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Abstract

Cretaceous felsic volcanic and granitic rocks, which are
widely distributed in the Chugoku ' district, SW Japan,
frequently constitute typical volcano-plutonic complexes. The
Fukuga Formation of the Abu Group in the northeastern part of
Yamaguchi Prefecture unconformably overlies the Cretaceous
Kanmon and Shunan Groups. The Fukuga Formation, which is
mainly composed of rhyolite to rhyodacite lavas and pyroclastic
rocks, is intruded by a granitic stock, suggesting that the
volcanic and granitic rocks comprise a volcano-plutonic
complex. We have examined the genetic relationship between
the volcanic and granitic rocks using major and trace element
chemistry and Sr and Nd isotope ratios.

The rhyolites and granites have similar major and trace
element chemistry except for Ba, which is lower in the granitic
rocks and decreases markedly in concentration from biotite
granite to aplite. Ba vs. Sr relations indicate K-feldspar
fractionation in the granitic magma chamber. Ten rhyolite
samples of the Fukuga Formation and eight granite samples
yield similar, well-defined Rb-Sr whole rock isochrons. The
Fukuga suite gives an isochron of 86.8+2.8Ma (20) with an
initial Sr isotope ratio of 0.705441+0.00024, and the granites give
an isochron of 85.0%t3.1Ma (20) with an initial ratio of 0.70526
+0.00023. All rhyolites and granites give a single combined
isochron of 87.0%*3.1Ma (20) with the initial ratio of 0.70526%
0.00025. While plagioclase, K-feldspar, whole rock samples
from a biotite granite give an isochron age of 79.7+5.3Ma (20)
with an initial ratio of 0.70521+£0.00017. The petrographical,
petrochemical and Sr and Nd isotope data indicate that the
rhyolite of the Fukuga Formation and the granitic rocks were
derived from a common source, which were slightly enriched

source (probably lower crust), contrasting with other
Cretaceous volcanic rocks in the Chugoku district.
Key words : granite, rhyolite, Rb-Sr isochron age, Nd isotope,

Cretaceous, SW Japan
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NBEEE 4 X EH L.

BLRFE) &7 754 MiTIXAHE N B8,
kPRSI Lz, ST LS A T — RS & 0L
M EFE 1 RKITRT. TDHBGOT I W\WTi, &lEAED
) EAENE L . SR, SR % R B,
BMEDY A4 X A2FEHET LA T80-150 X v ¥ 2 ICHZ, ¥k
e weR U7, & L CRESRSLTS & OuBREVESLY) A LA CHLY
BrE, BROBEE SR (7 L) FEK SHEEBOKL, B
FEL L

zhZnhofRENS

BT EJERERACE A & & OTERE T O SR L.

2. REAEE

WRCHHB G 2RET 2250 10508, TERERER&KT
%4 8 Rt &9 2 BFHT > VT Sty Nd [RINIKEL O RITE
Z{T->7z. Sr, Nd[RIffALL, 8% Sr, Rb BE, 2#0
Nd, Sm REEORIER, BEAYH @I+%®NMT%2
REESMETEMEM L, WELHEESER (1996) i - 7e.
O HET i%Sr@Ndﬂﬂ%M@&&ﬁH(Mﬁ%lLa
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FoR FEERRSCEAS B L CILAEEH D Ba-Sr,
Rb-Sr Z{tK. AAli3EE 4K EE L.

Jolla) PHEFER (GSI) DEEERRHZ> W TOHIERER
IZDWT I3 lizumi et al. (1994, 1995) IKHiGEh TV 3,
74 v avidYork (1966) OB FETHRKD 2. eSr, eNd %]
HAEA2KD 3 DWW/ CHUR (Chondritic Uniform Res-
ervoir) M/¥5 X — % —ZRDEBY TH 5. ¥ Sr/* Sr (pre-
sent) =0.7045, ¥ Rb/® Sr (present) =0.0827, A* Rb=1.42
X104y~ W Nd/"Nd (present)=0.512638, " Sm/"*Nd
(present)=0.1966, A*'Sm=6.54X10"2y"!, &2 &I
K o fIE D i Sr R A EERER KL NBS 987 8 L U
Nd [EIR iR} La Jolla DRIE % P& TIT- 7. NBS
987 3R 3 MHE L, =4 5D Sr/®Sr{#i3, 0.710263
+0.000009 (20), 0.710265%0.000008 3 & ¥ 0.710271+%
0.000009 Td -7:. Ft, La Jollaid 2[EHIEL, Thd
DM Nd /™ Nd {13, 0.511851 £0.000009 (2 o) B & T
0.51184740.000009 2/R L7z, Th oD, %< OBIFER
B OARINTVEF =5 E—HLTWE I LD, HIE
EnkF-—F IOV TOEERRICL ABIERT-o-TWVR
W,

3. AERR

BRI H/B EA S, LS B ORb, Sr, Nd, Sm
ZHE, YRb/¥Sr 1, "*Nd/" Nd Lo RflE#ERERS. <
DF—sxbEICTA Y70 viEaH0TRb-SrE/R%RK
i,

TAEBEOEET A v 7 0 YRIEE THITRT. R

1998—3

0.730

Rhyolite Lavas

0.720 r
87G¢/86Sr
0.710 |
Age 86.81+2.8Ma
- SrI  0.70544 +0.00024
(MSWD  0.07)
0.700 1 1 1 1 1 L
0 2 4 6 8 10 12 14
87Rb/86Sr

BTH MREHRSGERSO2ETA V78 VK

0.740
- Granites
0732
0.724
8751./8651. B
0.716 -
r Age 85.0+3.1Ma
0.708 Sl 0.70526+0.00023
b (MSWD 0.23)
0.700 L v A ’
0 5 10 15 20 25

87Rb/865,

#E8R. [EHEHORb-ST2ET4 v/ o UK.

0.730

Biotite granite

0.720

Kf
875y/865r

0.710
Age 79.7+5.3Ma

Pl Srl  0.705210.00017
(MSWD 0.58)
0.700 1 1
0 5 10 15
87Rb/86Sr
FIN. ZEEBEMSED Rb-Sr 2587 1
v 7o v,

86.8 2.8 Ma, Srfalf{A®IEM (LIFSrIfE&ERT) 3
0.70544+0.00024 (20)%7/~xL, MSWD (Mean Square
Weighted Deviation) 3 0.07 &IEHITEWVEERT.

TEtEEHo2AE 74 v 7o vKAEFESKITRT. R
85.0+3.1Ma, Srl{#i3 0.70526+0.00023 (20) 28 St te,
F7:, MSWD 12 0.23 Th 5. REHEE IBREHFTE
#H95. RERARsO2EREA- NV IVERATAV IO Y
X%% 9 Xic/Rd. #0103 79.7+5.3Ma, Srl f#iZ 0.70521
+0.00017 (20) B 5N, F7, MSWD 12 0.58 TH 3.
FROPEEREET AV 7 0 VEREEELPOPHEWER
ENTPREHHT 8T 5.

FREE R L TR REA Y VTV TR L ETA Y /1
vEFEIOKIRT. s hiEaqRl3dxTE—74 V7
oYy it ->TWwW3, F£RIIZI87.0E3.1 Ma, Srlff i
0.70526+£0.00025 (20) TH Y, MSWD £ 0.35 T 3.

eNd FIEMIC>WTH B &, MREEE I 0.1~0.6, bR
FHIE—0.2~0.6 T, WFNEbREII/NE L, mE U
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F2kR MEBHEERBORMERS S L OILREHD Rb, Sr, Nd, Sm &F &S L U Sr, Nd Ff{&.
No. &A% Rb Sr 87Rb/86Sr 875/86Sr Initial e St Nd Sm  '47Sm/144Nd  '43Nd/'4N Initial ¢ Nd
ppm ppm (85Ma) ppm ppm (85Ma)
FREFEERE
F32 W ERES 140 94 4.30 0.710762 (14) 16.5 53.0 3.78 0.043 0.512567 (17) 0.3
F34 WCERBE 145 91 4.62 0.711096 (14) 15.8 25.0 3.66 0.089 0.512581 (09) 0.1
F28 WiAERES 144 86 4.86 0.711523 (18) 17.8
F35 WBEREE 142 71 5.82 0.712602 (09) 16.6 22.8 3.51 0.093 0.512606 (08) 0.5
F13 W#CERES 153 63 7.03 0.714150 (10) 17.9
F47  WBCEEEE 157 57 7.93 0.715122 (15) 16.2 27.9 4.96 0.108 0.512619 (08) 0.6
Fl16 W#EREE 149 53 8.13 0.715267 (14) 14.9 23.0 4.15 0.109 0.512609 (14) 0.4
F48 WBCEHEEE 172 60 8.33 0.715670 (10) 17.2
F41  WBCEHREE 208 58 10.4 0.718497 (08) 22.3 20.0 4.06 0.124 0.512618 (17) 0.4
TEEEE
G13 MK EERIERS 172 145 3.43 0.709531 (13) 14.0 26.0 4.24 0.099 0.512581 (09) -0.1
G10 i BRES LS 154 111 4.01 0.710117 (10) 12.4
G07 BHRBEREmE 153 108 4.11 0.709997 (11) 9.1 20.9 3.90 0.113 0.512594 (13) 0.1
FHRAE 138 425 0.94 0.706264 (09)
Y EAR 349 92 11.0 0.717401 (10)
G02 MK BERIEFS 167 107 4.54 0.710798 (09) 13.0 20.6 3.91 0.115 0.512582 (11) -0.2
Gl2 HHREBEERERE 164 81 5.89 0.712361 (09) 12.0 20.4 3.61 0.107 0.512618 (12) 0.6
G0l 7754 % 209 42 14.4 0.722178 (22) 6.2 23.2 4.29 0.112 0.512607 (09) 0.3
GO8 T754%h 184 34 15.9 0.724643 (09) 15.1
G03 T754% 215 31 20.3 0.730049 (14) 16.8
0.740
- Granites & Rhyolite Lavas
0.732 O Granites
= ® Rhyolite lavas
0.724 -
8751./8651-
0.716 |-
Age 87.0%x3.1Ma
0.708 Srl  0.70526+0.00025
B (MSWD 0.35)
1 1 1
0.700
0 5 10 15 20 25
87Rb/86Sr

LicfizRd (E2R.
%
1.

2.2Ma,
(M - PR,

FI0R. fias L CMRERRCEHRS D Rb-Sr 2571 V7 1 VKX,

2

EERERE L DBRICDOINT

thE - PYEHDE IC B0 5 AEE~EE A0 KRS B O U
RioVWTRAHIED (1994) ITk->TRIEEEh TV, &
Db, MRBEICO\WTASL L, HEHRBICOWVWT9.8+

94.7£2.4Ma, 91.8%+3.3Ma® v a v FTER
1982), FEFFRBBIcHW\WTI3 78.6+5.2Ma ®

Yay FTEMR (B - Pk, 1982) ML xhTV 3, &

HREBicowWTid92.1+6.3Ma (Kf L,

1985) @Y av

FT 4, 1124 Ma @ Rb-Sr & 54FER (Seki, 1978) As#fis:

INhTV3, BERAERBICO WV TRESEBEEIKE TN L
84.5+t5.7Ma ® Y va v FTAER (htL, 1985), 84Ma &
84 Ma ® HER} K-Ar & 67 Ma D28 K-Ar 5E48 (%
H - fi7, 1974), 87.1£2.6 Mad & Y % 1 + K-Ar 4R
(Kitagawa et al., 1988) »3dh 5.

NS DEMERMBD S B, FTERRVTR S KBEEH
DY Na v Ty, Hurford (1990) ® FT ERBIEEICEE T
HEBEISLRICHE SN SDTH B, F 7 Seki (1978)
D 112+4Ma 3, FargHADO AL KILAEED Rb-Sr £
NEABRONCRS P TZO—BE L THESNILLDTH
305, BENICHMRBEO TS 2BFIEHORILAEP T
494 bhoApaH K-Ar 448 105.2+3.3Ma, 106.7+3.3
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EPOCH LATE CRETACEOUS
Gallic Senonian
AGE
ROCKS Turonian |Coniacian|  Santonian Campanian
T T T T T T T T T v T I
90 85 80 75Ma
Rhyolite lavas & Granites (wr) = 4 0.7053(2)
Rhyolite lavas (wr) b = i 0.7054(2)  SrIratio
Granites (wr) + o 0.7053(2)
Biotite granite (wr-kf-pl) ——
90 85 80 75
1 1 1 1 1 | 1 1 1 1 | 1 L 1 L 1

BUER HEEEAESSLOEREEDO Rb-Sr 74 v 7 o VERDOE &b,

Ma (Imaoka et al., 1993) & Wifiz L T\ 5.,

A o BERIERAS < L CHEF - AE1H (1966) 13 93
Ma ORZER K-Ar %, & 51T Seki (1978) & 92.9+
4.4Ma @ Rb-Sr &5-BERN-4 ) EA-FEATA VI 0
VERERE L TVA. Fh, - n (1974 FHEER
a7~ 5 4 P OAERITHS>WVWT80.9422.6Ma ®
K-Ar fEREHE L TW 3. AR TR SN/ 79.715.3Ma
DEE-NYVEA-REATA V7 v yERE, W - fEH
(1966) % Seki (1978) &Mhi#kd 5 LiRA#PHEMA TXD
FHOWERZRT DS, HH - M (1974) 07— 7 & ddEd
FT—%7 5. FAILLOBOKEES PO R K-Ar 4
£, 841+2.7Ma & 84+2.6Ma (YEMH - 47}, 1974), &)+
1+ K-Ar 4 87.1+2.6 Ma (Kitagawa et al., 1988) (34
WEOILREHOLE T v 7 o VR EEEFMT—8T
5. DT EBIROTEESTERIEOBEA - Eitt & 13136
KIThbhicEREBIRS N5, BB T 3 BCaAS &1
EBHOEABREARLDT 4 v 7 o VERBEEHTH
BlE, BETAV I o ERESEIN T A V0 o VER
DEATHT T BT L, S oicklFEERSOEAL
SRk (4~6 XD, SrifE (32K BIUHLT % eSr-
eNd (5 12 [X) O—Hib 6 & X TANERTH S Wi fEE D
TAV e VERRBEHTE2DEVA S,

2. FEBRORBEARELEHEEOKRMERIC

201\T

PR EEHEE R ORBULTAG & T2 BRSO+
k438 L CMEBOTHRBSHT D WTRET L 7R, wdhico
WT SRS EVIEEEDICC <, Mty idEE— ok
ZALERT T EDBSh ot T OHEREIIMEAE ULk
D= rehoEREN T EERT. L L, TERSEHEIRE
WEBaCHE L, BUMERoEADHKICHE VT Ba
SEEMEV. 51T, ~—h—K (B3, 1K) LTlims
IcAHN3 kLY F Ba-Sr, Rb-Sr X (55K 31EraE
DHMEERL, EhiE</7 <@ itV TH ) KA, #k
GBIV v ORFEERIERSE s /el EERLTY
3.

%11 A RS S RECE RS & BRI D Rb-Sr K
REEDILDTH S, A1IE S 07z Rb-Sr BRI, FfGH
RE DTS 86.8 Ma, TEREN DL EFRH85.0
Ma, HERERS ORL-IPFERD 79.7TMa, X 5ITHiAX
EBIRE - bR E DL EFERH87.0Ma TH 5. +XTOLY;
FERFEETMT—RL, Sl aD2aFERELE-
SMAER b MEGHH T B LTV B, 1, WEEBAED
Srl i3 0.70544+0.00024 (20), fEhaEE D SrlfiEiE 0.70526
+0.00023 (20) &L EZFHPHT—H L TV B, KIIE & BB

@ Srl fEAEEFH TR L TWVWA T & IFEEEY, 7,
5 12 XNT eSr WAl & eNd FIEEORIRART. ToOXIC

{3 Terakado and Nakamura (1984) I & % thEHA 12434
TEHHIELKHSEHD 7 — & blEllfic 7o v b Lo, A
DFRBCAAS B L OTERA T IT 2 HER (Bulk Earth) &K%
% enrich L 7-#l5%% /R L, eNd OZAbigEA/NE < [6 Ui
KELE->TToy bEhb, O LKA EESRED
[El CEEME (3% 5 M) HkLTWa T &R
L TW5%, F7z, Terakado and Nakamura (1984) D[]
ALK O — 4 LK 2 &, KB L e
WKHRLTWB T EERE LTV S,

P EDfERAE & & AR D KIL-ZERAER IC > W TEE
5. FEHUR O FRECSTAS S fEREHIE, BATHEIC
P TEEH L, 250 T4 8 & U Ba 2B < ETHKSD,
Rb-Sr 24 HEA, Srl i eNd #IHEMEA—ET 5 &b S
FREC<7<BE0ICHRT2EEBL LN L. RNGES
ERMEEORTEETA V70 vERST.OMalzZz 05
ZHA LI /<l OB Rb-Sr RICBIL CHHEREK -
R, TRbbE< < lE D OERENRE RN T = 5.
Rb-Sr 24 % DESIREE I > W Tid Stern et al. (1975) <
Stern and Wyllie (1981) 75 & OERlEERD 57— 7 225 700
150 CEEAOND. <7 <lF 0 OERER L BIZRA%E
[ Uiz U TR Hs 86.8 Ma IciEHI L7z, F7, —#Ric
TEHE0LE 71V 7 0 v IRTEREEROBAERLEE
Zo0B, Lo TANIETHE Gt 85.0Ma &\ 5 fEfH
HOREFERGIEMSHROBAEREZELSNDE. ThoD
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T of o 0 kMRS

g 0 + BRSNS | AWZ

= s x 7751k

w51 "qu 0®° o PHE~EEHAE

(Terakado and Nakamura, 1984)
Qo
60 [o)
-10 T T T

& Sr(BSMa)

FI12E.  FIRERHRECE A B & OTERAH D eSr g4
fli & eNd HIAEME O BAR.

KEEHEMG Licw 7 <lE v T, BEA, 1) EA,
I a v OSBIERIERIDI TN, B HEHE, 16
HEPLT 754 RSN BBEMIcBLTIRELITAY
EROBINHEFE I ThbhbD TSNS,

Plbo T & & FEHEE < 53 3 5t B R0 0 kU A
L EnEEL fEmE @D Sr, Nd [EAAPIERME &>
EEYEICHKT AR 72T 050D KII-5
BAEFIc & > TSN bDTH B EEZ NS,

] B

1. PREHEERBOREC RS & 2h a2 B TR
W B &L U Ba 2R ETTRERBES VT HICOVWTH
B 7S W AREDIT <, AMEITPEV IR TR — DRk ZE L%
AT, &5, fEMENIcASONEBad LY FiZAVE
LONBNDOFE LB bDEEZLLNS,

2. WCaaB L UTEREE ItV T, LIF® Rb-Sr
AR L Sr EIN AR % 1.

RECER S (&%) 1 86.8+£2.8 Ma, 0.70544 +0.00024
(MSWD 0.07)

TEREHE (&%) : 85.0£3.1 Ma, 0.70526 + 0.00023
(MSWD 0.23)

BERTEMS (@5-95Y) 1 79.715.3 Ma, 0.70521+
0.00017 (MSWD 0.58)

TR - fER%  87.0£3.1 Ma, 0.70526=+0.00025
(MSWD 0.35)

TR & 1Bk O Rb-Sr £ 3 & O Sr [RINTA#IH:H
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