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Hasan volcano from the north foot.

Mt.Hasan (3,268 m or 3,253 m) is a composite stratovolcano, which is near the center of the
Central Anatolian volcano complex in Turkey. Topographic features of lava dome, flow and deposition
of clastic materials are visible from the north foot, near Ihlala, which is famous for the group of cave
church along the dissected valley. Paleomagnetic study of the rocks from this volcano show normal

magnetic polarity, and is concordant with the reported radiogenic age data in Brunhes normal epoch.

(Photograph and Caption by Shigeru Suto)
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Shigeru Suto (2011) Paleomagnetic study of the volcanic rocks from the geothermal area in the Central
Anatolia, Turkey. Bull. Geol. Surv. Japan, vol.62 (11/12), p.389-404, 15 figs, 1 table.

Abstract: Paleomagnetic study of the volcanic rocks from the Central Anatolia, Turkey, was carried out
as a part of the cooperative research program about the geothermal resources in the area, between the
MTA and the GSJ. There are two large stratovolcanoes, Hasan dag1 and Erciyes dagi, many monogenetic
volcanoes which are composed of lava dome, lava flow, pyroclastic cone, and maar in the studied area of
200km from the east to the west and 150km from the north to the south. Portable fluxgate magnetometer
was used in the field and astatic magnetometer was used in the laboratory for magnetic study. The volcanic
rock from Hasan dagi and Goldagt shows the normal and reversed magnetic polarities respectively. The
result is concordant with the reported radiogenic age data and standard magnetic time scale. And also the
magnetic direction of each blocks from the outcrop in some of the unsolidified pyroclastic deposit on the
flank of Hasan dag1 tend to be concentrated to the north direction, and were considered to be settled at

higher temperature than the Curie point by the field experiment.

Keywords: Central Anatolia, Turkey, volcanic rock, paleomagnetic study, Hasan dagi, Erciyes dagi,

Goldagi, Acigdl, Erdagdag, MTA
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MY T EEOMREICAET S B 1, 2[X). Z O
DONHHEHER D ELEIEKY 1000 m TH O, el ldFH A
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Z % Toroslar (Taurus, bT 2 F72134 )L Z11IK)
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hzEHEe LT520F, 824 KL L&A 7.
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Innocenti et al. (1975), Pasquare et al. (1988),
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Fig.1

Location map of the studied area. Quadrangle near the center shows the position of Fig.2. Black triangle shows the

volcano which locality was quoted from Simkin and Siebert (1994).
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Table 1 Paleomagnetic data of volcanic rocks in the central Anatoria.

No.*[Sample| nos. of |Demagne.| Decli- | Incli- [ K | a95 | Intensity Area Rock**
no. | specimen | level(mT)| nation | nation (A/m)
1] 2432 3 10 173 -40]  -| 131 9.53[Karapiar Cpx-ol basalt
2| 2452 3 10 20 41| 26| 24 8.74|Hasan dag1 Cpx-opx-hb-ol andesite
3] 2453 3 10 27 27| 3| 81| 1.45X10{Hasan dag: Qz-bg cpx-opx-hb andesite
4] 2456 3 30 322 44| 1 - 2.52|Hasan dag1 Cpx-opx-hb andesite
5| 2454 3 20 74 77| 15| 31| 5.69x107' |Hasan dag: Opx-cpx-hb andesite
6| 2455 3 10] 345 44 3| 82 2.3|Hasan dag1 Cpx-opx-hb andesite
7] 2450 3 20 3 9] 5[ 61 3.09x10|Hasan dagi Biot-hb-cpx-opx andesite
8| 2458 3 10 300 67] 391 19 7.53|Hasan dag1 Cpx-opx-bg biot-hb dacite
9] 2460 2 10 355 45 8.46[Hasan dag1 Cpx-opx-hb andesite
10| 2459 3 10| 306 65| 16[ 30 7.38|Hasan dag1 Ol basalt
11| 2466 3 10 172 -14| 74 14 1.82|Gol dagt Biot-bg rhyolite
12 2469 3 10 194 -37] 18 29[ 5.58x10|Gol dag Ol-cpx basaltic andesite
13[ 2464 3 10 146 -66| 18| 30 4.9|Acigol-Nevsehir  [Cpx-opx andesite
14 2465 3 10 153 21 9] 43 2.54|Acigdl-Nevsehir  |Cpx-ol andesite
15[ 2441 2 20 57 24 2.15|Acigbl-Nevsehir  |Biot-bg rhyolite
16| 2442 2 10 351 -70 1.87|Acigdl-Nevsehir  [Obsidian
17| 2447 4 10 96|  -53| -| 114| 2.12x10%|Erciyes dag: Ol andesite
18] 2448 3 30 182 -531 8 47 7.78|Erciyes dagi Cpx-opx andesite
19 2449 3 10 139 16| 4| 70] 7.49x10|Erciyes dag1 Ol-bg cpx-hb-opx andesite

* B BT K OVE3K 0L D LFIL

#* cpx: FAMEA, ol: DALAA, opx: fRHFHEA, hb: H i@ AP A, qz: Ak, bg: &, biot: &

* Numbers are same as those in figs 2. and 3.

** cpx:clinopyroxene, ol:olivine, opx:orthopyroxene, hb:hornblende, qz:quartz, bg:bearing, biot:biotite.

FEE ., IS AFIREAF RO A - 72 HEX
& L TlE, Defense Mapping Agency Aerospace Center
(1990) @ Tactical Pilotage Chart, TPC G-4A (iR
50 Jis3D 1) 23 - 7=DT, KmfEREHHHL 7.

3. AEDEE

IR O HE O ERHE, MTA FEIT OHEX T % h
DM MTA » S A2 72, 72, BRI O &
B O HEAD ARG R OBEEIZ DT MTA OWff7E# &
D G ER & 21 72,

BUMFAA L, MTA Off7e# & & 612, 481 10 HRETT -
7o, —EHOHRZ, WAL PHEEAT - 2 YOKE  E
I (ChIF) AT U7z, 5513, Bk o KilkE O4F
FOHIE O B 2l e i E, oo o M OV R HE R O i B 7
WEHEE IS DWW THER T 5 Z & 2 HIS S Al ot
T S 2 Y U 7=

o R S BAORHEREU i 2 28 2 N2, BkRHE
VY —TCEHBRE, S ESFMTERILL 72, FRHUFIZIE, &
B HONIZ T m BLE#EN S K5 #E L2, X TORE
1I2oWT, B TriZuilEss, FG Electronics tL#d
Portable Fluxgate Magnetometer Model BR-2 % F\ T
AL N D IR DR & JE U 7z, FREGURHZ 3R TERW

<, AFEmiE, FHEILOWTRAORED A S 2 A2
WL, Zot%, EE-@XEY 2.5 em ODHFBIZEEL,
IR IR CIE L2, RESE 1R, BIRITRT.
B, ZOELDONL DhOREHZ O W T, BTl
PRI TE 5 % FA N TREAL ST AL D TR D3l D A % I U 7.

TS ORI - tE & XLERBOE#ES
BIERR
A 2 AE S — R P IS K9 200 km DIRWEIPHIC & 7=
Mo TWBEDT, HHLE Karapimar, Karacadag (7 7
TN TP xill), Ny il Goldagt (F 2 41h)
Jii4, Acigol—Erdasdag (79 F a)b - T4 aill),
TOL Y T 2O 5 IS 531 THE & B D BEE R UK
BHEREU RS O AR B OV L 3R D T g Sl 72
REFLT.

22K, T 5 0EHIE Yildinm (1984), Aydar
and Gourgaud (1998), MU Sen et al. (2003) #4HIH
L7=. B KLofiE ix Keller (1974), Yildirim (1984),
Ercan et al. (1987), Pasquare, et al. (1988), Toprak
et al. (1994), Toprak (1998), Froger et al. (1998),
Sen et al. (2003) & EABHFIZ L. LilOWETHIL,
ZROLEEFIHL T35, RS PV agEosetizo

4.
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Fig.3 Magnetic direction of the volcanic rocks, after demagnetization in the alternating field, in the central Anatoria.

dRVEARVER VAR YA
NIZANPANPANIPAN
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Wi, FHEIZOEZL EAATLEESHT 2 ZL13T (Keller, 1974).
ER /RS Y Al Matsuda (1990) &, ## 5 7 F LD KILED K-Ar
FARME A ERSE L 2. £ 561d, 0.363 +0.021 Ma
41 HI7FN-HIT vl 75 0.101 £ 0.009 Ma D IZ & %. %72, Ercan et
A A2 1A 1000-1100 m D312, iR 1992 al. (1990) 235 L 725 5 ¥ v 1L S 0 3.21
m DA 7Y v LD LEEAILH — I F TN TE A +0.09 25 1.13 £ 0.07 Ma T&h 5.
T3, 772 v IHOFEEKROIER» S FIZh i TE, K AEEE 1 GE2IX, B3N, H1EPOFSLECLU.
Wi, WA, ~— Lk EH» S &3 W KIL» 2854 DITFEM) &, 77 Y v 1ldb i o Kutoren O3 <RIC
LCW3b., #5YxIUOFE, &I 7 FILEEOEE K & B I IHEE 2 Kuruobruk ¥ — L4 5 O Ik B @i
HiZ3HEE a2 63253 008%<, 20 —-Hidw EYXREBRERTH S (B 5X). Ercan et al. (1990) 13,
WD 1 TIPSR L 72 & ffEE XM Tvv%  (Ercan et Z DR ORSHFAUE 1.151 &+ 0.076 Ma % @& L 7.
al., 1990) (FE4M). ThicxL, #7 Y viiod»s HE U 7238 5 1 OB A DBALSIIEZ 55 Tk
FUZ 2 TOHECK IO —EI 1T 9 IR R 72 1L WA, wiiEg e b s, LD 7Y v ILDESE DK
wELn, H 7Y v ihaRiTRLE, Hiis k0T 4 BHEREIZIEAENTH 5. Ak, KNimCiddi g <R
YA b 67%k5 (Tokel et al., 1990) #H& KA TH D, RJE L LT Cande and Kent (1992) ZfEHH L, BGEA
B 7 T FNRBOREKINEZRE & RIUE»S K5 3 ZAMENME & L1258 6 ICHIH L TORL 72,
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HAR hYCKRESKRELZ A - X3l - v =)L, AT TFILOEHOEHIZH 5.

Fig.4  Mekegoli maar with a cinder cone within it, east of Karapinar.

42 NyHl

Ny vilom, W, dEVE I A TS 1000—
1100 m O F3HHh A, JEIFELEHY 1200—1300 m DRk
RICE P 2Y, RICIERE R OESE A 2800 m # 8 A
% Melendiz DIBENRZNENOA B> TDB, Ny Y
VDI R 3268 m (& 7213 3253 m) T Biiyik

RO U,
Fig.5 Outcrop of one of the lava flows on the northeast foot of the Karacadag.

(K) Hasan dag1 & &I T B, ZOHE A 4 km 12
FEE 3069 m DY — 223 1, Kiciik (/)\) Hasan dagi &
I TS, HlE A S I 2 TR EFE 2 & <
RHOENDETANDHD, FHIME & MIZITREE A iaai
Fizs & OMMIE R AICREFE SN Tnd GE 7).
KNI R L AETIZ 2 <, FRCAEMIZELTE2 5 16 km
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Time Karapmnar| Hasan Gol- « 5 . -
(Ma) ity |Karacadagl dag dag1 Acigol-Erdagdag Erciyes dagi
o haad 1)
% oo, *®ccceece | %
° *
.. ® .+
¢
¢
1 - ﬂ ¢
#
¢
¢

2 - ¢

3 —

4 —

56 o g AU & AT A LM, & i 5 RE 13 Cande and Kent (1992) %, A 1, Batum (1978),
Bigazzi et al. (1993), Chataigner et al.(1998), Ercan et al.(1990), Matsuda (1990), MUF Notsu et al.(1995) % Z#

ZThGIH L 7.
Fig.6

Geomagnetic polarity timescale (quoted from Cande and Kent, 1992) and published age data of the volcanic rock samples

from the studied area. Age data are from Batum (1978), Bigazzi et al. (1993), Chataigner et al. (1998), Ercan et al. (1990),

Matsuda (1990), and Notsu et al. (1995).

Mg O E TR L T 5. RO RIS
&, Y XMHENS T 2 T4 ORE B FEAIZ MU B
Wrkghid D, 2K D IHRITER &2 TOB 08, Ny
B KO RO E N K D VEICHER T E L T 5.

B ILEE 2 1E Kecikalesi &9, THIEOEE DK
1700 m DFER 2 E A H D, Z D 13Ma (Besang et
al., 1977) OHBIKILEE GO Ty ¥ kIl EFRT
5ZL¥ b, TOWA, SAMERIE 760km’, KR
354 km®* TH 3 (Aydar and Gourgaud, 1998). Ui
DIGENI K OWENZ K 5 LT T & kA 72
(Mesovolcano) & #H#l (Neovolcano) D Z 7 — VT4
bhad. MEEIZT—Y ey, WAEMER, BERKT
KBRS L, £72, PLFI384E07- hillos L
7 73 HEE 8—12 km, HHIOH LT 7I13MEEE 4—5km T

H 5. HHOWEE)T Biiyilk Hasan dag1 & Kiicitk Hasan
dagi D — I B SNz, mEHINHE-Flskshzd >
& B L WIEKIZ 8200 SRR T dH 5 A%, ALILE DS O
K-Ar 8 & LT 6000 FFRTOME A/ 5N TV 5. A4
BEREP2ORMAE T TH B0, 2VOERINIETDH
%. P EIF Aydar and Gourgaud (1998) M UF Deniel et
al. (1998) DiC#IZ L 5.

%72, M TIE Hasan dag1 Pyroclast & @FRE 15k
HERE W BIEE S =D, TR AL T THEKICED S
O, WHMNTHEOMEIZ K 2 & 023l &
Pz,

Matsuda (1990) &, /v ¥ VLD KILFED K-Ar -
Rl 5 i AEHE L2 2hoid, 0120 +0.015 Ma 225
0.064 £ 0.015 Ma DEIZ®H 5. Chataigner et al. (1998)
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BT PS5 RNy kil

Fig.7 Hasan dag from the west.

WL TE O BRGSO K-Ar 418 170 ka (Aydar 7
) ROTEEDO KGRI ORIEGD T 4 v a v -
b J v 74 390 ka (Bigazzi 77#F) #5IH#ERE L 7~
Ercan et al. (1992) 1%, 0.78—0.277 Ma ® K-Ar X
%L 72 (Toprak (1998) di[HIZX ).

AR S 2—41F, T EPHORIIEEESR TS
5. kB 230Ny Y VIUFEED Karakapt %O EH
4 km OMHIR L HIEZ 5 E T BRI E AR 6 £
HUL 7z, &k 3 1%, AU < Karakap: 2% OHAY 3 km D
LINRBEATA 5 BRI U 72, &UBF 4 1316 U < Karakap:

EEOILK) 1km OLIIETE AT S FRILL 72 (55 8 [X]).

AR5 BT DRI D 2= b T dH B KIS DK
R TH D, FEFED Akcaoren A 4 km 22 6 £k
L7z, 5B 6—9 3 HTHOMTEEE S KBS TH
5. K6 13y B VIR D Karakapr H3EDOALH 2
km OZIUCEE ST 5L 72, Z OWEETNIZR 4
ERRHLL 2 A EEE S ¢ O Th 5. R 7 135
JE D Hacihasamn seki DRIIAESMIEE & U < I3EA
Vi 5 ERELL 72, BORE 8 IZALIWIE D 7 A4 ¥ 4 b EE
HHRELL 72 GBI, K9 IZTEEED Ketil tepe D&
IR EAT A SR L 2. 3R 10 3o Tt m e
FLOEREBESROLI=y MIET23DT, WED
Karacaoren 3% CHRELL 7=

Wb SGRE RS RIS, B DS RO ORI K
FVEITNEWERHE S 528, BB AT XTI
CHIMrEh B, ZHUIRRCHE S o B R R
EXE sV, F2, BB 5 Ik TIE, 120 13 1
DEARBHIOWTHIGTT 7 v 2 27 — MMEREIIET

O TRAL AL O IR 2 JIE U 7228, X TIEw &

Figr 2z, Z0iFEe, FBHRHOERT 8 DAL IZH W T,
PR Hasan dagi Pyroclast (55 10 [XI) o540 7 @D

WAL AL ARICL 75 v 7 27 — MW 2\ T

BIG CHIE U2, 3N TIEAHg & flll & e,

43 ¥ aJLUAEE

Ny 3 VINOAEH, RS R OS2 3000 m ¥ A L
VT4 2Oz, TESBOEE A 2000 m FEE DL
W5 TWg, T2 5 KILEBEHIICE 3 vl
Aokl LTE e THS . mEmld Biyikgolli
tepe (2172 m) T %. ALJ7 & HI7ITI3HES 1300 m 2
FEDFHUATAA - Tr s, ALFOFHIZIE S < /KL
EWRFAHLTED, F a3 bl KilE O AmidEbn &
EONELNEND, ThOEMHEHEE44DT7TVF a0
ILEY a2 llD T —TL UTHS. Biyikgolli tepe
3, IMTEICKIE A G35, 1E2 0 KILER PO
FFEHBE TR AV, BRE, RILE R OHHEE DR
%523% % (Ercan et al., 1987).

Komiircii-Bekarlar GEflZME IZAT) OHEIEHO
T4 wiav-bTy ERELT0.9+0.2 Ma XU 0.86
+ 0.1 Ma 26T % (Batum, 1978). Bigazzi et
al. (1993) (&, * a2 MILJEIO 4 i o AR O
T4yyay - b7y riERE LT1.33—0.98 Ma Off
%5 U7z, Chataigner et al. (1998) DEFHTIE, I
EROEEA 2143 m DI, F g i, 1FEE 10 km O
WRE SN BGKLT, 2093 1.5 Ma—0.9 Ma
TH5. ¥ a LIIFERETIE, KD HW3.6+0.4 Ma KU1.9
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8 Ny KILUFHPIEOEE. FRIOEE % EOEENES.
Fig.8 One of the lava flows on the south flank of Hasan dagi. The lava flow in the foreground was covered by the lava flow on
the left.

|

FOX Ny B v KILACH I DA TR O FEEAS

- b 4 b .
M. R N OETAHERI DA & 22 E BRI S e LS X e,
Fig.9 Basal part of the lava flows on the north flank of Hasan dag. A block which is marked dip and strike, lower left of the

center, was used for the magnetic study.

+ 0.1 Ma® Ar-Ar FUEB A SN TH D, Chataigner H5 (EB11K). ZOEEE, Ercan et al. (1990) 2
et al. (1998) &, Zh 56 A2E®HZX 2 VR N U 72 iR 1.36 + 0.07 Ma ORI E[RIC 2= b IS
DFAC% 4 Ma LI E U 7=, /35 LEbhs. k12 13 Biyikgolli tepe PHOHE

B 11 13 Biiyiikgolli tepe LMD HV& Komiircd D74 % Sivrihisar OFIEFAUSTH T 2 KA ELIERS
F ORI E N T 2 RS 2 P S RS T THY, FaLLUOFHED PRI ET S (Akbasli,

— 397 —



WAL 20114 ZH62% AR 11/12%

o

Fig.10

A,

e Yo

Fig.11

158) .

HHE M E SR, S TD TS5y o 25— M
WigNETY, BENTOMENKIGHIL->TE, &
BE11, 12 & &l & Fil <z, GO 11 i2Dn g,
BEIZHE T 2 BRI & P 200,

=

1T F 2 )AL O GRS - I 2 SRk ia .

Rhyolite, showing flow structure, on the northeast flank of Goldag:.

10 2y BV KIAERE O K IWEHEREY, JFR Hasan dagi Pyroclast.

“Hasan dag1 Pyroclast” on the north foot of Hasan dag.

44 F7IOXIN-ITIEDal

7YX g (FEOHOR) LV GBI ARE OHEE
MR 7Z T TR 3D BDT, T ZTHITT 5
ATzl - TUOXgILERRENhBZEEH S, F
FLEIR OO T U F 2 VIR 1250 m OB H .
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Fova, T b Y 7 OHEG IR O KL O R R F A CHEE)

TYUF g MEHOESK 3 kmicv =)L, 7Y F a0kl
DB, 7YX aKNOBEFITIIRGIZHT L5
Y allDWEER H D, ZF DO s Hore tepe (1982 m)
THhb. 7YVFa)KIELY» S T &y 2 (HOR KT
LT TONIERZ S LTS, 7Y F 3Lk
IR, R - LI B OO DI,
MEREKRSY - AR EERD M5, TILA Y 2 1lFEic

FHRE K ORIEDOEER, WaEMER, AR

V=N ELEERH 5NS (Innocenti et al., 1975; Ercan
et al., 1987). T & ¥ 1 limo KL, b0 T
gL O 5 A IR A S D THRATH D, 2
OWEEHIEIIFE L e DL fEE I h 3.

Iy 2 DK ORI, 1 1300-1400 m O
WTHh 37, Pasquare (1968), Innocenti et al. (1975),
Pasquare et al. (1988), Le Pennec et al. (1994),
Froger et al. (1998), M&UF Toprak (1998) 512 &k#ud,
911 Ma 2*5 5 Ma lZ2 0 THED R UIE MY U 72 KBUBEEE
REKWEY 72 £ OEBOWEHIEO W Dhd Z DI
H%. BUERZ ZIC3HBN A AN T 7 DELIARIR
HeZeldcEhn. ZhsDPTEHF LS5 Mad
RHUSEE B KW O R IZ DTS, Derinkuyu (7
1) 27 2) %14 (Le Pennec et al., 1994) % Nigde (= —7)
JEH% 30 km (Schumacher, R. and Mues-Schumacher,
1996) A&, FhOBEMRAEHE I TN 5.

FROBBE=ALD AT T LN, TYF 3 )Lkl
EEHUHISIZ A LT I NGS5 Z EI2O0W TS, BRI
Pasquare (1968) 12k ->TEhk&EhTED, TOKE
X3 Yildirim (1984) 12 KAUEEFE 13 km, X9 km
DOFEMNZ, Ercan et al. (1989) 1Z&4ud, HEH 11 km
mMAL¥Y 8 km, Bigazzi et al. (1993) 12X+ 7X8 km
DIARE GO0 L, Druitt et al. (1995) 1I2&hiX6

X 5km T 5. Druitt et al. (1995)
DAKREN TS,

7 VF 2 WKIIE S D Korudag KUH D Kocadag
DHEWBLEDOT 4 v a v bTyrHERELT042E
0.08 Ma X% 1f0.34 +0.03 Ma 7' (Batum, 1978), 7
Fa L KIWORELDT 4 v ay - b7y rHENE
L T 15500 = 2500 -0 fiEi (Innocenti et al. (1975), 4
Mrid Bigazzi) AZhZh@fEInTnd. Ihbe
3B Bigazzi et al. (1993) 1%, 7Y% a v kilfEA
D8MBEDRIEHRABDT 4 v gy Ty N
R, ZOHIROKIEEEZ, 1) 7VFa L A
7 TR LA O A 0 0.18—0.15 Ma, 2) AT IN
DKZZMIER :0.08 Ma, 3) 7Y F a LEBEHKOH
THE. (Kocadag) : 0.020 Ma & 0.019 Ma @ 3 DD iEH)
FEHHIZ 433 72, Druitt et al. (1995) &, kido1) %
Bogazkoy Obsidian &FFTF, ZDR{IZT ) = —RIE AN
Hol2Zk, 0.15—0.07 Ma 128 7)) =—AIEKRH D,
ZOLEEIZTVXa L - ANTINTERLI L, TOH%
DHFAEDWEH T 6 DOMETLE Y — AN TET &,
B2 T 7 ORI KA & RIEOWwE & 572 2
EREERUZZ FHIZHNS 15000 4F-& 0 5 R &
WE XN TS (Yildirim (1984) (ZFC#EAD & 5 A3 it
KAMfEGE) . Chataigner et al. (1998) X, 3 DDOHEHEH
% 190—150 ka DA NT T, 70 ka DAL T TH
TOXa M, 20ka DT P F g LI EIZX 5L 7.

R 13 1, T a Y 2 IO IE O KR Catal
tepe (Fy 2T, F12X) »S5mMIZH F LRI
HIRER? G L 72, F v 2L T ROk, BUHE
TYHILTEHIZ KO AT 2 T A HRICRTF ST
5. INEFRIZIEZEh A% L2kl 2EEED 5 h
%. KON DOEAROF P2 & —iBKE

&, ek

FI2M F o g T KR (BEPR) L2 256 P LURESW. BT E Y 2l
Fig.12  Catal tepe cone (center) and the lava flow on the south flank of Erdasdag (back).
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LTW5, WEROEmEIZAIT2 58 35 km £ TEL,
SEHUSRARICIADY D, RO PR O BIBIE & BHIE T &
5. Wkt 141d, gy 2 lOEOFHIZH % Kabak
tepe 2 S U 72 BB B R IS A SR 5 BRELL 72,
Kabak tepe & ILTEIZ KM & % HEENE O K A A
Bk e h s, WEIEHPE, Mibe g 3—4 kmiZh
725 TEHIZ O AR 5T 5.

MEF15 1, 7UVX s L OHOFIEHK 3 kmIZH B
Keleci tepe IUTEA 5 ERHXL 72, Keleci tepe {ZFAEE D
BEMHETH 52, THEEIEREIZY—LOHIZH
%2 GB13X). v— LoOEFZ1 km 55, EWEMHELD
Wi 100 m BETH 5. Wb 16137 ¥ F 3 LOHD
W11 km 12 H B9 Bogazkoy (K7 X+ a4) OF
A 1km 2 S5 HRML 2L TH S B4, Zo
FTUHIIHZANC AL T I RED L Bbh 3 B4k L
TWB D, KBEWRERTH 2 0B AETH % 2130
RTELED -7 BIEAO—EEENY L, 27205
4 MPROTFIATA FBERKL TS,

AU 13 KU 14 1200w TiE, B ToT 590 27—
MR IET 2 O 22 E T, 1 RURHE B & BT &
P U 7245, BN TOMEN R EEOMEAERIC Kud
INSIEWFETH > 72, KHES O MIE TH L
SR THZ e hh o7 ZOMERHROTH
IZOWTIERMBHTH 5. 72, MEHEORB1ET S
2=y FAMEAHIBIZBIETCE IR TS 55, Ercan et
al. (1987) ekt 1302 =y F ZFHiEHAE LD
AT, ST E 2 HEFERHTI 20,

k15 KUV 16 12DoW TR, BBTO T 5 v s Ay —

M ERRE IR O 72 HlE T, SR IE R & Rl L
7o, BATOME RIS X AUTFOR 15 1T EA R &
Wr =225, OB 16 3O a2 5. Zhb
DR D ZZ RIS IR DR T O S D28 IdIF &
AWE LMoz RE 161345 2B TH 5, WL
ERFLLIFHODT CE A<, ZRIMAFEHME S -
ZERHIZ DWW T RIH T & b 5 7=,

45 TILII R

I Y T AOITHED S, RIS O R T
3917 m TH 3. WHEWDS B, WRUOMICHE FL -
& DWW 1100 m AN OFHIZETEL T 5. 1ITH
FIRESNPNEENZ O A TS, —HFlEH» 6 15
TR EEROMKLR AL, EhE RO
K, 7= LRWEETROHIEBNIHIRIZIRTF S T3 (8
15 [X).

Sen et al. (2003) %, BEAFOWMEE (ML IaFED
HRIZDOWTIEEF AT ORReHEE L, TLVIT X
KiLDEHE % Koe Dag & Erciyes @ 2 #2557 7. Kog
Dag £V I, BAETILY = 2 OFREIZAEL,
Z DI S 2628 m TH 57, IHZIEFFED Y —
2 EBTOTIE AL, FEOILE DM/ THS6 L
W, Ko¢ Dag OUHEIHATIE L RS & RIS DA EH
D%, KRR 2 1S KB Z2AIZ XD 14 kmX 18
km OWEMIEA LT 50 TE . ZOWEBOR%IZE
L7207 2.8 Ma DIEASEEKE T, ILRDH L OLMl D

HISK Mo/l LY FXEaEHIAER. v —LOHIZH 5.

Fig.13  Keleci tepe lava dome in the maar from the south.
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Fig.14  Obsidian at Bogazkéy, east rim of the Acigsl caldera.

- 3 }L 3 ey e
o S W T i, e

i S

HISX WA BTy 2kl 1A MBI IZ 13 B B DA KO KIBE L YIh 5 78 2 /NKINEDEED 511 5.

Fig.15  Erciyes dag: from the south. Many lava domes and pyroclastic cones are visible on the west slope.

ATHMMBRBD 5N TS, ZDH%D Erciyes 1%, F
ELTERREAE, ®E, 7434 b OEAEY RS
FoM2%26—017 MaDF 1M E, ZhLEDOT A+

A N BROWRRCT A 4 PIEHEEEI O 2 BIZX S 5.

HROWEIHE H -7 0WIidbdd H 52, Zholidz
DI ZINEEOWMETOA 2 VB TH DL DL H

5.

Sen et al. (2003) X, = v x 2% K KIL
(stratovolcano) EMEATWE A, ZFOUHE FIZ/54d
BNKILR 2 AL &R K (monogenetic
volcano) &WMFATWAS. ZOEIL, Sen et al. (2003)
CENE 64 THD, ZTDOZ L EIRDOFLS ORI
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AL TS, 26 OHRIZIZHAED INTED & RIS
BIL T3 308200, FindhroaicZn
L) ZEidhwn,

A 1, Innocenti et al. (1975), Matsuda
(1990), Ercan et al. (1994), Notsu et al. (1995) #»*
W LT3, Kog Dag OWEBEIHICOWTIZ, MO
HWT &b BIBREEIRIZDONTDA2.7+0.1 Mah 5 3.0
+0.1 MaDiEnHFoh s, 2h&d Mo, itk
L 72 ls R OB a OFRUEIRAS 5 Tk,
Erciyes FHO S 1 HHIZ DWW TiE, 2.594+0.014 Ma #* 5 0.15
+0.07 Ma £ TO 10 fHOEAHLEN TS, Zhb6D
U IZROEBIOKRIEI A & > 7228 Lhugo.

AR 17 0%, Ik £ TR L 2 RINER AT H
5. ZORFHITHHERSE LT, PALARHDAE S
A, TREBERIEES I NE 1 Lhsn, ik 181
IR REIZ 3 L 2RISR SR TH 5. AR 19143, &
LT T ONMZEMD 3 X 512504 L T3 RILEE ST
b BN, WHEROHIZIZHBTIE 20,

BGTn7 792 27— Mghitofle i, sk
17 O 4 flElrp 31, EURF18 DT, R 19 @ 3 il
2 fENE EAT R & I X =23, BN TOHIERBRIZZ N
HLIFRESELRD, LAWK TH S L & Hllrc
58DThH-7. ﬁ‘?ﬁ@%‘?‘ﬁﬁﬁ@iﬁf’éd)ﬁmtﬁﬁd)ﬁ
fLix, K18 TRRKE 7203, EH» DK TiE
EAE L5720 T AR E OB RHT 28, uiﬁFIUr
1713 1.734 £ 0.069 Ma, K 1813 0.9+0.2 Ma, aAft
1913 2.590 & 0.104 Ma O g F-AAREIE FORHR U 1T
I, L7225 T, ZThs OB IR Th N
XA SR E LOFFIT AN L2k 32, ik
PRHCRME R IZ D e s 5 T= i E D e, 8 BARMHO
BRI N TS,

5. & &

T ) 7 OARGIERIKIZIEE < O KA A L,

WRHEIKELFED SN Z 26, KIlED 5L &4
REPETSZ &ﬁ%ﬁﬁﬁmﬁmékiﬁﬁbféﬁ
HWeBbhs, KA OBEHERMEL, HECElF
LomE» 5, MHROE Z T Mﬁf%%&im
S, AU U Ol AU, RSB IS HE
TERWEE DL L MMM TEERESTH D &
FZ, SHOFETHRHEL 7.

FEHUE, B LWERIEAE ST By 3 v kg
P CIERG, KDV e (B o —38) o4
B/ OENTVDF a3 LKLY THHRED 7 — & 2
BohizZehs, ZOFEPERNTH S Z L2MEID
SNz, L2ALahs—J, FhE L -H#HEE s 7
DOREDOEMN D P22 H D, HEREDIEM
DY AR EELRIBE S H 572, ZORRKE LT, kK
DEEDIZA, BRI S A O ORW» &, &

DEENFTENBNGELR D -/l R EELEFELD
hé#ébh&n.it,ﬁﬂ%@&ﬁ%ﬁ@ﬁﬁfi
20 d - 7= EEME S HE T E L.

%72, REFSKHERDOEERE R 2 —H&D
BONMEROD EWAFEOBUE THIE T A, 1B
MW7 790 20— MgJEtE AW Tbh, ZOKER
HNTHDZENHEID ST

6. F&&H

P T+ M) TISE, KRB Rk, Bkl
B, KORBUSKIERHERE I 2 © 72 5 BH s £ o kil
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WA, KD, ~—Lh5k%. LI OEHER
AT BB, SRR (MTA) & OMEE
JCEDb 2 REN RO —BE LT, ZhonkiliE
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BT, ERIFICEF2) —HEDEERTH -2 &
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BELTAXURSBEICS T 2 RHFHANUBEEYOERF
WrxHE""-+F R'-8BH 'A% F?

Takahiro Yamamoto, Shun Nakano, Akira Takada and Makoto Kobayashi (2011) New stratigraphy of the
recent ejecta on the eastern flank of Fuji volcano, Japan. Bull. Geol. Surv. Japan, vol. 62(11/12), p.405-424,
12 figs, 5 tables.

Abstract: New tephrostratigraphy, '‘C dating and geochemical analysis have revealed that the most
scoria fall deposits and lava flows on the eastern flank of Fuji volcano are younger than 2,000 years ago,
although the previous studies regarded them as older deposits. New eruption history is as follows in
ascending order. The Futatsutsuka scoria (FTT) erupted from the southeastern flank at ca. BC 50 and made
scoria cones. The Ojika lava flow was extruded from the southeastern side of the summit on 3,600 to 3,100
m a.s.l at ca. AD 50. The Subashiriguchi-Umagaeshi 1 scoria (SU-1) erupted from the eastern flank at ca.
AD 150. The Subashiriguchi-Umagaeshi 2 scoria (SU-2) erupted from the eastern flank at ca. AD 350?
and the Maboroshinotaki lava flow was probably extruded at around this time. The Akatsuka scoria (AKT)
erupted from the southeastern flank at ca. AD450 and the Innomarubi lava flow was simultaneously
extruded from same vents. Subsequently the Nishifutatsutsuka scoria (NFT) and the Akatsukanishi spatter
(AKN) erupted from the southeastern flank from AD 550? to AD 600?. The Subashiriguchi-Umagaeshi
3 scoria (SU-3) erupted from the eastern flank at ca. AD 600? and the Norikawa lava flow was probably
extruded at around this time. The Subashiriguchi-Umagaeshi 4 scoria (SU-4) erupted from the eastern
flank along the Subashiriguchi trail at ca. AD 700? and the Subashiriguchi 1 lava flow was simultaneously
extruded from same vents. The Subashiriguchi-Umagaeshi 5 scoria (SU-5) erupted from the eastern flank
along the Subashiriguchi trail at AD 800-802 Enryaku eruption. The Subashiriguchi-Umagaeshi 6 scoria
(SU-6) erupted from the eastern flank along the Subashiriguchi trail at ca. AD 900. The Subashiriguchi-
Umagaeshi 7 scoria (SU-7) erupted from the eastern flank along the Subashiriguchi trail at ca. AD 1000?
and the Subashiriguchi 2 lava flow was simultaneously extruded from same vents.

Keywords: Fuji volcano, Subashiriguchi-Umagaeshi scoria, Akatsukanishi scoria, Subashiriguchi lava,
Norikawa lava, Maboroshinotaki lava, Ojika lava.

g F
LD BB 11— ZEUE 180 L& 00 S U= o0 AT 5
ZEHPIORET & R U 22858, FISROERIo % < 5,
RO L TRy, k2 TR LZEDT
HBZENRHENIZE STz LA, ZOHIZIZHE 2
WCHILE A & PRIFHICE L2 o0l & 3D
HENTND.

1. FU&IC

KILGEEY DO FFR M E e & DIF, GFM 2 A LD
KIGEERETH D ZLIFEIETE AV, WHAKLITH S
wLITE, 2,000 FERKICH Z 73T T OREBIBEE D
EFELARE, PEARDT 2 riO SV 2R s e 5, 1

KIBHEIZ B 2 M ARIERNICHER L C & 22 (LLotiEy,
2005 ; & - VbR, 2007 5 FRIE A, 2007 5 $RAKIE A,
2007 5 H¥PIE A, 2007 ; Kobayashi et al., 2007 5 EHIE
A, 2007). FRICE IR, 8 2.2 TARRT O AR
IHTEmS A (S-22 223 7) DIRIE, FiCdbs» 6 i
FHACTOIER KD EBL 222 EBWHE 22X TED
(erits, 1988), WHHE XL ¢ ZDIEEAY — V6
FRMICITbhTE RS 5. SIS $ 5 dph
AR ELHER, BRI ERNIZ O R&EIC
1= DTHDH, ZORRIIMNEROE T KILOWEK
FEre (Blzi3dz, 1968) 2 Kk RETEDE A7,
ELINO®ILEEIZIZ S-22 23 ) 7 LD & H Lkl
EERNRE RN ST S T L3 ek & Rk
X, WA RAS TV (ER21EH, 1987). L

L HVEL S RIFZE M (AIST, Geological Survey of Japan, Institute of Geology and Geoinformation)

2 (#k) #4vavHi x|+ (DiaConsultants Co., Ltd., Yoshino-cho 2-272-3, Kita-ku, Saitama 331-8638, Japan)
* Corresponding author: T. Yamamoto, Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. Email: t-yamamoto@aist.go.jp
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LN, fil% DK ORGIRALE L LA % f %
e e OREFRERIEESHSMEhTE 5T, 9
75 RGP OV BYIEIE A EIC & M7z & IS W EEIRDLS
Hofz. WL, SO RS RO ORI S
B O N KWiER 2 fE U, 2w il
EERICOAT S AW A3 ) T - A58 — HERY)
EOMIELT S T & THRPRI RO RET & #lA 7T
T\,

2. EEXURMEICHT Y B EEWEF OB

MBI B LB R 2 & 2EE P ILE A 22 T
IR AN L, RO RMEZRED, RE2 T
RN MY U 72V 0 K 8 AFE PR IS 3 LT b
(Fig. 1). "EHPS O e % 2 OB HIIE 6 Cal
BC170 ~ AD40 I L= " w22y 7 (FTT) T,
WILETIE S-22 23 ) 7O LI, EAEAETT
RO KR X LI TH 5. FTT LIBEO KWL,
JAEDBUREOEEHR (Loc. 115 Fig. 2) &5
CUE DO KIS (Loc. 25 Fig. 3) IZHRAIZHEH L,
JFEOEE1-7 23 ) 7 (SU-1—-7 : HiFfr) - KE 2
a2V 7 (AKT) - v 23Y 7 (NFT) - K& 2
784 — (AKN : ¥ifR) HMERTES. WFhokid
KL R L 7222 7 H 6 5 BEIKD BV R FHER T
EHEELS PR 0D, KEZ2 ) 7OREGERICIE
B 258 A3 d 0 BRAEc o N EETid 0. SU-2 -
SU-4 - SU-5 - SU-7 13 10 % i OB EEFS, FHE
AR AARTE HrD., K2 AKT & NFT O,
HIZ5 % LUFT, MESE AR, 2D, SRl
EHEIZ DO TIEAHR 1SR L7z, 5EkD kD4

Pk & ARE DR & OHIGBARIE Table 1 1Z/RL T 5.

BRI o aEd 23 AD838 IS L - pidt e R b
775 (Iz-Kt) (b h 2 KESFTRKLAT 5 25
GENhbZ &, FEIC Sugiuchi and Fukuoka (2005) =
Kobayashi et al. (2007) 12Xk DS &h, KBS
(Loc. 2) TIZZ DO FREHEN NFT & %k K ol
1ZHh 3. G, F2BELNER (Loc. 11) T 1M
HokiliF 5 2/ OO0 & v (F8k2), 1z-Kt DR R g

#EH SU-5 & SU-6 DMlICH 5 Z L #fifEad L7z (Fig. 2).

%72, Loc. 111256 W\WT S-22 kD 5 /v — L HEREYTh
DR (FIM426), Loc.12 2512 T S-22 23 7%
THERTh O BALY (FIM425) D KRR E AR E
AT\, B7212 2,190 + 40 yBP, 2,2004+40 yBP DL
HERIE B TNS (165 3).

AT O K & EE T L OREIFBERIZ DOV TS,
Fig. 4 ORRKITR LTS, HEFEVAER - XIOTEHS
W BENEAT - FED VESH - ZED 2 ESTI
WEFRE T, #E (1968) DIEAEH & OxHiGEE#H
1% Table 21Z/RL 7=, &7=, &AM EIX Table A3 245
LB, #E (1968) DHEK T, wLildahm

FEOFrE P L o EERTRKE TS, LaLl,
GRIOPAEDRER, FEOPHAE IR AW - S
JIEETO & 9 IZhT 2 THRICHE I L7z e D &, filiy
ERHENERIZAS 2 & OO &K 5 ISFRO W E L
i [ILoCIE A (2007) OF L] IE$ 2 & O (1
42 »onD, FEERCHE (1968) OHrE bl
IS L 228 D 3 Aid b $ 2 Th 5. HRHENIZ /34
¥ 5 BN AR O AHIKIE, 8k 5 IHBR L Tuv
%.

3. BEEMOIFHE

3.1 Zy®EXaU7F7 (FTT)

ToBRBEEREICEAZ 2 OO 2 TENL KD,
HHHIOD & D DOTEE 3% 1,926 m (LB 76 m), FEMIO
L DDA AR 1,802 m (JbE 92 m) THB. TD vy
BOWIREZEZON TR F23 ) 7 (FTT) (d#Il
BEISIAL A L (v, 1988), HEREMIIZ 130K 058
MO B RIEREHE IR 5D, AGIRICHR E T
KEBY (Loc. 2) TIXEE 167 cm T, KL 3 em Hiftk
OMK AT 7 EHMIEES A D23 7 OUHEE 1-3
cm OHJEH» 6 %5 5. HEREWIE B i O b0 £ T
Wit (Fig. 5), %5 IC TI3REIE 8 cm OFLR —h
KKUDKDHEGH» 5755, 16 cm %S4 [ 0 1h 7513
8.4 X 10 km® T, Legros (2000) %iZ &k 5 FHERIMI O
BAMARNE 5 X 107 km® &5 5. %72, 2390 7 EROK
R, ZOREMEEEH, 5 2 X 107 km® FEE & RFER
bhb.

Loc. 13D FTT#E FOLEFRDREY? 51X, 2,050
+ 40 yBP OHfi IEiH iR FFEA (= Cal BC170-AD40)
HEo6N, FTT A BC50 HICH AL 722 & AR L T
% (Table Al ; 1LITTIEA, 2005).

3.2 HEBAR (O)

REEAFIE, T 3,600—3,100 m B 18 1158
TSR MO AR LBE2 DL 2 254 — &Gl E
L, HILEO S LEGEIGN O 780 m O LEAEE T
WNTBABEERTH B, A/8% — 1T 3—4 m [EDHHE
G~RED IR E 2T ) 755D, s
WAELTWB. ZOZ8F —ld, S-22 22 7T
Wl (72 vF 2 — ) REEED, #ZE (1968) O
RS — & LS A SR (Got2) 1ISMH%$ 5. 284 —
FEORUPIEE 2 5137 TIEE BN T O, WERO Lk
xR (1968) DA — MBS A AT (Sub), T
TR IAA ST (MCV) (ISHY L Tw3 (Table 2).
288 — D KR O T TiEE L, Wihd B 2—
3 mm OFEAMSICEL»A D ALKRNAT, HE»
5B 5 Z &gk, KBS TO 2,009 KSR
TR AP CORBESDIE X IEH 5 m (B 8.05
—1330 m) TH5 (H§k6). 7z, KESHO S
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138"33' E S

Hoshiyama-stage edifice,

g1 (ca. AD7007?)

Sg2 (ca. AD1000)
Subashiriguchi trail Loc. 5}

SU-6 (ca. AD900) Fal

Nr (ca. AD6007?)

Loc.5h
Mt (ca. AD3507)[i%

Oj (ca. AD50) ‘

Gotenbaguchi trai

1K w LSS I 2 B HE Y 0 oA, AR, R ZW A E LR R OGN, AKN = KR

Fig.1

88 —1v 5 AKT = /RE 23 ) 715 DA = BIERZN0HERW) s Fa= SCd SH T4 VAR FTT = ~ %23
7 1% Inm = FVEFAURVA S s Mt = S DWIEEH s NFT = v 523 7 [t s Nr = SN EET ; 0f = HEREE ST 5
Sgl = ZUED 1AV Sg2 = ZHEL 2 IEET 3 SU-6 = Z5EN - B 6 2734 — .. JMA-V28 13 Appendix 6 D KEf
Yiar.

Simplified geologic map for the recent products in the eastern flank of Fuji volcano. Basal topographic image is the
Red Relief Image Map drawn by the Fuji Sabo Office, Ministry of Land, Infrastructure, Transport and Tourism. AKN
= Akatsukanishi spatter cones; AKT = Akatsuka scoria cones; DA = debris avalanche deposit; Fa = Fujiazami-Line
lava flow; FTT = Futatsutsuka scoria cones; Inm = Innomarubi lava flow; Mt = Maboroshinotaki lava flow; NFT =
Nishifutatsutsuka scoria cones; Nr = Norikawa lava flow; Oj = Ojika lava flow; Sgl = Subashiriguchi 1 lava flow; Sg2 =
Subashiriguchi 2 lava flow; SU-6 = Subashiriguchi-Umagaeshi 6 spatter cones. The JMA-V28 is the Taroubou borehole
site in Appendix 6.
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F3X KESY (Loc. 2) ICB2IRHIT 7 5 DORETF LR, AKT = REZ2 )7 s FTT = 9B A3 )7 s NFT =1 "y
B2a3)7 5 SU-1 =2E0-HK1 2397 ;8-22=S-22 23V 7. Kobayashi et al. (2007) (ZREIZ#E#S - KL

Fig.3

Column

w5 5 B TSI O RE (LoTiE

Unit

Lithology

)

Mode of phenocrysts
in scoria

Black to dark gray, polyhedral poorly-vesicular scoria lapilli;
Max o =7.0 cm

T
0

White, polyhedral, vesicular pumice lapilli; Max g =8.0 cm

Dark brown polymict sandy soil

Brown polymict sandy soil

T

20

1
30 40
1 (%)

Black, vesicular scoria lapilli; Max g =4.2 cm

Gm: 96.1 %

Brown polymict sandy soil

1

Black, spinose well-vesicular scoria lapilli; Max g =2.2 cm

Gm: 98.1 %

Brown polymict very-coarse- to medium-sandy ash

Black to reddish brown, vesicular scoria lapilli; Max g =2.5 cm

Gm: 94.5 %

Brown polymict very-coarse- to medium-sandy ash

Massive, matrix-supported pebble with coarse-sandy ash;
Max o =8.0 cm

Horizontal beded scoria fine-lapilli and very-coarse sand

Stratified, black, vesicular scoria lapilli; Max @ =3.1 cm;
thickness = 167 cm

Gm: 94.2 %

Brown polymict very-coarse- to medium-sandy ash

T
'

Black to reddish brown, vesicular scoria lapilli; Max @ =4.5 cm

Gm: 92.3 %

Brown polymict very-coarse- to medium-sandy ash

'

Black to reddish brown, vesicular scoria lapilli; Max g =3.0 cm

Gm: 8'8.3 %)

Brown polymict very-coarse- to medium-sandy ash

Black to reddish brown, vesicular scoria lapilli; Max g =2.8 cm

Gm: 88.0 %

Brown polymict very-coarse- to medium-sandy ash

'

Reverse-graded, black, vesicular scoria lapilli; Max @ =2.5 cm

Gm: 86.5 %,

0.5 O o

S-22

Massive, polymict coarse-sandy ash with pebble;
Max @ =5.0 cm

T
'
'
'
'
'

Black, vesicular scoria lapilli; Max g =2.2 cm

Gm: 95.8 %,

Brown polymict coarse- to medium-sandy ash

Black, vesicular scoria lapilli; Max g =1.2 cm

Brown polymict very-coarse- to medium-sandy ash

T
'
'
'
'
'

Black, vesicular scoria lapilli; Max g =1.9 cm

Brown polymict coarse- to medium-sandy ash

Gm: 85.2 %

Revrse-graded, black, vesicular scoria lapilli with minor
amount of cow-dung bomb; Max @ =7.2 cm; thickness = 77 cm

Mf
5

Pl Gm

I

0

IL7 75 (AD838) D& FIgHER NFT OE FIckh 32 AHEMIZLTWA.

Stratigraphic section through the recent tephra units and their characteristics at Taroubou (Loc. 2). AKT = Akatsuka
scoria; F'TT = Futatsutsuka scoria; NFT = Nishifutatsutsuka scoria; SU-1 = Subashiriguchi-Umagaeshi 1 scorias; S-22
= S-22 scoria. Kobayashi et al. (2007) have already shown that the fallout horizon of the Kozushima-Tenjyosan tephra

(AD838) is immediately above NF'T in this outcrop.
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B AR L RO T 7 7 RO,

Table 1 Correlation of tephra units between this study and previous ones.

Kobayashi ez al . (2007)
This study Koyama (1998b) BAERAE AEER IBERILE LR IE2 LA ARE

040604-2 051127-2 051127-1 05118-2 051128-1
SU-7 Sb-a S-24-9 S-24-10 S-24-7
SU-6 Sb-b S-24-7 S-24-6 S-24-6 S-24-7 S-24-5-3
SU-5 - S-24-6 S-24-5-3 S-24-5-3 S-24-5-2
SU-4 - S-24-5-2 S-24-5 S-24-5-1
SU-3 - S-24-5-3
SU-1 - S-24-5-2
S-22 - S-24-5

2K HRE (1968) L ARWRDIBETRDA L.
Table 2 Correlation of lava flows between this study and

Tsuya (1968).

A%k (This study)
BEOZBAEN
Subashiriguchi 2 lava flow
AEABRRIYT (RNE—R) |RIyEREBBFER
SU-6 scoria (spatter cone) Kangamine uppermost lava-flows (Kem)
AEOVRER AE-HRIE OB AR
Subashiriguchi 1 lava flow Subashiri-Gotemba trail lava-flows (Sub)
BEIBER A AR R
Norikawa lava flow Middle-age unclassifed lava-flows (MCV)

Tsuya (1968)

AE-HRRIS OB AR
Subashiri-Gotemba trail lava-flows (Sub)

FREFEER/E—
Akatsukanishi spatter NBARRER
MEALREAER Innomarubi lava-flows

Innomarubi lava flow

LA0FRER
Maboroshinotaki lava flow

WrEBER

Shishiiwa lava-flows (Dai)
HES-E L EOBRER
Gotemba-Fujimiya trail lava-flows (Got2)
RE-HBE QRS R
Subashiri-Gotemba trail lava-flows (Sub)
hEIREE R

Middle-age unclassifed lava-flows (MCV)
R iREER

Jojyugasawa lava-flows (Gotl)
EHRRBER

Shujonagare lava-flows (Shi)

R AR
Ojika lava flow

S-18RAYT (FTNFHR—F)
S-18 scoria (agglutinate)

213X 10km®> THBDT, FHfbE.2 5m &35 &,
ZOWREIZ6 X 107 km* S L A3 6 5.

HERLVA SR & K & O REFRIE, B LS
NOHEFE (Loc. 3 : 1% 980 m) THERTZ % (Fig. 4).
MEREVA S RD EAiZix, SU-1 & NFT AHEESZ DD,
GREE A S 40 ecm WO REENHFFE NS FTT
(Fig. 5) 1ZEARBEARIEE DN TOEN, ZOZ 5,
ARG CTIRMEEASRA FTT & SU-1 OMIChiEd %
EDEEZ, T ORBGHERME A S AR W H IRE
% ADSOWEHEE Z T\ 5,

3.3 BEEOEBER1ZXaY7 (SU-1)

KRBT 2230 7HERNE, KESY (Loc. 2) - ZHEN
il (Loe. 11) 25 1HEOK LR (Loe. 13) 12273 T
DIV TEMAEETH 5 (Fig. 5). BUILFTT
O ET, BEORWZIY) 7 AkILE»S KD, 23
T O EHEIZS—6 % FEETH S (Figs. 2&3). %
JEIEAR AR A F NI LTES & R A A, EAE
— PSS T LB B ORI BE A B 22 DL H S
NDH, L0 - BENNEGEHD EAZiE SU-1 DG
HEHEHERENEEDEROI» > Tnawy (hdd 5
CI DRI AR FHEARSICE A, HES L LWN).
L7225 7T, SU-1DMIFIZZ AL D FIZHEL T\
AREMEDS & 5. IRICHEES 2,500 m REISHRTEDY & > 72 B
DETHE 8 em HRBEHOPMETRIZ 4 X 10 km® FLE
L, Legros (2000) ¥#iZ & % B FHEREY O i/ ME
FEIZ 1 X 107 km® &M a5,

Loc. 13® SU-1 HOREWAH 513, 1,850+£40 yBP
ORIERN R R (= Cal AD70-AD250) A5 h,
SU-113 AD150 BEHICHEA L 72 Z L A/R LT3 (Table
Al ; 1LIJEIEA, 2005)

34 Ho@E‘ER (MY)

KIEAEFNE, HRNAIZ S 2 M4 OBl o R
5 3,150 m 2> 5 1,850 m (22 T 38 & 2—3
m IO T TIEEN» G 5. fhEHE 2 S 2,900 —
2,600 m \ZEMIZB DL AAAIEYIN S 2, 1FIE KD
WaEReAbNS, HR (1968) Ofi-EE A (Dai)
IZIEIEHE T2 800, MiTEZDLDERORL S
B MOBEEF» S 50 ((Hgk4), BERT S LI
L7z, AEIE, RE3 mm fi#OREAMSIZE T2 A
LARLZRATH B, ABEEROMERIE 1.1 km® T
HBOT, FHEEA 25 mET 5L, ZFOKRITIX
10° km’ P L RS 6N 5.

555 2,950 m I (Loc. 5) T, AKAESFHD Pl
AFEIRKINTE A FEREED S-22 2 2 ) 7 FHEREY
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z:'* e ‘
SU-2 & Mt ca. A

35 XIS O R P O 24, B R
FRIER. REERFIBE (B em).

Fig.5 Distributions of the recent ejecta on the eastern

flank of Fuji volcano. Blue dotted lines are isopach

ones. Red numerals are thickness of deposits in cm.
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E KRN S B B KL SO REE (LoTiES)

AL MCHEERSR.

VOARTFZE 5 2 ILTEIE A (2005) ;Y EHNE A (2007).

Table A1 Results of “C dating.
U This study; ¥ Yamamoto et al. (2005); ¥ Takada et al. (2007).

- 13 - 14
E)nllé name] [SS?ETJ\II\?O] Loc. | Method | Material | 'C age (y BP) (pzmclil) C:g:r?}t,egp)c Calendar age Intercept age
Subashiri 2 lava flow 051128c¢-1 9 | AMS a 1010440 -25.4 1000440 26(95%)|AD980-1060 (AD1020
[Subashiri-gotenbaguchi [21184] AD1080-1150
lava] 15(68%)|AD1000-1030
Subashiri 2 lava flow 03110202¢ 10 | AMS a 1030+40 -25.1 1030+40 26(95%)|AD960-1040 [AD1010
[Subashiri-gotenbaguchi [185893] 15(68%)|AD990-1020
lava]
SU-5 scoria fall ? FIM416 7 AMS b 1110440 -23.9 1130+40 26(95%)[AD790-1000 |AD900
[S-24-6 scoria fall] [169925] 15(68%)|AD880-980
SU-1 scoria fall ? FIM401 13 | AMS a 1690+40 -15.1 1850+40 26(95%)|AD70-250 AD140
[S-24-1 scoria fall] [167659] 15(68%)|AD110-230
Futatsutsuka scoria FIM402 13 | AMS c 1910+40 -16.7 2050440 25(95%)|BC170-AD40 (BC50
[155449] 15(68%)|BC100-10
Lahar from S-22 " FIM426 11 | AMS a 2190+40 -25.3 2190440 25(95%)|BC380-160  |BC340, BC320, BC210
[185826] 15(68%)|BC360-280
BC240-190
S-22 scoria fall V FIM425 12 | AMS a 2220+40 -26.0 2200440 26(95%)|BC380-160  |BC350, BC310, BC210
[185825] 165(68%)|BC360-190
Fujinomiya-stage lava Fj-GSJ-C2 AMS c 9280+40 NA NA NA NA
flow in IMA-V28 core " [281045]

&, VAR VIRKILME D ERD T2 EEARE R 72
UM 23 ) 70567k % S-20 23 ) 7k NERPIA
il c& 5 (Fig. 4). %72, %XJO% (Loc. 6) TiE, &
WERDTRIZS-18 7/ LF % — O REEHES
(AR (1968) DEMFAESTR], EAIZ#ld 5
WERAEL > TW5. HEOBGR2 513, REEHRD
JE#EIL S-22 LMEIEEROM & & 5. HIZ, iR
BT R WE 0D, HHRD & 512 SU-1 & DORFER
GRHREEET S &, SU-1LIEOEHYTH 5 alRErE
Ndhb.

35 AEOBE?2ZX3aJ7 (SU-2)

AR 23 7HERYNE, EEDER (Loc. 11) T
DA, SU-1 & NFT OBNHER S W2 T b 5 (Figs.
2&5). Loc. 11 TIZEE 5 cm THIBEY 4 X O F ki 1

2.2 7 KIS 5 e B EIAD BV ke FHERI 2 6 5 %

230 7T ORSEEGEEFRIZ10 % 24, FEOKSSA
IRTEH DA H 5. KEY) (Loc. 2) TNFT®
PICHERTE R WZ &3, i< &8 SU-2 I3
WOIEEKDOEMTIEENWT EE2ERL T3S, &5
{EEOFLEREORILEOEAED L R oh, By
HZIZXIDOWMIEETRISENE D EA LN B A, GFEHlIEAR
HTH 5.

36 HFEZXAUT (AKT) - HIFARBEER (Inm)
AFEZ ) 7 (AKT ; Bi, 1988) (3, BERAO

B 1,470 m 205 1,130 m 96X 22 ) 7 A, ILfllae

5, EOSRE (THERES 1,477 m), A (THEEE S 1,271

m), HOuE (HEBEEE 1,221 m) A 5 W L 7= 57 0k
ODTROWZ2) TRTHEM TH S, ZhodAa) 7
IV FRE E~FRICHW IR a kO 2 Hb, 2
I T TIATH BN IR SHATELS 600 m 3T
ETHFLTWS, 2307 - WAL S MRE 2 Xk
BT, WEEARIT2 %aitcThd s, K (Loc. 2)
TlE, SU-1 & NFT ORIZfiEL T3, FIBAER
HROSAREIL 7.0 km> THBDT, FE¥EEE5 m
ETBE, ZOERMIZI5 X 107 km’ FE L REE 5 5B,
72, 22V TEOKMIZ, TOREREEINS 1X
107 km P & ARG 51 5.

HE (1971) 12Xk 5 L HIIRANO RS BIRIR O RAL
A5 1,230 90 yBP & 690 + 90 yBP DAl 1E ek
IRBEREE I N TS, 72721, AKT 2 12-Kt &
TRUEL D & A2 H B DT (Kobayashi et al., 2007),
BEOFEMRIIEHTE LS. BIED 1.2 TAERTOERE
&, Z0O7 77 LOMIN ARG e L TEA
HOOWMDO L2 AZ B, EHIE» (2007) 1%, [HU
FI AR A ST 2 6 1,600 £ 40 yBP OffiEAd ik &
4% (= Cal AD390-AD550) #f Tk, ZTH6DH:
RO MR XD EERDOREIFE L DRGSR L. LT,
AKT i% AD450 EIZHEA L7z DEELENB.

37 B\B=vyEZXIUTF (NFT)

KRBT 22 7HERY (NFT @ Erih, 1988) 13, i
SRR A TR 5—8 em DWE LA PRA T AKT
DI 458DT, AKT &EGEHD &< L7235
EEREDRBORBNZ ) 72555, I, *
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AINOBEH 1.5 km 12 & 5 EAEHPIZEbI 72 LHD
Kt eEZz2o6h T3 (Fih, 1988; Fig. 1). 8 cm
EJBEH ORI 1.9 X 10 km® T, Legros (2000)
PIZ K BB PHER O/ MERNZ 6 X 107 km® &7 3.
F72, 22 7 EOKRE, ZFTORMBESIN6 1X
107 km’ P L A2 6N 5.

NFT &, ZEHAEMDHK (Loc. 11) 25 W T SU-2 &
SU-3OMIZEX 4 em DEHSBELRE 2T 7 &
LTl hs (e aRIEN4 % Fig. 2). 77,
Kobayashi et al. (2007) &, KEfY) (Loc. 2) 2B\
T, NFT 2 [z-Kt & TRl D & FRCH 5 Z & %1iff
LTS, HIZNFT IEmMBEIED = Atk ETd
1z-Kt & & LA A CHEILBNTESH (Syt) 128D
N2 ZEMNMEREN TS (EH - Mk, 2007).

3.8 FIFFHZ/NZ— (AKN)

T BoEMZ 2 ) 7 EOmRE (B 1,790 m Hbg)
26, FREOWRM 700 m (FE& 1,340 m M) (SRIH
IZHEDN S B H KO A 5 Z &g, SFK 20 4
o7 Y7l & 58 iz - —flESRT
MO TREN (Fig. 6). ZONEFIZOVTE, #

735°20'2"N

138°46 32" Eps

35°19'1 3"

2 (1968) OHIEFIEEA RO I (M2 iz
W) YT R DEARLNE. L LADRE, 0
W, D b S RE LEEERTO TIIMSED
YDA ARBREDER L2232 —Th b, T2
2L, RREOHWNEREIEE RIS TIE AV, K
HD Loc. 1T, FE 30 cm Bifk O -7Z KL#H» &
GAHBETHRME Y, ZOBE TSIz HEs ¥
NET 2% 0, BIZZ O P AKT AR TE 5 (Fig.
6). L7=hoT, Kzssx—i3, WE (1968) DT L
FRAD, ABLEBESTHED S OB EICH S Z &
MPERTHBDT, #HFEMHA/82 — (AKN) & HfRT 5
ZEIizd 5, K bEinEik & o & LEEloFE H AL
IZoWTE, BRICEAENICHE S THD, kI
JEA OB AT  HER A TERE 35 2 L AR s 5
720, WEOHIHL2 S FTT &0 3 #Hi L2 L3R T
b 5. FAOWEEIER? S 3wl 202580
DM TERNDT, Zhoo kKOS AKN & —if
DK THEREh7zdDEHE LS. AKN & [2-Kt BT
JEY¥E L OREIFRIFRIZDOWTIE, AKN O LT A 55 &
TS Y TP TE L h 5 720T, BIRRETIZHE
FTHZENHKRTHEN, SDE T A, NFT 2#HEE

F6 X B AUmRILEOARE N FHIEX (& LRPEH) & Loc. 1 O@BMHGE. RANIMRENE 285 — RO K% RT.
AKN = HRFWH A8 — s AKT = FFEA3) 7 s NFT =W w239 7.

Fig.6. The Red Relief Image Map of the southeastern flank of Fuji volcano (the Fuji Sabo Office) and outcrop photograph
in Loc. 1. Arrows indicate the craters of the Akatsukanishi spatter. AKN = Akatsukanishi spatter; AKT = Akatsuka

scoria; NF'T = Nishifutatsutsuka scoria.
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w IR RN 36 2 ST KL b o R (ILoTIEA>)

3 ZLDAM»S, NFTHKEBZICHEALZZ8DE LT
kL.

39 EEO/ERIZXAUT (SU-3)

KT 23 7HERNE, EHEDEE Loc. 11) T,
JEX 2 em OWELEARATNFT O LIZh 5, &
X 20 em DFRVAD RN ) 7 KILEED & 75 2 EIAD R
WETHERM TH 5 (Fig. 2). 22 ) 7 OMSEAEIR
6 % Hith T, FHRAMSPAIRTEMETE 5. K
(Loc. 2) TNFT O EfICERTE W &%, Da<
&S SU-3 IEMHAFHEOIEE KOEM TE W & %
HEL W5, B EEDBIEMEORILIEOME X
FEMER OGNS0, FHlEAHTSH 5.

310 BBIEEER (Nr)
SLHEIATA yORMOR (GRS LX)
DFEOMOMEES 2,950 m 25 1,250 m IZA 3 THAiT %
JEE 2—4 m D7 7TIHE#BENNEEREHHT 5. d
B (1968) TidHrE LA (MCV) & & Tnha 08
%JOFAE (Loe. 6) TXIOWIAESR A, RO
WHYITH B Z LIdEFETH B, HEIZEE2 mm Ak
OREAHGSOBEIOPABARLZRETH S, BT
3B L HIKBO W2 T 2 HiH, RIBWTIEZ 7 7w e
BoTW5, —J, 15E2,400 m &0 & EHkTIE, &
TG NBHE RN RRE L 27 I F R — N ERD,
BT S-18 7 7L F % — b D KRB E [ (1968)
DEMIIEETR] OMMhvA~ Y MUBEET 2 X512k 5.
L7235 C, W2 KB A EIZRO Shing
DD, ATV Z D & OBRIEE ORI & 1l X h
5. KEERO AR 4.8 km®> TH B DT, Pk
J5&3mEd3E, ZOEKREI1 X 107 km® FE & K
& ohs. HES AEEHIGE (Loc. 7) TIEABSH
13 SU-4 IOk FHERMN- bR, ZORE%EIE SU-3
DT A3 DERLNS (Fig 4).

3.11 EFEOBKR4ZX3Y7 (SU-4)

KRN 23 7 HERTNE, Fd TRIEO R WK D §
BEmMIRER 57220 7550, BEDEER (Loc.
11) Tk 6 cm OFFEAEFH, SU-3 & SU-5 ORI HE
NTW5, HEEARIZ10 e84, FHEAKNICE
ATWS (Fig. 2). LS5 AHEHEYE (Loc. 7) T
FREIE 59 em &JEL, WHENAEROME < _EAIZfiE L
TW5, 72720, K23 7idH s b EiofEE 2,750
m (T DZEE L 7 VBN TRIBENNE SR E SU-5 0
MUCIXEEEY, EAH LD 3 FOEEDELEOILM
1> THMm LT3 (Fig. 5). ZOmEkIE, SU-4 &
FEIFFRI CBYEIC & 2 ED 1 IS EEBL B, 2
)T EBEEOEES LML T3,

3.12 ZEEO1[ER (Sgl)

HE (1968) O — RS TES W (Sub) 28)E
DML B EBMDIBEHROEAKRTH 52 L3, =i
(1988) DIEFMRAELRR L2 (1992) OHEXTREh
TWwiz, UL, 56128 EAHERO BN 4 il
<, ZORGFOBPIH S 2~ Tid AWV, SUHITA
I 4 VOB - TaIE, i (1992) ot
OIS TI3ARGOELED 1 EEw, AEEs TR
R DOEAT 2 AT, EETAS NI OWEE)|
WERISHB L TW5. 2770, Ko oBmtiz, 2
(1992) DZEAHE T AARBEDEED 2 SR TH -
720, FEEIEELLAEARED SU-T 284 - Th b
5E, ZORXRATEAELL T3,

SU-5 O iz d 5 E 1 VAL, 5 2,650 m
WHEOEELBFUEARE» S, SUH I AT A Vi
WD 1,150 m I CTHMT BREE 2—4 m DT T
HTH D, HEIIEE S mm BIZOFHERARSICE D2
AHARRRETH S, HEDTELERAH LD LTI,
Fish THEO XM 2ED 2 IREFRICEDRh, ZOF
ChEPICHEA N TREICUABEH Ly, LaLl, i
WEROMIZIE SU-5 & SU-6 D 2 Y 7 k& FHERI A
PEh, WrcoMMEREETIT RV, RIESTED
ihifx 2.2 km> THBDT, FHEEL2 3 mET5L,
ZORENE 7 X 10° km® g & REie 6h 5

3.13 ZAEFOB/KRS5X3Y7 (SU-5)

KT 22 7HERNE, EEDEE (Loc. 11) T,
SU-4 & SU-6 DIEIZH B, JEX 9 ecm DRFID N2 T
V7KL S 5 B THERITH 5 (Fig. 2). HH
KR A 5, HERIOMIRIE A T, B
BEHITZ10 % 284, PERAKNMIEDIE, (Fig 2),
MEO WAL BE & MR TE 5. ZEDBIEHNT
FILTEMNE EREARE < &0, 185 2,750 m T
MERTEBZ 6 22 ) 7 OIFIXE IZFHE O L
HBHZLIFEFETHS (Fig. 5). 8 cm HEEHOIHT
HifEiE, AEMOREERHEAAMEETH S EDD, Hi<l
34X 10 km* FEEIZH DT, Legros (2000) ¥4I
K BB FHERI OB/ MARIEZ 1 X 107 km® &% 5.

A 5 A HEEHE (Loc. 7) OAZI Y 7 FOD
TIER ORI 612, 1,130 & 40 yBP OGS x
FAEM (B Cal AD790—1,000) AE5N TV 5
Z & (Table Al; (LJCIEA, 2005), AZ2) 7 LD
TSR BT 7 5 (AD838) DR TiEHendh %
ZeES (1842, A2 7 AEREF U~ "+ —4
(AD800—802) DAk (/li, 1998b) DEMEE % %
ZEnuEETH B, /il (1998b) HEfAIX, AD800-802
FEOWEH 2N OHER (Sub-a) ERAELED, Th
MUK 2 6 RSB D Ao SU-7 &t HrTRg
T, SU-7TZ1z-KtJg#EL D & RiZdh b, ERFOEXGE
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WciRa b Axv., 7, @mEIEA» (2007) 13, HBEHE
RFFAUE & 12-Kt & OBFRA & ALHILEE D FEALEE &
WA 2 W E & AD800 FEHDIE M L E A T
Vw3,

3.14 EFEOBKRG6 XU 7 (SU-6)

KRBT 2 a9 7HERYNE, HETRE (Loc. 11) T,
SU-5 & SU-7TOMIZH 5, [EX 7 cm DRIADOMD T
Rwz2ay 7kiLE» S k5 FTHERW TH % (Fig.
2). BAEIZRA AL, BE1 mm DITORHRARN
NHEMZEENS. K22 7I3EENSAH» S E
T50 cm ML EOREEFS, KLAEGEEh 2 X512k
%. ZEINOTILVEIRCOEE 2,650—2,300 m Tid A
ISE = HRERE N, —HIRIEERE LT REH LT
WA, WEINESRU TOBEOMME~ Y LB L
POUGEN 2 IREFICEDNS 729, Z84—RE LT
DOHIZZHIE TIE NG DD, 53ah 5K L TUEEZ
DT VERNHGHORNB KRS 5728 DEEZ S
h5 (Fig. 5. 8 cm HREEMHOPE iR 1.9X10 km®
T, Legros (2000) i & 2k FHERMI O/ IMATEIL 6
X 10% km® & & 5.

AKA2) T [z-Kt [ETIEHED Fich D, »DO%kukd
BEAEN 2WHWDO FIZH 5 Z &H 65 ADI00 i 4 DI
KOFEMTH B Z LIdEFTH 5. HXHICH 25 LIl
WA D FE R A& BRI BRET L 72/l (1998a) 1%, 9 AL
DIk, 7 < &% AD800—802, 864—866, 937, 999,
1,033, 1,083, 1,435—1,436, 1,511, 1,707 I=MAk»2 % -
meFEZ TS, ZDHH AD800—802 id ik SU-5
DA, AD864—866 (Bl N~ L) IEHAy HED
KA ET (R, 1968) OWE A, AD1,707 IX5 A D
WK THB. £z, /Ml (1998a) 1%, ADI37 2D\ T
AL OFFES 1 IAEHROM A, AD1,033 IZI3GAES
2EAETROM KO REME AR L T 5. LA LARS
BT I DN, 9 IHCDIRRICHE A L 2 R o h 518

W GRILIRA - =fliehtt - BIR - RERRE S WS &)
PHERNTHRS 2D (FWHIE2, 2007), /b (1998a)
DR HERE SR & D & FEROW AR OB DT5 2
B o T&, TOZEIF, FERTHZ 2Bk 1n 4T
WEHICEEREIN TN E2DI TR AN L E2EIRL T
5. L2, HXEOGTREWHTHD, HixXELD
xFEEA B Al % O O KR ERE 5 Z &
D THEL V. SU-6 12DV T RIBRT, Rk
5ik% %5 ADI00 BLL DM KAFA DAL D IAS K Z
DT,

3.15 EEOF/R7 XU 7 (SU-7) - BEO2BAER
(Sg2)

KRBT 23 7HERNE, EEDEE (Loc. 11) T,
SU-6 & EAMEHMOBIZH 5, JEE 11 cm ORIEDO R
W22 ) 7TKILEED S 5 B THERMITH 5 (Fig. 2).
KD 23 7ITEIRR RO TSR A2 FiDE DA b
27, ZTONBIEELSHEWL TWE, HEEFELHHK
EZEL AL AARRE T, MEEIL10 % 22 5.
& FHERI O 25 A BRI EEE LB IZH > TH D,
IWTEENE ERBIER KR E L &S, LRI 73S
2,750 m I TRMARTE B Z L6, ZOMBFITEIC
Ao 1¥#icd 52 Li3EFRTHS (Fig. 5). 8 cm F
BERROMT R E 9.8 km® T, Legros (2000) i Xk
B THERII OB/ MARIZ 3 X 10 km® & 5 5. ZHEN
AEHOBEFE T, A2V 7 ERED A/ N2 =5
WHEI LT MROEED 2 AR EMHZEL L Th 5
Hikd & 51z, EAED 2 Wi, FED 1 EERE S
BO XS 2 RE3 mm WiZORRABMSICEO2A D
ARLRED T 7IHET, HEDNAHORES 3,350 m
fHED» B ZROTFIZ AN, KOSUHSATA ViR
WTIERER 1,760 m T, LW OILE LEE 5N T
51,360 m FTHW R LTWA., ISR - STI3EE
1—2 m &0y, bR oOJbE HEEGN OB ST 3—

BT FAEO2BEERDO~Y Y v
PR, ZoEE 0
JE X 40 cm L PO R
REBEROEL D 25
%%, FENEIERNO
S 2840 m Hbgd.

Fig.7 Basalt lava mounds of the
Subashiriguchi 2 lava flow,
consisting thin (<40cm in
thickness) lava layers along
the Subashiriguchi trail at
2840 m a.s.l.



w IR RN 36 2 ST KL b o R (ILoTIEA>)

6 mEEL xB. HEONEGH? S INEHOELER
THWwW IO —a2=y FAEE SV Y FIROB S
EALIELERD 5 (Fig. 7), ZOMEIZEEOHE
FEMREL TR0 ER6NS. HE (1971) 1%, H
ANE B TARERIE S (Fuz) AVEE— RS0
VAT (Sub) 2SS L LTWS., LiLhkrs, R
D Fuz i3 B 2L T2 T 2 VA & XA
FTHZENTEY, AWETRIHEIIGD TS, HiE
2 RO 3.7 km® TH 5 DT, FHREE
3meTaE, ZOEMIZL X107 km® FEFE & RER
5h5.

BEHIEA (2007) 12k b, ZED2EHR? 5 1,030
+ 40yBP (= Cal AD960—1,040) & 1,000=40yBP (=
Cal AD980—1,060) DHEMUELHEG TS, SU-T
EHGED 2VAETIE, [2-Kt B FRE¥ED Fizd b, ZTh
5 ORI EFRITR E FJE L 2w, 7l (1998a) 13,
AD1,033 DM AGLERIS DWW TIRA DR & R R
e b, ZHAMRIKES 1 IEEROEAKTH 5 ThEM: %
WRTWB, L L, WEDIAE T2 6 ADL,033 D
WK EDER % RIAUREE 1 IS ETRICBIERHT 5 2 &3 B
by, ZOLEEFELN2HEANEADZLETERTH
A9, wWihice &k, HXEE ORI, S fl 4 OUEH
DREE LW KEREFE T 5 2 & 13Me Tl LWBLRT
12, SU-7 - ZED 2 A2 D0 TIE AD1,000 E O
KOEYE L THL.

4. £&H

TEIREES 160 L L R 2 & ZEE TR LGE TS 200 T
RN IS E, RO RME 3R, Bl 2 T4
RN U 72 185 R0 K S AT S 3 i L T b Z &
A5 MIC L7 ZThE TILE S - R & BT
B2 S TDO &S BEKEREZ 5D (Fig. 8).
727U, WEAERIZE 40—50 FEDFEE G A, MO
AR THEE 2BV R DIZid? 2 HF T3, %
3, BC50 FFUEICIEmEHRIIES» S — v 23 ) 7 (FTT)
ML, 23) 7EEBKL 7. AD50 a1 13
LOBIE T OREE 3,600—3,100 m T#li H gk
A E, BN HERE A SR A T & 872, AD150 B
FHILEA S EIER 1T 220 7 (SU-1) 2mEH L
7z. AD350? BUTIFZENEK 2 23 ) 7 (SU-2) AW
ML, 2o <REUCHE, HUED S XORAEERI/ R L
7z, AD450 BT RE S LG T Elh B A S & RER 2
) 7 RESEREN, T 225 ABE ST AT
L7z, AD550-6007 LI i3 S ILHE © R OY 8 H gk A3
X, w23 7 (NFT) &M 2254 — (AKN)
AN TN U 7=, AD600? B I3 EE R 3 2 2
)7 (SU-3) AL, Bo<FUE HILE, 5
BINEERSFER LU=, AD700? 81213288 LB a0
WOHINE2? S ELNER 4 23 ) 7 (SU-4) 2IEH L,

Stratigraphic relationship Record

AD1 00 s |_ Syt I ......... 1083
[ ..................................... ..-1 033...
AD1000 Sg2 & SU-7 i g
s sssssssssss s EE s s EEE NSRS EEE S EE AR fEEEEEEEEEEEEEEEEEEE ....937....

AD90 | SuU-6 |
sfsussnsnunanunnnnnnns l ............................................ ) 864_866..

1z-KT.
AD800 SU-5 (AD800-802)

*800-802-"
rgg

AD700—{ sg1 || su-4 |

!
ADs00———| _ Nr_H sU-3 — AKN [

[ ner |

AD50!

[ AT & Inm

AD40

Mt || su-2 |

AD30!

AD20

[
AD10
]

AD1

7 FTT |

BC100+ 20 age
= Intercept age

BC20

258 X w AL LE D s SN (L o S P B £ & JERAFAR
OBtk 513 Fig. 1, 2 X003 LU, KENLE
el e ETBRE R T, BRI AR,
/Al (1998a) 12Xk B.

Fig.8 Stratigraphic relationship among the recent
products on eastern flank of Fuji volcano and
distribution of the calendar ages. Abbreviations are
same in Figs. 1, 2 and 3. Arrows mean observed
relationships in outcrops. Historical records for the

eruption are based on Koyama (1998a).

B < ZOKIh S FNEANEEN 1 AT U 72,
AD800-802 D ZEJENE K T ZHE 118 1L H T D H L 2
LIEEINEERS 2397 (SU-5) 2 L7 AD900
BUZIZZEED 7 LB O RS 2,650—2,300 m T
HhHEASRE, HEOKEE6 2297 (SU-6) 28
B L 720 ADL,000 BUCIEZEHEDAASH2 556 HD
FILECHOHNEREASREE, HEORBRT7 23) 7
(SU-7) zZmgit, sLiiE & AL LIE I = E 1T 2 s %
Wi L7z,
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BEE - HE LYY L OLE LERE SN O B AL A T,
Pt B E 2 6 Ak % B H 2 X > TIHW 2, &1k
DAL AL,  E 28l E & B S5 T O
20 FJEE LITZE L — 5 — R OB A R & & TH
W7z 7z, REBYIAR—) v a7 3RRITH S 1R X
N7z OTH Y, KUK TREEES T 7 gt oL — 7
HBBO N %, PERIFOIT 54 75 ) —HYSFHITIIHE
HEX > THEWZ, P EOK2I12&Eh -0 7.

F81 XAUT7OHBEFEE

KA 3 TR IR ORI D 729, /A3 ) 7O
WmE— FEZHEELZ. 230 7oRE R FHIRELOR
M) IRHEREMI TRA S 20, 0T — PRI
DORWEE L 5. [iLELE U CRHER A & FRELL 72
BEOZ2a) TR &E 27 VL ZAFEETHIEL, RE
1/4—1/8 mm 2BV L=, 2Ok, Kaadhm
PHEFIZINE 294 X TH 52 &, LROFELGMSS
WK TIRE S T8 E LTI e T & & Ik
EL TS, RIE L 220N sei ik, FEARBEMSE T
T 1,000 K- E2FHHIL, 100 R 7rh o B L -
(Figs. 2&3).

F882 AKUAZ X5

L EE O RIS EMES R LT 7 T (Tz-
Kt) ottt e 2 KIEHrRALA 7 20 E&Eh 2 T &
1%, FEIZ Sugiuchi and Fukuoka (2005) X Kobayashi
et al. (2007) 12k DS MZEIh TS, ARETE,
FEORET 7 7 HOBEAMTH % Loc. 11128 W1T
[z-Kt OF% FREUEA i3 % 728 6 BHED L3R O KL
H T A& T -7 (Fig. 2). ZOFMEIL TFOMD T
FEANIIZ Kobayashi et al. (2007) APKEEL T\ 5.

LR - HEEOR & KT, BRI L A BRI 1/8—
1/16 mm IZfRWV T U7z, RS L 22508HE, s
1.545 ONHLEHE THA LT L85 — b #ER L 7=

Kl 7 2 5HFHE - EAFUEICE, =a#o
WMoy TWEE LTS, JlETIEAILT 7 2D
ZEzal LR R B A, 1,000 K H OfE KIS
L TORLTWS, KILH 7 ZDEREX 732 DO0W T,
HARWIZ, BT B (1978) 1K 2K [ YT x —
AR & [#AM | ICLEAsTw5, =720, 4
DOHMTIRETOKILNA T 25 [ #AM | 123X 5
DT, WRIZKLFFZELT—{ENTNS,

Jerb 47 2« U 28 AL A T R E R E “MATOT”
W THIE U7z, HIER KL A 7 2T+ 0.0001
FBETHD (HE 1995).

ARG - AT L7z 6 lEHEo LR O 5 5, kil
HI AWM Eh/=Did LD 3B TH -7z, Kl
H 7 ZFETEAMT, EaRF MO 5 20.0
%0, 10.0 %o, 0.7 %o &K T3 5. KiiF 7 2D

&, R EATDE DA 1.493-1.498 (EH1.496), DR
B2 1.493-1.500 (CF#1.496) &, 1z-Kt & &< —3¢
SHE AR Nz, —F, L5 3H/HDMEH
1% 1.494-1.496 & 1.498-1.501 D /54 E — &)L 55545 H
Boh, HBROTIINRALTVBEZENRHELTH
5. Iz-Kt 1S TR A RIm T 2kl 77 7 2 D) O 88
FHuMBMEEARE TR 5L, ZOMEIE SU-5 &
SU-6 DRIz A5,

T823 RHEMERFERAE

TAEEORE FIM425 OFLIHK = Ff R VLR SR I LTk H
DOFEHE 400 m OFJIHRY (Loc. 12) 12FWWT, JEJE 57
cm THUEDO BWIFRG~KRg@an 2 3 ) 7 kLE» 6
5 S-22 B FHERII O IISERIZ & T h 2 ik bAR (1.4
g) HERELL, wakEth, MAEGUEIE U7

TAEGORE FIM426 O FL#K « Ff R BB HCIE/ N LT S ©
bEATAVOIHER CGEEOER) OFEH 600 m O
BIER Loc. 11) 12BWT, BEHN 8 mD I/ —IL
HERE O _EifiA & 80 em 12 d B M < )k U 7= Mk~ rh
KR 2 & 5 IRIEKRFT (0.27g) ZERENL, HZJR%2,
MR E L, 2O LHREMESCH A TA
Y ORIZIAR B IR RIRE 21> TR D, JEED KR
e OREIFEGR? S S-22 HAKDEKIZTHEL DL
AbN3.

AERR Fi-GSJ-C2 Otk + i BLAEBIE i A Es 3
THEH X =3 7 IMA-V28 O 80.05 m DK
KIKEHEICEEN 3R (0.4 mg) ZFFHIL, W
K, BAEERIE U7z, i RO 72.65-80.0 m DX
i, RIEOERESZL GEN2 A0 AHLRE
LRDIEERSH B (fT5k6).

MR - 9AnE, BETA ANALYTIC #HICIREE U 7=.
AN A THE /7L A )BTRS O WA i X h T,
AMS #ETHrEh T s, FRUEIZ RCYBP (AD1,950
0L T5) Kidxh, oPCHIIESIThh T35,
JEAEAZ A2 Stuiver et al. (1998) DF — & NX— 2
sz BEFEROZEMANIZIE Talma and Vogel (1993)
OFENHV L7z,

AHREF : FIM425 5 6 2,200 + 40 yBP, FJM426 »*
5 2,190 + 40 yBP O RS iR Rl %1572 (Table
Al). WFERMIERREOHFA T WL, ZoBFENRILE
% 5% Cal BC380—BC160 T 5. Zhoid, LitlE
% (2005) AEED S-22 FEUEM 51572 Cal BC300 BED
KA L 58 AIc—3 L TH D, FIM425 & FIM426 %
S-22 el 3 a5t &< FH L AWV, Fi-GSJ-C21
DOVWTRKEREARLED72007C »HlE T X FARMIED
AL 9,280 & 40 yBP DA 57 (Table Al).
Z OFAE I E L E A SO R EALOFEN (ILotiEs,
2005) &IEIF T 5.

— 418 —



w IR RN 36 2 ST KL b o R (ILoTIEA>)

ALK MirAREOBEER. 1) M-SR oAREEERT, FIE»SROCH L) vV eksTnWa, 2) AR
B OIE 2O IO 6 5 5 L AFmHERY (Loc. 4). Z0O2= F OFERANX NI6 to 19°W, EHFHE 20 to
22°E ¢, BFHAOER NIOE L dF LT3,

Fig.A1 Outcrops around Shishi-iwa. 1) Shishi-iwa consists of a massive basalt lava flow and makes a projecting ridge within

Ka NG

the eastern debris slope. 2) Debris flow deposit made up of polymict, clast-supported gravel with sandy matrix (Loc. 4).
This unit strikes N16 to 19°W and dips 20 to 22°E, although the present slope strikes N10°E.

1824 WFaALADRE - KBREDBE K55ETH 5 (Fig. Al1-1). #2 (1968) T, Z0
LR O -5 SR O BOMIR T, K 2,130 AR LREEE L LThbh Tk £,
—1,940 m IZROWZ=BIRD 2 A b A LIEHEED S TEOEPHE, MiEOBERO MU AE S S e
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2,050—2,040 m2i% (Loc. 4), /& 1 m T FERAHD
MR EZREDOREAT VL F X — P ZNEHED 6 m
JEO RSB LT 5. BRiERE, B
JEIE 80—10 cm THE L 72 B L HEIKABSE » 6 7k
D, h~HRWOE L ZFEOWEE - 23 7THETHIK
XhTwb (Fig. Al-2). KL 7= LaiseRmotn
1Z N19°—16°W THIZ 20— 22°HRI L TV 3 8 DD, Z
OREE M H B 2 FhE O£ (N10°E) &6 2
2RI LT 5. aTRHERT O & AfE R AR 3 R O
TEHOFIE, FhilETEAL, 2 LAELE (Lot
22, 2007) OFV LK [HE (1968) O ilifk]
DF@MT 2 EAKOFAEFRL TS, LT, Z
N o OHERYNZ S OF KRR RER Y & 135 212
<<, FEAOWEH & ORNAT 5 A OIERAEE S HAEAE
FTEEDEAGNDE. F72, MirEEAOEE - Kk
DAL O EIE, HED—&H (BX) (HEoiEs
JI N3 55 (Loe.ll) &k &z, MR LR
OO E R L T % (& 5).

1885 (bR

& KLU 0 T 20 0 VY O A AL S R S BT A
17572, 53#iid Activation Laboratories fLIZIKFEH L, ¢
HOLE M Se, V, Ba, Sr, Y, ZriZ2WTIE Thermo
Jarrell-Ash ENVIRO II ICP, ZHh & DIAAOfER I
DWTCIE Perkin Elmer SCIEX ELAN 6000 ICP-MS T
e Xz, HWfER%E Table A21R Y. %72, &k
FHOEREU i 1% Table A3 I1Z/RL T 5.
SRIDOSHAER TR HEE L Z &3, Wi AREO%
Bk EEEO—AH (BR) DAY, fhoEE
HlogHme ke Be 2K E2H>Z L Th b, FIK
53 TiE, MgO & KO IZBHF @A b b, Hi#iE MgO
IZE A, BFHIR KO ITE A THWIZMA L=k 7
Oy hENB (Fig. A2). F7=, MERD TEHIEIXH%
FHZHRRD, Y, ZricZLWEENHETH S (Fig.
A3). ZD XD BEIKILERIC I 5 WAHRE TR
DAz, I s 1] &E e aER D
&L OB OENE UTHERS 6 Bl < h T & 72 (i
ZXEME - @8, 2007). BZE, »ALALRFERA
A Rb, Y, Zr A& EK0OT, ik~ s ~<ho
WEIIE L % 50%, Rb/Y IR Zr/Y HFZ L0 g
DE—MRIZIZEZLENTVS. Lh LD 5 SREO5H
R TIE, WIHEEHETRL/Y A 0.4 Fifk % B BIgIC
XBAlXH TS, ZOBERIIHER» R EIN TS 2N
W& s e - ZEEB OO & FEARIIZ 3L T
B0, BELilifke RS 2 i S REORE - KV
NEIOEIYITH 5 Z & #MHIEISRL T3

1826 KEBLHAR—U > JaAT7DER
Rl R R O KBS (IE#E 35°19'59.2", HUkE

138°48'17.0", %5 1,284.3 m) TIXRBITIZ & % Pk
21 FJED R 7 A — VI 33 D B i 12 Pl RIS
100 m D27 (JMA-V28; Fig. A4) 2ERELX =, 2
7 OFCEUE, KK PRS2 IS ERE & 7z 3 T R
IN—=T DY L THEME N, FEMA AR R SR
2oV, KWK TRLE 2 7 @2 L — 7 (2011)
ISR S TWa, a7 I3ERITOI 754750 =1
REIN TR, LS ERIFOI THEEAR—- 2 THE
il 7z, T2k, REFOEAilRd 5.

HWERA2SEE 805 m T, ATV T7h64k5W
HTd 5. iz, 0.5—5.66 m OXRENIE, 1,707 44k
WK DR FHERII O 2 RHEREI CTH 5. 8.05—13.3 m D
KM%, »ALALLKREN LK T TIRETRT, AR
HOHREAETRICHY T 5. £72, ZOREERE N2,
JHX 2 cm FEEORE N KILKAASNS. 135—14.9 m
OXENE AR TH 5. 14.9—16.9 m DX [T,
BRREDDECDPA L ALLKRE 2L 5 5 KEH T, it
B (1968) @ "y AEWRICATES L EZ 6N B,
16.9—39.1 m X[, 23V 7O FHREDA 13X
TR CH B, 39.1—62.9 m DXL, »ABA
AERELZOCLHFHO»ALANTERENP 6 RESZTT
WERPRONS. #RE (1968) oFiE b, (LITTiE
7 (2007) DZGE -b HICHM 4 5. 62.9—66.7 m DIX
%, 4D 223 7ETHRD %13 & & L am Y
THh5. 65.7—71.15 m DXL, WEHEA»A DS AH
SREPO BT TIREHRAR OGNS, #E (1968) O
wrE b, 1LotiES (2007) OZEAE -b IG5,
71.15—71.65 m DXL, 2D 23 7 FHERED %
X HREEOEIL KK TH 5. 71.55—72.65 m DX
BN, RAEIARE L T\ 3. 72.65—80.0 m DXHIZ
FEOBREDPZL GENIPALANEREN LD
WERPR OIS, HRE (1968) ¥ LIHM, (LTTiE
7 (2007) OFLEENCHY 5. 80.0—80.5 m DIX[H
13, 3D 23 7RETHRY % 3 & Lo bk
HIKTH 5. RAPSBEEL TOBE5E et HAER
B Fj-GSJ-C2 132 22 bW a7 ((H§%3). 80.5—
100.0 m DIXNZ, 1D 23 ) TRTHED 212X T
TaHEHREM TS B.

X

HE OB (1995) KibA T 2 OJEITEHIE - BB
&2 OIETI e T, HVEEMERE, 101, 123-133.

AFEEEE G R K e 12 (2007)
MUY FIHE S R 2E LA =V ILE IS B
%23 7 FOWEKAER & ALK, e
iff 72, 57, 357-376

KL K FROESS S T TR 70— 7" (2011)  RRIT
KINBLHI R =) ¥ 7 3 7 O~ RS S~
KARIT, 403p.

— 420 —



B 2kl o (LoTiEr)

-

Hii

A
F

[ERWNIIEN

[rol o> 170> o> 10> 10> o> 10> o 10> o 61 10> o> 10> 10> o> o> UL

(1ol 10> o> 0 0 x0] 10> 0 o 0 o 1o ro> ¥0] o> %0] %] 10 eL
[zol 61 61 61 1T L1 9T v 8T ST 8T LT ST ST T TT LT T JH
[¥0°0] LTO €0 €60 PE0 870 8€°0 9¢°0 6£°0 6£°0 wo LY0 860 LEO €0 €0 €70 €0 n
[rol 61 T 44 €T 61 ST v'C LT ST LT 6T ST v'T T T LT 4 A
[s0°0] €0 €0 S€0 S€0 870 6£°0 8€°0 wo 6£°0 70 €70 6€°0 8€°0 €€°0 €€0 70 €0 wy
[1o] 6'1 T T T 61 9T ST 8T ST 8T 6T 9T ST T TT 8T 1'c 1
[10] L0 80 80 80 Lo 60 60 I 60 1 I 60 60 80 80 I 80 OH
(o] 3 £X3 6'¢ Iy [ St %4 S St S s 9t vy 14 14 S 8¢ £a
(1ol 90 90 90 L0 S0 80 L0 80 80 80 60 80 L0 L0 90 80 90 qL
(1ol X3 9¢ 8¢ Iy 3 Ly a4 S St 8y I's Ly St 4 Iy S 6¢ PD
[so0] LO'1 €01 11 LUT 960 6T1 Tl LET €1 €1 Al 6T'1 wl Pl LUT 9¢'l i ng
[rol [ e Le LX3 € [ Iy L't %% St 8y St (44 X3 6¢ Ly 9¢ wg
[rol 1zl €l 8Tl el 701 791 Exal 9Ll LSt L91 1'81 €91 [ I'vl vyl 'Ll el PN
[s0'0] v'T 17T 15T we L0T Lce 86'C L€ I'e 113 89°¢ 61'¢ $0'€ €8T 16C '€ 69T 1d
[0l L91 'St €L1 1’81 [ad! 67T $0C 6'€T ST 67T 69T €T e 761 L0T 9°€T L'81 D
(1ol L 9 I'L S'L 9 $'6 9'8 o1 6 L6 801 €6 88 '8 L8 86 6L el
[s0] S0 90 S0 90 S0> 60 80 1 80 1 Tl 60 S0> 80 Lo I Lo $O
[1] T T € 8 T € € € € € 4 € € T T € T ug
[1] 4 T 4 T 4 4 T 4 T € ¥ 4 4 T T T € aN
[2] L L L 8 L 4 11 €1 1 €1 €l 4 ol o1 o1 1 ol Q
[1] 8l L1 L1 L1 L1 8l 81 61 81 81 91 81 81 81 81 8l 81 e
log] o1t 011 o011 o1t 001 0€1 0z1 0€1 or1 0€1 0LT 0zl 011 o1t o011 o€l o011 uz
[or] 091 081 oLl 00T 091 0zT 00T 0€T 061 ore 00T 00T 081 0L1 orl 0zT 081 no
[oz] 0s 0S 0s 0S oy o oy oy 0€ oy ot 0S oy 0€ 0¢ o oy IN
[1] 9¢ 6€ 9¢ 9¢ €€ 9¢ ve LE €€ 6€ 0€ LE e 1€ 43 9¢ 43 )
[oz] 06 081 06 or1 orl o oy 0¢ 0S 09 0 oL 0 0S 09 0zl oL n
[¥] €9 9 €9 0L 09 8 6L 16 S8 6 001 L8 08 vL LL 6 8L 1z
[2] 81 0T 0T |14 L1 4 44 ST €z 97 LT ST 44 (%4 € 9T 1T A
[2] £0v (343 8¢ 98¢ 08¢ 89¢ P6€ €0y 96¢ 65¢ LSE L8€ L8€ Lty LTy 0s€¢ [234 EN
[€] 6L1 181 861 80C 8L €€C 81T ore yET ore (374 (334 L1T k44 [344 1vC 91T eg
[s] £9¢ 801 LLE T6¢ LS€ 882 68¢ oly yiy 134 61t 434 88¢ 8LE 06€ 9t vLE A
[1] 43 oy e 43 43 9¢ ve €€ e 9¢ LE s€ e 0€ 0¢ 9¢ e BN
(wdd)
[10°0] $0'66 L6'66 09'86 01°001 05°001 78'86 L0'66 18'86 09°001 61'66 $001 8'66 9'86 $$'86 1€66 8€'86 T€66 [e1oL
170 670~ ST0- 8€°0- S€0- 9€°0~ 670~ 9€°0 9¢'0~ ¥$°0- 810 61'0 €570 L0°0~ 0" 69°0~ €€°0- 101
[10°0] 0T0 81°0 170 4} L0 LTO 970 T€0 ST0 0€°0 €0 vT0 ST0 €20 Y20 670 ST0 ‘0%
[100°0] 9TT'l 8€T'1 Tl 9Tl S 91l 651 L0OS'T 16€°1 6vS'1 8¢'1 W'l [439] €921 wel SSSl o1l ‘oL
[10°0] 850 09°0 650 99°0 S50 LLO Lo 6L0 SLO 6L°0 vLO wo 0L0 690 0L0 6L°0 vLO o™
[10°0] 09T 0£'T 05T 09T 65T 9WT ST 95T we SH'T L¥'T $ST 05T SLT €8T 1T 08C O%N
[10°0] S0°01 L9°01 LTOT $1°01 LTOT €L'6 68°6 0L'6 06'6 0L'6 96 056 2001 09'6 L96 0L'6 2001 oed
(100l 01’9 $89 61'9 y1'9 96'S LSS 9¢'S LO'S y6'y ws 29 69'S PE'S 99y wy LES SLt O3
[100°0] SLT'O 061°0 £81°0 S81°0 Twro $61°0 ¥81°0 681°0 LLT'O L61°0 S0T°0 £81°0 T81°0 €910 S91°0 00Z°0 991°0 OUN
(100l 8TII 90Tl IS11 P9°11 601 el 9Ll LITL 9811 69°CL 89°C1 8T'TI 09'T1 011 SOTT €6°TI €601 (L0%d
[10°0] pLIT 1591 €0°L1 €691 69°L1 6291 691 LL9T 6L'LI 6v'91 $9'91 891 LL9T 81'81 S0'81 9T'91 80'81 0V
[10°0] 0€°08 99'6 16t €L°0S 118 970§ £€°0S 1o 8I'IS y1°0S 1L°0S €205 8T°0S LO'0S £6°0S Y3 1908 ‘oS
(%)
g 7007 907 x| JARY 11907 ord 604 804 LOY 90Y 17007 S0d $0d €04 87007 0Y 1094 207
uondRPRq JoAeI3 [oARIS BAR[ eAR[ eAR[ eAR[ eAR| BAR[ eAR| eAR[ Ioneds eAR[ eAR[ eAR| BAR[ Ioneds eAR[ adi,
AH AH AH AH AH q-qs LN fo IN wup NIV IN IN 188 [EN 9-NS 8s  mun

L-916060 97916060  $-916060  €-916060 T-€16060 T-916060 T-I€0IE0  S-0E0IE0  T-TOIIE0  1-9TTOE0 +-601001  1-TOITE0  1-1€0I€0  T-SI6060 T-¥16060 €-L16060 T-T08020 ddures

“UOIUST JO SSO[ ST [T "SIN-dDI PUe JYX 4q poInseawl aJqe SjUdWI[-998.I) pue —I0[e[y *(1913edS) RLIOOS g IysdesSew )-IYon3LIyseqng = 9-/]S ‘MOJJ
BAR[ 7 IONSLIIYSeqNG = 75G MO[J RAR[ T IYonSLIYsSeqNG = [5G 98R)S -LIIYSeung = -GS ‘MO[J vAR[ eYI[() = [() ‘MOJJ RAR] BMRYLION = I\ ‘MO[J
BAR[ IYRJOUIYSOIOQRIA = 1]/ ‘MOJJ BAR[ IqNIRWOUU] = Wu] ‘95v1S RWRAIYSOY = A ‘1913eds Iysiueynsieyy = N Y| 'Suonsodwod [eorwayd Yoo a[0Y A\

CEMNELR TOTT S U R 2 G T 20 SN-dDL 7 J4X R
LNEMOFEWL (= gy oY) L0 9/ - FH, = 9708 © YW ¢ LI = £5S  WEYNT DI = 189S & — LY 4 = 49
YU = [0 MR F = AN YRS RIB O [F = AN YR E AR = WU & — LI = AH: — g s X Wl = NV SRR ET

¢V °IqeL

¥ oV &

— 421 —



WEGHENR 20114 F62& H11/12%5

A3 K SRIH—EL

Table A3 List of outcrops.

A2 X Si0,-MgO K UF Mg0-K,0 [X.

Fig.A2

— 422 —

Si0,-MgO and MgO-K,0 diagrams.

Loc place name Latitude Longtide
(DD.MMSS N) |(DD.MMSS E)
1 IR Akatsuka-nishi 35.1915 138.4732
2 |KEREH Taroubou 35.2004 138.4742
3 |HERE Ojika 35.2015 138.4958
4 |BEFE Shishi-iwa 35.2110 138.4617
5 |EELIR Jyojyusawa 35.2137 138.4457
6 0% Maboroshinotaki 35.2134 138.4624
7 |AEOXEAEHB Subasiriguchi-gogoume 35.2159 138.4633
8 ZAEOZLE Subashiriguchi trail 35.2212 138.4611
9 e i##AE  Yamanakako Forest Road 35.2304 138.4712
10 |IU#i#E  Yamanakako Forest Road 35.2313 138.4818
11 |[AxEORKBIR  Subashiriguchi-umagaeshi 35.2145 138.4844
12 |XKBE Dainichido 35.2053 138.4950
13 [ E/h#k Kamikobayashi 35.2018 138.5502
ROl |ZBxELO/NREE Subasiriguchi-rokugoume 35.2206 138.4531
RO2 [BEOTJILE Subasiriguchi-burumichi 35.2157 138.4554
RO3 |ZBEOEREHE Subasiriguchi-gogoume 35.2206 138.4649
RO4 |£1DiE Maboroshinotaki 35.2129 138.4644
RO5 |£1Di&E Maboroshinotaki 35.2145 138.4612
RO6 |ENEF Inno 35.1812 138.5223
RO7 |£1DiE Maboroshinotaki 35.2133 138.4608
RO8 |LE&H Tsuchiyadai 35.2004 138.5039
R0O9 |£1DiE Maboroshinotaki 35.2126 138.4654
R10 (HiFa5 Shishi-iwa 352122 138.4613
R11 (#iF5 Shishi-iwa 352116 138.4614
R12 |BiFE Shishi-iwa 35.2114 138.4622
T T T T
7+ 8 - X ¢ .: ..
e o
o\° o ° O
= O g @] * O B
6+ m 7 Q 0.5+
° ° .
o o o0 o,
5. s, i i
[ 4 °
I L 0 I I
49 50 51 52 4 5 6 7
SiO2 (%) MgO (%)
O Shishi-iwa B Subashiriguchi-lchigome ® Subashiri stage
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Granitic Pegmatite of the Umanotani-Shiroyama Quartz-Feldspar Mine,
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Abstract: The pegmatite deposits at the Umanotani-Shiroyama mine, the largest producer of K-feldspar
and quartz in Japan and characterized by a simple mineralogy, dominated by quartz and K-feldspar with
minor muscovite and plagioclase, are hosted in the ilmenite-series Masago Granite. The ore zones are
classified into the following three zones based on the distance from the host granite inwards: (1) marginal;
(2) transitional; and (3) central ore zones. Crystal grain size increases in this order with the resultant oc-
currence of gigantically grown crystals of quartz in the central ore zone. The evidences presented here
reveal that the pegmatite deposits were formed during the latest stage of crystallization and differentiation
of the granitic magma being responsible for the Masago Granite. They include:(1) close temporal and
spatial association of the granite and the pegmatite deposits (about 95 to 90 Ma), (2) common occurrence
of macroscopic “graphic intergrowth” displayed by quartz and K-feldspar in orebodies, (3) common oc-
currence of melt inclusions trapped in “ore quartz” and “ore K-feldspar”, (4) common occurrence of per-
thites observed in “ore K-feldspar” and (5) inheritance of oxygen isotopic signature, especially of quartz,
from the surrounding biotite granite. The 8'°O values of quartz, whether in the related igneous rocks or in
ores, are almost the same, around +12 %o, while those of K-feldspar in the igneous rocks is around +11%o
and those in ores are significantly depleted in '*O, about +7 to +8 %o. It might be due to the difference in
the exchange reaction rate of oxygen between quartz and K-feldspar. Abundant two-phase (liquid+gas)
fluid inclusions are trapped in “ore quartz” and “ore K-feldspar™, as well as in the related igneous rocks.
Their presence strongly indicates that hydrothermal fluids, possibly admixture of magmatic fluids released
from the Masago Granite and circulating meteoric water, entered to the magmatic-hydrothermal system
and circulated through the orebodies mainly during the later phase of the pegmatite formation. Measured
homogenization temperatures of two-phase inclusions trapped in “ore quartz” are in the following ranges:
250 to 400 °C in the marginal ore zone; 230 to 370 “C in the transitional ore zone; 240 to 340 C in the
central ore zone. Also suggested is that late circulation of hydrothermal fluids lasted for not so long time
as to affect the 5'°0 values of quartz within the magmatic-hydrothermal system, resulting in escape of the
fluids from the system through ubiquitously observed quartz+muscovite veins and fissures.
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1. Introduction

The pegmatite deposits at the Umanotani-Shiroyama
mine are located in Masuda City, Shimane Prefecture,
Southwest Japan. This mine is the largest producer of
quartz and K-feldspar in Japan with reserves of more
than 1 million tonnes of ore (unpublished mine’s data).
The pegmatites are hosted in ilmenite-series biotite
granite, called Masago Granite, occurring as a discor-
dant pluton. They are typically characterized by the
following features: (1) very simple mineral assemblage,
mainly K-feldspar + quartz; (2) absence of internal
mineral zonation; (3) absence of biotite, fluorite, gem
minerals, including beryl, garnet and tourmaline, and
strategic materials, including lithium, tantalum and
beryllium; and (4) very low contents of fluxing compo-
nents, such as boron, phosphorus, and fluorine, as well
as REE or other rare elements.

Although granitic pegmatites have widely been stud-
ied in the world (e.g., Cerny, 1982; Brown and Ewing,
1986; Jahns, 1982; London, 1992, 1996), there have
been very few studies in Japan. Recently, granitic
pegmatites at the Kanamaru mine, Niigata Prefecture,
Central Japan, were discussed based on mineralogy,
petrochemistry, oxygen isotope composition, and K-Ar
age determination (Nanbu et al., 1997; Ishihara et al.,
1998). More recently, the present authors have estab-
lished a temporal association of a series of felsic mag-
matic events with pegmatite formation at the Umano-
tani-Shiroyama mine by using K-Ar datings (Kihara
et al., 2005). No other important mineralogical and
geochemical data, however, have so far been published.

In order to reveal the genesis of he Umanotani-
Shiroyama pegmatite deposits, we here document their
geological, petrographical, and geochemical characteris-
tics, based on field observation, mineralogy, chemistry,
fluid inclusion microthermometry, and oxygen isotope
analysis.

2. Geological setting

2.1 Regional geology

The geology of the Masuda district (Fig. 1), which
includes the Umanotani-Shiroyama mine and its sur-
rounding area, is composed of the oldest rock units
of the Sangun metamorphic rocks, called the Misumi
Group, including Permian-Triassic phyllite, sandstone,
chert and green rock, which have underwent high pres-
sure/low temperature-type regional metamorphism,
resulting in the formation of crystalline schists. The
Early Mesozoic sedimentary rocks, called the Kano-
ashi Group, characterized by a mélange facies, includ-
ing Triassic to Jurassic chert and normal clastic rocks
with upper Paleozoic limestone, have fault contact
with the Sangun metamorphic rocks. These rocks are
unconformably overlain by Late Cretaceous subaerial
pyroclastic rocks of rhyolitic composition. The Late

Cretaceous granitic rocks intruded into these rocks and
produced thermal metamorphism. Small-scale vol-
canism and plutonism occurred also in Tertiary time.
The metamorphic and sedimentary rocks have been
deformed with east-west fold axes. The granitic intru-
sions may have been controlled by the fold structures.
Northeasterly faulting and fracturing became predomi-
nant from the Late Cretaceous onward.

Throughout the Masuda district, the largest pluton
with east-west elongated ovoid shape, called Masago
Granite has E-W and N-S dimensions of 8 km and 4
km, occurring as a stock. The pluton is of ilmenite-
series biotite granite of various grain sizes with often
porphyritic texture. In the west-central part, it hosts the
large pegmatite deposits of the Umanotani-Shiroyama
mine. In the marginal facies of the pluton, there oc-
cur small wolframite-quartz veins of the Masago mine
(Tsuboya and Ishihara, 1961) and molybdenite- wol-
framite-scheelite-quartz vein deposits of the Kiyomizu
mine (Soeda et al., 1979; Watanabe and Soeda, 1981).
A number of skarn and vein-type base metal deposits
also occur around the Masago Granite (e.g., Hirowatari
et al., 1981).

2.2 Umanotani-Shiroyama Pegmatite Deposits

Geological plan and section of the Umanotani-
Shiroyama mine are shown in Figs. 2 and 3. Igneous
rocks exposed in the mine are the Late Cretaceous bio-
tite granite, granite porphyry (coarse- and fine-grained)
and aplite, as well as the small-scaled Tertiary breccia
dike. The biotite granite occurs surrounding the peg-
matite deposits as their host rock. Modal analyses of
these granitic rocks indicate that they are all plotted in
the region of granite in the IUGS classification. The
granite porphyry is characterized by the presence of
phenocrysts, up to 3 mm in size, of quartz, plagioclase
and K-feldspar with minor amounts of biotite and mus-
covite. This porphyry is sandwiched between the bio-
tite granite host and the orebodies and contains a xeno-
lith of the biotite granite, in places. It becomes smaller
in grain-size towards the orebodies (fine-grained granite
porphyry), and is gradually changed into aplite, which
is eventually graded into the orebodies. However, due
to their strong similarity, the fine-grained granite por-
phyry and aplite are put together and called aplite (1),
surrounding the orebodies. In the aplite (I), layered or
massive pegmatites composed of quartz and K-feldspar
are locally developed on a small scale, especially in the
vicinity of the orebodies. As will be mentioned later,
mineral compositions of ore change irregularly within
the pegmatite deposits, and thus a clear mineral zona-
tion is not observed. Aplite dikes or veins and quartz
or quartz-muscovite veins commonly occur cutting the
orebodies and related granitic rocks.

In the Umanotani-Shiroyama mine (Fig. 2), there
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occur mainly five thick lenticular orebodies within
the area of 400 m (N-S) X 300 m (E-W), with their
arched distribution on the northeastern hillside of the
Shiroyama Mountain (458 m above sea level). All the
ore lenses have a long axis of mainly N-S direction
with about 40° dip eastward (Fig. 3). Small-scaled len-
ticular orebodies, up to about 7 m in thickness and 20
m in length, are composed exclusively of K-feldspar,
while much larger lenticular orebodies, up to about 50
m in thickness and 150 m in length, are composed of
quartz, K-feldspar and biotite-free aplite. Such aplite,
occurring as a matrix, is only observed within the ore-
bodies, here called aplite (II), which is likely to have
originally been the aplite (I). Quartz occurring as ore
(here called “ore quartz”), semi-transparent or white
with pale grayish tint, ranges from about 5 cm to 6 m
in size with a hexagonal short prismatic form and also
occurs as massive ores. Sometimes in the orebodies
quartz shows a macroscopic “graphic intergrowth” with
K-feldspar (Fig. 4). K-feldspar occurring as ore (here
called “ore K-feldspar”), white to grayish white, some-
times pink in color, is euhedral to subhedral, with oc-
casional development of Carlsbad twin, and also occurs
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Fig. 4 Photographs showing a “graphic intergrowth® of quartz
(Qz) and K-feldspar (Kf) observed in the orebodies.
(A) Well-crystallized quartz (gray to black) and

K-feldspar (white and euhedral) with curving
bands of quartz and aplite (II) (white to gray with
Apl).

(B) Approximately equal amounts of quartz and
K-feldspar with relicts of aplite (II) (Apl), forming
“graphic intergrowth®.

as massive ore. Occurrence of muscovite includes: (1)
quartz-muscovite veins; (2) muscovite films formed on
the surface of euhedral quartz (rock crystal) and filling
interstices of K-feldspar; and (3) euhedral crystals up to
about 5 mm in size included in K-feldspar.

Using the in-situ modal analyses and classification
criteria, the following three ore-types were identified:
“feldspar ore” (>50%Kf, <30%Qtz); “quartz ore”
(>60%Qtz); and “feldspar-quartz ore” (30<Qtz%<60).
The “feldspar ore” is typically observed in the No. 2
orebody (Fig. 2). The “quartz ore” occurs usually in
the central part of the orebodies. Gigantic rock crystals,
up to 10 m in diameter and 17 m in length, are ob-
servable on the surface and underlying hidden “quartz
ore”(unpublished mines data). In drusy parts formed by
tectonic shearing, hexagonal short prismatic crystals of

Fig. 5 Gigantic crystal of euhedral quartz from the “quartz
zone”; its diameter is 35 cm. Collection of the
Geological Museum, Tsukuba.

quartz, 55 cm along the c-axis in size (Fig. 5), are seen
in the brecciated matrix of K-feldspar and the aplite
(II). Growth of muscovite films is commonly observed
on the surface of the large euhedral crystal of quartz.
Usually, the “feldspar-quartz ore” is well developed in
the Nos. 1, 2, 3 and 4 orebodies (Fig. 2). In places,
macroscopic “graphic structure” is recognized in the
“feldspar-quartz ore”. Also, locally, the aplite (II) is
abundant in this zone. Massive “quartz ore”, composed
predominantly of massive quartz with small amounts of
K-feldspar and aplite (II), occurs only in the southern
margin of the No. 1 orebody (Fig. 2).

The ore zones occurring in the mine are classified
into the following three zones based on the distance
from the biotite granite inwards: (1) marginal ore zone;
(2) transitional ore zone; and (3) central ore zone.

The marginal ore zone is defined as a zone being
adjacent to the biotite granite host, including the No. 2
orebody and the upper part of the No. 6 orebody. The
ore zone changes gradually from the biotite granite
through the aplite (I) to the No. 2 orebody. This zone
is characterized by the presence of bamboo sprout-
shaped rock crystals up to 30 cm wide with fine-grained
aggregates of muscovite flakes distributed on their sur-
faces. Anhedral K-feldspar interstitially fills such rock
crystals. Euhedral quartz crystals up to about 10 cm in
size are common in the matrix of the aplite (II), which
occurs as relics-like material. Euhedral muscovite up
to 5 mm in size occurs in K-feldspar in the marginal
ore zone.

In the transitional ore zone, being essentially the
same as the marginal ore zone, quartz increases in
size, up to about 50 cm, with increasing amounts of K-
feldspar, while the aplite (II) decreases significantly in
amount in the transitional ore zone. Quartz in the zone
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occurs as massive aggregates formed in the aplite (II)
and also as euhedral crystals. Massive aggregates of
K-feldspar also occur in the aplite (II). Muscovite oc-
curs as films on the surface of euhedral quartz crystals.

The central ore zone corresponds to the No. 8 ore-
body and its vicinity. Quartz in this zone occurs as a
massive ore, characterized by its gigantic size more
than 5 m with poorly developed euhedral habits. K-
feldspar with anhedral habits occurs as interstice-fill-
ings of the massive quartz. Neither the aplite (II) nor
muscovite is observed in the zone.

3. Chronology of magmatic and hydrothermal
events

Regarding the isotope age of the Masago Granite,
Kawano and Ueda (1966) first showed a biotite age
of 92 Ma, followed by Shibata and Ishihara (1974)
in which K-Ar age of 92.1+3.7 Ma was obtained for
muscovite separated from the greisen envelope of the
Masago wolframite-quartz veins occurring in the north-
ern margin of porphyritic phase of the Masago Granite.
Ohira et al. (2004) indicated Rb-Sr whole-rock iso-
chron age of 96.7+3.4 Ma and Srl of 0.706498+0.00276
for nine whole-rock samples, including 5 Masago Gran-
ites, 3 aplites (outside the mine), and 1 aplite (in the
mine). Concerning the Umanotani-Shiroyama pegma-
tite deposits, a K-Ar age of 88.9+2.7 Ma was reported
by Watanabe et al. (1998) for “ore K-feldspar”. Later,
Kihara et al. (2005) have established chronology of the
magmatic and hydrothermal events at the Umanotani-
Shiroyama mine and its surrounding area based on
K-Ar dating. According to them, the ilmenite-series
biotite granite and granite porphyry, hosting the ore
deposits, and biotites separated from these rocks have
yielded K-Ar ages ranging from 89.0+2.0 to 81.4+1.8
Ma and 95.2+2.1 to 93.7£2.1 Ma, respectively (Fig.
6). Thus, the whole-rock K-Ar ages obtained are much
younger than the biotite ages.

Since K-feldspar is the most abundant K-bearing
phase in these granitic rocks, the resultant whole-rock
ages obtained are assumed to be those of K-feldspar.
Such difference in the ages may be ascribed to the dif-
ference in closure temperatures between biotite (mica)
and K-feldspar, suggesting that both granitic rocks and
associated pegmatite orebodies cooled slowly. Mus-
covite and K-feldspar separated from the ore zone
have yielded K-Ar ages with the range of 96.242.3 to
93.1£2.0 Ma and 87.3+1.9 to 80.7+1.8 Ma, respec-
tively. Muscovite in quartz-muscovite veins in the ore
zone and in the granite porphyry have yielded K-Ar
ages of 90.4+2.0 Ma and 76.3+1.7 Ma. K-feldspar is
much younger in age than coexisting muscovite. It is
noted that the K-Ar ages of biotite separates and the
whole-rock ages are identical to those of muscovite and
K-feldspar in the ore zone, respectively. The analyti-
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Orebody |
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Biotite «Ke
Whole rock [ J—— *
K-feldspar 00 ----0
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Fig. 6 K-Ar ages of magmatic and hydrothermal events in
the Umanotani-Shiroyama mine and its surrounding
area (slightly modified from Kihara ef al., 2005). Rb-
Sr whole-rock isochron age measured on the Masago
Granite by Ohira et al. (2004) is also shown.

cal results obtained are schematically drawn in Fig. 6,
along with the Rb-Sr whole-rock isochron age by Ohira
et al. (2004).

After these magmatic and hydrothermal events, there
occurred emplacement of andesitic breccia dike and
felsic dike, probably in Tertiary time.

4. Experimental procedures

To determine major and trace element abundances
in the related igneous rocks and “ore K-feldspar”, a
fully automated wavelength-dispersive Rigaku zsx-
10le XRF system, equipped with a 3kw generator and
Rh/W dual anode X-ray tube, was used following the
method described in Shipboard Scientific Party (2001).
Microprobe analyses were made on K-feldspar, pla-
gioclase and muscovite, as well as on melt inclusions,
using a JEOL JCMA-733 II electron-microprobe ana-
lyzer installed at the Instrument Center for Chemical
Analysis, Hiroshima University. Microthermometries
of fluid inclusions trapped in quartz and melt inclu-
sions were done using a Linkam heating/freezing stage,
TH-600RH. Following the method described by Kita
and Matsubaya (1983), oxygen isotopic ratio measure-
ments of samples, including (1) various related granitic
rocks (whole rocks), (2) their constituent minerals
(K-feldspar and quartz concentrates), and (3) ore (K-
feldspar and quartz concentrates) were carried out us-
ing a mass spectrometer MAT 250. The reproducibility
of this measurement is better than +0.2%o, and through
this analysis we got results that the 5'°0 of NBS-28
is +9.8%o relative to SMOW (average of 6 measure-
ments).
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5. Presentation of data

5.1 Chemistry of related igneous rocks, “ore K-
feldspar” and muscovite

Analytical results of some major elements and some
minor elements of the related granitic rocks are plot-
ted against SiO, contents in Fig. 7. For comparison,
the chemical data for the Kanamaru deposit (Nanbu et
al., 1997) are also shown in the figure, together with
the average compositions of the Japanese granitoids
(S. Ishihara, unpublished data). Compared with the
Japanese granitoids, the studied granitic rocks are high
in both K,O and Rb for all the SiO, range, but slightly
low in the total Fe,0,, MgO, CaO, TiO, and P,O5 and
significantly low in Sr. Some of the aplite II are very
depleted in Fe,0,, MgO and Sr, because of later hydro-
thermal alteration.

Except for P,O; and Rb, both the Umanotani-
Shiroyama and Kanamaru deposits show very similar
chemical variations. The ratios of Rb/Sr of igneous
rocks, roughly indicating a degree of differentiation, are
in the range of 2 to 69 (mostly less than about 10) in
the biotite granite and of 16 to 84 (mostly larger than
about 30) in the aplite (II). Rubidium and Sr contents
of “ore K-feldspar” are in the ranges of 279 to 878 ppm
(mostly 330 to 530 ppm) and of 6 to 49 ppm (mostly
15 to 35 ppm) with their Rb/Sr ratios ranging from 7 to
89 (mainly 25 to 65).

Fe203 (4t %)

Muscovite with K-Ar age of 90.4 Ma (Kihara et al.,
2005) in the quartz-muscovite vein in the transitional
zone is rather coarse-grained and higher in contents of
Al,O; averaging 30.3 wt.% (26.7 wt.%) and Na,O aver-
aging 0.29 wt% (0.06 wt.%) and lower in MgO averag-
ing 0.15 wt.% (1.40 wt.%) than muscovite with K-Ar
age of 76.3 Ma (Kihara et al., 2005) in the quartz-
muscovite vein in the granite porphyry, which are
shown in parenthesis. The Na/Na+K values are higher
in the former averaging 0.039 than the latter averaging
0.016. Based on chemical compositions, Monier et al.
(1984) distinguished three generations of muscovite,
magmatic, late- to postmagmatic and hydrothermal,
from the Millevaches massif, France. It seems that the
former muscovite (90.4 Ma) is closer to late to post-
magmatic one, while the latter muscovite (76.3 Ma)
falls in the region of hydrothermal one. Plagioclase oc-
curs as euhedral crystals and also as perthites in the “ore
K-feldspar”.

5.2 Perthites observed in “ore K-feldspar” and its
triclinicity

Fine lamellar or stringlet intergrowths of plagioclase
are commonly observed in “ore K-feldspar”, as men-
tioned previously. It seems likely that they are exsolu-
tion products formed during cooling, of which implica-
tions will be discussed in a later section. The chemical
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Fig. 7 Chemical compositions of some major and trace elements of the related granitic rocks plotted against SiO, contents.
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compositions for coexisting K-feldspar and plagioclase
are in the following ranges: 14.49~16.71 wt.%K,0
(mainly 15.4~16.5 wt.%K,0), 0.32~1.64 wt.%Na,O
(mainly 0.4~0.6 wt.%Na,0), 0~0.1 wt.%CaO (mostly
Ca-free) for K-feldspar (49 point analyses); and 0.11~
0.48 wt.%K,0 (mainly 0.11~0.19 wt.%K,0), 10.23~
11.95 wt.%Na,O (mainly 10.7~11.6 wt.%Na,0), 0.06
~2.34 wt.%CaO (mainly 0.1~1.4 wt.%CaO) for pla-
gioclase (34 point analyses), respectively. Relatively
large euhedral plagioclase crystals up to about 150 um
in size in association with the fine lamellar ones are
rich in Ca, up to about 4.5 wt.% CaO and not of ex-
solution products. Though not shown here, chemical
compositions of perthites observed in the biotite granite
and aplite are very similar to those of “ore K-feldspar”.

Triclinicity (cf. Tilling, 1968) was measured on the
various K-feldspar crystals. Compared with the tri-
clinicity values of the Kanamaru K-feldspar, 0.71 to
0.80 (Nanbu et al., 1997), those of the Umanotani-
Shiroyama one are very small as low as zero, except
for those of the granite porphyry (4= 0.76) and the
feldspar-quartz zone (4= 0.30). Microscopic observa-
tion of the K-feldspar with the triclinicity value of 0.30
has revealed the presence of microcline texture shown
by albite twin perpendicular to pericline twin.

5.3 Melt inclusions observed in “ore quartz” and “ore
K-feldspar”

Melt inclusions, usually less than about 15 um in
diameter with the maximum diameter up to about 30
um, are observed not only in the biotite granite, gran-
ite porphyry and aplite (both I and II), but also in “ore
quartz” and “ore K-feldspar”. Representative photomi-
crographs of the melt inclusions are shown in Fig. 8A.
In most cases, original glass has been changed into
crystalline phases as clearly shown with crossed polars
(Fig. 8B). Microscopic observations show three types
of melt inclusions at room temperatures. They include:
(1) subrounded to polygonal inclusions with abundant
daughter minerals, occupying more than about 80%
of the total inclusion volume, largely composed of
silicate daughter minerals with or without gas bubble
sometimes being a little distorted; (2) most frequently-
occurring spherical to ellipsoidal inclusions with a large
gas bubble in the center and radial growth of fibrous
crystalline materials, occupying about 30 to 50% of
the total inclusion volume, from the center towards the
margin; and (3) rarely-occurring small, up to 5 pm in
size, subrounded or quadrilateral inclusions composed
of homogeneous “glass” and tiny gas bubble.

Microscopic observations and EPMA analyses of
the melt inclusions trapped in “ore quartz” reveal that
they are composed mostly of silicate phases, includ-
ing K-feldspar, quartz, chlorite and muscovite, with or
without somewhat distorted vapor phase. Preliminary

cooling experiments and Raman spectroscopy on those
melt inclusions have not revealed the presence of ap-
preciable amounts of CO,.

5.4 Two-phase fluid inclusions trapped in “ore
quartz”

Microthermometries of fluid inclusions trapped in
quartz in the biotite granite, granite porphyry and aplite
and also of those in “ore quartz”, showing occurrence
in random, three-dimensional distribution, with dif-
ferent concentrations in adjacent zones (e.g., Roedder,
1979), were done. Fluid inclusions showing occurrence
as planar groups outlining healed fractures have been
measured separately. As seen in Fig. 8 (C, D), they are
rounded, ovoid or quadrilateral in shape and mostly as
small as 10 um in size with the maximum size up to
about 30 um and composed of liquid+gas (two-phase
type). Although CO,-rich fluid inclusions (two- or
three-phase) were reported from pegmatitic minerals
(e.g., Takenouchi, 1971; London, 1986a; Trumbull,
1995; Nabelek and Tarnes, 1997; Nanbu et al., 1997)
and from the Kiyomizu Mo-W-quartz veins hosted by
the Masago Granite (Watanabe et al., 1981), neither
CO, nor chloride(s) have been recognized in those
Umanotani-Shiroyama quartz samples. Homogeniza-
tion temperatures are in the following ranges: 250~
400 C (highest mode of about 320 °C ) for the margin-
al ore zone; 230~370 “C (highest mode of about 300
C ) for the transitional ore zone; 240~340 C (highest
mode of about 290 ‘C ) for the central ore zone. Sa-
linities in wt.%NaCl equivalent obtained are in the
following ranges: 0.4~6.9 wt.%NaCl eq. (mainly 2~
5 wt.%NaCl eq.) for the marginal and transitional ore
zones. However, those for the central ore zone show
a wide variation ranging from 0.9 to 12.0 wt.%NaCl
eq., with bimodal distribution mainly 2~5% and 7~
10 wt.%NaCl eq. In Fig. 9, the measured salinities are
plotted against homogenization temperatures.

5.5 Oxygen isotope compositions

The §"°0O values measured relative to SMOW are giv-
en in Table 1 and depicted in Fig. 10. For comparison,
those for the Kanamaru pegmatite deposits (Ishihara et
al., 1998) are also shown in the figure. Our results are
in the following ranges: (1) +10.7%o for the whole rock
(biotite granite); (2) +12.1%o for the igneous quartz;
(3) +10.5 and +10.6%o for the igneous K-feldspar; (4)
+8.5%0 for the whole rock (aplite (I)); (5) +11.7%0 for
the aplite (I) quartz; (6) +7.6%o for the aplite (I) K-
feldspar; (7) +8.2%o for the whole rock (aplite (I)); (8)
+11.9%o for the aplite (II) quartz; (9) +7.3%o for the
aplite (II) K-feldspar; (10) for “ore quartz”, +12.2%o
(marginal ore zone), +11.6%o (transitional ore zone),
+12.3%o (central ore zone); (11) for “ore K-feldspar”
with K-Ar age of 88.9+2.7 Ma, +6.9%0 (marginal ore
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Fig. 8 Photomicrographs showing “melt inclusions” and fluid inclusions observed in “ore quartz”. Bar scales indicate 50 um long.
(A)“Melt inclusions” with solid phases (devitrified) and gas in plane polarized light.

(B) Ditto with crossed polars.
(C) Relatively large-sized fluid inclusions (liquid+gas).
(D) Relatively large-sized fluid inclusions (liquid+gas).
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Fig. 9 Salinities (in wt.%NaCl eq.) plotted against homogenization temperatures

zone), +6.8%o (transitional ore zone), +8.3%o (central
ore zone).

6. Discussions

6.1 Implication of the aplite (II) existing in the ore-
bodies
Except for the central ore zone, the aplite (II) is

commonly observed throughout the mine. The limited
distribution of the aplite (II) with pegmatitic ore quartz
and K-feldspar should be noticed (Fig. 4A, B). Euhe-
dral crystals of quartz up to about 10 cm in length and
sometimes K-feldspar are well developed in the aplite
(I1). On the other hand, such well-developed crystals
are not usually observed in the aplite (I), suggesting
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Table 1 Oxygen isotopic data. Two figures underlined are duplicate results.

sample Lithology 50 (W.R.)) 30 (Qtz) 50 (Kf)
(1) USGR-2WR Medium-grained Bi granite +10.7
collected at the No.2 working face
(2) USGR-2Qtz Qtz separated from USGR-2WR +12.1
(3) USGR-2Kf Kf separated from USGR-2WR +10.5, +10.6

(4) USAPI-2WR Bi-bearing aplite (1) collected at the +8.5
No.2 working face

(5) USAPI-2Qtz Qtz separated from USAPI-2WR +11.7
(6) USAPI-2Kf Kf separated from USAPI-2WR +7.6
(7) USAPI-2WR Bi-free aplite (H) collected +8.2, +8.2
at the No2 working face
(8) USAPII-2Qtz Qtz separated from USAP11-2WR +11.9
(9) USAPII-2Kf Kf separated from USAPII-2WR +7.3
(10) US1F-1 Qtz Qtz separated from the ore +12.2
collected at the No.1 working face
(11) US1F-1Kf Kf separated from US 1 F-1 Qtz +6.8
(12) US2F-2Qtz Qtz separated from the ore +12.2,+12.2
collected at the No.2 working face
(13) US2F-2Kf Kf separated from USZF-2Qtz +6.9
(14) USSF-3Qtz Qtz separated from the ore +12.2
collected at the No.5 working face
(15) USSF-3Kf Kf separated from USS5F-3Qtz +8.2, +8.3
(16) US6F-1Qtz Qtz separated from the ore collected at
the No.6 working face +11.6
(17) US6F-1Kf Kf separated from US6F-1Qtz +7.3

W.R. = whole rock; Qtz = quartz; Kf = K-Feldspar; Bi = biotite

+12 —

+10 ~

+8

+6 —

Umanotani-Shiroyama Kanamaru
Related igeneous rocks Ore zone
Bigranite | Aplite () | Aplite (11) Marginal | Transitional| Central
*4
* O—] —O—_| _—O Q *4
2 | ——O—]
*3 : ll
S o
" i
[
)
[ ] /r_']
|
\D/,,.-—D'/

®: Whole rock; 0: Quartz (Qz); 0O0: K-feldspar (Kf); Bi: Biotite

*1 Assumed bulk ore (6Kf + 4Qz)

*2 Oxygen isotope data for granitoids from the Kanamaru mine area (!shihara et al., 1998)
*3 Oxygen isotope data for bulk ore (pegmatite) from the Kanamaru mine (ditto)

*4 Oxygen isotope data for coexisting quartz and microcline from the Kanamaru mine (ditto)

Fig. 10 Oxygen isotopic variations of related granitic rocks and ores
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that the pegmatite deposits might have been formed
by replacing the earlier aplite (I) during the late stage
differentiation of a series of granitic magmas. In ad-
dition, it is also noted that throughout the orebodies,
macroscopic “graphic intergrowth” shown by well-
crystallized quartz and K-feldspar (Fig. 4A, B) is often
recognized in the “feldspar-quartz ore”, suggesting its
magmatic origin of K-rich granitic magma.

6.2 Implication of perthites observed in “ore K-
feldspar”

Perthites show a regular arrangement of plagioclase
(close to albite in chemical composition), which is as-
sumed to be internally controlled by the crystal struc-
ture of alkali feldspar (K-feldspar), suggesting that they
are of exsolution products formed on cooling of the al-
kali feldspar. If this is the case, possible temperatures
of exsolution can be evaluated by using the results by
Smith and Parsons (1974) who completed an experi-
mental study on the alkali feldspar solvus at 1 kbar.
The resultant temperatures range from about 500 to
300 °C , corresponding to temperatures at which diffu-
sion of K and Na has stopped. Therefore, beginning of
exsolution would have occurred at higher temperatures
than those temperatures observed. However, there is
a possibility that the alkali feldspar reacted with later
Na-rich fluids to form an intergrowth of K-feldspar
and plagioclase, as will be mentioned later. It is em-
phasized that plagioclase thus formed does not have a
transition twin and that K-feldspar is not changed into
microcline. Further detailed discussion based on crys-
tal growth theory and electron diffraction is beyond the
scope of this study.

6.3 Implication of melt inclusions observed in “ore
quartz” and “ore K-feldspar”

As described before, melt inclusions are common in
ores and related igneous rocks. Both types of inclu-
sions, melt inclusions and two-phase fluid inclusions
stated later, occur separately, suggesting that they are
not related to each other and different in origin. There-
fore, it is reasonable to state that only melts trapped as
melt inclusions in “ore quartz” and “ore K-feldspar”
were directly related to the formation of the pegmatite
deposits. This statement is strongly supported by the
results of oxygen isotopic ratio measurements. This is
because “ore quartz” has inherited its oxygen isotopic
signature from that of the related igneous rocks, though
that of “ore K-feldspar” alone is not preserved.

Studying the melt inclusions trapped in quartz in
F-, B- and P-rich pegmatites of the Variscan Ehlen-
friedersdorf complex, Germany, Thomas et al. (2000)
found a complete miscibility between silicate melts and
hydrous fluids at low pressure. Based on microscopic
and microanalytical studies, they recognized two main

types of melt inclusions at room temperature. The first
type (A-type) consists of crystals of different daughter
minerals such as K-feldspar, quartz, white mica, topaz,
and sometimes berlinite, borates, and others with a lig-
uid plus vapor phases of 5 to 20 vol.% of the inclusion.
The second type (B-type) contains the same phases;
however, liquid plus vapor occupy between 30 and 50
vol.% of the inclusion. Both types of melt inclusions
were subjected to heating experiments. The partially
crystallized melt inclusions were rehomogenized at 1
kbar between 500 and 712 ‘C by conventional rapid-
quench hydrothermal experiments. The two melt in-
clusion types were interpreted as two coexisting melts
which had been trapped simultaneously on both sides
of a two-melt solvus, indicating that the former type
represents a water-poor silicate melt and the latter type
a water-rich melt (Thomas ef al., 2000).

In the Umanotani-Shiroyama pegmatite deposits,
three types of melt inclusions are distinguished. The
first type is corresponding to the A-type of Thomas et
al. (2000) and the second one possibly to the B-type.
However, the second type is different from the B-type
in that in the former, the bubble occurs in the center of
the inclusion and fibrous crystalline material is growing
radially from the bubble towards the margin without
euhedral to subhedral crystals. Although we have not
carried out heating experiments on these melt inclu-
sions, there is a possibility that they might represent a
miscibility between silicate melts and hydrous fluids at
low pressure. Heating experiments and Raman spec-
troscopy for H,O and CO, analysis of the melt inclu-
sions are required for further discussion.

6.4 Implication of oxygen isotope data

It is interesting to notice the fact that the 3O values
of quartz from the Umanotani-Shiroyama mine, wheth-
er in the granitic host or in ores, are almost the same,
about +12%o. Such 5'"°0 values of “ore quartz” might
represent a very closer approximation to the original
isotopic composition of the granitic melts, probably be-
ing responsible for the pegmatite deposits. As to 3'°O
values of quartz in granitic rocks in Southwest Japan,
it has been stated that those in the magnetite-series
granitoids in the Sanin district, the Japan Sea side, are
about +10%o, while those in the ilmenite-series granit-
oids in the Sanyo district, the Pacific Ocean side, are
about +12%o (Matsuhisa et al., 1972). It is noted that
the 8'°0 values of quartz in the medium-grained biotite
granite host in the Umanotani-Shiroyama mine area ac-
cord with those of the ilmenite-series granitoids in the
Sanyo district.

On the other hand, the 8O values of K-feldspar re-
veal a different behavior from those of quartz. Namely,
from the granitic host towards aplites (I and II), they
show a striking decrease, as much as +4%o, and from
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the aplites towards the ores, they are almost the same.
Such decreasing tendency, but somewhat smaller
spread, was also recognized at the Kanamaru pegmatite
deposits (Ishihara et al., 1998).

The fractionation between coexisting quartz and K-
feldspar in the medium-grained biotite granite host is
+1.6%o0. If fractionation factors determined by Mat-
suhisa et al. (1979) are applied, this fractionation cor-
responds to an equilibrium fractionation at 356 C, be-
ing much lower than the formation temperature of the
granite, suggesting that reliable geothermometric data
can not be obtained mainly due to isotopic exchange
after their crystallization.

On the contrary, the large fractionation in the coex-
isting quartz and K-feldspar pair in the ore (+3.9~
+5.4%0) shows equilibrium temperatures of 120 to 170
C, which is unreasonable for its formation temperature
and strongly suggests disequilibrium between the pair.
Because there is no significant difference in 5'°0 val-
ues of quartz among the host granite, aplites and “ore
quartz”, this disequilibrium suggests some changes in
3"%0 values of K-feldspar through later processes. This
is possibly due to selective depletion of 3'*Ovalues of
K-feldspar. Such depletion could be brought about
by oxygen isotopic exchange with "*O-depleted later
hydrothermal fluids as evidenced from abundant two-
phase fluid inclusions trapped in “ore quartz” and “ore
K-feldspar”. If the 8O values of quartz (+12.2%o)
are least exchanged or left almost unchanged after its
formation, it is estimated that “ore K-feldspar” should
have "0 values of about +10 to +11%o for the forma-
tion temperature range of about 300 to 500 C, as in-
ferred from the perthite compositions.

6.5 Implication of abundant two-phase fluid inclu-
sions in “ore quartz” and “ore K- feldspar”

It is characteristic that two-phase fluid inclusions
are abundant in the “ore quartz” and “ore K-feldspar”,
as well as in related igneous rocks and they are not
related to melt inclusions. Possibly in the latest stage
of the pegmatite formation, magmatic fluids would be
liberated from the felsic melts and mixed with local
meteoric water to form hydrothermal fluids, part of
which were trapped as two-phase inclusions in both “ore
quartz” and “ore K-feldspar”, as well as in the igneous
minerals. The trapped two-phase fluid inclusions show
a wide range variation of homogenization temperatures
and salinities, that is, 230~370 C and 0.4 to 12.0
wt.%NaCl eq., respectively. The remaining fluids were
eventually lost from the magmatic-hydrothermal system
through quartz+muscovite veins and fissures cutting
the orebodies and related igneous rocks throughout the
mine. It is possible that such fluids might have stimu-
lated the formation of microcline and/or “perthite-like”
materials developed in “ore K-feldspar”. Also, it can

be said that if both “ore quartz” and “ore K-feldspar”
would have reacted with such hydrothermal fluids for
a long time, both quartz and K-feldspar would have
exchanged with the fluids, with the resultant '*O deple-
tion. This means that life time of the magmatic-hydro-
thermal system would not be long enough to affect the
oxygen isotopic compositions of “ore quartz”.

Using fluid inclusion data and phase-equilibrium ex-
periments, London (1986a, b) found support for a con-
tinuous transition from magma to aqueous vapor in the
Tanco rare-element pegmatite, Manitoba, Canada and
in the miarolitic pegmatites of Afghanistan. However,
such continuous transition has never been recognized in
the Umanotani-Shiroyama pegmatite deposits.

6.6 Formation history and genetic model

A series of ilmenite-series felsic magmas intruded
into older rocks, including the Misumi Group, the
Kanoashi Group and the Late Cretaceous subaerial
pyroclastic rocks. Their magmatic differentiation and
crystallization started at about 97 Ma from the periph-
eral part towards inside, forming a pluton, the Masago
Granite. At the latest stage of differentiation of the
felsic magmas, the pegmatite deposits were formed
closely related to aplite at about the same time (95 to
90 Ma) in the uppermost part of the Masago Granite.
Parts of the differentiated granitic melts were trapped
as melt inclusions in “ore quartz” and “ore K-feldspar”.
Such magmatic origin of the pegmatite deposits is in-
dependently supported by Rb-Sr isotope study by Ohira
et al. (2004). The resultant *’Sr/*°Sr and “'Rb/*’Sr ratios
measured on “ore K-feldspar”, though very few in sam-
ple number, are plotted on the same isochron obtained
for whole-rock samples (5 granites and 4 aplites), sug-
gesting that aplites and related pegmatite deposits are
differentiation products of a series of ilmenite-series
magmatism responsible for the Masago Granite.

Magmatic fluids derived from the crystallizing pluton
were mixed with meteoric water to form hydrothermal
fluids. The resultant fluids penetrated the peripheral
part of the deposits and circulated through them. Part
of the fluids was trapped as two-phase inclusions in
“ore quartz” and “ore K-feldspar”, as well as in the
rock-forming minerals of the related igneous rocks.
Such fluids were eventually lost through the ubiqui-
tous quartz+muscovite veins and fissures, cutting the
orebodies and related igneous rocks. A genetic model
illustrating the formation process of the pegmatite de-
posits is schematically depicted in Fig. 11.

One of the characteristic features of pegmatite depos-
its is a gigantic size of constituent minerals, including
euhedral forms of quartz (rock crystal). The quartz is
latest crystallized mineral, so that at the final stage of
the pegmatite formation, there must have been open-
space at the top of the granitic stock. Therefore, the
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Fig. 11 Genetic model schematically illustrating the formation of pegmatite deposits on the uppermost part of the Masago Granite at

the Umanotani-Shiroyama mine. (Not to scale)

emplacement level of the Masago Granite might have
been shallow. We have not discussed the mechanism
for such gigantic growth of constituent minerals, but
only described here. This problem, though essentially
important, is left for future investigation, as well as the
absence or paucity of gem and strategic minerals, flux-
ing components and REE.

7. Conclusions

The evidences presented here reveal that the pegma-
tite deposits at the Umanotani-Shiroyama mine are of
typical granitic pegmatite in origin. They include:(1)
close temporal and spatial association of the ilmenite-
series Masago Granite and the pegmatite deposits, (2)
common occurrence of macroscopic “graphic inter-
growth” displayed by quartz and K-feldspar in the ore,
(3) common occurrence of melt inclusions trapped in
“ore quartz” and “ore K-feldspar”, (4) common occur-
rence of perthites observed in “ore K-feldspar” and (5)
inheritance of oxygen isotopic signature, especially of
quartz, from the surrounding biotite granite. This con-
clusion is independently supported by Rb-Sr isotope
study by Obhira ef al. (2004). The presence of abundant
two-phase (liquid+gas) fluid inclusions trapped in “ore
quartz” and “ore K-feldspar”, as well as in those in the
related igneous rocks, strongly indicates that hydro-
thermal fluids, possibly admixture of magmatic fluids
released from the Masago Granite and circulating mete-
oric water, entered the magmatic-hydrothermal system

and circulated through the orebodies during the later
phase of the pegmatite formation. It seems very likely
that such hydrothermal fluids were responsible for the
formation of microcline in some of “ore K-feldspar”
and for its striking '*O depletion.
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Abstract: The Nanjo Mountains located in Fukui Prefecture, Southwest Japan are chiefly underlain by
sedimentary complexes of various rock-types such as basalt, limestone, chert, mudstone and sandstone. A
lot of reports on the occurrence of Mesozoic radiolarians mainly from mudstones in the mountains have
been appeared in the last three decades, however litho-chronological information on Paleozoic rocks of
the complexes is still not obtained enough because Paleozoic radiolarians have rarely been found. Through
the present work, moderately- to poorly-preserved radiolarians recovered from tuffaceous and siliceous
mudstones and cherts in the Nanjo Mountains are described and illustrated herein; they include genera
Albaillella, Follicucullus, Pseudoalbaillella, Latentifistula, Pseudotormentus, Cauletella, Ishigaum,
Raciditor, Srakaeosphaera and Stigmosphaerostylus, most of which are representatives of Middle and
Late Permian periods. These radiolarian species are very important for giving an age constraint to the

sedimentary complex in the Nanjo Mountains.

Keywords: radiolaria, Permian, Nanjo Mountains, Fukui Prefecture, Southwest Japan

1. Introduction

Situated at central part of Fukui Prefecture, the Nanjo
Mountains with a total area of ca. 40 km x 20 km (Fig.1)
are mainly underlain by sedimentary complexes of
various rock-types ranging in age from Carboniferous
to Jurassic. Previous geological works have been car-
ried out since 1950’s and have revealed the outline of
general geology including regional distribution of the
sedimentary complexes and their lithological features
throughout the mountains (eg, Isomi, 1955; Nishida,
1962; Hattori and Yoshimura, 1979). Nevertheless,
stratigraphic framework of the complexes has still been
a controversial issue due to opposing standpoints (eg,
Hattori and Yoshimura, 1982; Wakita, 1992). Aside
from this, huge amounts of Triassic and Jurassic radio-
larians from cherts and mudstones in the Nanjo Moun-
tains have been found during the last three decades
(eg., Hattori and Yoshimura, 1982; Hattori, 1987, 1988;
Umeda, 1990; Takamura and Hayami, 1985; Matsuoka,
2004). In contrast, chronological information on Perm-
ian radiolarians can be little used because of only eight
localities from where they were detected (eg., Hattori
and Yoshimura, 1982; Umeda, 1986, 1996).

This paleontological study is a part of the mapping
project in the Nanjo Mountains conducted from 2001

by the Geological Survey of Japan. By this study, about
530 samples were recently collected and processed for
the radiolarian fossil extraction, four of which yield
Permian species. Therefore, results of the study on the
Permian radiolarians are presented and their age assign-
ments are also discussed in this paper.

2. Geologic Setting

The Nanjo Mountains are chiefly underlain by sedi-
mentary complexes and geotectonically divided into the
Mino and the Ultra-Tamba belts of the Inner Zone of
Southwest Japan. The sedimentary complex in each belt
has different features in lithologic assemblage from the
other; the complex in the Mino belt consists of thrust-
bounded units of Carbonifero-Permian basalt and lime-
stone of oceanic island/seamount origin, Permo-Triassic
chert of pelagic realm and Jurassic terrigenous clastic
rocks, and associated with the their chaotic mixtures
(Isomi, 1955; Nishida, 1962; Hattori and Yoshimura,
1979), whereas the complex in the Ultra-Tamba belt is
dominated by pale or greenish gray sandstone with sub-
ordinate chert and phyllitic mudstone of Permian age
(Nakaya and Saito, 1986; Umeda et al., 1996). Along
a northern margin of the Nanjo Mountains, these com-
plexes are covered by minor amounts of Cretaceous

'AIST, Geological Survey of Japan, Institute of Geology and Geoinformation
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Fig. 1 Index map of the Nanjo Mountains, Fukui Prefecture, Japan.

(a): The Nanjo Mountains are situated in a central part of Fukui Prefecture, geotectonically belonging to the Inner Zone of
Southwest Japan. (b): Simplified geological map of the Nanjo Mountains. Open squares indicate the sample localities of this
study, details of which are given in Fig.2. Previously reported fossil localities are shown by symbols with A—H.

non-marine deposits (Asuwa Group) and volcanic
rocks (Omodani Rhyolite), and Miocene volcaniclastic
rocks (Nishitani and Ito-o formations). Furthermore,
Paleogene and Miocene granitic rocks locally intrude
into the complexes. The northern marginal area of the
mountains contains the boundary between the Mino and
the Ultra-Tamba belts (Fig.1b). Along the boundary,
the complexes in both belts are generally distributed in
the E-W direction with gentle to moderate northward-
dipping.

Eight localities of the previously reported Permian ra-
diolarians are shown in Fig.1b; Locs. A to C are in the
Ultra-Tamba belt (Umeda, 1986, 1996; Umeda et al.,
1996), and Locs. D to H are in the Mino belt (Hattori
and Yoshimura, 1982, Taga, 1997; Umeda and Taga,
2003).

3. Sample Localities and lithology

Four rock samples collected from three localities
(Fig.2) yielded Middle and Late Permian radiolarians.
Loc.1 (35°50°43”N, 136°22’5”E) is situated along the
Waridani-gawa River, 1.7 km south of Shizuhara, Ikeda
Town (Fig.2a). Rock at this locality is composed of
greenish gray sandstone, pale gray tuffaceous mudstone
and dark gray foliated siliceous mudstone in ascending

order (from east to west), and a steeply-dipping fault
and a shear zone produce the distinctive change in
lithology among these rocks (Fig.3a). However, it can
be presumed that there was an originally conformable
relation between the tuffaceous and siliceous mudstones,
based on the mixed feature of the two rocks within the
shear zone; lenticular blocks of tuffaceous mudstone
is enveloped by sheared siliceous mudstone. From
this locality, two rock samples (KJ5205A, KJ5205B)
were collected; rock of KJ5205A from the siliceous
mudstone, and that of KJ5205B from the tuffaceous
mudstone. Loc.2 (35°49°51”N, 136°21°52”E) is also
situated along the Waridani-gawa River, 3.4 km south
of Shizuhara (Fig.2a). Outcrop with about 10 m wide
at this locality is composed of alternation of mudstone
and chert layers, steeply dipping to the south (Fig.3b).
The mudstone layers are accompanied with lenticular
blocks or interbeds of gray sandstone. The chert layers
are gray in color and characterized by rhythmical thin-
bedding. KJ5301C was sampled from the chert on
the left end of this outcrop. On the other hand, Loc.3
(35°47°29”N, 136°12°41”E) is located on a roadside
outcrop near Yaotome, Minamiechizen Town (Fig.2b).
Cherts, mudstones and sandstones are distributed in the
E-W or NW-SE direction with moderate northward-
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Fig. 2 Localities of the rock samples yielding Permian radiolarians.
(a): Loc.1 (KJ5205A, KJ5205B) and Loc.2 (KJ5301C) are south of Shizuhara, Ikeda Town. (b): Loc.3 (1J2903) is near
Yaotome, Minamiechizen Town. Parts of 1:25,000 topographical maps of “Inari”, “Furuki” and “Imajo” published from the

Geospatial Information Authority of Japan are used.

dipping, and are randomly exposed about 1,000 m long
along this road. Permian radiolarians have formerly
been detected from the cherts at the localities marked
by G (Umeda and Taga, 2003) and H (Hattori and
Yoshimura, 1982) (Fig.1b). 1J2903 was collected from
the light gray chert, where is probably the same outcrop
as the locality G (Fig.3c¢).

4. Materials and Method

Through the course of this study, about 530 samples
were collected from the Nanjo Mountains and were
undertaken by the usual techniques of radiolarian ex-
traction; the rock samples were individually soaked in
dilute HF solution (5%) for 10 to 15 hours, and sieved
through 235# mesh (aperture: 62um). After this pro-
cedure, age-diagnostic radiolarians representative of
Permian age recovered from four samples, as stated
above. The residues of each sample processed were
examines under a stereomicroscope, and radiolarian

remains were picked for taking their pictures by a scan-
ning electronic microscope (SEM). All figured speci-
mens are deposited and registered at the Geological
Survey of Japan with catalogue numbers (GSJ R).

5. Discussion

5.1 Faunal characteristics
All the extracted radiolarians of each sample are in
state of moderate to poor preservation and are indica-
tive of Permian faunas, respectively. They are charac-
terized by the abundance of Albaillellaria, Latentifistu-
laria and Entactinaria, totally nine representative forms
of which are identified as follows.
Albaillella sp. cf. A. yamakitai Kuwahara,
Pseudotormentus kamigoriensis De Wever and
Caridroit,
Cauletella manica (De Wever and Caridroit),
Ishigaum sp. cf. I trifustis De Wever and Caridroit,
Ishigaum sp. cf. I. obesum De Wever and Caridroit,
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Fig. 3 Occurrence of the rock samples yielding Permian
radiolarians with their associated rocks.
(a): Tuffaceous mudstone (KJ5205A) and siliceous
mudstone (KJ5205B) at Loc.1, south of Shizuhara.
(b): Chert (KJ5301C) at Loc.2, south of Shizuhara. (c):
Chert (1J2903) at Loc.3, near Yaotome. G and H are
the inferred localities of previously reported fossils by
Umeda and Taga (2003) and Hattori and Yoshimura
(1982).

Raciditor gracilis (De Wever and Caridroit),
Srakaeosphaera sp. cf. S. minuta Sashida,
Stigmosphaerostylus sp. cf. S. itsukaichiensis
(Sashida and Tonishi),

Stigmosphaerostylus sp. cf. S. ichikawai (Caridroit
and De Wever).

On the basis of Table 1, it is clear that the diversity
of radiolarian species included in each fauna is not
high and that these fauna of respective samples are not
same in taxonomic composition. Although KJ5205A
(siliceous mudstone) and KJ5205B (tuffaceous mud-

Table 1 List of Permian radiolarians obtained from the Nanjo

Mountains.
Locality no. 1 2 3
5B g
Sample no. § § § %
22 9=

Albaillella sp. cf. A. yamakitai [ ]
Albaillella sp. [ ]
Albaillella? sp. ]
Follicucullus spp. o
Pseudoalbaillella sp. o
Albaillellidae? gen. indet. (]
Latentifistula spp. L o
Pseudotormentus kamigoriensis ®
Cauletella manica ®
Cauletella sp. [
Ishigaum sp. cf. I. trifustis [ ]
Ishigaum sp. cf. I. obesum [ ]
Raciditor gracilis ®
Raciditor spp. o
Latentifistulidae gen. indet. 00
Copiellintra? sp. [ ]
Cenosphaera? sp. L
Srakaeosphaera sp. cf. S. minuta L
Stigmosphaerostylus sp. cf. S. itsukaichiensis [
Stigmosphaerostylus sp. cf. S. ichikawai [ ]
Stigmosphaerostylus spp. o
Stigmosphaerostylus? spp. L ([ ]

stone) are slightly different in lithology, both the faunas
are almost same in having Latentifistularia and Entac-
tinaria in spite of lack of Albaillelaria. Fauna of 1J2903
from a chert sample resembles the above two faunas
in having Latentifistularia and Entactinaria, but differ-
ent from them in having Follicucullidae. On the other
hand, fauna of KJ5301C, which is also extracted from
a chert sample, is mainly composed of Albaillellidae.
Therefore, it might be said that no relation is recog-
nized between lithology of the sampled rocks and their
radiolarian taxonomic composition.

5.2 Age determination

Most of radiolarians listed above are well-known
Permian species, thus the radiolarian biostratigraphic
zonation proposed by Kuwahara et al. (1998), one
of the most useful upper Middle to Upper Permian
zonation, is fundamentally adopted in this paper.
Kuwahara ef al. (1998) examined the occurrence and
stratigraphic distribution of Follicucullus, Albaillella
and Neoalbaillella in chert sections at the Gujo-
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Fig. 4 Biostratigraphic ranges of selected Permian radiolarians and age of the rock samples.

Ranges are given by the previous studies described in the text. The ages determined are shown by gray zones with the sample

numbers. Abbreviations are as follows. A: Albaillella, F: Follucucullus, N: Neoalbaillella.

hachiman and Neo areas in Southwest Japan, and
established four radiolarian zones as a result; the
Follicucullus scholasticus — Follicucullus ventricosus,
the Follicucullus charveti — Albaillella yamakitai, the
Neoalbaillella ornithoformis and the Neoalbaillella
optima Assembladge Zones in ascending order. At that
time, these zones have been correlated respectively
to the middle Wuchiapingian, the middle to upper
Wauchiapingian, the lower Changhsingian and the middle
to upper Changhsingian stages (Yao et al., 2001).
Nevertheless, Xia et al. (2005) mentioned that the first
appearances of Albaillella yamakitai and Albaillela
cavitata at the same level can identify the Guadalupian
(Middle Permian) — Lopingian (Upper Permian)
boundary, although the occurrence of Albaillella
yamakitai begins from the uppermost Capitanian (eg.,
Nestell and Nestell, 2010; Nishikane et al., 2011). On
the other hand, Xia et al. (2004) indicated that the
occurrence of Albaillella triangularis almost coincides
with the middle to upper Changhsingian conodont
zones. According to Xia et al. (2005), the Follicucullus
charveti — Albaillella yamakitai Assemblage Zone
ranges from the upper Capitanian (uppermost Middle
Permian) to the lowermost Wuchiapingian (lowermost
Upper Permian) stages, because Albaillella yamakitai
occurs for a relatively short period in an upper part
of the Follicucullus charveti — Albaillella yamakitai
Assemblage (Kuwahara et al., 1998). In addition, the
Neoalbaillella optima Assembladge Zone, which is
characterized by the abundant occurrence of Albaillella
triangularis, ranges from the middle to upper

Changhsingian stage on the basis of the occurrence
of Albaillella triangularis (Kuwahara et al., 1998;
Kuwahara,1999; Xia et al., 2004) (Fig.4).

De Wever and Caridroit (1984) found and described
new species belonging to Latentifistularia from the
Upper Permian Tatsuno Formation in the Kamigori
area, Southwest Japan, five of which were obtained
from the Nanjo Mountains by this study; they are
Pseudotormentus kamigoriensis, Cauletella manica,
Ishigaum sp. cf. I trifustis, Ishigaum sp. cf. obesum
and Raciditor gracilis. The following study in the
same area by Caridroit and De Wever (1986) presented
the stratigraphic distribution of the above species;
according to this, Pseudotormentus kamigoriensis,
Cauletella manica, Ishigaum trifustis and Raciditor
gracilis occur together with Albaillella triangularis in
the lower part of the section, and with Follicucullus
bipartitus, Follicucullus charveti and Follicucullus
orthogonus in the middle and upper parts of the
section. Ishigaum obesum is presented only in the upper
part with Follicucullus orthogonus. In addition to the
above species, co-occurrence of Stigmosphaerostylus
ichikawai, which was defined by Caridroit and De
Wever (1984) and also obtained from the Nanjo
Mountains, and Follicucullus bipartitus, Follicucullus
charveti and Follicucullus orthogonus is recognized
in the middle to upper part of the same section. On
the basis of the comparison between the stratigraphic
distributions in the Kamigori section (Caridroit and De
Wever, 1984) and those in the Gujo-hachiman and Neo
sections (Kuwahara et al., 1998), it is clear not only
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that the stratigraphic position of the Kamigori section is
situated between the Follicucullus charveti — Albaillella
yamakitai and the Neoalbaillella optima Assemblage
Zones, but also that the section is upside-down. In
contrast to the evidence of the Kamigori section,
however, four species including Cauletella manica,
Ishigaum trifustis, Ishigaum obesum and Raciditor
gracilis successively yield from the Liuqiao section of
the upper Changhsingian Dalong Formation, Guangxi
Province, South China (Feng ef al., 2006). In other
words, these species appear from the Follicucullus
charveti — Albaillella yamakitai Assemblage Zone
to the Neoalbaillella optima Assembladge Zone.
Furthermore, Blome and Reed (1992) has already
illustrated the co-occurrence of Cauletella manica,
Ishigaum trifustis, Ishigaum obesum and Raciditor
gracilis with Follicucullus charveti.

On the other hand, Sashida and Tonishi (1985)
described many Albaillellarian and Spumellarian species
from a chert section exposed at Kashiwara, Itsukaichi
area, central Japan, and summarized that this section
is situated within the Neoalbaillella ornithoformis
Sub-assemblage zone of Ishiga et al. (1982),
which is roughly correlated with the Neoalbaillella
ornithoformis Assemblage Zone of Kuwahara et al.
(1998). In this Kashiwara section, co-occurrence of
Stigmosphaerostylus itsukaichiensis and other taxa
such as Follicucullus scholasticus, Follicucullus
ventricosus, Albaillella levis, Neoalbaillella grypa
and Neoalbaillella ornithoformis, is recognized.
Furthermore, Stigmosphaerostylus itsukaichiensis
occurs together with Neoalbaillella optima, Albaillella
triangularis, Albaillella levis and Raciditor gracilis
from chert sections at Klaeng, Thailand (Sashida et
al., 2000a). From the above evidences, the range of
Stigmosphaerostylus itsukaichiensis is at least from a
middle part of the Neoalbaillella ornithoformis to a
lower part of the Neoalbaillella optima Assemblage
Zones of Kuwahara et al. (1998). At the Sra Kaeo
area in eastern Thailand, Srakaeosphaera minuta was
first discovered together with Middle to Late Permian
species (Sashida et al., 1993) and later found in the
Lower Permian chert succession (Saesaengseerung
et al., 2009). Thus, Srakaeosphaera minuta has a
relatively long range during Permian period.

In addition to the above radiolarian species, the
occurrence mode of Pseudoalbaillella and Follicucullus
is finally mentioned here; it is commonly well known that
Pseudoalbaillella and Follicucullus first occurred
respectively in Late Carboniferous and in late
Middle Permian, and that in late Middle Permian,
Pseudoalbaillella gradually diminished and Follicucullus
in turn became dominant (Ishiga, 1990).

According to the discussion mentioned above, it
is possible to summarize the stratigraphic ranges of

selected radiolarian species from the Nanjo Mountains
as shown in Fig.4. Therefore, the radiolarian assemblages,
which mean the co-occurrence of extracted radiolarians,
can constrain the age of each sample as follows.
The age of KJ5205B corresponds with a relatively
long period ranging from the Follicucullus charveti
— Albaillella yamakitai Assemblage Zone to the
Neoalbaillella optima Assemblage Zone, and the age
of 1J2903 is correlated with late Middle Permian. The
age of KJ5301C can be settled within a short period in
the limits of an upper part of the Follicucullus charveti
— Albaillella yamakitai Assemblage Zone. On the other
hand, the precise age of KJ5205A cannot be determined
due to the absence of age-diagnostic species, but it is
Permian in age.

5.3 Contribution of radiolarian age to the regional
geology

On the basis of the above correlation of the radiolar-
ian faunas with the biostratigraphic zonations, the age
of each rock sample is assigned as follows (Fig.4);
KJ5205A of siliceous mudstone is a certain period in
Permian, KJ5205B of tuffaceous mudstone is indica-
tive of a long range from late Capitanian (latest Middle
Permian) to Changhsingian (Late Permian) ages,
KJ5301C of chert is earliest Wuchiapingian age (earliest
Late Permian), and 1J2903 of chert is correlated with
late Middle Permian period.

Hereafter, discussion will focus especially on the
rocks from Loc.l along the Waridani-gawa River. It
is thought that the rocks at this locality containing
KJ5205A and KJ5205B belong to the Ultra-Tamba belt
on the basis of its lithologic assemblage and strati-
graphical position; these rocks consist of greenish gray
sandstone, tuffaceous and siliceous mudsrtone (Fig.3a),
and further overlie pelitic mixed rocks in the Mino
belt. As stated before, Permian radiolarians have pre-
viously been found from eight localities in the Nanjo
Mountains, three (Locs. A, B and C in Fig.1b) of which
are came from rocks in the Ultra-Tamba belt. Accord-
ing to Umeda (1986, 1996) and Umeda et al. (1996),
radiolarian assemblages mainly composed of Middle —
Late Permian genera Follicucullus, Pseudoalbaillella,
Latentifistula, Ishigaum, Raciditor, Stigmosphaerostylus
and others were recognized in these localities; espe-
cially Loc. C yielded Follicucullus ventricosus and
Follicucullus bipartitus, which appear in a lower part
of the Follicucullus charveti — Albaillella yamakitai
Assemblage Zone of Kuwahara et al. (1998), indicating
latest Middle Permian period. The radiolarian faunas
of KJ5205A and KJ5205B obtained by this study are
similar to those of Locs. A, B and C in the presence
of Latentifistula, Ishigaum, Raciditor, Stigmosphaero-
stylus, although any specimens of Follicucullus are
not included. Finally, it can be summarized based on
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the above that the rocks in the Ultra-Tamba belt in the
Nanjo Mountains are in latest Middle to Late Permian
period.

6. Systematic Paleontology

To describe the examined species in this study, the
taxonomic classification is basically referred from De
Wever et al. (2001).

Class ACTINOPODA

Subclass RADIOLARIA

Superorder POLYCYSTINA

Order ALBAILLELLARIA Deflandre 1953
Family Albaillellidae Deflandre 1953

Genus Albaillella Deflandre 1952

Type species Albaillella paradoxa Deflandre 1952

Albaillella sp. cf. A. yamakitai Kuwahara

(Fig. 6.1-6.2)

Remarks: This specimen is not well preserved, but
main characteristics such as a conical shell whose apex
slightly curves to the ventral side, five transversal bands
and a dorsal bulge, are conformable to those of Albail-
lella yamakitai Kawahara. Although intensely damaged,
the ventral wing protrudes from the point between the
third and fourth transverse bands.

Range: Upper Permian.

Occurrence: Southwest Japan, South China.

Order LATENTIFISTULARIA Caridroit, De Wever
and Dumitrica 1999

Family Ruzhencevispongidae Kozur 1980

Genus Pseudotormentus De Wever and Caridroit 1984

Type species Pseudotormentus kamigoriensis De Wever
and Caridroit 1984

Pseudotormentus kamigoriensis De Wever and

Caridroit

(Figs. 7.9-7.13)

Pseudotormentus kamigoriensis n. sp. — De Wever and
Caridroit, 1984, p. 101-104, pl. 2, figs. 1-7.

Pseudotormentus kamigoriensis De Wever and Caridroit
— Caridroit, Ichikawa and Charvet, 1985, pl. 1, figs.
10-12

Pseudotormentus kamigoriensis De Wever and Caridroit
— Caridroit and De Wever, 1986, p. 85-86, pl. V, figs.
7-11.

Pseudotormentus kamigoriensis De Wever and Caridroit
— Blome and Reed, 1992, p. 372-374, figs. 12.13-
12.18,12.21.

Pseudotormentus kamigoriensis De Wever and Caridroit
— Kuwabhara, Yao and An, 1997, pl. 3, figs. 5-6.

Pseudotormentus kamigoriensis De Wever and Caridroit
— Kuwahara and Yao, 2001, pl. 1, fig. 22.

Pseudotormentus kamigoriensis De Wever and Caridroit

— Kuwahara, Yao, Yao and Li, 2004, pl. 1, fig. 18.
Pseudotormentus kamigoriensis De Wever and Caridroit
— Wang, Yang, Cheng and Li, 2006, pl. 13, figs. Q-T;
pl. 14, fig. DD.
Remarks: In the presented materials, parts of the arms
are broken and eroded. Structures of the arms, consist-
ing of smooth and imperforated proximal parts and
lattice-like arrangement of pores on the distal parts, are
the definitive features of Pseudotormentus kamigoriensis
De Wever and Caridroit.
Range: Upper Permian.
Occurrence: Southwest Japan, South China, Oregon.

Family Cauletellidae Caridroit, De Wever and Dumit-
rica 1999

Genus Cauletella Caridroit, De Wever and Dumitrica
1999

Type species Cauletella manica (De Wever and
Caridroit) 1984

Cauletella manica (De Wever and Caridroit)

(Fig. 5.15)

Deflandrella manica n. sp. — De Wever and Cardroit,
1984, p. 99, pl. 1, figs. 1-7.

Deflandrella manica De Wever and Cardroit — Cardroit
and De Wever, 1986, p. 78, pl. II, figs. 20-25; pl. 111,
figs. 1-2.

Deflandrella sp. B — Ishiga, Watase and Naka, 1986, pl.
111, fig. 5.

Deflandrella manica De Wever and Cardroit — Blome
and Reed, 1992, p. 370-372, figs. 12.3-12.4.

Cauletella manica (De Wever and Cardroit) — Caridroit,
De Wever and Dumitrica, 1999, p. 608, figs. 1-2.

Deflandrella manica De Wever and Cardroit — Kuwa-
hara and Yao, 2001, pl. 1, fig. 16.

Deflandrella manica De Wever and Cardroit — Wang,
Yang, Cheng and Li, 2006, pl. 11, fig. PP; pl. 13, fig. P;
pl. 14, fig. U.

Cauletella manica (De Wever and Cardroit) — Feng,
He, Zhang and Gu, 2006, p. 833, figs. 7.9-7.11.

Remarks: The extracted specimen, represented by

broken and eroded form, are same as Cauletella manica

(De Wever and Caridroit) in shape, size and position of

the terminal spine and arrangement of the pores.

Range: Middle to Upper Permian.

Occurrence: Japan, South China, Thailand and Oregon.

Genus Ishigaum De Wever and Caridroit 1984
Type species Ishigaum trifustis De Wever and Caridroit
1984

Ishigaum sp. cf. I trifustis De Wever and Caridroit
(Fig. 5.17)

Remarks: The examined specimen is not well pre-
served. Although distal ends of the spongy part are
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6,7,9,10-15
1-3,5,8

Fig. 5 Scanning electron microphotos of selected radiolarians from the Loc.1, south of Shizuhara.

1: Srakaeosphaera sp. cf. S. minuta Sashida (KJ5205A, GSJ F17614-015). 2-3: Cenosphaera? spp. (KJ5205A, 2: GSJ
F17614-016, 3: GSJ F17614-010). 4: Copiellintra? sp. (KJ5205B, GSJ F17615-014). 5: Stigmosphaerostylus sp. (KJ5205B,
GSJ F17615-004). 6-9: Stigmosphaerostylus spp. (KJI5205A, 6: GSJ F17614-007, 7: GSJ F17614-011, 8: GSJ F17614-014,
9: GSJ F17614-008). 10: Stigmosphaerostylus? sp. (KJ5205A, GSJ F17614-004). 11-12: Latentifistula spp. (KJ5205A, 11:
GSJ F17614-012, 12: GSJ F17614-009). 13-14: Raciditor spp. (KJ5205A, 13: GSJ F17614-006, 14: GSJ F17614-003). 15:
Cauletella manica (De Wever and Caridroit) (KJ5205B, GSJ F17615-013). 16: Cauletella sp. (KJ5205A, GSJ F17614-001).
17: Ishigaum sp. cf. I trifustis De Wever and Caridroit (KJ5205B, GSJ F17615-008). 18: Ishigaum sp. cf. I. obesum De
Wever and Caridroit (KJ5205B, GSJ F17615-007).

All scale bars equal to 0.1mm.

Fig. 6 Scanning electron microphotos of selected radiolarians from the Loc.2, south of Shizuhara.
1-2: Albaillella sp. cf. A. yamakitai Kuwahara (KJ5301C, 1: GSJ F17616-001, 2: F17616-003). 3: Albaillella sp. (KJ5301C, GSJ
F17616-005). 4: Albaillella? sp. (KJ5301C, GSJ F17616-002). 5: Latentifistulidae gen. indet. (KJ5301C, GSJ F17616-006).
All scale bars equal to 0.1mm.
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eroded, proximal tubular parts of the arms can be seen.
Thus, it is probably similar to Ishigaum trifustis De
Wever and Caridroit in having the same wall structure
of the central part as well as the above features.
Range: Middle to Upper Permian.

Occurrence: Japan, South China, Thailand and Oregon.

Ishigaum sp. cf. I. obesum De Wever and Caridroit
(Fig. 5.18)

Remarks: The examined specimen is poorly preserved
and moderately broken. The central part is massive
and the surface of the arms rough more than those of
Ishigaum trifustis De Wever and Caridroit, thus this
specimen is similar to Ishigaum obesum De Wever and
Caridroit in having the above characteristics.

Range: Middle to Upper Permian.

Occurrence: Japan, South China.

Family Ormistonellidae De Wever and Caridroit 1984
Genus Raciditor Sugiyama 2000

Type species Raciditor gracilis (De Wever and
Caridroit) 1984

Raciditor gracilis (De Wever and Caridroit)

(Fig. 7.18)

Nazarovella gracilis n. sp. — De Wever and Caridroit,
1984, p. 101, pl. 1, figs. 14-15, 17.

Nazarovella gracilis De Wever and Caridroit —
Caridroit and De Wever, 1986, p. 82-83, pl. IV, figs.
9-15.

Nazarovella gracilis De Wever and Caridroit — Sashida
and Tonishi, 1986, p. 10, pl. 3, figs. 10-12; pl. 4,
fig.7.

Nazarovella gracilis De Wever and Caridroit — Blome
and Reed, 1992, p. 375-376, fig. 13.9-13.10.

Nazarovella gracilis De Wever and Caridroit — Sashida,
Adachi, Igo, Koike and Amnan, 1995, p. 53-55,
figs.11.17, 11.19.

Nazarovella gracilis De Wever and Caridroit — Kuwa-
hara, Yao and An, 1997, pl. 3, figs. 1-2.

Nazarovella gracilis De Wever and Caridroit — Sashida,
Adachi, Igo, Nakornsri and Ampornmaha, 1997, p. 8,
figs. 5.20-5.24.

Nazarovella gracilis De Wever and Caridroit — Yao and
Kuwahara, 1999, pl. 2, fig. 9.

Nazarovella gracilis De Wever and Caridroit — Sashida,
Salyapongse and Nakornsri, 2000a, p. 253-254, pl. 2,
fig. 11.

Nazarovella gracilis De Wever and Caridroit — Sashida,
Igo, Adachi, Ueno, Kajiwara, Nakornsri and Sardsud,
2000b, p. 803, fig. 8.12.

Nazarovella gracilis De Wever and Caridroit — Feng
and Gu, 2002, p. 807, figs. 7.8-7.13.

Raciditor gracilis (De Wever and Caridroit) — Kuwa-
hara, Yao, Ezaki, Liu, Hao and Kuang, 2003, pl. 2,

fig. 11.

Raciditor gracilis (De Wever and Caridroit) — Kuwa-
hara, Yao, Yao and Li, 2004, pl. 1, fig. 20.

Raciditor gracilis (De Wever and Caridroit) — Kuwa-
hara, Yao, Yao and Li, 2005, pl. 1, figs. 11-12, 15.

Nazarovella gracilis De Wever and Caridroit — Feng,
He, Zhang, and Gu, 2006, p. 841, figs. 10.1-10.4.

Raciditor gracilis (De Wever and Caridroit) — Sae-
saengseerung, Agematsu, Sashida and Sardsud, 2009,
p. 133, fig. 8.23.

Raciditor gracilis (De Wever and Caridroit) — Mitsu-
mura and Kamata, 2009, pl. 4, fig. 22.

Remarks: The illustrated specimen is not complete

but its form is characterized by four imperforated arms

disposed tetrahedrally. Three of the arms are slender,

elongate and U-shaped in cross section. Distal ends of

the three arms are lacked by erosion. The fourth arm

is perpendicular to the plane of the other arms. These

features are same as Raciditor gracilis (De Wever and

Caridroit).

Range: Permian.

Occurrence: Southwest Japan, South China, Thailand,

Urals, Oregon, Alaska.

SPUMELLARIA incertae sedis

Srakaeosphaera sp. cf. S. minuta Sashida

(Fig. 5.1)

Remarks: Outermost shell of the examined specimen
has numerical oval pores and no spines. Although
diameter of the shell is slightly longer, this specimen is
similar to Srakaeosphaera minuta Sashida in its overall
form.

Range: Permian.

Occurrence: Thailand.

Order ENTACTINARIA Kozur and Mostler, 1982
Family Entactiniidae Riedel 1967

Genus Stygmosphaerostylus Riist 1892

Type species Stygmosphaerostylus notabilis Riist

Stygmosphaerostylus sp. cf. S. itsukaichiensis (Sashida
and Tonishi)

(Figs. 7.19-7.24)

Remarks: The examined specimens are characterized
by a small spherical shell and three-bladed main spines,
but are slightly different from Stygmosphaerostylus
itsukaichiensis (Sashida and Tonishi) in lack of thorn-
like by-spines, which were probably eroded.

Range: Upper Permian.

Occurrence: Southwest Japan, South China, Thailand,
Oregon.

Stygmosphaerostylus sp. cf. S. ichikawai (Caridroit
and De Wever)
(Figs. 7.28, 7.29)
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Fig. 7 Scanning electron microphotos of selected radiolarians from the Loc.3, at Yaotome.

1: Pseudoalbaillella sp. (132903, GSJ F17502-001). 2-8: Follicucullus spp. (112903, 2: GSJ F17502-008, 3: GSJ F17502-009, 4:
GSJ F17502-010, 5: GSJ F17502-011, 6: GSJ F17502-005, 7: GSJ F17502-007, 8: GSJ F17502-003). 9-13: Pseudotormentus
kamigoriensis De Wever and Caridroit (1J2903, 9: GSJ F17502-012, 10: GSJ F17502-013, 11: GSJ F17502-018, 12: GSJ
F17502-016, 13: GSJ F17502-015). 14-17: Latentifistula spp. (112903, 14: GSJ F17502-019, 15: GSJ F17502-021, 16: GSJ
F17502-020, 17: GSJ F17502-014). 18: Raciditor gracilis (De Wever and Caridroit) (1J2903, GSJ F17502-017). 19-24:
Stigmosphaerostylus sp. cf. S. itsukaichiensis (Sashida and Tonishi) (1J2903, 19: GSJ F17502-025, 20: GSJ F17502-026, 21:
GSJ F17502-023, 22: GSJ F17502-032, 23: GSJ F17502-022, 24: GSJ F17502-033). 25-27: Stigmosphaerostylus? spp. (1J2903,
25: GSJ F17502-028, 26: GSJ F17502-031, 27: GSJ F17502-024). 28: Stigmosphaerostylus sp. ct. S. ichikawai (Caridroit and
De Wever) (112903, GSJ F17502-027). 29: Stigmosphaerostylus? sp. (112903, GSJ F17502-29).

Scale bar equals to 0.1mm.
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Remarks: These specimens are characterized by small
spherical shell with large pores and six radiating spines
which arise from the pores. The arms, broken and
eroded, are three-bladed in the cross section. These fea-
tures are ones of the definitives of Stygmosphaerostylus
ichikawai (Caridroit and De Wever)

Range: Upper Permian.

Occurrence: Southwest Japan, South China, Oregon.
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1946 FRABMBEIIOHFKOBEI » SHE SN LHOEEE
—EAMERFIEEX % 6(C—

HEHREA " - RIGEE

Yasuhiro Umeda and Satoshi Itaba (2011) Ground Upheaval Estimated from Decreased well water before
the 1946 Nankai Earthquake— As an Example at Saga District in Kuroshio-town, Kochi Prefecture —.
Bull. Geol. Surv. Japan, vol.62 (11/12), p.455-459, 3 figs, 1 table.

Abstract: There are the witness testimonies of the inhabitants that the water level of well water decreased
2-3m before the 1946 Nankai earthquake (M8.0) . In the small delta or the sandbar where fresh water
balanced with seawater, Umeda et el. (2010) showed that the well water largely decreased by a little
upheaval of the ground, qualitatively .The quantitative relation between the water level of well water and
the upheaval of the ground was obtained based on Umeda’s model and the structure of underground water

at Saga district which is small delta.

Keywords: the 1946 Nankai earthquake, well water, ground upheaval

g F

1946 ‘ERFMEHIZE (M8.0) DRENIZHFAA 2-3 m KT
L7z WIEEE 2, WUED &R O KRGS T
BohTna, HEHIE, (2010) &, WAL EANE
JING v 2l 5TOBNE = AMNEETIEDbT ik
THED BT & KR R AR AMK N 45 Z & AR L 72,
ZDET IV & @A (238 M X T O R AR ki o
ARER A, OB E & T RN OK T R & OB
B ERD 7.

1. FU&IC

VU E A & B O TP R ER T, 1946 F Rt
= IM8.0 (E KA, 2010)) DORjIZHFAIEN -,
HBENMIRNAKRESE T LAZEWIFEERH S (il A
X, KRR, 1948 5 dAt, 2009 ). HEX7zKMiD
KTFEIZ 2-3m EVWHEARL V. HEHIZA2 (2010) 1
HERTIZ AR N2 &0 S P OBFAE 217 - 72 /R,
BRIz e WS HFIE, KE W) EE3 5 5
EBicid e <, BTHRO AV E NN S 5 =N,
Wz d 52 &, F2ECZAMNNT SN ZHFIZH
L, Whar>=HFDIEI NENT L& 2R L
7z.

TR B = AN NI F6 1) B 1T KRS O R
X, RO TICHEOKZ WK (EK) BRAAALT
WA Z L TH3B. Gyben-Herzberg @A [l Z21E, ¥

Iza, PA-FW.¥av7y (1996)] 12 khug, K«
FHRE O EORAKDE L, F40EOEEOHAKLE
NS5 v 2% L 5TWAS. Z 50 FARRED =
T, bt LTS E, BEHRNS Y 2
ERO72%, HTAKMOENES » 6 L BOIRAKDKEE)
ARZ0, IFOHFIZEATL £S5 Z & &HIEH,
(2010) AHASAIZL7=. ZOEFNLEHTARERD
2o T B SRR AT =X @ U, BB
HEH T RO TRE DR E KD 5.

2. BREETEEHX O TKIBE &t T KIBE)

2.1 HWTFKBEIOETIVE

15 RITIELIE  AR ST (e X (55 1 X)) TRk 72
DIZ, [EN K% H FRFEE A fTb 7 (BRIEIE LS
PEM], 2000). % 7=7%HIEA (2004) (ZWINZE (L A3 7%
TR DKM RIETHEAFANRD 720, 1 KA
TRULZZA DT TH BIRE R =) ¥ 7 %47 - TR O
Tl 247 > 72, [iiH O PR & % O WE G % 5
2, 1O X-Y IS - 721 N & fiv 72 (58 2
M (1)), BAEOEA (A) R, WA (FK) - KKk
B (interface) & AKFE#HE (horizon) & D43 (6)
5 EDEEOBAEI 2.2 BiTREL < BB, AN
A7 =R L THED 2 & B K72 25 5k LT 5.
WK OBE A2E 2 5 FCEEAL ML, EAREHAkE
MWINT YV AERSTWBDIRFEKTACHTH-T, C
HASINT (MofHHE) Tk, ACHODES &/ v 2

LiG i Rg - HiFEAF4E 2 % — (AIST, Geological Survey of Japan, Active fault and Earthquake Research Center)
* Corresponding author: Y. Umeda, Nakoji 3-11-46, Amagasaki Hyogo 661-0974, Japan. Email: umeda-y@aist.go.jp
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Fig.l1 Map shows Saga district where is small delta. Red circles show the measuring points of ground water table. The

vertical section along a straight line X-Y shows in Fig.2.

- X ( I ) well No.1

well No.2

wellNo.3 C : 'gw.—

horizon

fresh water

sea water

permeable layer permeable layer

- X () well No.

well No.2

horizon

sea water fresh water

V
permeable layer ce permeable layer

B2 EEMXICE T AT ARRE (1) LERICK M FKOBE (). HEAMIMEIIL Tl &k 25 kT3,
Well No.1,2.3 I&FEIZHEAEL 2R Tk <, FHD 22 DIRIEDON E ST H 5.

Fig.2 The structure of the underground water (1) and the flow of underground water (II) according to the upheaval of the
ground at Saga district. Vertical length is extended approximately 25 times to a lateral direction. Well No.1,2,3 were

not really wells which existed and were drawn on the virtual position for explanation.
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WA R 2 i D 3l P KR O & & Mg o0 b A8 dh e (M - #idh)

BT, WTRAKN (groundwater table) D7)
il (¢y) FRUZEBZEMNHEKDZENIHTH S,

Z D &S I TR & R0 AN RR A D I
LG EEA2% B2 (1)), FXTHEGIZEELE
Hi, BB L OO 5 2IREE KT, MHEOET L
(HEHNE 2, 2010) 12k, HEAKEWRAREDINT V2
A>TV BXMETIE, DI hk ol (Ah) »
I STEHIINT VAERNAS LT 5. ZO-DHT
AREDENLTF (KoL) 26Xk ERAITRL
7o K5 ITWokA RN, HEK - WAKRBIFEAH 22 T2 %
Z DA AKEE 2 5 OIRKDOEAG T UL, HiA A-B
BN -BIIBET DI ELRIRAKORE (V) 1F, f#i
WRTH BILFORAKRE (V) 1IZHF L. 0WE, FE2[K
ICERZHAONE W OKOHEEZEZLS L, V, Vi 3Zh?
NV=nWS,, V,=nWS, Th5. nldBfiETH 5. I
FE S, 13MUJE ABA’B CTh %4, BEkaiO bR AB
LRERBOBRM A'B L 3ARSIDTMIZREZDT
(AA’ & BB 3T TAWDT), EELEFTINE Tk
DA, RIS - AREIRORE () L#IHD
BRMA 5T (e) LOMEd 5L,

S;=e-f

Thy, MAKEDEX A2 d L T5L, e=AHcosb,

f=d/sin@ THBH7»5,

S;=e-f=AH-d/ tan 0

V,=nW + AH - d/ tan 0 (1)
s,

THDORBERIZEOILFOKMGAAMKT U, #Hrizsit
TARE (KR ARFEORRE) ORI 212k - 72REE
25k, S, 12X (I) T groundwater table &0
ASh7zpife, ZhHBPAd ZHK T LAERKRORRE D

Momki 52K (1) TiFoRkz0Els) Tbs.

ZOHGBELEPMIZS, 3RS 2L ET 2 AL
4% &,

S,=¢ - Ad/2
THD, %7, Ad/L=tang, TH515,

V,=nW - Ad¥/ (2 tang,) (2)
#19%.

SHER 2 & DK DG A NG EIL V=V, ThH DT,
(D, @) x»5

Ad* = 2AH - d tang,/tan 0
PEo6Nsd. Hh=AH/Ah= a £ §5 &,

Ad® = 2aAh - d tang,/tan 0 (3)
Thby, HiboRkds (Ah) SHTAKVOK TR (Ad)
EDBBRMRE S .

22 THOREEELHTAMEOEKTE

VEBEMIXIZ $50F B4 K g I3RS L R D 2 & 2 28,
HRIZ 20 m KDFENEZAIZHBHDOT, T TIEEB
D1 RGIZONTHEERT 5. EHILIE 2 BT (2000)

D [Pk Lk & O FigER (FERh ol 2-5-11) |
&g, B1REAEORE () E4mTHY, HFHK-
RAREERNIIEE D S 300 m D& T A TH 1w AKkEDIE
IZEL TS, LS T, AREHE (horizon) EHEAK -
AR (interface) & D74 (0) 1%

tan @ = d/a = 0.0133, 6=0.764° = 0.76°
TH 5.

AC MO TN EIZEEIZ A (2004) 12Xk > T
EINTOD2, WFAHE TRV K 2 B2 R
25N 5728, ZZTiE Gyben-Herzberg OEHNIZ L
TN, WRERKOBEEE»POHRME S LIZT 5.
WK EIRKDEE & ZNTI 05, 0, HINEKE % g
L3 % & Gyben-Herzberg DEHIIZ

os gt = p; g (H+h) (4)
THY, p=1.000, ps=1.025 33 &,
H/h = 40 (5)

b, ACHOHTAKImME KDL TMED LT3
&,
tan 6 tang, = H/h
THEH"H, ¢ =0.02°
Lis3.

KHIE A (2004) 358 1 UM TR L 72 4 Higi Thb
AN 2 FEH U, MR D 360 m T T KA
I OACEIE 2 5 O E 13 0.49 m, 670 m M TOZ i
1.66 m T 5. (IFHENC I 5 1 KA & KT
LD AL, LTDHE,

tang, = 3.774x10°, ¢, =0.2162° = 0.22°
THh, Zhok (3) NfRATB L,

Ad = 9.53 vAh (6)
UNETCY ()

6) XFmEILFOWTARNOENFT E2HT
well No.1) (IZDWTHKD DD TH 5. RRIHDE,
Wigtbe ki (Ah) I2xtd 5, W RFARMGZOMK TR (Ad)
5 3 KNTR T L ISR LIS OV T 1 RISRL
2. Zhicksl, T2 1 em B L 2R, & Ll
DHFTIZH 95 em OAKNALTARAE NS, WIHF
K22 m{KTFULzE LTE IHoRERIZ 44 cm 257
ZElilhkB.

23 KAETORE

A (6) R LoD, BEEIZPE-> TR T
ZHF RN (B2 I T ¢ Lad & h K0 i)
RGO TN (3 2 X I T groundwater table)
EDORFRDMBCRISETSIETTHS. ThLIckE
ACOEST L 72358, W KMEDIETIZEST, ¢, &
0TI &Y, B BILFDIES ITHU 57280,
HUF AN DR TIEIEFIS#< 2 5. ST KA 237K
RIS I A B, B R & ARMIK T ISR TS A
5. $4b5, 1 mOKNK T 24T 323 Lok
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Fig.3 Decrease of well water level (Ad) for the upheaval
of the ground (Ah) at Saga district. No.1 and No.2

correspond to the well number in Fig.2.

1 mBEIZE D,

CrMGINBEETOMNEE (b) 3B KZ2530 mThH 2
25, (6) RAYKDLOAd DERKIZ, Ad,.. = b/tang,
=530x3.77x10° =2 m TH 5. ZNDIZ &iF, KEHKX
IZHWTIE, T ARMOEOLEEMHEICS 3 HF TR,
ZOKREN 2 m P Ed R, b LHhoRER Tt
FlREN NI AR L TIN5,

Z 2 F O, ik S T AR OESOILEEDO I (58
2T No.l) IZDWTHRARZR, F2XTHBIZH B
No.2 DHFEDKFIZDONTIZRD K 3124 5. Bk
D No.l & No2 DHFDOKRMDEEIET S L, AdA
oIz %5 £ TIE No.2 DARRMIZEMNIZMLS, Ad>0IZk
WTIEAd = 953 VAR—0IC L2235 TIET§ 5. 0=1
m DBAIZONTE 3D No.2 DIfIRIZ, MOE 1%
? No.2 DfFIZ/R L7z, BIZHMO No.3 DFHFIZDNT
BHEHIES (2010) BN TWB X512, bEhrktid
DR TP RO FIZi 6 k.

3. FEHEHEHR

R ORI HE SN2 KK TEIZ2 m A2 5 3 m
EWVIFEEN L. ARERIIC 2-3 m OLHOREITE 2
D5, MEHIEA (2010) (F, SMEB2 5 OEKDUEG
NZ LW =AM T, HTAREDEOEIZ H 5 I
FThiud, b3 hk HDREE T & KR &2 AKNAKT A
2D 52T &MUz BN X I Tk HE
WA SN T2, MHIEA, (2010) OF 212K
O, LHoOREEEH FRMEOK MREZBEMEDT S Z
ENTET

2.2 FiTIIAHE A & DPAKDOBERFIT M & RE U 7243,
FERH PR M 72 = AN TIEE RO 3 H1A & i
MEhToh, FCHBEORELZ12HEWSE

F1R EHHXICET 2R (Ad) 1ISxHd 2P ARRL
OIKTE (Ah).

Table 1 Decrease of well water level (Ad) for the upheaval
of the ground (Ah) at Saga district. No.1 and No.2

correspond to the well number in Fig.2.

Ah (m) 001 | 002 | 003 | 004 | 0.044
Nod | 095 | -135 | -165 | -1.9 | -2
No2 | — | -035 ] -065 | 091 | -1

Ad(m)

AKEZIZ, FHE A 5 OPKDOMS T, 5 7= L Bbh 3.
WK E W 24 5 FBE i A & v 5 B
FRE A o728 7.

e HIX TOMBERTOARANZDNT, KISTEW (ki
J&, 1948) 1213 [Z < —EBISAKRI A EERTIZAE T L 2= A
Wohr] £&5. idibicd s [#EiEl 121221 H
PR 4 B 19 73ISR L - IBRIR R ORI O Z & Th
%. T4k 2004 4 & 2010 412 B CRIEL D FAE A 1T -
722, [HEOFNIIFF KRR G Wz L v ERiEEV 72
LAEE T A AW DDKEENE, EOHFrE -7
PEVSEEZTEAL» 572 2D No.1-3 1T/ L
THPRHIEBEZH > 72 HF Tl a <, HHO = I
DOPEIZH N2 DTH B,

K TR 72 BRR A DRI SIS 1213, Ak
WARER EAFRRED BT A (6), ILFOHTARMD
WE (¢y), HWAREOEE (d), KOUWFE? 5 ILEEE T
Ol GE2KT, ath) #HA2MBENDHB. ThHD
25, QMK EFRKEDIEDENI K> TRES
BTHh0, fOHIKTLIZIERCEFEZ OIS, F/2
FhgE (a+b) 3HIEM ETEMB LA TE S, Lo
TH R AN OB (4,) EHKEOEX (d) 2552
ENTEIL, Kiw TRz RO T3t ki 2
LIDHTAHIENTE S,

SHEE SR UG 2 T SR S T U N OKER AR
HOFLEWEEW, X728 FE T BIEGHI A >
7o, BT —ROWE IARRHBIC S B WIZE
Vo2, HbETHILEL LT 5.

X ®

AHBEAT, EEEZE, MRS, REE— K8 =
JUAHIF, KA 3k (2004) EAEAEEEIZ B
ZHTAKRDO T v — M, FERF B SRS i,
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Notes and Comments

Trace and rare earth elements compositions of granitic rocks in
Awaji Island, Southwest Japan Arc

Masaki Yuhara'™, Sakae Sano’ and Yutaka Takahashi’

Masaki Yuhara, Sakae Sano and Yutaka Takahashi (2011) Trace and rare earth elements compositions of
granitic rocks in Awaji Island, Southwest Japan Arc. Bull. Geol. Surv. Japan, vol.62 (11/12), p.461-467,
3 figs, 3 tables.

Abstract: Seven trace elements (As, Cr, Ga, Pb, S, Th and V) compositions of granitic rocks in Awaji
Island were analyzed using X-ray fluorescence spectrometer at Fukuoka University. Rare earth elements
(REE) compositions of some samples of the Granitic Rocks II and III from the island were also deter-
mined by instrumental neutron activation analysis at Ehime University. The variation trends of most trace
elements of Granitic Rocks I, I and III overlap in Harker’s diagrams. Samples, which were off main trend
of major and trace elements in Harker’s diagrams in previous analyses (Yuhara et al., 1998), are often off
the variation trends of these trace elements in this study as well. Therefore, these trace elements are also
useful for investigation of chemical variations of granitic rocks. Chondrite-normalized REE patterns are
enriched in LREE and flat in HREE, and fit in those of granitic rocks in the Ryoke metamorphic belt.

Keywords: Awaji Island, Ryoke metamorphic belt, granitic rocks, trace elements, rare earth elements.

1. Introduction

The Ryoke metamorphic belt is a typical low-pres-
sure / high-temperature type metamorphic belt formed
at a convergent plate margin, and is characterized by
intensive felsic magma activity (e.g. Okudaira et al.,
2000). Thus, explication of generation, differentiation,
rising and intrusion processes of granitic magmas and
transition of their source materials are indispensable
for understanding formation process of the Ryoke belt.
The chemical compositions of granitic rocks are neces-
sary for these analyses. However, not enough data are
obtained from all granitic rocks in the Ryoke metamor-
phic belt.

Takahashi (1995) and Yuhara et al. (1998) have re-
ported major and 7 trace elements compositions of gra-
nitic rocks in Awaji Island, respectively. We determined
7 trace elements compositions and rare earth element
(REE) compositions of the same samples. Here, we re-
port the features of these compositions.

2. Geological outline

Based on lithology and field occurrence, granitic
rocks in Awaji Island are divided into 11 bodies, which

are composed of three groups: Granitic Rocks I, II and
I (Takahashi and Hattori, 1992; Fig. 1). The Granitic
Rocks I, IT and III correspond to the Older Ryoke Gra-
nitic Rocks, Younger Ryoke Granitic Rocks and San-
yo type granitic rocks, respectively. Based on Sr and
Nd isotopic compositions, these granitic rocks belong
to the South Zone (Kagami et al., 2000). The field oc-
currence and petrography of these granitic rocks are
reported by Huzita and Maeda (1984), Nakajima et al.
(1985, 1986), Mizuno et al. (1990), Takahashi et al.
(1992), Takahashi and Hattori (1992) and Takahashi
(1995).

The Granitic Rocks I, distributed in the center of the
district, are weakly deformed exhibiting foliation, and
are partly recrystallized by intrusion of the Granitic
Rocks I and III. The Granitic Rocks I are composed of
the Shio Granite (K-feldspar porphyritic biotite granite
to granodiorite), Tsushigawa Granite (coarse-grained
hornblende-biotite granite to granodiorite), Shizuki
Tonalite (medium-grained hornblende-biotite tonalite
to granodiorite) and Ei Granodiorite (medium-grained
hornblende- biotite granodiorite to granite).

The Granitic Rocks II are massive, and intruded into
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Fig. 1 Geological map of pre-Tertiary basement rocks in Awaji Island showing sample localities (modified from Takahashi, 1995).

the Granitic Rocks I at the south and north parts. The
Granitic Rocks II are composed of the Sumoto Grano-
diorite (medium-grained hornblende-biotite granodio-
rite to quartz monzodiorite) and Nojima Granodiorite
(medium-grained hornblende-biotite granodiorite to
granite).

The Granitic Rocks III are massive granitic rocks,
which intruded into the Granitic Rocks I and II, but
did not have contact metamorphic effects on the Gra-
nitic Rocks II. The Granitic Rocks III are composed of
the Tosanji Granite (medium-grained biotite granite to
granodiorite), Senzan Granite (medium- to fine-grained
biotite granite to granodiorite), Kagaribayama Granite
(fine- to medium-grained leucocratic biotite granite),
Iwaya Granite (medium- to coarse-grained biotite gran-
ite to granodiorite) and fine-grained granite.

K-Ar mineral ages and Rb-Sr whole-rock isochron
ages of granitic rocks in Awaji Island were reported by
Takahashi (1992) and Yuhara et al. (1998), respectively
(Table 1). A K-Ar hornblende age of 89.4 £ 4.5 Ma

(Shizuki Tonalite), K-Ar biotite ages of 72.7 + 3.6 Ma
and 84.0 + 4.2 Ma (Tsushigawa Granite), 78.7 + 3.9
Ma and 88.0 + 4.4 Ma (Shizuki Tonalite) have been
reported from the Granitic Rocks I. A K-Ar hornblende
age of 89.6 = 4.5 Ma, a K-Ar biotite age of 84.6 + 4.5
Ma and an Rb-Sr whole-rock isochron age of 99 + 11
Ma have been reported from the Sumoto Granodiorite
of the Granitic Rocks II. A K-Ar hornblende age of
87.7 + 4.4 Ma, a K-Ar biotite age of 80.9 + 4.0 Ma and
an Rb-Sr whole-rock isochron age of 95 £ 15 Ma have
been reported from the Nojima Granodiorite. Age data
for the Granitic Rocks III include a K-Ar biotite age
of 86.7 + 4.3 Ma and an Rb-Sr whole-rock isochron
age of 83.8 + 4.9 Ma from the Tosanji Granite, a K-Ar
biotite age of 69.5 + 3.5 Ma and an Rb-Sr whole-rock
isochron age of 84.1 £ 9.0 Ma from the Senzan Gran-
ite, an Rb-Sr whole-rock isochron age of 75.5 + 5.8 Ma
from the Kagaribayama Granite, K-Ar biotite ages of
70.3 = 3.5 Ma and 80.9 = 4.0 Ma and an Rb-Sr whole-
rock isochron age of 76.4 + 3.9 Ma from the Iwaya
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Table | Radiometric ages of granitic rocks in Awaji Island.

K-Ar age (Ma)* Rb-Sr whole-rock

Hornblende Biotite 1sochron age (Ma)**
Granitic Rocks I Shizuki Tonalite 89.4+4.5 78.7+3.9
88.0+3.9
Tsushigawa Granite 72.7+£3.6
84.0+4.2
Granitic Rocks II Sumoto Granodiorite ~ 89.6 £4.5 84.6 £4.5 99 + 11
Nojima Granodiorite 87.7+4.4 80.9+4.0 95+ 15
Granitic Rocks III Tosanji Granite 86.7+£4.3 83.8+49
Senzan Granite 69.5+3.5 81.4+9.0
Kagaribayama Granite 75.5+£5.8
Iwaya Granite 70.3+£3.5 76.4+£3.9
80.9+4.0
fine-grained granite 74+ 12

*:Takahashi (1992), **: Yuhara ef al. (1998).

Granite, and an Rb-Sr whole-rock isochron age of 74 +
12 Ma from fine-grained granite.

3. Whole-rock trace element composition

Trace elements (As, Cr, Ga, Pb, S, Th and V) analy-
ses were undertaken for samples, which were reported
major and trace elements compositions by Takahashi
(1995) and Yuhara et al. (1998), by XRF (RIGAKU
7ZSX100e) at Fukuoka University, after the methods of
Yuhara and Taguchi (2003a, b), Yuhara et al. (2004)
and Takamoto et al. (2005). Cr, S and V were deter-
mined using glass bead, and As, Ga, Pb and Th con-
tents using powder pellet, respectively. Trace elements
concentrations are listed in Table 2.

Except for the Granitic Rocks I, variation range
of SiO, content in each body is narrow (Takahashi,
1995). Major elements compositions of these granitic
rocks represent linear trend on the Harker’s diagrams
(Takahashi, 1995). The Granitic Rocks II and III have
relatively higher SiO, content than the Granitic Rocks
I. Trace elements compositions also show linear trends,
whereas the Shio Granite has relatively higher Rb
content (Yuhara et al., 1998). Some samples are off
the main trends. Yuhara ef al. (1998) did not use these
samples to measure Rb-Sr whole-rock isochron age.
The Granitic Rocks I, I and IIT are plotted in the field
of volcanic-arc type granite in the Y vs. Nb and Rb vs.
(Y+Nb) discriminative diagrams as defined by Pearce
et al. (1984) as for the Ryoke granitic rocks (Yuhara et
al., 1998). Arsenic (As) contents are low, and are lower
than lower limit of detection in almost samples. As for
major and trace elements (Takahashi, 1995; Yuhara et
al., 1998), variation trends of the Granitic Rocks I, II
and III overlap in Harker’s diagrams (Fig.2). S is scat-
tered, and does not show an obvious trend. Pb and Th
increase, whereas Ga and V decrease with increasing
Si0, contents. Abundances of Cr are nearly constant

except for some samples. Samples, which were off the
main trend of major and trace elements in Harker’s
diagrams in previous analyses (Yuhara et al., 1998),
are often off variation trends of these trace elements in
this study as well. The results suggest that these trace
elements compositions are also useful for investigation
of chemical variations of granitic rocks and for sample
selection on Rb-Sr whole-rock isotopic analyses (Yuhara,
1994).

4. Rare earth element composition

REE and trace elements (Cs, Hf and U) analyses
were carried out for samples selected from the Granitic
Rocks II and III by instrumental neutron activation
analysis using a neutron source at the Research Reac-
tor Institute, Kyoto University, from which the Rb-Sr
whole-rock isochron ages were obtained by Yuhara et
al. (1998). The analytical procedures are described in
Sano et al. (1996). REE and trace elements concentra-
tions are listed in Table 3.

Chondrite-normalized REE patterns of the Granitic
Rocks 1II and III are enriched in light REE (LREE) and
flat in heavy REE (HREE) (Fig.3). The Granitic Rocks
II do not show Eu anomalies. REE patterns of the Gra-
nitic Rocks III can be divided into two groups. One in-
cluding the Tosanji, Kagaribayama and Iwaya Granites
shows negative Eu anomalies. The other group, which
includes the Senzan Granite, shows positive Eu anom-
aly and low HREE. These patterns are within those of
granitic rocks in the Ryoke metamorphic belt (Fig.3).

5. Summary

Seven trace elements (As, Cr, Ga, Pb, S, Th and V)
compositions of granitic rocks in Awaji Island were an-
alyzed using XRF. In addition, rare earth and trace ele-
ments compositions of some samples were determined
by instrumental neutron activation analysis. The varia-
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Table 2 Trace element concentrations of granitic rocks in Awaji Island.

Granitic Rocks I

Shio Gr. Tsushigawa Gr.

Sample No. Aw204 Aw206 Aw207 Aw325 Aw328 Aw702 AwHK-1 Aw043 Awll12 Aw323 Aw538 Aw612
As (ppm) n.d. nd. <4 n.d. nd. <4 n.d. n.d. nd. <4 n.d. n.d.
Cr 8 11 5 8 28 9 5 <4 26 4 5 <4
Ga 20 19 18 17 20 18 15 18 17 20 16 21
Pb 16 20 21 22 11 15 28 21 19 18 30 39
S 31 25 22 25 75 75 n.d. n.d. n.d. 11 17 n.d.
Th 18 13 24 16 <4 38 12 14 15 15 15 13
\Y% 25 22 20 14 158 31 7 15 11 15 8 11

Granitic Rocks I
Shizuki To. Fi Gd.
Sample No. AwS-1 Awlll Aw317 Aw320 Aw343 Aw373 Aw394 AwS528 AwS531
As (ppm) n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

Cr 7 65 13 9 11 11 16 7 <4
Ga 22 21 20 18 22 20 20 19 16
Pb 12 14 15 25 12 10 11 26 20
S 6 7 47 176 4 34 166 37 5
Th 10 10 4 12 8 8 7 11 14
\4 22 27 38 31 37 41 63 4 5

Granitic Rocks I1

Nojima Gd. Sumoto Gd.

Sample No. Aw005 Awll19 Awl25 Awl26 Aw352 AwS519 Aw624 Aw221 AwS580 Aw725 Aw735 Aw737
As (ppm) <4 n.d. n.d. n.d. nd. <4 n.d. nd. <4 n.d. n.d. n.d.
Cr 9 67 9 <4 9 8 5 8 7 8 6 9
Ga 18 18 16 18 17 15 19 18 18 18 18 21
Pb 15 18 18 26 16 26 19 16 19 16 20 14
S 19 18 9 5 7 1406 13 <3 nd. 41 nd. 122
Th 12 11 12 13 12 11 8 10 13 11 12 5
\Y 36 27 32 13 33 27 24 17 17 18 17 8

Granitic Rocks 111
Kagaribayama Gr. Iwaya Gr. Tosanji Gr.

Sample No. Awl105 Awl06 Awll0 Aw302 Aw40l Awlw-1 Aw028 Aw063 Awl03 Aw597 Aw052 Aw053
As (ppm) <4 <4 n.d. n.d. nd. <4 nd. <4 <4 n.d. n.d. n.d.
Cr 5 27 6 <4 5 4 4 55 67 6 <4 36
Ga 15 15 15 14 16 17 16 16 17 16 16 18
Pb 33 24 25 35 27 17 21 25 18 22 22 26
S 171 nd. 17 n.d. nd. 12 75 74 20 15 7 n.d.
Th 22 12 15 12 22 15 14 13 12 14 17 14
\4 6 7 8 <4 8 12 11 6 8 9 9 <4

Granitic Rocks 111
Tosanji Gr. Senzan Gr. fine-grained Gr. Dyke

Sample No. Aw626 Aw629 Aw238 Aw254 AwS561 Aw716 Aw736 Aw030 Aw031 Aw630 AwO051
As (ppm) n.d. n.d. n.d. n.d. n.d. n.d. n.d. 5 <4 <4 n.d.

Cr <4 5 7 5 7 6 4 4 4 4 <4
Ga 16 17 17 16 18 21 17 16 15 17 16
Pb 22 24 23 21 21 15 22 26 29 22 24
S 5 6 <3 5 5 8 nd. 12 7 100 n.d.
Th 17 16 12 9 11 16 13 16 13 15 14
\Y 9 6 10 12 10 25 6 5 9 7 9

n.d.: not detected.
Gr.: Granite, To.: Tonalite, Gd.: Granodiorite.
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Fig. 2 SiO,-trace elements diagrams of granitic rocks in Awaji Island.

Table 3 Rare earth and trace elements concentrations of granitic rocks in Awaji Island.

Nojima Gd.Sumoto Gd. Kagari. Gr. Iwaya Gr. Tosanji Gr. Senzan Gr.

Sample No. Aw352 Aw725

Awll10 Aw597 Aw626 Aw561

Cs (ppm) 2.53 1.91
La 31.69 31.97
Ce 64.88 59.75
Nd* 22.0 21.8

Sm* 4.07 3.87
Eu 1.03 0.92
Tb 0.51 0.48
Yb 2.29 1.86
Lu 0.35 0.29
Hf 4.66 3.34
U 2.44 2.37

3.24 3.85 2.02 1.88
46.8 27.85 36.99 20.01
89.81 54.35 73.72 46.66
17.6 21.1 28.7 13.7

3.09 4.46 5.36 242

0.61 0.69 0.72 0.86

0.70 0.59 0.66 0.25

1.79 3.14 2.44 1.29

0.28 0.44 0.37 0.19

3.09 3.32 4.41 4.42

2.54 2.81 1.58 1.80

*: determined by isotope dilution method (Yuhara et al., 1998).
Gd.: Granodiorite, Gr.: Granite, Kagari.: Kagaribayama.

tion trends of most trace elements of the Granitic Rocks I,
II and IIT overlap those in Harker’s diagrams. Samples,
which were off main trend of major and trace elements
in the previous analyses, are often off variation trends
in this study as well. Chondrite-normalized REE pat-
terns of the Granitic Rocks II and III are within those
of granitic rocks in the Ryoke metamorphic belt.
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