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The Cretaceous Shiratakiyama cauldron in northwest Yamaguchi Prefecture, Japan: an example of
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Abstract

The Shiratakiyama Formation of the Abu Group, southwest Japan, is
part of a dissected caldera within a complex of Cretaceous volcanic
and plutonic rocks. The formation contains the products of rhyolitic
and andesitic magmas emplaced in a back-arc region. It is important to
understand the genetic relationship between the volcaniclastic ejecta
and structural constraints on these rocks in order to determine the
evolution of caldera volcanism.

The orientations of bedding planes within the Shiratakiyama For-
mation suggest the occurrence of a buried asymmetric structure with-
in basement rocks. The depth of the basement surface increases
toward the center of the caldera in the northern part of the Shi-
ratakiyama Formation, dipping at 40° to 70 °, whereas in the southern
half of the caldera the surface dips at 20 ° or less. This asymmetric
basement surface is also discordant with the orientation of basement
rocks themselves. In addition, the formation is bound by intersecting
high-angle normal faults and/or intrusive rocks. These observations
suggest the presence of a small (6 X4 km) cauldron, here named the
Shiratakiyama cauldron.

The Shiratakiyama Formation is divided into two members, here
named the Futanoigawa rhyolite ash-flow tuff and the overlying Ten-
jougatake andesite lava. The formation also contains many associated
intrusive rocks, such as porphyrites, felsites, granite porphyry, and
intrusive breccias. Thick and voluminous ash-flow tuff is the dominant
rock within the cauldron interior. The total volume of ash-flow tuff is
2 9.6 km®, and it is locally intercalated with lacustrine rocks, andesite
lavas, and volcaniclastic rocks, which represent cooling units. Caldera-
collapse meso-breccias occur in the lower part of the ash-flow tuff
sequence.

These findings suggest that the deeper structure of the Shiratakiya-
ma cauldron was formed by asymmetric piecemeal collapse rather than
by coherent trapdoor subsidence.

Keywords: Cretaceous, cauldron, asymmetric collapse, Abu Group, SW Japan
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BN 513, MIBESICE 2T IEOET A MEpt
TAZMELEE&T Oy 7 O~ ks, HiE S8,
BRI TV S ORI TR E T 584 (Lipman, 1997,
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Fig. 2. Simplified geological map of Ohmishima, Nagato city through to Toyota-cho, Shimonoseki city, Yamaguchi Prefecture, compiled from

Imaoka and Ikawa (2006) and this study.

Table 1. Volcanostratigraphy of the Cretaceous Abu Group in northwest Yamaguchi Prefecture.

Group| Eorma-] njemper ;{g:l(‘,},) Major rock type Mode of Occurrence
rr; | Tenjogatake ; ;
2 | Andesite M. >170 | andesite lava massive
<
iy
s ; . intercalated with siltstone
‘E Futan91gawa 1200 rhyoh.te tuff—we'lded tuff, and subaqueous autobrecciated
7 | Rhyolite Tuff M. andesite lava, siltstone andesite lava
= - | Kumanodake
E L:; Rhyolite Tuff M. >420 | vitric crystal tuff crystal-rich, welded
& IS
Z | 3| Daibogava 250 | welded tuff, lapilli tuff black vitric, densly-welded
= Z. Ryolite Tuff M. welded tuff, lapilli tu ack vitric, densly-welde
Asogawa Shale black shale, sandstone, )
b and Tuff Member =4 tuffaceous sandstone wllstatied
% Otoyama Tuff welded tuff, tuff non- to partially welded,
.g Member 530 | siltstone abunbant lithic fragments
an .
Awano Conglom. 35 siltstone, sandstone, - ———
\ and Sandstone M. conglomerate
§ - \VAVAVAVAVAVAVAVAVAVAVAVA VAVAVAVAVAVAVAVAVAVAVAVAVA VAVAVAVAVAVAVAVAVAVAVAVAVAVAY)
E g andesite lava & pyroclastic wide variety of lithofacies,
g (3 rocl;, ;‘ed shale, conglomerate, hydrothermal alteration
sandstone
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BIFIER 2 R EEICE D 1Y, —HTENLEERRICH D,
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[RAEERE & _EAL DOREEFERATE f B AT I K S D
(5fA - F11, 2006; Fig. 3). EELEFIEHISETE D /M
N—KHr EEIHC A U, FAIOZEDH RECEEER
BERE & AL QR mRILERBICK S END. BHELE
FEIFER S S ADKERIRICH S, BIECEMBEER
WCESYBHEIIRH L TWARWS, ZhsoliEz Y > THE
BRICH D ZEMNE, TNXOEHODD LYWEND. &
BAE (OAE, ZILE, BES, ANGREIE, BAMA
AR IOERBE) IC&k> TEMNS.

H BB TR AL D £ — KU, iR
W E— BT L, MR 'C—I—% E1Wr
JE CRIF RO R R E R S WIBRIRICH 5. DAL AAKE
FEERS r ERE A NEEIRERE U TEOHIRECEEK
FESEICE AT 5. SEIUAL OB HEREY AR s LI 5>
i3 ZNSEZFBLOBENROMEITDONTE, BIF
F0 (2006) ICEHREN TN,

BELBOER - AALE

FE RN TS B KIEE D S B M ER R E RS
it - EFEOREF - Aaisdic OW T4 - H/1l (2006)
WEHRINTWBDT, AETIRARILBIZDWTE TR
95,

1. E0H)IFRERKEEHE Fin)

<A > A EEE O B ILEDITA L 7T 5.
<[EJE> 1,000-1,200 m.

B> KNI E OEFERURE, KILBEIR G B X
CERAMNS120, FAEBEIES I FORELEVIV A,
WEB X EIREWEN B I3 R EE SR LAES, Kl
HEKBEDN 52D KEEE, EIEEO—ETIE IV b
BEPETS (Fig. 4).

TRACE B AR RIS B K VKU A I LI LT R
HaREUTHEES, RBYES WEBXURUEDEREE
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LB A I RBREDY (Fig. 5), RIEES
Ik B s o EME R T R e N5, £, &
TERDOWACA BRI TH 0, ERENEEICA
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Fig. 4. Generalized stratigraphic columnar section of the Futa-
noigawa Rhyolite Tuff Member.

Fig. 5. Field photograph showing well-stratified mudstone in the
Futanoigawa Rhyolite Member (scale = 20 cm).

5N5. HAEEO—ERICHIET 2BIKED AR EREZE
RIS, HUBOERMICZ L, RIEEESRIRTH 3.
o — AL OB ISR B A IE R kICZ LW,
BHyELE G DR ER & OlE AL O%E (Fig. 3
DYcHA) TR, BEBTEAESESRSNS (Fig. 6).
FOTFINERT 50 m ITKSDS, FEICEDOHREUEEIK
BEREN DD, TOEEIINERNZEENERS. EEE
FRSNEW, BEEEIIEESA TIIEEE 1-3 cm OHF AR
WU H A RER D 2 56D, TOHICEEEE 10 cm KO H
DOHEFET S, HIZid 1 m 2R S (Fig. 6 DEEE L)
bHONS, BEBIIEECLSTEEDEERT U1 h—
ZIEAS, MEEEERE, BEEEBLXUVUOAAT
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Fig. 6. Field photograph showing poorly-sorted breccias in the basal
part of the Futanoigawa Rhyolite Tuff Member (hammer shaft =
33 cm) . Wtf: welded tuff.

Fig. 7. Photomicrograph of welded tuff in the Futanoigawa Rhyolite
Tuff Member. Qtz: quartz, Pl: plagioclase, Pm: pumice.

BEOEERTA V1 b —RIUEEAIEHEOERD 56
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fHEA 0.06-5 mm) AR, BREREZL, Liduid
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Fig. 8. Triangular diagrams and bar graphs showing modal compositions of the Futanoigawa Rhyolite Tuff Member and adjacent pyroclastic

rocks.
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N CIIBIRZ DD, MRE - RHMEEREREEAD
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WBHDMNEENS (Figs. 9.D,10.A). AFIHROHD
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Ao TWH0NUITUITEREZE=NS (Fig. 9.B). &HF D
AoiZ, LIRUIZEREEETEH, ZHUIEROEDITKRE
YINBEL TWS Z LIk D, JEAEE - A — fAEIRD
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EENBEAL TWSESDH DM, SEEFVPHESNTHE
SMEERAERTEHTbH5 (Fig. 9.B).

FE e A OREMIMEIT (0.3 mm BAF), BAIROER,
BEEBIUT VAV EANSERIND. ARSI HS
DIATA Y IR EZ T b DONALNS (Fig. 10.B).
Fie, AEFITTin situ THERENAZL S BERERTD
DObH 5. REGHIIHFEGE BERML, RhAaltz
b OB IND. FREALTEPREADOAIRS
3, HEICHRON, BARICEELLZEREZRTHOHH
% (Fig. 10.0). 7ILAHY) ERAZARESAEAICIENTERN
AR, Fig. 10.D BEEEOERFICH LN B ES
SLDFEREIRT
5. fEEME
<G - U & ORBEfR>

HELE ARG OWRHLIC, 24 1 X 0.2 km O/hE
BERELTET S (Fig. 3). BELEEEMEFOWEZ
Yo THE AR - e ERT
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Fig. 9. Photographs of polished slabs of intrusive breccias. A. Intru-
sive breccia intruding welded tuff in the Futanoigawa Rhyolite Tuff
Member. Foliation of welded tuff (white line) is oblique to the intru-
sive contact plane of the intrusive breccia. B. Lens-like rock frag-
ments show preferred orientation. The effect of mechanical abra-
sion on the fragments is striking. C. Brecciated angular clasts of
welded tuff in the intrusive breccia. D. Fluidized, net-veined intru-
sive breccia in the Futanoigawa Rhyolite Tuff Member. Intricate
penetration of black muddy matrix clearly indicates the forceful
mode of emplacement.

Fig. 10. Photomicrographs of intrusive breccia. A. Intrusive brec-
cias intruding felsites (F1), B. Cataclastically-deformed quartz (Qtz)
grain, C. Fragmental calcite (Cal) in the intrusive breccia, D. Pyrite
(py) in the intrusive breccias.
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DPAHBR DR ELKRTH S, £z, b—FIIAE /—F
A FBRUDA L ARLZREDHEANR S NS,
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Fig. 11. Structural map of Yuya-cho, Nagato city to Toyota-cho, Shimonoseki city, Yamaguchi Prefecture.
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Fig. 12. Geological map of Futanoi to Hohoku-kyo area, Shimonoseki city, Yamaguchi Prefecture.
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Fig. 13. Geologic map of the Yuya-Kawara area, Nagato city, Yamaguchi Prefecture.
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Fig. 14. Welded tuff in the Futanoigawa Rhyolite Member, showing
vertical foliation defined by collapsed pumice.
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Fig. 15. Schematic cross section of intrusive breccia containing
clasts of adjacent wall rocks from the Kanmon Group, Futanocigawa
Rhyolite Tuff Member and felsite dike.
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NSREBRICEH L2 b0 L EEINS,

FINF S HER OB DWTIE, BOH TS AR AT
BB S WERERICH D Z B AAREIC LS T
BrnsI s, FERNINTIHRIEOHFHBCEEE
RAEERIE DVEHRITHI & > 7= TREMES B 5.

HBILE O T LAt OXH r BLLERE TIIRILAEYE
DOKILENFHT B LG, KITEB OB L ORI
N RLARKIIEE TN, B E< < s
RIEER 7 < OFEE LN T—F IR KRIEEN IR E
DKIEBOBHME BT 5.

KITEEBDOKINTIZ O AECHEEDERENE AL .

BIREORSERIBA THIET S L3 TERD o 2N
HESERICRE BRI b o L EI NS, £,
ERBEER, I RO B&IORFEHROIBRICH > TE
ALEROXEEHEEZ 515 (Figs. 3, 13).
(2) T HFERBEEN? BElUI—-)ROCIESh Sk
MHMERI ED LS RERICE > TERIZTNBDTH S
S, IENHMERD AN AL BEETIHIH>TIE,
BEANF S ORBRA N X LCET 25%% (Lipman,
1997, Miura and Wada, 2007 72&) 238&T/2%. HHR
I RO, OKIMEHHMOERNDIEVES, @EFIv
TEB O OEMBRZRITHEBICEEINDES, HDWE,
QLB SO E T TR I NS,

AT RODOBES, DITDWTHSBE, Scandone
(1990) & BB 5RO ZEHEIT 9.6 km® T, kU
EHdMRoa—) Ro > fxE, AEkdolnga—iL
RO @&H -4, 1999 Sfca—)L ko> G-
4, 2001, FE=OKRMLUI—)L RO (Takahashi,
1986) LHEU TIHEIT/NMNIETH S, REICINETICH
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HINTWBERR I—)L RO 3B/ NRETR S D78
Z2» FAE, 6 X4 kmOBEEI—) RO, K EFE,
1982; 8 X 3.5 km @ Hannegan J1JL'5 5, Tucker et al.,
2007).

—%, FEACREEIITIDXSIT25 X 23 km, 21 X
15 km OKXHERZHDOBHH D (Miura, 1999), FHHITDWN
TiE@®D & 3 LIRS 2 W BT B OB R
ENTVWD (Miura and Wada, 2007; =@ - #1[H, 2007). L
NLFEI-) RO OHE, EESIITT @D O=ZKITH
EYHBERDOIIN T IWRET T N2 R EERT DHEME
FHEEDOETWRNDT, © - @D UREEDRILIZSH DR
EELN

HELI—) RO R EROXSINRETHBHZE, O
—I B O ONGERESEROKEIC L > TRDBEENZLAK
THEZEBRERBETO—DTHS. ZOIENS,
NI EDEEOWBIZ L > Tl L TS algetEats .
Komuro et al. (1984) % Komuro (1987) &> TREh
e AFAIO—)) RO BROBRBIER ST DX S R HER
ARLTWS, Zhsolihsmmbia—)l kol idE—Xx
2 —)VEIDREME B Heda il & 7= FERTFRRRESA O nIBETE AT N,

£ & O

IR RMHEEN S F BT AR 5 9 2 BT E
DEF - BEPLXUVEASEOBERITDOWTHRE L 2H
B UTOZENHEMN DT,

(U AHBOMEIL TN 5 A AR, SEaEH
RrRER SEEE (QAS, BREE, BEALARSE
BIUEREE), THEZLHEBER FE=fmas
B, BN A S ARRREB I TENRICK > TH
REND., ZOS5MREREELEI T oZEDOH)I
FRCEBCETE & B OXS r BRIIESED 2 BiZ
RorENsd. EEILBITAEIRE S SRR RE R
FbE ERILEDNA B—F Nz T RICE > TR S
Nz kl—FEEERERT

@ HEBEREREEZZL, ks, &It TR
FHOBNIAINN 45-70° OEARER 2D, B
FEMIREANBIINN 20° IR OBRARMERERT. &
D &SRR THENFREREEERRL,
RS HBEMEEE, EitEBs L EMBOMER
EEMZT B,

@ AElEIEREE GMEE MREFSITER LU
EfME (BADTNED S VWEIRBEEASECIVR
Toh, BREEEHIZ6 X 4 km BEOLATRI—)
FOZEBRLTWEEEZ NS, FITINEHT
WAELO )V RO > EEHRdT s EELa—-)L ko>
VEMESREASILAI TS, B TR W IENFR MR
EHELTVWSEEZ NS,

@ BEELI-IVEOC T, BARESE LT I EOWRE
PAEERCGEEL TW5, S5/ A XZ TS
AR O SRR T 7 ROBE 25 1SR Uik
AREENE X 50, AJ—)) RO MEREHLEIT X

2009—12
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E i} B

IOXZORHERKE BEMERICIHBEZRATHE
&, ARRZIAACMEROWEEWE ) TR Y=
7T OHNFZERITIE, FAREO IR WEE
W, WEBREO=HAMK, EHR#E THDEMAED/NE
BHEKBLUBLEHEOHF I, ABEEURETHLTEL
DHEERTREEWZIEWE, BIEKED B. P. Roser KIiZ
BEXESOREE L TWEEWE, BEOH LN SR
HOBERLUET.
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