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Fission—-track ages and their significance of acidic tuff in the Upper Cretaceous Ryujin
Formation of the Shimanto Supergroup, Kii Peninsula, Southwest Japan
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Abstract

Fission-track ages of zircon were determined with the
grain-by-grain external detector (ED1) method for two samples
of coarse acidic tuff (CH-1 and CH-2), which were collected from
the Chibiki-yama acidic tuff unit in the lower Ryujin Formation
of the Cretaceous Shimanto Supergroup, Kii Peninsula. The
formation is of Late Campanian to Maastrichtian age based on
the radiolarian fossil zone. CH-1 is a coarse pumiceous crystal
tuff, and CH-2 is a coarse vitric crystal tuff. These specimens
include three types of zircons; A group is characterized by
euhedral form without abrasion, B group is euhedral but less
abraded, and C group is much abraded and purplish. These
characteristics of zircons indicate that A group is essential,
while the others are detrital. A and B groups are major
constituents and were selected for fission-track dating. The
results demonstrate no significant difference in frequency
distribution of grain age between both groups. Fission-track
dating for essential zircons gave ages of 69.8+3.7Ma (CH-1), and
67.5t3.4Ma (CH-2). The FT ages of the tuff are within the age
range of the radiolarian fossil zone of the Ryujin Formation,
and indicate that the lower Ryujin Formation is of Late
Maastrichtian age. The age constraint, in addition to previous
geologic data, suggests that the coarse acidic tuff was derived
from the simultaneous rhyolite pyroclastic rocks such as the
Nohi Rhyolite and Suyama Pyroclastic Rocks distributed in the
Chubu District of Southwest Japan.

Key words : fission-track dating, zircon, Maastrichtian, Shimanto
Belt, Ryujin Formation, acidic tuff, Nohi Ryolite
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Schematic geologic map of the Cretaceous Shimanto Belt, western Kii Peninsula, Southwest Japan.

1-3 : lithology of the Ryujin Formation (1 : sandstone, 2 : acidic tuff, 3 : greenstones) ; 4 : fault and inferred fault ;
B.T.L. : Butsuzo Tectonic Line. Member divisions of the Ryujin Formation are as follows : I-Fm : I-Formation ;
So : Sai olistostrome ; Ks : Kamiyama sandstone ; Ho : Haikusu olistostrome (after Yanai, 1984), R1-R5 (after Kishu
Shimanto Research Group, 1977), Ra, Rb and Rc (after Kimura, 1986).

 OH O# OB

Y EoMA+RER I, Y-SRI X - <, 6
OHEZRHASIIBELEllOoGTE=%LXashT03
(Fig. 1, M A-HEEARE 7 v — 7, 1975). HE)IBE
i, %@Tﬁéhﬁﬁ&wﬁ%ﬂ%&?5o®*E |8 )
MHica=7v7v- 71/1\ 7/@72%]@% A—FI)ET

V=T a— u~7/®/@JII%E, Fa—v =7 V-Fifffh v
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1986 ; Kumon et al,, 1988). %3, [E—oORER{LATEER
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AR 21T - BRI E 2 SUERRER, TcEf
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FHEOBCPBEEIKE, RosEEES. SHRERBORBRF
oW, EMMEAHRERRE S v -7 (1977 Sos
FEhAEFofIKLESEMRECBVT, ARB%E 2B
WERE %8I R1-R5 © 5 WX Lihs, ZD%, Ak
(1986) BB L ENIWERBOE RS R FITX DR IES
LEZT, HEROEFEAHETL, Ra, Rb, Rc ® 3HBIcX
Sy Ut (Fig. 1. —7, FERLEMEGTHRE D & chigihic b
T oM e ErEERHIE) ammf Yanal (1984) i1,
1/, ﬁ#%UxbxbﬂwAE,&MﬂEE,EﬁﬁUZF
Z2bra—ARBD4BIXS L (Fig. D).
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BB 7 v —7 (1977) O R3MB W L RGE, 72 3AKN
(1986) @ Rc B TFHIcHHM T2 A, 1992 ; #2M a5+
KR 7V — T DRAFLED.
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HEIKG LGSl »oRIENE (Fig 2). Fla=y
MERIA I 2km DI BB N, 2o Rigd 5. SERE
WCEIKEWS LIRS &0 o1, HELHEBRHOW
EEAHER & APk (Figs.2and 3). BMEBURE I, %
REOBAEMEREIKE (pumiceous crystal tuff), A%
BURREBEO N S REFREREIKE (vitric crystal tuff), %
B0 s AEEIKE (vitric tuff) BELN S, Fi—El,
fHhe, —MIES 1-5m i@ L, WSS LTk
BRIRIRAS M L, BUE D FIRIc B bR L BITIERE DY 5
N5, BEZ, AT, BEXbem-1miclkEL, BKEEE
LEHIET B0 H 5, BAUEE O TATIES, RIsSIEB)T
ET 5. ChoOHBEEEOBEI, ThooBIRENEN
OWELERIE Y — 51 FTHBIEERLTV S,

CH-1 4, ALPEH OB OR kT B 5, BB
BESH5m 0BRFCEUROERBEIKE» SRS h i
(Figs. 2 and 3). KA - BUFT (1992) &, BEKEIC->WT
WEHEREREE - W - BOSHERREAFMIcTiL v 3
GRA - BlFT, 1992 © Fig. 3 22881). CH-2 i3, T Lt
BoERU B IcBE T3, BEOEX 2m 0 F 5 Gk
FREURE I SRS Wi (Figs. 2 and 3), Wz O EEEUHIS
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Fig. 2. Geologic map in the Chibiki-yama area, showing the Chibiki-yama acidic tuff unit in the Ryujin
Formation (after Sakamoto and Bessho, 1992). See Fig.l for location. Three traces (A, B and C) indicate routes of
lithologic columns in Fig. 3. Star symbols show localities of the dated samples.
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Fig. 4. Photomicrographs of the dated samples.
a) CH-1 : pumiceous crystal tuff, b) CH-2 : vitric crystal tuff. P : pumice. Plane-polarized light. Scale bar is 1 mm
long.
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ZF & L, Schmid (1981) I2hEw, #5 AT B AR %
MATHEE L, #52FOAN, BRAPEET 25638
BE PR, ,

CH-1: #fa a2 L, B mm-3cm KOBRAKLEIC
B, PR 050 mm OB AEHBERKE TH 5.
£ — FHEK T, EREE (366%), BOF (224%), #A
B (199%), B8 (166%) Th 5. EOWN, KL#H 5 2D
EEELSHED OGNB bDIF45% ThH 5. A I3ZE0.1-1.7
mm T, #ORTREER 224%), A% (112%), » V&
G (30%) DlficEl,;, bThicBER, HEgROY VI
VB EENA, BAFREI2mm T, BELLTR
ZWlEicERiE kLS (123%), ddEKilE A1%), BIRKE
(1.3%), TbadEs 09%) KENEDONS, BARIZIH
K3cm KD DAEELH, E1-25mm Db ONEET 3,

CH-2: [Kigta% 29 5, KR 0.31 mm ORI A 7 2
BRBEBKETH 3. - FHERTIERER (279%), &
ABH (12%), HRF (16.7%), BE (482%) TH 5. HE
DA, KUK 5 RADOEENED SND bDIT 126% Th 5.
KA S5 AR IEENCERTROIYITH 5T F VY AT
ZELTVSb00H 5, FEEHIEEI-1mm T, &
LS 174% LEH2<, RIC82% DAE, 23% DH ) ER
LB, 20T, DEPIEER, YvarvhgEn s,
B0 (%01-1.3mm) oficid, Bk 128% &
%L, ToftucREE ikl BIKE, RaEs
BHFrTRED LN, BAEFIZREAKT 3mm KO &DNHE
HoNBEN, —HTIE05-15mm TH 5.

FT FROUEH EE L VRAERR

AEl o HIERE R4 Table 1 1Z/RY.

T4w¥aye by FD EFROWEHEOWERILIT
DEBOTHE, BB, HEFHEOFHMIE Danhara et al.
(199D KRS TWAOTEHEENLWV, FTORIER
grain by grain ik &%, RREATHEZHOCAET + 572
% —i% (EDIL ; Gleadow, 1981) A F[FH L 7. #E&ENESE%H
We D3, EROABmICAMBROREEREERTEL b
Sy o BEDLNIIDTHE, Ao v F 713, KOH
:NaOH=1:1 (£}, 225°COHRK %AW T 26 5 27
BfifThn sz, BebEREHE T ERSEEF IR B W
THRENht.

BEOHE 1kg DB E - T, Ya yRTFH CH-1
THI500 , CH-2 TiZH 300 HzhFhiitiahri., h
SRFICHH - BREE - AoFgicEov T, mEEs b
12, A, B, CO3DDINV—FICEBRITES, A V-7
HIEMSE L RETERYT. B 7 Vv— 7R EESHEN
BOBHEROBSPOPEBREIN T Y kERERT. CJ
W=7 ReFcHBShERBEEL TV, BROBRMKE
BREE LD, A 7 V—7EARERR, C/Vv—730EE
DOREER, B/ —73REEROTEESEV b0 ¥
Wrcx3d, A B CORISV-TOERERE, BBL% CH-
1 T90%-10%-1% i, CH-2 Tt 30%-69%-1% DE|&
EM o7,

FTEROBIEAR FE LT, Ya vET 30 FEAhhtL
fols, #OMERIE CH-1 TR A /7 V—726M, B/ v—74
B, CH2 Cid A/ V—721, B/ V—73Hch 5. B
HEIRE OFEREER L 1T, AERRO YV v E2BRT~
xTHD, FTHERELTRA V-7V va v OHEE
HoRDZ, L l, 40IZ CH-2 REclESLlEE ED
ZBI7N—=FOYNa v DREFICOVWTRET 27D, A
TNN—FFTIEL, BFVv—70oVnvavrd 30l 4/
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Table 1. Result of fission-track dating for zircons of two acidic tuff (CH-1 and CH-2) collected from the Chibiki-

yama acidic tuff unit in the Ryujin Formation.

Sample | n ps Ns oi Ni
(x108cm™2) (x10%cm-2)

od Nd P(x2) r Tet

(x10%cm™2) (%) (Ma)

CH-1

Agroup| 26 8.82 3002 1.88 641
Bgroup| 4 15.50 686 3.59 159

CH-2

Agroup| 26 9.20 3281 2.03 725

Baroup| 3 14.80 396 3.63 97

8.10 1247 63 0.862 69.8+3.7
8.10 1247 46 0.560 64.3+6.0

8.11 1249 17 0.853 67.5+3.4
8.11 1249 93 1.000 61.0%7.1

n=number of counted zircons, 0 s= density of spontaneous tracks, Ns=number of spontaneous tracks

counted to determine 0's, p i=density of induced tracks, Ni=number of induced tracks counted to
determine pi, o d=density of induced tracks in dosimeter glass NBS-SRM612, Nd=number of
induced tracks counted in a muscovite external detector to determine o d, P( ¥ 2)=probability of
obtaining y 2_value for v degree of freedom ( where v = number of crystals - 1) (Galbraith, 1981),
I = correlation coeffecient between psand pi, T=fission track age calculated from pooled Ns and
Ni for all grains counted using zeta calibration : { ED1 = 37014, 0.5 (Danhara et al., 1991), & t=T

X[1/ZNs+1/ZNi+1/ZNd+(o § /¢ P12

AL 5B, CH2&BHc 0T, 27T HoARE Y va
YO, 1HOYVa YRTBEEBED I X TiTEn
» o,

ATIWV—7 (KE#HR) OMNEHREZOFME
FTH#MRMEE LT, CH-1i369.8+3.7Ma, CH-2 (3 675+
34Ma %187 (Table ). Y*BRETH % &, CH-1 13 63%,
CH-2 T3 17% £15 0, WEFhSEEIKHED 5% AKX E
BloTw3, KAFERMBOMEESHIL, CH-1 T 46-106 Ma,
CH-2 T3 39-113Ma DOfflic # W E NS T 508, WFh
50-80 Ma ZHulh& LTE & E 0 &L, WERICERMSRR
2507\ (Fig. 5). %7z, YNVa vORKTFTEDOER
BLUHEL 7 v 7 BEOMHEMIC>WTH, Fig 6 OfffE
OB ORH, B L THEBRES CH-1 © 0862, CH-2 T
130853 EMEKIE AEV T &b 5, HEBHES KW & HEr X
N5, Licts>T, SRS R O BREHERE R, FTHER
e LTEEESEV EYMTE 3, 3IER—BE» SERI
aht, 2o0FBOERBIRENMLTEBY, WFhbEHR
ERBEHO<ZA M I EF T VERLTV S,

B N—7 (BRE#HR) OATHREZOTE
BSV—7ovra v FTHERME LT, CH-1(3643
+6.0Ma, CH-2 IZ 61.0+7.1 Ma %787 (Table 1). ¥’ KRET
HBE, CH-11346%, CH-21393% L1530, WFh bEH
JKEED 5% ZRE L EH->TW3., RFERBEESS (Fig.
5) % ps—pi th (Fig. 6) icBVTH, LN S IARE Y v
IVOLDEFATERL,

% Z=

ERE T IO T RILRRMEEIE ~ = v b » SERE(L 72 2
R DHBERIERICE I D W T, 40T » 72 FT ARHIE
LB EREOEHELEZRT 200, HEERORHICXS

107 [CH-1] ircons of A group
%) #4544 Zircons of B grou
2 o o group
o
5 A
2 A mean age of A group
c 6
'©
5] * mean age of B group
J B
4
2_
O_

100 Ma
A

B |[64.31 6.0Ma

20 50

B [61.0£ 7.1Ma

Fig. 5. Histogram of fission-track age for each zircon
grain of the dated samples (CH-1 and CH-2). Numbers
of zircon grains of A and B groups are 26 and 4 for
CH-1, and 26 and 3 for CH-2, respectively. See Fig. 2
for sample localities.
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Fig. 6. Correlation diagram of ps and pi value with lo error bar for each zircon grain of the dated samples (CH-1
and CH-2). Plots with closed circle and square correspond to zircon grains of A and B groups, respectively. Solid
and dashed lines show isochron for A and B group, respectively.

T=—1 v OEE ARV v OERE T OFE, TRIE
BUKA OB >LWTRET L, 20 kT, ®Rii<x Y

EF 7 VIciEYSd 5 FT EROMEENBERIC O VWTERT
3.

FT F£RAEFEOSE

1) ZF=—UvJo%

SERERBE UmEE & b, ST CEERIEREZ Y
HEZE - 2B HoNBV, £/, FABICIE=LOKE
HELT, HHEL KRKEERESDHE L TV B, KR
BT 60km BENTHB D, Zhick 2EEEROZB IV
Vi kS, —4, EBRULZESi, WmEko X REHO
F—yRTFNYADEEEZRLTEBY, ETOBRETE
CH 2B W T TF VY ARIREBELTWAB N 5 AFHA
BHoNB, THIVYLADERER, KU 2OBAHESE
(lijima and Utada, 1971) @5 &, 7 F V¥ B OFRRIE
BAZIF LT EABHL, ZOERBEMBRKI20CLDEN
BEEZH--TOWEWEEM T3, YrvavoTr=—) vy
12 %200°C L ks % 5 (Hurford, 1986 ; Zaun and
Wagner, 1985) & &5 0T, SEIAIE S (L BHEE IS O
FT R RHBERICERY A2ZITOVRVWEELI NS,

2) AEDINaVOEESEFDE

KB EHEREc AR Y v a v SBAT AT LR LIEL
BEH LTy, FTERNEICBVTHERL I OFEAfEI
e B2 3 LS hTVwE (BLAE, N, 1977).
EEE, SERAE L BB, BB BRE - B
Mo, BEEREELILTBECO2DD S/ Vv—7BAD LN
fo. BEYVa vOEER, BUHEIKEDE— FHEKT16-
20% ORERV LEBOERFA2&8ATVA I EEMIBLT
W3EWzi 3, UL, BZr—7oviavii, wfish
fzona voht CH-1T10%, CH-2 Tl369% L ANX7s
HAELEDHTEY, YvavyoEREEBKT S LTEol
BERNTIEW®NEDAS. ZTTT, YUTFTTDLH57B B
W—7DYNna D FT o, = DRBAOCERS X CER
oW THRETY 5.

AE FT H#ROBIEICEA L grain by grain ic & 34}
W7 1« 77 5 —iEid, SEYRNMEL2 OERRES AR /oo,
ARV v OEBBch IRREESTHLLENTEDY,
FT O — s b oRKERERD A 7Vv— 7 L 2EHERO B
TN—TFOFEI vy DHE - BHREITH T ENTES, B
RER KK Z OFEEIGH U HEA & LT, @R
(1977), MER (1980, 1982), #AK (1980) B &EMb 5, <
5 OMETIE, SREROBIEEE LT, @ Yra VT
OERBEENHPCEARL 5 v 7BE (os) EFRIS Vv I E
B (o) OB, @via vk oy s vaEROBHgE,
FNEWNTERE ORI EEZH VTV,

QicoWVWTiE, Fig. b TRADONS LD, Yva kT
DERDODHIZAEBOWm IV —TFTHELENIL,
Fig. 6 ick 3 &, B — 7ORTFO ps/oi EDH TS, A
TN—TDENEERY, WV~ FOENRMESEEOHF
T—¥d 3%, Qic>oW\WTl3, Fig. 6 icBWTB 7/ v— 70K
RF-D ps/oi HIZSEENHOELE, THhbbY 5 VEED
BWHERICERLTWSE, 2O &, BIAV—TEAS
W=7 PR OBERBLTVAI L ETRERLTVSA, B
T — 7 DRIEEHDIE N DFEERIE T LIV AW,

B/ Vv—70vNvayOfkiEELLERT, FOEER
B, O oo YRFOERMEIE WL ps/ol TR, KB
BELEEZONB AT N—TDY T v EERPBBNT L,
@viwva vKFREVEBELTVWEZE, @VvavdT
OEVEER (CH-1:10%, CH-2:69%) MbiFohs, &
n o OEEE L UBRERIRESICE N 28 ool
KIEFBEBLTWAZ E2HbETEETBE, BY
N=T7DYNa vid, RBWEIKE OHRIEKLAEICH -
T, Bk PeE oM UHRRE TEBICRAT A5
Picd 0, FTHERTEVHE S W IR TR L
7z, BEREOKENZOREEEZEL NG,
BHRIRE OHRIBTE S HRER

ERMEBEK S OHERREMN S, BRMERERCE M UHER T 2 &
TIE LR EHERI DEL LS, COBBERER
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PEBUK S OB O FHERRE IRET 5.

HANRE ORRMEICE O MR B X B> W ThRE
Ufz, B (1983), #EffixA» (1982), KA - BIFT (1992)
LORMEE, PTokricEsvonsd, OBEERIKE IS
DRBFISRBIRECTIBEORE, WEEZETBI LN
EORMIcEOWT, BEWRE L TEHHER L0 Sl
n3, QR CERIEEICE I IREYR HEBENICE T T
BY, INoWREEEKICHRT 2 EEMRT (2L,
MiFE, 1983 [Z/KtRIE K DREJEEM AR L T\ 3), O MRkt
KEER, BEAEKLBBYEZGhOBRsShTEY, Eilg
DOBEFETHEHIKS AR & 0B L L4 WIBRARPERP 3K
WA s 2R 2ZBICEELTWA I Eh S, BIHE, HIKE
APREEHOZ L WHRBEEE L T, EEEcHR L.
bOLHEINS, Th o OMUEIKEORHHIZ, 4TI
WU TR OMBBHERIKE ==y P20 TddTiRE
5. L1cd-T, BUBIKEOARERFBEoY vay (A
W=7 I 587 FT R, BELTOBRMEIKE ORHIE
RERL, FERICE O THERERZEM L T 2 a/geids
B,

FTEREHE S N BYEEIKE 3, EHRREO TH,
Yanai (1984) O 1EIcBd 3. HEHRE 0GR i,
Amphipyndax tylotus BRI M9 5 HERIEG SV L o b
DREBES - BEEIKEPSBOLNTWE I &5, BIEY
YRZTFT Y- R M) EFTVEELONTE I GRLIED,
1982 ; AXiE D, 1986 ; §87K, 1992). T DA 0EMRIER,
Harland et al. (1989) OFERX 4 —ic Xk 3 &, # 78-65Ma
YT 5. SEHE S RIS O FT ic & 3 BH4E
RER, BEREO OB R OEMRIBAICA S
FT E 0T FHESE

1) EMRAEOMEER

TitokEgicE o< &, BHRBD OASEHE 7 BRIEBIKE
ODFTHERE, TOBUHRKS2*RUEMBEBO T
(Yanai, 1984 D I @)% %< 2 b V) & F 7 » (% 70-65 Ma)
EVHPOEREFICRE LTS, fEK, EMREIE—E
BEDIKOVWLSEEL S, BT DOEE 1,400 -
4,000m 2785 (Yanai, 1984 ; R&f, 1986 ; Kumon et al.,
1988) & &, (HHEEEHHIRTCIEMREOTNTORE
#£ (Yanai, 1984 OIREXDTIE 4 @) » 5, BEAH v =
T V-RA MY EFT VERT Amphypindax tylotus EEED
B L ABESER LTV 3 @A, 1992). SHEEORE
B & bR oERSRI» 5 EZ 5 &, BHMREIR—E
BETIREL, MBI XZREESEEL, ToLELR
BO XS EBROBL LV 2hoREr=y F DESKRE
DFfEHS B, BHABORBR - BErERN T 3 LB
PIRBENS,

5B, AR (1986) 2% OWHEMZIEHR L 7o, HMREL
ZORICHET 2P I RE & OFEBEEORBRIZ W T
%, SEEF -2 b ONEEMT 2 L3 TERV,
COEROERET R MY B F T v OFER HAHRIUR O & H
HOMREE L TSRICBS N/ BREVERETH 5.
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Fig. 7. Stratigraphic distribution of acidic to inter-
mediate volcanic rocks of Cretaceous to Paleogene age
in the Inner zone of Southwest Japan.

1: Younger volcanic rocks locally distributed in the
San-in zone; 2 : Major volcanic rocks widely dis-
tributed in the Inner zone ; 3 : Intermediate-dominant
volcanic rocks, 4 : Sedimentary rock-dominant strata ;
5 : time range of volcanic rocks and inferred one. Note
that short thick lines within columns of the Ryujin
Formation and the Izumi Group indicate time range of
some intercalated acidic tuff based on FT ages (after
this report and Miyata et al., 1993). Time ranges of the
other volcanic rocks are after Harayama et al. (1985),
lizumi et al. (1985), Ozaki and Matsuura (1988), Sawada
et al. (1994), Tainosho et al. (1985) and Yamada et al.
(1987).

2) BEAMERRIKE OEHAIE

i (1983) &, REANEATHIROBEHRE D OB
IREDEED SAiiah » THIRAE 3 2 2 L 5, BREEIRKE
OHHRTRSHREE (MR OFBicd s LHEELT
W5, #IH (1983) @ Figs. 1, 2 & 4 oERI BV, [
JEHE L U BRIMEBUR A BRI X > TIRVIEL TV AL, %
ooy v Y LTBY, HIBoANHREIR
oL aRE (Fig. 1 ® Ks) o7 s vV L-#ihic &
ANICELIFELU LT3 (Fig. 1 #8R). BillhsswEic 7
FvYLTWA I, HiiEEr LHEAKERET &, R
oI Edic S 3 R O BMEEIKE O BRI, Jt
WP W URILH-PEREE OBk & 72 b, 2 ONALIZHIE
DHMITIRIEEITTH 5. #EE, WIFH (1983) /R L ko BRiH:
BIREDREDZEZ, BSHRBOHREZOMICETYT 5450
TR, BREETEAROENEE D, Lich->T, Hh
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BRI BR A DB EHIZR & LRI TE RV,

—k, Wik EDEHROKEED 5, BEHREOHKIE
Yok db@icBEL COWAREBEHEANTS 52 &
(Kumon et al, 1988) % EEd 3 &, BEEIKE OHHRFIX
RIS EFRRICPERE AR TH - 7 & T 2 08E Y TH
3.

WRICERMERIRE OBHATEEE 2 5 -0, BEAHELE O
EEARRIC B 28V Lo KIiEicovwTo, <
NETOERBED 7 — 7 2B U kiR % Fig. TIcRY, 7
R HARPE I IS e EHDE H & iR o i ¢, RIA R
2FETERRIES O Lo KBRS KBS A IR D 5
BABHIC L TRIES AHFLTW3,. Th s oERMEIRTE
ﬁﬁﬁémﬁuﬁ#bﬁ“btmk%<Uéﬁm%ﬁb 2]
B < R - DLEL - R - mmfﬁaﬁm&@uo
-80 Ma (B3R 1E %>, 1985), FFMHIT< R - A5 - HED
KER, BIUHERNGE LD 110-7T0Ma (HEEE R D,
1985 ; 25 - #A%, 1988 ; IRFHIZ A, 1994), hifMUh T34
FGRABCETR & D 95-65Ma (LA, 1985) &755. Thb
OFEHOBIHEEZLIC LT T, WFhollh T s BAMEH
DFRVBR S N o s/ NFR IR BRI KRBT L TV B
g ERY, —F, thitERodticlEd 2HERR I
Eﬁaﬁ@%&aﬁmA<ﬁﬁbkmEﬁuﬁiDﬁcrm
1ENVHS, %~mﬁ%ﬁ%;0%®MéEk7¥Ak@bnt
Bk FEEEN S 5. AR, ﬁﬁ%ﬁ@ﬁ@ﬁﬂ x5}
(B, 1986), ChEkHIs DRILARES (FH, 1977) ©

BESHIONA TV S, RERCENER LD 51 753125

Ma® vz v FTHEA, s o B LAkRE» 5 i1
652£39Ma ® Yz v ® FT H4 (LEIED, 1987) sz h
FhELNTED, MR & EER OB KBE K &
FEREDEMRERT. TOT &3, hIBEHEITL £ T, KL
B KIS ESATR L TOR T EARELTWS, i, &
HWHFD< X MY e F 7 VERTIIRER» O, BREEIKE
DIV YDFTERBBONTOVEH, WIFhd 77-72
Ma OFifi= 2 + ) & F 7 v 2R TRWEREH (EHED,
1993) Z/RLTW3. ZOEMRMERESER S, HHRE
DOERMEEIKE D FTHEMR L0 B S hicHw,

PEoz s, SHEEE LSRR OBERIKAEDK

BERICHY T 25K, FEREANS TR B LU
Z oI, W—hEiHF RS AL TvwAE I &
B, Xbic, hEEHE TR, Uk, B )eFT Y
id, hREEEOILRIC X E ATIRBRSHERELTE S
3, ZRUTEIT U TEILKBE BB L Te 0, FEl~kil
PBY s L 2 A I HIBERIc S - 1 EFEX bhB. L
1eS - T, BEHERMBEO B S & CHHIPRNEZEE» &, hif
I IC 81 5 IBREECE P BRILKPES S L O KPEE R b 125
U 7oKk, BHREDICE 0 2 BERICE OMBET
BB EWVSHREMEMSIERTX 3.

ES & B

AU LD ENTF O T &I L 7z,
(1) Eﬁf*%ﬁ HRBICRET 5 TRILRMEEIRE ~

FEEERIAT+REH O LI A EREMRE ik E 0 2 RIESICE O FT HR 123

= b5 25K (CH-1 & CH-2) DRI EIR S 2 HREY
L, #N5OREHREAREB VLI v D FT HERBIES
fTo7. Z Ok, 698+37Ma, 675134 Ma &\ 5 (SHR
OEVEREZB . COBMEIKED FT ERE R %N~
R MY EFTVIEE, ENRBIRBT 3BT,
THRbE A tylotus O @A vov=7v-=2 Y
EFT V) EBENTH 5.

(2) FERFEEOBUEIKECEENE YV viE, B
M B - BOBVWIESWT, A, B, CDO3DD I —
TIRRATES., TOEHFEFIECH-1TI0%-10%-1% *
5, CH-2T30%-69%-1%Thbs. AJSVv—73BHESH
TELTHEEN IV EhOABEHREEEL N, FTE
REEOXREE L, BE COMI V- TidFEESBEL T
WBDTHBEORERREEELONS, LrL, BZu—
7Oy DO FTHERER, A ZVv—7T0bDEBEDE
FTc—%d 3.

(3) SEEBUEIKED FT ERIIZ, ZOmMEIKE%
BRUEMBEFOTE (Yanai, 1984 0 1/8) B~ Y &
F7 v #70-65Ma) THBI EERLTVS,

(4) SEIBCEBRMERIKE O FT £ L ARSI B 1
5 HEAL ORIV Lo KPS 0FERE L O e, BX
UPER HAEELBRE O > WTOEEDL S, BERE
B BRI KRS 18 S o, chiefE iR b icIi s 3
RS KB OFRIR KRS, BEfhREHOBRIEEIKE O
HHEIR T H B FTREME A HERE L 7.

HE AMFEEED D ICHI, ERABREEEEDETS
N PE T HEEATFSE 7 v — 7D F 2 i, UHHEOE
KoWT, fEH MERICE7 v va v b5y OERA
EREROBBRICH I - T, ARBYE EERORMEZIT &
Lk, CTIRECBRLE T, 0B, FTEROSHTEIR, H
HRATORETR THENIBOHZE| ORERPFZEE 2 FIH
L.

X 53

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

FERIFHE, 1980, 7 4 v ¥ = v-+ 5 v ZiEIC & B KEHHERYTh ©
BHERE Y Vo Vit o W T ORE!. HRESEFEASE, no. 16, 29-36.

WEIREFHE, 1982, 74 o v av-b Sy kI EB ) —v - 475
BOERKS 201 —fmiui— MEH, 88, 943-956.

Galbraith, R.F., 1981, On statistical models for fission track
counts. Math. Geol., 13, 471-488.

Gleadow, A.J. W, 1981, Fission track dating methods : What are
the real alternatives ? Nucl. Tracks, 5, 3-14.

Bl 8- N EE - BIR—E - M & - BEMER, 1985, B
5w B 3 AL~ RS KRGS OZE.  HERBE, 39,
345-357.

Harland, W.B., Armstrong, R.L., Cox, A, Craig, L., Smith, A. and
Smith, D.G., 1989, A geologic time scale. Cambridge University
Press, 263 p.

Hurford, A.J., 1986, Cooling and uplift patterns in the Lepontine
Alps South Central Switzerland and age of vertical move-
ment on the Insubric fault line. Contrib. Mineral. Petrol., 92,
413-427.

NII-Electronic Library Service



124 ARTLC - FIFTFE - IRARE - AXELR - fakiEZ

MR E - TIE—EE - LHEER], 1986, FRFAHEMEOME. Hufi
BEHmE 6 oo | EKIR), WEFAE, 148p.

Iijima, A. and Utada, M., 1971, Present day zeolitic diagenesis of
the Neogene geosynclinal deposits in the Niigata Oil Field,
Japan. In Molecular Sieve Zeolite 1, Am. Chem. Soc. Adv.
Chem. Ser., 101, 342-349.

R W - RENESL - el # - SFEIRE, 1985, A - WEME O
Bkl ~d B A KRS, HEkRl, 39, 372-384.

ANTLE, 1986, ZRIE-E/IINEERWES -2 o B &) i —
By &t — . HEHE, 92, 185-203.

FEMNPU T -HEEARISE 7 v — 7, 1975, PUE-HHiEMOFESR, #
T, no.19, 145-156.

SN PR TT R RS 7 v — 7, 1977, FngkibE s o B )|
EHE O ENT TR oM (20 8)—. HiERRME, 31,250
~262. :

NP HEEETL 7 v — 7, 1986, (oL EFEERENEE O B
=NEER LRAE— AR HREOME (20 11) —.
BRElEE, 40, 274-293.

INEFESE, 1975, REBAERBREKLESHOBRRICO VTO—F
2%, HIEFEH, no. 19, 191-202.

Kumon, F., 1983, Coarse clastic rocks of the Shimanto Supergroup
in eastern Shikoku and Kii Peninsula, Southwest Japan.
Mem. Fac. Sci. Kyoto Univ., Ser., Geol. & Miner., 49, 63-109.

ASCELTK - ML - gk, 1986, AR RN +RE RSN
BEOKETY 2 7 ERZH—aECKRERILATE LG, 41,
17-27.

Kumon, F., Suzuki, H,, Nakazawa, K., Tokuoka, T., Harata, T,
Kimura, K., Nakaya, S., Ishigami, T. and Nakamura, K., 1988,
Shimanto Belt in the Kii Peninsula, Southwest Japan.
Modern Geol., 12, 71-96.

AR, 1982, FITRILESEILEEES O Wb W 2R~ AT
AICEE—. MUEHE, 88, 901-914.

AL - AXELR - hERER, 1982, LFEENAHHEEE
ot RIRBILAEE, #5815, no.5, 373~
378.

EHEX - A 1 IO - TIEER, 1993, ALKk ORI
M OME, MSHMERAERE 6 F540 1 XIS, HWEHEZERR,
68 p.

PaR A, 1977, 74 v v e v e b7y ZERBEEOMES. At
JLHEE, 12, 1-10.

& B

1996—2

BIGIERD - PAHIEA, 1988, ZHHUBOME. HIRMERA#RE 6
Ti5o 1 KR, MEREN, 93p.

Pettijohn, E.J., 1975, Sedimentary rocks. Third edition. Harper &
Row, Publishers, Inc. 628p.

WARMEE - BIFZEEE, 1992, BRUMEIKE & EBICET 2E O
RN+ REHOBHRABET BB EREF & L
T. HEXHRE, no.38, 271-280.

IRENESA - % EERE - MA—ED - 22355818 - DIFIRE - BEEW
TS RUADIE 2 v — 7, 1994, BEHREH A ECBRIEMEE
Eta— oy, HEH, 100, 217-233.

Schmid, R., 1981, Descriptive nomenclature and classification of
pyroclastic deposits and fragments : Recommendations of
the IUGS subcommision on the systematics of igneous rocks.
Geology, 9, 41-43.

SeARtEZ, 1992, HREO BB BT 5 g O HUE R,
[EREAARB TR, 32, 350-361.

$AAIERR, 1980, “Grain-by-grain” iz & 3 ¥ vz v O fission track
ERARE. HREETESH, no.16,8-17.

HFEERE - 5ARE 7 - BBk - BEENEESEETEE S

B, HEREE, 39, 358-371.

TEREpER - REETE - HRNEE - G EAR - ANRED - AXEL
*x - iEx - FREEERS - RABE - 8 KEZ - A0S,
1981, FEMHMUROME. MIBHEWRRE 6 Foo | KiE),
HHAA, 69p.

TERARRR - AXELE - KARE, 1982, LAMA 4 EE)IERHO
BRIERDCE, B A T HREEORBRE ] PFIRsRRs
&, 145-153.

FHEE, 1977, FFLEREE EFANE, KIEEE oBFRic->»
T. MTL, no.2, 93-96.

IEER - i B - R #1987, SEREEBIRIC AT B R
FREEB X CRILABRED 7+ v v a v - 5y 78R H
B, 98, 287-299.

MiFE—, 1983, PHJ-HHulm&lRE@&ERc 1) 3 R EA S B kK LiE
®, ki, 28, 11-23.

Yanai, S., 1984, Paleogeography of the Cretaceous Shimanto
geosyncline, in respect of forearc tectogenesis in active con-
tinental margin. Jour. Fac. Sci. Univ. Tokyo, Sec. 11, 21, 1-37.

Zaun, P.E. and Wagner, G.A., 1985, Fission-track stability in
zircons under geological conditions. Nucl. Tracks, 10, 303-307.

AHRD - JIFTEE - REAEE - ANELX - #HikiEZ, 1996, LHEELEMA+REHOLIAE
REHRBLHRINIBUEEREDO T v Ya Yy PSSy VEKREZOER WHEKE 102
116-124. (Kimura, K., Bessho, T., Sakamoto, T., Kumon, F. and Suzuki, H., 1996, Fission-
track ages and their significance of acidic tuff in the Upper Cretaceous Ryujin Formation
of the Shimanto Supergroup, Kii Peninsula, Southwest Japan. Jour. Geol. Soc. Japan, 102,
116-124.)

R E O QAN G R EMRED OIS h i 2 EE OMBEREEIK S (CH-1, CH-
2) IZ>WT, grain by grain KX 3AF+ 5727 ¥—H (EDL) IKk->T, Yhvavoz gy
YavebIwy FT) EREEL WREELES 300m OBMEEIEL = v b SRS
Ntz CH-1 NS AEHEREIKATH D, CH-2 NN S RERRBEIKETH . AEL
AR BYINT DO FTHFELRIZ, 698+£3.7Ma (CH-1) & 675E34Ma (CH-2) TH3. Th
> OEMRMER, BHEBOET 2 REHELEE Umphypindax tylotus BEEE) DOHERL v YN
AU, ZOBEERIKE+BRGEHRBTHOBRERE<A M) e F 7 YIIRET 5. HHIPED
BEELSNEBREEIKE O FT ERIEL2ERT 5 &, BHRBOBMRERIKE L, BRENE®
Bk 72 & ORI, 12 53753 3 IRECE B K S ORI KILAE» SER LI EHEES 0 B,

NII-Electronic Library Service





