faf 2 (1957) dpda. HXKILEEEFRELET L7

REROFELD SFEEME F THmMEHTE, L
PHEEICHERE 1775 (On-Pml) #5532 &0 5,
#9 10 J5 R 0 IR S B RIEIERE & 15 > TV B (Lot

1999b). ARigHR T, FXR - FEF - BEREOR
REEDICEVWEZEhs (86 16 [X). AXigEHigRA
DEEIL 60cm LITT, BL Rl i@ikoRVIRER



FIREEE (Ag-KP) « FRIFTIIEE 2 (Ag-NM2) - HE#EN (Nk-MA) 77 30k h 3,

Z 3 ) THRLKILE» 575 3 T &, HEKLEER L D
THEHEDOERE U R BB LKA S 75 5 _EEfic oS
bh5. HTFTREBEA - RHHEA - BRIEA - SELH
FiET, HEROELEMPIAZE TS (56 2R).

FIKBE6 775 (Ag-MzP6)

SFE (1968) @ P6 28p7K (1990) MEER. Rkl
IR ET B 7Y =Xk T, o ERIEEIE
WTH B, HAWENRT 75 (Nk-MA) oE LIz, fHic
E&3cm UTFORKEAHATEL S, HE@ER
775 (Nk-MA) © Rl ZIBARFEASH E LT,
ZO XD BHETRHMIICKUKEERUG T LB ETF T
SIWENL TS, KREIENTOBER 20em LIT
T, FIfR 1.8cm LIT ORI LD S0, BEHIC
WEHERR 22 EATVW S, BHEMICIIES 2em L)
ToRAMEKLEXS D, FHLLTVEIEHD
3, BT TIREERA - BAHEA - EEAPIG - SkEiE
ETh b, KlH 5 ZAOBITRIE, 1.505~1.507 Ic#h
75 (56 2K).

BXEFRAFT7S5 (Nk-HG)

#aR (1993) @i, HEKILBHEROB T AKHITH
%, fak (1993) 1 HEARRANZEEIR s aRE O ik 4 7
75 (Asod) O LfiTich 3 2oz FREICH L TH
RS 1 - SRAHE 2 7 7 5 LY, HENEALTI
WicRA 3L ATRERLL HAHEF 75 LIFATL
2. Lol, LoBBFIEVWHIE L TRM&E47 7 5
(Asod) @ ERTICHFRAT 7 540 R < Pl k % 2
)7 KILEEN 3B D, ENMBEAROEMREE 1 - Wik
HE2 77 i s0hfifrcEiav. F8ETI

INSAEEEHTHNRHERET 7 5 &S ARiEE
NOBEZ, mEMobohksEL 200em L FTH
3. 3EELBEHELILFBEROZ ) T ALEDS
Hh, BRAKREIZScm LITTH 5.

FRIFIKBES5 775 (Ag-MzP5)

SFE (1968) @ P5 2#57K (1990) AHER. MRkl
EfRRETET) =—KBFEFKEITHS. K7751
ot (1999a) #3 [HE K@ cie# L /ot lilk7 7 5
(Nt) EFl—DbDERLNE. RLET 7 5 OB

L, HERRSEYIFHA - BT ESRBOKIEES 77 5 (Ag-
MzP5) &—HEd 32 &ps, MERFLEh LI (6.
23). F, TONMEIRBED SILHICE» S (5
6. 17X). ARIEHIKAOAF 7 5 ORIZIE 3em LIF
T, Ry A ZOERFICEUHER LB, S5, 8
FeliHRG - fAEG - BREG - BRikA kT, D
Bo%ampdaak-Ttuva, kb 5 2 ORIFERE,
1.498~1.508 Ic 4 Ekd 5 (BB 6. 2 %), HUFHKNI105 1cid
B0 N TUELKNA 5 ZADEEANCEE N, E Ok
#4577 (Asod) WRELTLWAEDEH LN S,

FRIKBE 2775 (Ag-MzP2)

SFE (1968) @ P2 £83K (1990) MSEHER. RIKAL
ERRETE7) =—KBFETABMTH 5. HhEEhd
i & CEE T @, AKEHIEN TORER
20cm IR, HfE Smm LU F OBAHRL L. 5 72
b, BEHEICEERF22{EATVS. BTFTREE
£ - ROAKEG - BENES - EAPYA - S TEKTH
5. Ki#H 5 2 ORBIFFERIL, 1.498~1.509 IT9ET 2 (G
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6. 27%). A7 7 73, EAREBA) MM OBAKERIC
BBFLTWVW3 (E6. 11[K).

FikiBE 1775 (Ag-MzP1)

SFE (1968) o Pl 85K (1990) »HEZR. B o —
LTV —7 (1965) DMABAICHEAT 5. FREK
IWz#aFHE T2 7 ) =—XBENKETH 5. AXIMEH
BATORBER 6cm LITT, PRAENE & 1 X O
Ficgtiflho ki ikr 5155, SR TERBESD - fHHE
4 - BgWED - S EA T, MEoSEAAEM-
TWa, kUH 5 2OEFEIE, 1.507~1509 ([cfEfd
3 (56 2%). #K (1976) 0AF 753 20RELE
T4y ¥av. b5y 2EREIL6~59ka TH 3.

FRIETINE 2775 (Ag-NM2)

$BAR (1990) dpds. FRKILEGIRE T 57 Y ==
fe Nk Th B, ARIEIHNTOBEL 26 cm BT
T, HfE 4mm LITFOBGMEIKLED S, BEIC
HEHERF 22 BATVWS, BETTRREESD - &5
- BWER - $E AT, DROEEARIG A

FekLEE D 5 7 5 053
Ag-KP O%E@ESE, 84K (1990) 1c k5. HFIE Ag-MzP5 OfFE (cm).

TWwa, KL#H 5 20EIF#EE, 1.506~1.508 (g
32 (56 2%). A 750BETicERLESF 75
(DKP) #3& 0, KK+ OBEELHHEA IS T, TR
T2 775 (Ag-NM2) thic DKP HRk{EBHTHR
KA 5 AP RERMBRET S LH 5.

FRIFITINE L1775 (Ag-NM1)

R (1990) fpdh. FRIkKILZERFEET S 7Y =—K
f& T ke, shEiEdeRicms» S GE6. 17 KD.
AN T OB IZ 20cm LIT T, RigHiEdksEic
M- TEL 5, FEEFOZWHEKLK» 51D,
HAKR 8mm LI T 8RR K LEESATH S, §
TodEdRA - f5ER - BANEL - LHEAPSG - S5
WBERET, PEOAFEEZEE->TVE,. KLUH 5 ZADEH
RIIEHET, 1.496~1.498, 1.503~1.507, 1.512~1.517 i
- Fhghhd (86 2K).

BEN\EF75 (Hr-HP)
i (1962) g, BEKLERELTET) =—
T kT, FETINEL 7735 (Ag-NM1) @ Efir
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6. 18" BESH - LANT 7 5 OHEEHREK
Nt-I=2E4 ; Nt-S=if#. PJA#E (1955) &4 (1992) @ 5 — 2 SRk,

12, BICEE 30~40cm D KILIKEABEA THEHS 5.
k57 5 DREEI} 3~4cm T, FEEHOZ WHEEJOLK
motiy, VRO KLIEESEATVS, BTT
BEEL - A3 - fIHEGL - EAPYA - RS - 8%
SEASERT, MEOHN I v VB REE-TWE (5
6. 23%).

FiEBET 7S5 (Ag-KP)

fa A (1955) s, FRWKILZEFRIR & 3 5 KBS
7)) = —RIEKDOEY) T, FREHIN TR EHISET
ki ThH B (6. 16 [X). EAREBELIA]OE A
EhaiEs, LEREC SIEL Am LTV 3, ARIEH
WEEPEE COBE 150cm 2#Z 3 (56 17[XKD. #-
HEoFiao BWEGHEKLE), St b, BREICHIR
Wit {, @b TERKBEV. BADRKHEIERIEH
Tdacm LT TH 3. BOEHARALED A IEFETE
B FE L oA I B UK EHE K LK & 5 55,
B &k > TREFLIC X D KK LR E D, EETE
BWZ Ebs, #BTTR, FCRER - fHEG - X
WAL - Skh o s KLy S 2R OBITFEE
1504~1508 TH 5 (6. 23K). &7 7 7 OBKERR
3.1~32 HEFRiEEZSNTWVWS (BEAR, 1976).

BHFNIFT75 (Nt-0G)

B o — affgE 7 v —7 (1965) . BiEKkLoE
AeEIERIcE S LT 7 5T, #RiE» SEICED - T
T 5. AREHIEN TR, RiEOBORIK-IKE-REE
D23 Y THIRALED 555, RAKEE 5mm FE2E
T, REHIcESEL HEAHESH . FHEdHH
&0 biicHHmd 5, HBERE, XZHRkEEET 7 5

(As-YP) L4588 Tn KK (AT) Offficd b &n i,
o HERIEEZ LN T VWA (B4R, 2000).

ERRaEET TS5 (As-YP)

#FH (1962) dd. EEIKLERIRE T 2HR48 5 2
BhKT, BESTHT 75 (Nt-D OFALIC, 5~8cm
OKIKT ABA TERT S (B 12K). TOREIL
3cm LI T, A-KEXKLKDOBEE L THRERE I HHE
BIciR . 1220, BiEEST 7 7 5 (NtD ffRigs il
+iE L oEE,ES, ARTEFOEEREES A&
TERV, ETTR, BEG  RI5EL - BRHES - 8
Ex¥e L, DEROFEEILEMHE TS, £, K
iAo 2 OREHFRIF, 1.501~1503 IcEhd 2 (556 2
). EHEMRR 13~14 FERTH 5 HTH - FHH
1992).

EEHEHFT735 (Nt-D

f R (1955) dpd. HOEKLBEOREKLTREL
o7 ) ==K O T KT, EAEHNI B LD
SAHMARTEMEFL AL > HBEHTH D (6. 18
M), AXiEtEN TS, ahFHETE 1m L EoE
BAf->, FHEmEHBLIECRAELEY. £F7 35
13, B FEL LRG0 ZmEBE K LED S
By, REICHRYERECS, BRASEFEICRY. AKX
g TORAKIRIZ4cm LIFTH 5. BFTIHH
faE L OREES - BRHEG - RUOHG - BRIEAEE» 51
3. K775 3ROBFEEET 75 (Nt-S) &—#HD
EHTHEHLTED, TOERR 12~13 FFEFITH S
(HTH - #rH, 1992).



BHREEERT TS (Nt-S)

PrIAEE (1955) fndh. EEKILEORBEKILTHREL
o7 ) =—REKOBE T KB C, RfdEEEH 9
BESHT 75 (NtD IS5 EEOVTHEL - #HEL. &
F7S5ONMEMLEEETH S (E6 18K). AR
MM T2 30cm LITOBELZEL, FHEmELy
blbicamd 3. A7 75 RBLABALLE-AROR

AKLEs» 5730, EEICHEE-HEEY 1 XA
R ZR-> T3, ARIBHIRA TR KRR L 3cm
LTThs BETTRHGE L THES - BslEL - &1
FEAHBFICED o, DROEBEMHING - SIEEMH-
TW3, &7 750BHFERRBESTF 75 (Nt-D
EfEIC 1.2~13 FERITH 5 (BTH - i, 1992).



7R (LERREHERY) L U SeHT

7. 1 (LEgREREHERY)

LR R R, AIEHE S o (Lt 21
AT 5. HERYISTERTE 2EFIEE < RVDs, R
DRE VIO BB O - v b EEEEL,
AR A - AR L oReKKE (o — &) %
FhETrEALND, EEILIEETE, FIKFr— b
DEWM 5155 EHEKOHERYI S FE L TV A, ¥
MA TR, RBRKLKERICRR 2m 2822 F +— b
oEsEgEEhTw s, HEELRES TEER DR L
ICRIREEIR 7 7 5 (Ag-KP) OFEEHAMH b, KHEREYHO
WREERIEHEE TIADITE T EERET 5.

7. 2 ERARGIBXEHEREY)

BRINBVICA Sh 2 HFEREL ) —BEVERET, £
HORFEMETOESE X 160 m, FiiHo L=)11HTA
(TE4 ) KIgHiRR) Tl 60m EEE TR T4 5. &R
FeHEfEYE, BEREEEAE < @ik @ B WHRIR 8 o)1
FEEHER I 578 5. BOBRAKIEIL 15~20cm T,
HBRZlLE -HBs s -BHE - F+—bHEETH
5, ABREEIHEREDZ, BELST - tA KT 75
(Nt-I, Nt-S) icfEbnd, E& 30~40cm D7 o7+
PMEBREEEEKTS GBe 1K), -7, KERIZ
1 AR IcEKk L-0Th s 5. S 21 lcBiF 34K
B i) | [HERE oo kil &, BURRNISRHEEME & Ol
i, ¥2mTH5.

7.3 M TE 8

AREHR O i 3, BARRPHERY) - [HFRLEHER
P - BEEME O BIRAERY) - FERERI» 5735,

B IRIHHERTY)

B ZRBRBAHEREY) (3 SRR iR o 3 BiFmiciBw 5N 5.
Zh o oIgrTR, MHncEko Bod-ifiibaid 3
CEEMRTEL. ChSc b ERERHEITRER

(FHz - (LT ZLR)

RBHERUI O FTREMEDS B B BiFT b R 2 s /s, BifE
2D LENGEA T WS - Ic B ClER T %4, H
BEICIIRL TV,

B PLEHEREY)

IHFEHEREY) RN R ORI VB Z < e 5
E, ENPREIN ORI b/MREIC L TVw 5.
BYRHEETE U > 1ots, DRURBHSHBbDLEE
AoNha. ik, ETHAOIHEED S 5, @S
IO ATHICHUBASh, HHILToNE T & AR
TELOORMETHIICZD .

®E R RUSEEREYD

B B EHER Y 3, AXE kR o B )i
WL 5. B, BERUB,SLYD, MIIKEOKE
WIRR[PR)RVW T IR EES L 55, FHETdtho
HFOETIE, FLOTICH45m OBEE (FPEHICH 1m
OB WEERE) NERONE="R%+E-T\W5l &
BEEEsnTVwS (PR, 1960).

AR HETEY

BE R 3, BRIR ORI 0RAMIC 5 g
2. @k EaE & EHED 515 0, #KERICI3EKRT 3.
HEREY IR, WRUEL S, MEIZERE 5~15cm,
EEIT50em IC K3 Ehidh B, BRI &) kiR
THREMR IO T 20E, S, F+— b, iBFEEUK
= e, fEEaaEr s s, BIITEERED
Va5 RHROHERMEROBMAEZ 2 LY 5 (AR,
1960).

7. 4 137 i

A Kig sk o SN G EER O TERLO 720 0
HNrih &, 7 4 v ¥ ADRE, T LT hdor)lgigic
& B HiE oA H 5. (TR TERO -0
DM, FicEEHR BRI A DAL BEER
LTWwa, Fo0REKEIERRS LRURING LTS
b, |HEEEE)RCEIEVICEEL TV B,



H8E M H M &

FIETH RN L ST, ARIEHE L ER LR
e - EEOEEEZ T, HIE - #HE & SRR D
JEPERIAPRE L T w A ERIZRT. FHC, FIE=%RE T
DOHIE (Z KFENC EALTEER O (L F AL o Hig A3 7
L, Kigisichdifo iz A ot@rinhd 258
ERoRHEEZ L LTwa, BHic, ARIBHISEZE
ORZNFRITHTAICEL L TO BHEE v v FER,
=% LT EEICAY L, ARIEHISRREER RO
RES DS IRS I GEERA % AL L 3 2 HE =20
TOHBSLERELTWEEEZZONS, 120, ¥
FE=FRLUT OMUBE, FEHHTRHIZEALHBE~THL
Wi, TOEEPHHERE—) v/ F— S ICHEBED
AT, HLVHEBEPEREIE LS bhsT R
V. UUF, B od WHIE TR 4 2 ARIE sk FEER
ZIUHELT, i, FRRUOEHOIEC, ARG
Hirtsk 4> R O HUBE S & £ O AT S

AP PRI i L3 Y 2 S ROFART v 7Ly
7 2 &, BEAHBC-HE=RAKREERES G L TWA,
3 itz k5, AREHSolEART v 7Ly 4
Z E KA IdFE AR - B R oMEE T, JLH-FErh
7516 D Eh % 5 B RASEE A3 LBLIEA U 12 2K & 500 m-1
km FREOEEHE A2 LT A, fEdhinc 23 T4
AHEDERD, T Olso Bk BRI O fn %
HLTWVWA.

WAz v7vy s 25285 BPAEL-HHE=AK
B, BEKErSRVEERNORREEELT.
KavFry s z2-o3EILFE-HEE AR OSAE
OERMBBILE, THS BTSN L. Zoftic b,
WAKa 7Ly s R LBRAATELE-HE =L AEEIC
FALPE-EHEAEOMBAFEL TV 5, FHEHAE
ETiLPES (LB MR REis) 1< 5 h 2% EEE
fo- I8 =0 KA B o BRIk B A S IR D B A K [a)
bR A T (I, 1998), BEAREC -5
SR E AR C DR OMANEELIZ T &
N I

AHSE DO FE =R OMEREE 13, LRI H 5
HE=F58C, ERIEIEAITREL S, ERE=%
OAePEflITIE, B =R EER - ERoMERE S > X hs
KE L, MEERAETIRE VL, SEE(EAZ LWL
&, BAEONL—T7 <y v FOFBRH, BIFESE
CiRSTEEERT I EMSHLT, I BENE
B bDEBbns, FRILHLFAES TR =RIHE
Wi cHREOEC-HE SRS S ATV S,

(&)

JERE MRk ] RIEA <1, BaEe-HE =R SR
L oicEATEEROIERE T 2 BILEE FEE,
1964) DEFEMSHEEINTEY, FOEESTH 5 0fE
HAd 5. BLKTFOWEHEHIIEZOEE TR T
0, BildtfETh>TEBITL T AER L Lok
BT, PR R OB %0 S FOiER 40~50° 0
IEWfELEE s Tw 3 (PO, 1964). T OBEEEA
T, FE=R0oEBL* LI HBOSHSERAZED
AATEBD, ThioibfEichEd 3 5HERR MR T
iF, ElloLIcOmT 2P as5HRIFERI > FLy 7 R
RUOgAER-SE=RAREFd R EHBHELA
W, SRR OHE=RIEVERBKIEHEE
FkEFT B, Lich-T, T OHUELETE= Rt
RSN LFS (F, 1998) FridZhlIEic
ks nhTuwiciER M AR, 1977) Th 5 aetE:
5.

—h, SHE=20MEAICHHT 2HE=RE, K
B E =R LT TSy MRICER D, FEE
EFt ORISR, FEHE T, mEithmIciE
U % RO LA 5 003 ) OB FRIICEDL L ILER
MH5HH, ORI RS, L TRk
INEHIS T 3 RBHIE IS 15 5, 80 e A PERI O EARR T
HEREWI R ic i, Ao B el 4 2 e =20Eq -
R SHIT LT, Bo~N—X R E 2 EEAEV
BOMEHEESHEES NS, BEH (1986) 3, T O
(EAEH) oiFthiuc, % - HEIE A i iE A
# (1997) 3, FAREHOVER TR B O b5
EHEEL TV A,

FHEEEICHHT 2HE=20> 5, F&EHiciEY
TEANEBRIESE-MELRICERIL TV S, FHE
EBEXDRAICEFE=EFFLALBEH LIV, &
K@U o BN E i iE, KEBL b EAniciEy
T 5| EHEHTFARRLYESTEE LT, EENIC
R HEROREHEEER L TV A EZEZ TFEIRR
W CENENZR). FHREREE 2D IoTE, ©
2PDFR -1 v I THEERTICRET 2 BBEICES
LTHh, HEOHRIMFMNICEBOATVWS,
L, zofucidEvEiis (EAE, 2003 @ Bl51) 74
&, MRCBHT 2 REBEURIIEBHOVFRIZLE
FhRVEHEGED OIS, FHFIRELTVWEHE
=X O - WS OELIL, SHBRBICRTEhs~EE
BETH 5.

FE=RLI T OB E, SBEIHEH T T35 miEEHs
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(EARRBS K LH , 1983)
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A 7 |
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8 LB SR OB F SR

WAELRG S5 (1983) 1oio <, BRIHEY ORI B EESRoGEENEESh TV 5,

SHICECHATEMMOhTVWS (86 4KTA -
B - CEBMEVHE). <o, BRI EFiEh
52L035 (B8 LK. BF - f£#k (1992) &, Co
A58 =% @ L THFRE 200 m LUE, EHE=320
FETIE 1,000m LUEIC RS EEEHLTV S, A
BT, SRR E S o MEH I EFEIL SR
T, ZOrEi 1683 O HHIEE G| 2k L (GE
11 - 4, 1989) BARKIETH 5. BABKIRIZFEMO L
HiAspedad 2 MR <, ILIc DRI 2B =R OB
bEFILLERAZITVWS. EABOBALER HIER

s ST h, RIRFES D S ARG O B g O SR
RETERFHE (b2 3T OHM) FTH EELS
T3, KL, HEEEHGENETH 2BEEHE
EIRRENLD, MERTOEMMBEDONEL LB, ©
DEKEIFLLS bhoTWL, BRI, ARE
Hs AT & 0 B4 T R AL R -FEE A )i &
b a&&bic, FIE="RONMEES, oL
BBICELRZOTREL, LOBEPHICEL LBHM
KEkd 2 (Es 1RKD.



FIT HEROTERME

WARRICHEL I T B R FICERO R WVHIET,
PUERHIA SR A D S LA AU KFEFET L — ML OHIE
O FIFE TRV CUEREWRIFTHEERSE, 1997).
s OE WHIE T [FEE ] HisEER S 7 2 5EHE
RIhFTidFshTwiRvbon, BLIHETIREEE
I EMESFA L Tw A, FlAE, (TFEHMO 1683 £
I ARIRICEB OB AW A TEE) L 7Rz (89, 1 KD
Sk), [F#E] HIKTHEEVI~ VAL D@ fEN D
bt FHEENS. £ 7, HBLEETIE 1949 FFiCAH
WP O AXHAEEREE LT, RZEREOHBOMIE
(M 62 & M64) M80fEEBVTRE LK. Al
HTebREVHE4YOENMAEL, Hisoltihsl < id@y
MR E TV S (FHER, 1996). 5 9. 1 KA HE
IS BE B/NSEHEE THEWEOHIEOTRENANR
TdH 5. AHUH T OHIFEA (30km LI T, /& 12
BbAEAEFELTOLRL,

EHEIC>WT b, [FEE] HgicswT, T OHEE
B S TV ERFAVFITEEEARLS, 1997). &
s 3 e SR T I LB o B e o FgiE A L v, <

139.1°E

(LEZ#IE)

NoHIEEICIRA 7€ 5  PEBEOLTHILIIED S
e, RETI2EFBELFELLVWbDLEALNS,

B OFEIC 1, YFHIBOHREEOZENK
MENTVWAIENEETHS. LHLEs, FHE
LA O FBRINIE W T OBE R & B i) | [ HEREY o
EotkEid, BEH B TFEFICETHEH->TH 6m LA
T, COEIRFERE E SICHINED L TOARTEEW
(9. 2. HEMBSEBEROSE HV b 013 EHE
Rich~EFL a0, Chdduill#EEho Lids &
DEWERBMHEBYSHE L T AICDIcT ERn,.
DI & RFHIRTIHZRHEREALZ RS €5 X5 5R
HREVEKE (2 —25 v =) KT EF27 b=y 2712
MBACIEREIZIE LA SIRETVWHRLWIEARELTWVS
(1L7T, 2006b). @k 5 BAREAZEEOMER L [F40
= MsicRES NS bo Tk, =@ EELINE
5w FAST TE LM & A\E Lo & 7 |
WwaRRIcIET 2 b0 TH D, oHigSEOEIYICH
WEFEPIERICNE Lol EEZTTEDTHAD
(/Nith - $57K, 2000). FERJIIB VT 10 JFEERTEEEEK L

140°E

37°N

® M6
& M5
» M4
= M3

-« M2

36.1°N

i

91X [FH5] HEELic B 5% HHEGE

1987~1999 FEICFetE L 22 & 30 km BLUE T M2 L Eo B &, iEHE (KEE) oafirRd
Sk=PRErE. MEFETTRHEEART (1997) 1<hnE
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BEOBMKESR (FE/D
50, 2K B8R & BANA W BRI BR-E B )| HER s & iR
Lot (2006b) 12k 5.

o EIREB A | R o b E ik b K E WS, ChidiR 5 (Nk-MA) O A#1% &3 % Bk lEo—E kL
B L E T 16 FAFEATEE & 7o ilg KL o L4 A i3 TEENC L Dbt E S ENLEI LD b RE (o2
GTNIEB 7 nHEREY ; 857K, 1993) R EFEAT 7 toINEEZSND (LT, 2006b).
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10. 1 @BRUESEER

ARG 2L ER o LR O F i, #iE=
LD KBITEIC & > THER S W8kt eE - k4B
%mMWqu% CoH5, @Ffnle LTikEXS
FRABEEI I KA SEilidss v, BRI 27 4 % THE
LTuichs (PR, 1960), BIETREHCIREE LD T
W3, HHKka vy vy 2 20RBENICHEE L -E548H
WARSLIR <, #EsEsL, POMREAsE, Hendk, |ERLEFES.
E%mm@AumsAg&f&héﬁﬁ%ﬂﬁﬁ%wﬁ
sShi: (AE% %ﬁ%%a , 1994), JEL BRIl
mmﬁﬁfomi(iﬁﬁm)& ZoHEIILEAD R
Beth CKE#LLD) @ 2@iticdb, BETOETLTL
5. o250l WIhEBERIED TS S ARUE
VYA PEFIBLTEB Y, 2Bk - B (1982), BN
PEERBAH T IE SR G ERES (1994) 12k
HPHE - DS D,

REHIL
KEILLTIR, 759 37 L—FR) 1ok b 55 LD
T, FELNc I ERINE % EH < BRRATRI{ER
5 REEPEREAmLTEY (5.8 #Hik, YARU
EHRSIR), FENFK S C OBKIRIL RS - s
rPiciRE 4 5. ZEBE - HF (1982) 13, ZEombisy
ThHa 107 154 bwhoiMil~Gh-THAY ~
oY bR, BEEFLBEFLTVAIL, dul
HIEEICH L E - TWB ZEZHSMICLTVS. &K
LT OFBIAHEIIE, M0 T7 4 5A b, AT ) v
) ¥4 T (BHRUEREE RS S IEL B &R
WEEES, 1994), 75 A RMHEARE, BER++
7, 74 -5 -RBEFHIATHS,

RIS
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Geology of the Utsunomiya District
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(Written in 2009)
(Abstract)
OUTLINE

The Utsunomiya district is situated in the central part of Tochigi Prefecture, northern part of the Kanto Plain, NE Japan.
It occupies the area of long. 139°44°48.2"~139°59°48.2" E and lat. 36°30'11.3"-36°40"11.2" N in the International Terrestrial
Reference Frame. The area is located between the Ashio Mountains and Kanto Plain, therefore hilly land with small
mountains and fluvial terraces are dominant. In the Utsunomiya district, mountainous land occupies the northwestern part and
is surrounded by a hilly area. In the middle to southern part of the district, lowland area composed of some terraces and
riverside plain is common.

Summary of the geology in the Utsunomiya district is shown in Fig. 1. The district consists of Jurassic accretionary complex,
Cretaceous to Paleogene igneous rocks, Neogene volcanic and sedimentary strata, Pleistocene terrace deposits and Alluvium
as major geologic units. Clay mineral deposits are developed in the northwestern part of this district.

JURASSIC

The Tochigi Complex is designated as a Jurassic accretionary complex in the Ashio belt in the Utsunomiya District, and is
distributed around the Kogashi Mountains with a narrow area of 20 km? at the northwestern part of the district. This complex
is mainly composed of predominant bedded chert with subordinated mudstone and sandstone and is folded with NEE-SWW
trending subhorizontal axes.

CRETACEOUS TO PALEOGENE

Cretaceous to Paleogene igneous rocks occupy a part of the northern mountainous area in the district. They are composed
of rhyolite welded tuff to lapilli tuff with a minor amount of porphyritic microgranite. Stratigraphically there are two lithologic
units. The lower unit of welded tuff to lapilli tuff contains many crystal fragments including biotite, while the upper unit is
ash dominant. They are deformed cataclastically in part and altered strongly by the Neogene volcanism. Because the
boundaries between Cretaceous to Paleogene volcanic rocks and Jurassic accretionary complex are generally high-angled, the
volcanic rocks might have formed the cauldron structure.

NEOGENE

Neogene deposits in the Utsunomiya district were formerly subdivided into many formations in each distribution area. The
age dating and lithological correlation have advanced to make comprehensive stratigraphic division possible. In this report,
Neogene deposits are mainly classified into five formations, the Myogazawa, Kazamiyamada, Yokoyama, Oya and Ozo
Formations in ascending order (Fig. 2).

The Myogazawa Formation is the lowest unit in the Oya area and composed of breccia, conglomerate, andesitic to dacitic
volcanic rocks and sandstone. The main lithology differs from place to place reflecting the location of the paleo-valleys and
volcanic centers. The radiometric age of the uppermost andesite is about 15.3 Ma.

The Kazamiyamada Formation is well distributed in the Yaita district ; however, it shows restricted distribution around
Kasamatsuyama in the Utsunomiya district. This formation consists of subaerial andesite lava and volcaniclastic rocks and
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Fig. 1 Summary of geology in the Utsunomiya District

radiometric ages in the range of 16.6 to 14.8 Ma. In the Yaita district, this formation overlies conformably the Nagadozaka
Formation which is the lowermost unit of Neogene deposits.

The Yokoyama Formation overlies the Kazamiyamada Formation unconformably and occupies the small area in the central
part of the Utsunomiya Hill. Basal conglomerate is recognized on the unconformity surface, and the alternation of sandstone
and mudstone is dominant in the lower part of this formation. Massive light-gray colored mudstone is the main lithology in
the formation’s upper part.

The Oya Formation shows a wide distribution in this district. This formation was formerly recognized as the Nagaoka and
Yamamoto Formations in the Utsunomiya Hill. The formation consists mainly of rhyolitic tuff to lapilli tuff, which contains
well vesiculated pumice fragments. A massive part of the pumice-lapilli tuff is quarried as building stone especially in the Oya
area (“Oya-ishi”). Sandstone to siltstone including marine molluscan fossils intercalates into the succession of tuff to lapilli
tuff. Andesite to rhyolite intrusive rocks or lava domes occur along the margin of the distribution area. Age data of this
formation vary widely implying that some problems still remain for age determination of this formation.

The Ozo Formation is distributed in the city of Utsunomiya, and well-known as the fossil bearing bed in the Neogene strata
of the Utsunomiya area. Tuffaceous-calcareous sandstone to siltstone shows vague to almost no stratification and intercalates
felsic tuffs. Planktonic foraminifera and fission-track ages indicate that the Ozo formation was deposited before 14 Ma at the
latest.

Rhyolite dykes occur in the northwestern part of the district, which are mostly NE-SW with a few dykes occuring NW-SE.
The rhyolite is lithologically correlative to that of the Oya Formation. A shallow intrusion of rhyolite to porphyritic
microgranite crops out at the northwestern end of the district. This body partly suffered strong hydrothermal alteration to
form clay mineral deposits.

Along the side of the Kinu River at Hoshakuji, massive diatomaceous siltstone is isolated from other distributions of the
Neogene deposits. Age of the diatom assemblage corresponds to 11.4 to 10.0Ma, and this is relevant to the Tanokura
Formation, Arakawa Group. In the central part of Kanuma City, massive basalt crops out at the river side of the Kurokawa.
This rock is thought to be a part of the Hinata Formation which is widely distributed in the Kanuma district.
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Fig. 2 Summary of Neogene strata in the Utsunomiya District

QUATERNARY

Early Pleistocene

The Sakaibayashi Formation unconformably overlies the Neogene strata in the central part of the district and unconforma-
bly underlies the Hoshakuji Terrace Deposit in the eastern part of the district. The thickness of the formation is 3 to 4m in
the central part and more than 20m in the eastern part. This formation consists of gravel-dominant fluvial deposits,
interpreted to be a braided river system. The main part of the formation in the Kitsuregawa Hill (Fig. 3) intercalates the
Shirakawa Pyroclastic Flow Deposits.

Middle to Late Pleistocene

Terraces have typically developed in this district (Fig. 3). There are the Kamikake, Hoshakuji, Kanuma, Shimotsuke-
Osawa, Shirasawa, Takaragi and Tawara Terraces, in ascending order ; these terraces are composed of gravelly fluvial deposits
and overlying eolian deposits. The eolian deposits consist mainly of brown-colored massive sandy mud containing abundant
weathered volcanic materials and overlain by 0.4- to 0.6-m-thick Holocene black humic soil. The tephrostratigraphy of the
eolian veneers shows that the abandonment ages of these terraces (Fig. 4). The Kamikake Terrace is 165 to 140 m in height,
and made up of fluvial gravels with 30-m-thick eolian veneer deposits. The abandonment age of the Kamikake Terrace Fluvial
Channel Deposit is marine isotope stage (MIS) 10. The Hoshakuji Terrace is distributed along the Kinugawa River in the
eastern part of the district and 190 to 70m in height. This terrace deposit consists of 4-m-thick fluvial gravels and 14- to 17
-m-thick overlying eolian deposit. The Hoshakuji Terrace Fluvial Channel Deposit was abandoned in MIS 8. The Kanuma
Terrace spreads between the Kurokawa and Sugatagawa Rivers in the western part of the district and is 350 to 80 m in height.
This terrace is composed of 15-m-thick fluvial gravels and 10-m-thick eolian veneer deposits. The abandonment age of the
Kanuma Terrace Fluvial Channel Deposit is MIS 6. The Shimotsuke-Osawa Terrace is distributed in the northwestern part
of the district and 470 to 225 m in height. This terrace is made up of the fluvial gravels with a 10- to 12-m-thick eolian veneer
deposit. The Shimotsuke-Osawa Terrace Fluvial Channel Deposit is capped by lahar deposits of the 110-ka Akagi-Mizunuma
7 tephra. The Shirasawa Terrace is distributed along the Kinugawa River in the northeastern part of the district and 165 to
140m in height. This terrace consists of > 5-m-thick fluvial gravels and 8- to 10-m-thick overlying eolian deposits. The
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Shirasawa Terrace Fluvial Channel Deposit is covered by lahar deposits of the 100-ka Nikko-Mamiana tephra. The Takaragi
Terrace spread between the Kurokawa and Kinugawa Rivers and is 220 to 70m in height. This terrace is composed of > 6-
m-thick fluvial gravels and 4- to 6-m-thick overlying eolian deposits. The Takaragi Terrace Fluvial Channel Deposit was
abandoned in MIS 4. The Tawara Terrace is mainly distributed along the Tagawa River and 195 to 65m in height. This
terrace deposit consists of >2.5-m-thick fluvial gravels and a 1.5- to 2.6-m-thick overlying eolian deposit. The abandonment
age of the Tawara Terrace Fluvial Channel Deposit is MIS 2.

Late Pleistocene to Holocene

The piedmont slope deposits are distributed around the mountains in the northwestern area of the district. The deposits are
composed of gravel, sand, silt and eolian deposit. The lowest terrace is distributed along the Kinugawa River and 160 to 60
m. This terrace is made up of fluvial gravels with overlying 30- to 40-cm-thick black humic soil. The natural levee deposits
are recognized along the Kinugawa River and consist mainly of sand. The abandoned channel-fill deposits are dispersed along
the main rivers in this district. Sand and mud fill the paleo channel of each river. Back marsh and valley floor deposits are
also distributed along the rivers in this district. They are composed of gravel, sand and mud.

GEOLOGIC STRUCTURE

No active fault is recognized in this district. Older faults which cut the formations up to Neogene are present in the
mountainous area. They extend in the NW-SE and NE-SW directions and parts of some faults might be a caldera-forming
fault associated with late Cretaceous to Paleogene volcanic activities.

ECONOMIC GEOLOGY

Pyrophyllite-sericite deposits, Onuki and Daiseki mines are developed in the northwestern part of the Utsunomiya district.
Building stone made of pumice-lapilli tuff of the Oya Formation is called “Oya-ishi” and a famous building stone. Ag-KP
tephra is a pyroclastic fall deposit of the Akagi volcano and widely distributed in the district. This tephra have been used as
gardening soil called “Kanuma-tsuchi”. Because the distribution of the high quality “Kanuma-tsuchi” is limited to the western
part of this district, soil pits have been developed especially on the Kanuma and Takaragi terraces. Groundwater is mainly
distributed in the gravel and sand layers in the terrace deposits and Alluvium. Hot springs are developed by deep well drillings
in this district.
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