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A Private Review of Discussion on Caldera Formation

Bal Y

Tzumi YOKOYAMA"

Abstract. This is a private sketch of various discussions on caldera formation from a standpoint
of volcano physics. Formation of calderas on the earth has been a long disputed problem since
the 19th century among volcanologists. The discussion began with F. Fouqué's statement in his
paper of Santorin, Greece published in 1879, that simultaneous collapses with volcanic explosions
can explain steep caldera walls and scarcity of lithic fragments in caldera deposits. Later in the
case of the 1883 eruption of Krakatau, another hypothesis that volume of collapsed volcano was
equal to that of ejected material in dens rock equivalent, was added.

First the discussions on the 1883 eruption of Krakatau made by the then great geologists are
critically reviewed, and then several topics related to calderas are briefly mentioned: a hypothesis
of magma reservoirs; calderas of various sizes, small to large in diameter; caldera structure
determined by gravity anomalies; puzzling caldera Ries Kessel; information obtained by drillings
in calderas; the basement structure of Hakone caldera revealed by drillings and gravity surveys.

Since 1950's, Hakone caldera has been a focus of discussion on caldera formation in Japan
because a geological model of the caldera elaborated by the late Prof. H. Kuno was presented in
1950. The articles of the present report are related with the changes of this model directly or

indirectly.

Key words: caldera formation, magma reservoirs, drillings in calderas, Hakone caldera
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1. 1883F VT HRIEXK

MR OGN ZEIE5 12, Mz5 X5, VT
ZiFESDE, HEHPOREKMVHHL TVETEEWL
. Thbb, KU KEOEHYZHL T, Z0
R, B TIMMEDICHBE LR TH B,
SESHVT I ERADEHEANDON, &F D OMBIR
THhHro, TORITIBED L&, TR RS
M HHEAH T 213> T, B L ToME. [k,
BT 25T EERINDMN, REIEERGTITH %,
ZOFEK, ThbE. WX, IR EHZHS RN
x50, WIVTI%mT 3T e, TOMRFIC DR
MB A HEED D %o

HNT ETHBH, Fouqué (1879) AitlirhigdH > k
Ve VT SRR UTedic, @S2 T
RIZOI, R L [FRFIC R S & R0E TR, 2L
ToREOQBE T & [HIREER D DR T &z [FRHC
SRS ) BB, HEMICY VR VEDOEO—EIE
[ TH B, 1888 FEMEI LN TH U (K 500
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HWRTEHZ, Y M VBICEBT 2 AHEEYICON
Tix. Heiken & McCoy (1984) Hifilliaiil&EZ 17z >
TWBMN, BEENNE WS 212, BC1500 FELEHD 7711
77 W Y D [HLLARRE P DWW CE R IER A A K
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Z O Fouqué DF AN, 4HFERD Y T/ ZTBEKICD
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EDTTH R TENDHKIC, YREOHIEFED KR,
CHBFOHIFRORET) X/ <ME 0ICEEL T, Mk
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1883 4E 7 5 1 R N D 2 4E1%1C Verbeek (1885)*
. e 9 A T > X5 T “Krakatau” 7% Hi U 7z, Simkin
& Fiske (1983)" 7% “Krakatau 1883" % #fi # L C. I
SR X R VEEEICHR LT W5, TOHIS, JEEV
2 O Krakatau Committee O #t {5 & " The eruption of
Krakatoa " (1888) Okt ZEN TV 5, 1ICAY
RGO %R T, 1883 47 T H XAk DT -
WIZE DR, KR EHEYOARRE, BXUEHYOHIC
HESERDYIRV (5% T &k, 3XT Verbeek Difi
XWTTTH %, IFEAD 7 HBICHEEEZ Uz, 1k
EOFHMIZ, 7oA &2 U ZE8EeE 30 km O (¥
1 DBHR) ZRRARA - Tz 4 KIS T, FIHDHE
G 7z L U CHEREB 2 TR D TV 5, 4 KIBTOIFE
T34 20,20,40,6 m T, INHICHKHBEZRERET,
AR 12 km® 2132 (ChIE0EW), ZLT, T5IC
ZOHMA, —3%7 2000 km D =MATFEOHIPHIC 0.5 cm
D EDEXOHEMNH S & LT 6 km® #2155, Thn
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1. AV Ak, KHERRIE Verbeek B3 EE SIS FH Fe ik,
INE WV Sigurdsson il (1991) WKL THlFED S a7
ZPREL L 7o gL Sertung 3 & U Panjang O WA PRI & 4
Verlaten 58X U Lang TH 3.

Fig. 1. Sunda straits (after Sigurdsson et al. ,1991). A circle of
thick broken line: the area where Verbeek (1885) measured
volume of the 1883 deposits at the sea bottom. Dots : location
of sediment cores collected during scuba dives by Sigurdsson
etal. (1991).

5§54 % & 18 km® T, Bulk volume % Dens Rock
Equivalent (DRE) IC#BE L TH 9 km® &7 (CR#X
TR RE—RIC 05 &9 3), ZLT. ZDOHHD
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BRI T, GEERDN5% LFHETERTHAIMN?
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IR T 1980 IR > T, BIEKHEREYI OFRE DD
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IS, IO T, AEah WM bixnc e z/E
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WA h 2 ESOMKE., ABRTTELI. Kik)Zz
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. WAHITHA5, —HlzXFs L. FAREHEICH
WA, 1815 X ViR T IEAKICT DWW T, 150, 100, 30
km® 72 2 #ep A ATV B AV, 1951, ikl &
0 7), ®REN T, Judd (1888) ifE/KkM~ 7 <IC
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HHAETE. Matumoto (1937)" HIUND 4 HIVFS
WCBT 2 REL T, FAIVT T DOKBERD I
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Wi, 79V A=AV 2T 7 « F—L (Deplus et
al., 1995) 1% 1990 4EIC 7 T h 2 g CHUZER, &
FIRE, MR 8RR L T, AV Zigiko MdZz
A U7z

1990 ERIC 7 T /1 2 7 BE O XA 2 EH 7o DI,
1883 M kD 100 HHF L 5 I WENH>72DTHAH
I ? DHREOMFAEMINEL LTE, KEIE L TE,
I SHZ/RL TRV DIIKERETH 5, 50, 7
T 2T ERMEEO NI E R CRRE D #EDE T H
%o S1%. DHFEOFEED 1883 £V T H XU HEKIC
B2 DT L YIS £ DTH B,

VARl SVAC 2

18837 T A XTI AICHT HM I LidD
Verbeek (1885) HBXU VT hXTUERES (1888) D
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DORPAKEDEE TH o oo HROHATIE, =HER
B o T gD I 2 sl L. RIS H - Te <R
PRUE W2 sk L7z, FIH (1886) W TN b DF—X
ICHDE | R, 2R DR d % oz HAE
HEMEH SR TS, HAETE, YROEE
IR EIAE R DE RIS Y T 7 2 T WK D BAH 72 BT
TEONLEETHAH, TOFEEZEN—HRILLE,
FRAZN G-zl id. MICRERRTH %, Yokoyama
(1981)7 (&, JEVIHESOEN OB RN LT, <O
KOFT28EF LS OBETHO . MrikTrni e
Zenlal Uz CAUCIE 1952 BHARHERE K D HIAARAT >
TW LS, CORA HIIEEIT TV gh (hidzkig)
55 E Tl d 5.

ET. 1883 DU T A X H DT LML LTI,
EODDHMHENTVED, KHITE &, kD3 DI
55

1) caldera collapse ; 2) emplacement of pyroclastic
flow deposits; 3) submarine explosion. Nomanbhoy &
Satake (1995) & T D 3 DDETIVICDWVT, HEFEOF
4 L e BB R 21170 V. BH 2ROz, T D
L, WFEETCHRUE (115 km® . ShidAic k-
THEUEMAB, THRDEIIIVT T DOEREITE) DIKD
FRISERICEEIL72E 9 %, (1) IFBEORIRICE > T
(2) AU A S T &Ik > T, (3) T Yokoyama
(1981) ™= 5 submarine explosion &%, 1883 #FMEK
THEL, SARGET 2IVT—T YV EOROEREN
4 km OMHZHROE T i GHELTES A2 B0t
HEEL) OWEEANTHSD, DFD. T~ LK
L DEME H 2D, WEDIEFIC K - TlKkZRS L
F% (1952 DM 2 KBIIC LIzt D) DN
T 722N TH %, Nomanbhoy & Satake (1995)" 1%,
3ETIVOBMSANOF R, &z i LT, (3)
“‘submarine explosion” HVix & R ICHE I 2 & 4
i L7zo

225 % & EY
1883 ED Y Z /1 X I MKIC K > TlREE Nk D »

FH 2T BRORIUC DN TIE, BHCRATz, Higk
L oEEEE O TRIS S NcEI . W LR R L2
AW E UCEHATE R o7z, BORM, REERZE -
7273, Harkrider & Press (1967) (&. 8871722505 HN e
i A RHEICDZ0 il % & EickERE LT,
W B B REE 2R & UTBKOBA T, 2D %IV
F—ripkich 2, BEEAET S EHA L, LT,
JIh R TIERIC K > TR S M Bk E 249 %
ICISAHEUERT 100 7 (150 megatons) Z#03 & 9% &
L7z DEROMIZHIEHZ D ZEEH L CET2 22
71 2 I IEFEO Y IR R 2 9 5 DIF I A/ T
aYAR

JEFERF DM

1883 4D T T h R IENXDMIEIIZ 5 A 27 HTH
%o IWADKE LIzE Uiz s, MR, MY OHIE
ol THAH EZHNS, Judd (1888) TDE
IKBELZES S T2y, ZOWMEFICINUE, BHEEOTTH
VDX BHEOMBOREITRVE T S, HIEFHIY
REFAR TR T, W7 V7 I3 ah >z (1888 4
OBRFILEUK TIE, A0 &I HIEBNN T Ab
N72), Yokoyama (2005)" 1&, MR I—)LicH - 7=
HIfER GO E Y + v b X OIREIN S, TOHD
75 H 2RI - Te i KRB O RIRZ M 5 & HAE
Eolz, THUTNKIHBOKEWFICE L, KHERICT
HINZHFLDIEZDITNEVEDT, TOHEIEE
fREIC BRI E e B, 7235, 1991 4FD EF Rig
KD NOHFEDIR AL 5.7 TH O, KLHADIRE
WH o Tz EME NI ARHIE T OHEDOR TRV,

2. RUTBEY

FIVT T Baat Tl KRRIEH & AR D 2 W I E
BIZIHLAIE S TN EBIAT EENTWVWD, ZTDTz
DISKIAD T, FROEE (1 ~5 km) ICX T YEED
ERETHDOTHAS5. L. Z0H 10 km FikDE
SIEHBHE LS, KDL DODDTHAIMN?
& L. DAEOIEEINALDOT, 1~ 5 km ICEFEED
RKEIDOXTBME OB EFEL TV D% 5, BIED
RN THRMTE2ETH 5, HERREN RN
k. TOWEDBILL TVWRNWT EEEMT 2D T
37259 W

ZEZE, TOERNWRIIMED & F 5 Rz <
ZDF7=Di&. Rittmann (1936) /Y YL AT 4 7 X D
S UEE O OEERZ N FAY 5.5 km & i 72 W X
THH9, WO, IEaH O E S RZE R Z
ZFTWT, TOHEMEORE 2, MADY LV e
D 79 = F LD H RS OO R 2 T &
LTS EDN TS, HEABEOHEEIE 5 km &
LTh, ZTRRIBEOND S T &k, FNCEEAS
BB D, T AT 4 T AW TIE, Zollo et al.
(1996) DR R EST T A —H 5, 12 ~ 14 km ED
S5 D R I IEH I HINE DR EI D fFE & $5H L T
W3, CTOFMCZEITIDFEETEZHMTHA5, L
L. Rittmann OZ8E KEH > 7z, J. Verhoogen I &
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Fig. 2. A model of Kilauean magma reservoirs (after Fisk &
Kinoshita ,1969).

U, Rittmann D7 F X MM AIIZZOESZES &z
EED. TORIEITE, MCESTZ
INTAKINFLERER T TH O, HHEHERWEXIC
RUSRMED, HBHIVREYITY - Ry L FINE
EDNEET Do TDT LIXENICPE - Tz HIE DfiR#T
MHXRFEN TS (Koyanagi & Endo, 1976), Fisk &
Kinoshita (1969)" I&MEAIC 1 > 7= HiFRZS Sl 72 fighit L C.
ZORKZIEA T, VIVOMBEDLESTEDE LK
(K2) L. XIUBEONCDOX S E/ET, <
TIDFEO ST IS, HBIZEEIICT%T %
Th55, FHL 1950 FERENDBEOHI KA L2
BN CRHAT 2728, DX S BREEZTE Uiz,

IIVT IR BIcid. Z O M &I O)
R, EHZERITKD 2 B/NDD D, FHEIE, £ OH
BEMN. VT T OB KIE RS ] S DR Y 72 ik
HLT, Zhzilldabes o, —RBIELAT L
BLIAATWS DN, HEETERV, HMEOLTH 21
BOWHCIHIUE 2D THA 5 b kil (2005)* X,
R ORGSR % 50 MPa . Y7 < E O OES%Z 10
km EfGEL, B2 BXT 6km OZHANTE 5 E,
WINGIAHEHEI N TS, HIEAORRITFEL 10
MPa T, HiZEOmHEIEE D 15730 iR Uiz

3. INEVAILT S EREVAILTS

HER FOANT I35 DDRNE FIIRT %720
I, M3 %5RT, ZOKZZERICEEVEIFIC)
FHLTWB, BEEANZTFNE, —IcZFORE (77
RIGHOHUL) ZRNTHAI N D, TNERINDAIV
TITORTN, H—D AN ALTIEREI N EIFEZ
e, ANEWITTIR, JEHREOWE] VTS D EER 3
km TH 3, ZOREFIEHE=ALOHRIIT, VTS
BRI O ML RS s, 22k (1983) kAL T
SO 2.4 km FEITET % R—1) > F OfERE L
T, ZOMEZRM 4 1CRT XS IChdiz, TOHLVT
TOHEMBI 1.7~ 18 km EThHB, FEMNBIE, R
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Fig. 3. Calderas, small and large.
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Fig. 4. Nigorikawa caldera in Hokkaido. A schematic geologic
cross section (after Ando, 1983).

B2 DD, %AV T I HELIREDEIRTIREE
THIN. ZORRICZMETH -1 L THD, H
T IREEIZHRL 2B P mb &5 THTHD, N
A S OB RO ARE DK D 575 B RS, 4
FIVT S, BRI X > TRETN TV %,
TIVT FRICHEAT S, U WIS K O LAk, [
TAF. U TTKIERD S VT I NICHERET %
LD, TNHDOERAMTHO ., ZOHRITALITK >
TIRVHIFITE %, > T, EHIZ T Nk “Fallback”
EFRL 72, Fallout ( BURPERE TP &id-> & D XK
LC. “Eruption fallback” & #5d 2 DA77z L S,
HAE (2006) 11177V T 5 0 i R 2 RIS 3
LTy TOMVT FIFREARMTIEY T <IEE DD
HTHO., BUER SN VT T HERYNI RS HERY ©
HAHELTVB, FEFICELENE, K40k MK
DRDHELIZVETARTIBE IRV E, Kakid
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EEEWESICEDNS, ZOREDIFKMERIERH T
HA A9,

TDESICEZTL DL, KOALHVFTT LiZDEN
B2HEDT, BOVRAEIRZFICES, KEVWHILTIIE
FNKONTVKODEETH B, FERKEEDKPERZ
e AEE. TN E T BRI 2 E BTN
ETHAH9,

AV R T DRILKRTD 1815 FEDMENIFEHRFR
RADE DT, B 6 km, A BIAHE 700 m D
HIVFSWTEREEND, RN T—EEE R,
BEREWEE L5 5 X0 IXERNRETH 5, FEHIET
NSBROMRZDEDEEZS.

X3 ICBNT, PR, ZUREREVD, BERICK
FVOMNATFTD MNMITH S, TOKEEIE 100
X 30km T, ZOHEJEFIEIXK 5IC/RT XD, &
K#J 40 mgal DAXELH 2 JLHIPHIC 7R3 (Yokoyama &
Ohkawa, 1981)", Z DR HHICHI 10 mgal /M
HHRHO, ARINTISTHS T LERET S, AR
FoWiE SF) ICih-7eRIRBEONEZENS,
Ninkovich et al. (1978)" & s NOFILD A > RPETY
ALY AT R LT ORI AILT S O
20,000 km?® DL E&FEV, HEBIKT 7 T34 > REEOIL
HERD 5 X 10°km* DL EOMHRIC{#ET %o Ninkovich
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a) Bouguer gravity anomaly in mgal (after JICA, 1986),

star

symbol: vent of Tala tuff after Mahood, 1980.

b)
19

Geological cross section in NW-SE direction (after JICA,
86).

c) Basements beneath La Primavera caldera (PR) and Santa
Maria (SM).
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Fig. 11. Reconstruction of the Mull volcano, in section, during
the early acid explosive phase (after Richey, 1948).
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