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Caldera fill deposit at southern part of Miyagino, Hakone, Japan

by
Kazutaka MANNEN, Kiyohide MIZUNO, Tomohiro KASAMA and Hiroyuki YAMASHITA

Abstract

A geological survey was performed on samples from a borehole (no. 10 well in Kuno et al., 1970) located at the northeastern margin
of the Hakone Caldera, Japan. The geology of the borehole was revealed to be as follows; talus deposit (0 - 70 m), lahar deposit
(70 - 180 m), collapsed Older Edifice (180-280 + 20 m), and caldera-filling lapilli tuff (280420 - 318 m). The lahar deposit, which
mainly composed of ash and pumice, contains hornblende phenocrysts and from the reflective index, the hornblende phenocrysts are
assumed to be identical to that of the TAI-1 pumice fall. The lahar deposit also contains pollen fossils, assemblage of which shows
relatively warm paleotemperature. From these observations, age of the lahar deposition is considered to be MIS7, which is also
known as the older caldera forming stage of the volcano inferred from tephrachronological studies. Since such hornblende baring
tuff distributes northern margin of the Gora Buried Caldera Structure (Mannen, 2008), central part of which is collapsed in MIS4
(younger caldera forming stage), is a nested caldera structure formed stepwisely during the older and the younger caldera forming

stages of the volcano.
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Fig. 1 Location of the no.10 well.H and L indicate gravity high and low.
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Table 1T Summary of petrographic features of rock samples obtained from no.10 well.

RE AR K& &EZDE (phenocryst and the content) BE ZEHE Y (altered mineral)
depth Rock type pl opX_ cpXx hb ol opq gz ground mass smct chl calc zeol gz
20 MARREMNERRILS 15-20 1-3 1-3 - - 1-3 - hyalo-ophitic
40 EREERILE <1 <1 1-3 - - <1 - cryptocrystalline
45 FaL-mEaRIUE 10-15 1-3 1-3 - - 1-3 - hyalopilitic
LB RABBEMBRRIE 187200 158 158 T hvalopilitic
7 RIRERE (@] A (@) - - o -
75 BRENE (@) O O - - -
78 BREXASBMANE (@) O O - N - -
83 BRHEMSE (@) - <1 35 - a -
84 BRIKEWE (e} out out <1 - a -
90 BRIREME (@] out  out - - - -
90 1BHBHIEL (@) O O - - - -
100 BIRERE (e} out <1 - - - -
110 BERS (e} - o O - - -
120 VILNECYIBHRIED S O @) @] - o -
160 FAR S O - @) - . o - + +
166 SEIREWEES (@) - (@] - - o -
172 A BREMERRILE 5-10 1-3 1-3 - - 1-3 - hyalo-ophitic
176 RILEE RIS 5-10 <1 1-3 - - 1-3 - hyalo-ophitic +
e JBO BIRETYE s DD QT S © BT
1845 RARREMBEARILE 10-15 1-3% 1-3 - - 1-3 - intersertal +
1845 M ARESHHEMBARILE 15-20 <1 1-3 - - 1-3 - intergranular +
1875 AR REEMEARRILE 20-30 1-3 1-3 - - 1-3 - fine grained
192 AR REMERRILE 15-20 1-3 3-5 - - 1-3 - intergranular +
198 fARREMERRILE 15-20 1-3 1-3 - - 1-3 - intergranular
198 MiABREMERRILE 15-20 1-3 3-5 - - - - intergranular + =+
200 RARBREMBRERILE 10-15 1-3 3-5 - - 1-3 - intergranular
206 RILEE RIS 10-15 1-3 3-5 - - 13 - hyalo-ophitic +
209 RILEHE RS 10-15 1-3 3-5 - - 1-3 - hyalo—ophitic
217 RILEE RIS 5-10 1-3 35 - - 1-3 - hyalo—ophitic -
220 RIABREMNBRRILE 5-10  1-3 1-3 - - 1-3 - intersertal +
228 RILEE RIS 15-20 1-3 3-5 - - 1-3 - intergranular
230 MAEREMBERRILE 15-20 1-3 3-5 - 4 1-3 - hyalo-ophitic
230 MAEAEMBRRILE? 5-10 1-3 1-3 - - <1 - intergranular
236 MIEARILEA 15-20 1-3 1-3 - - 1-3 - intersertal +
236 MAEREMBRRILE 10-15 1-3 3-5 - - 1-3 - intersertal + o+
240 AR EEMBAERILE 15-20 1-3  1-3 - - a1 - intersertal +
248 MARBEEMBRERILE 15-20 1-3 3-5 - - 1-3 - intersertal +
250 MABLARER (?)NABREMBERRILE 10-15 1-3 1-3 - ? <1 - intersertal +
258 NMALAREE (? ) MRARILE 10-15 1-3 1-3 - < 1-3 - intersertal +
L2 mTmEEsERRILE 10715 =8 -8 - o Soontersertal
307 BREEECYMNE @] @] @] - B O O +
315 EAER 5-10 1-3 1-3 - - 35 - pumiceous
318 PPEHLELARE 15-20 ? ? - - <1 - intersertal
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no.10 FDKILERDLELFEMEMATER (BHALIX wt%)

Table 2 Summary of bulk rock chemistry of volcanic rocks from no.10 well.

depth anal ID bead code SiO2 TiO2AI203 FeO MnO MgO CaO Na20 K20 P205 FeO*/MgO
20 XRF071001-22 B0822 600 076 166 7.1 013 38 7.7 32 060 0.11 1.85
45 XRF071001-23 B0823 595 074 175 69 013 3.6 7.7 32 060 0.11 1.94
65 XRF071001-24 B0824 595 078 162 7.7 0.14 4.2 7.8 30 058 0.12 1.82
1845 XRF071001-25 BO0825 602 073 175 75 0.19 25 7.6 32 050 0.10 299
187.5 XRF071001-26 B0826 604 074 175 74 013 24 76 32 051 0.11 3.10
192 XRF071001-27 B0827 598 070 176 74 0.14 2.6 8.0 32 050 0.11 288
198 XRF071001-28 B0828 605 072 171 77 0.15 2.7 74 31 049 0.11 283
206 XRF071001-29 B0829 603 076 175 79 0.15 2.6 7.1 30 046 0.11 298
209 XRF071001-30 BO830 598 074 169 79 0.16 30 7.7 32 049 0.11 2.59
217 XRF071001-31 BO831 587 077 171 85 0.14 35 79 29 044 0.10 245
228 XRF071001-32 B0832 593 074 172 78 0.16 30 79 33 051 0.12 2.64
230 XRF071001-33 B0833 60.1 069 174 72 015 27 78 33 050 0.11 2.65
236 XRF071001-34 B0834 603 070 172 74 0.16 28 7.7 32 050 0.11 2.65
240 XRF071001-35 B0835 600 074 168 78 0.14 3.0 7.7 32 049 0.11 262
248 XRF071001-36 B0836 602 070 169 74 0.15 29 79 32 047 0.11 253
250 XRF071001-37 B0837 60.1 069 172 73 0.16 29 79 32 048 0.11 2.54
258 XRF071001-38 B0838 600 068 175 72 015 27 79 33 048 0.11 2.68
318 XRF071001-39 B0839 507 104 241 92 034 1.8 9.6 30 006 0.17 498
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Fig. 2 Alteration check using alkaline contents. Compositions of basement rocks such as which obtained Fudotaki

in Yugawara (unpublished data) and Odawara-b well in Nebukawa (Mannen et al., 2003) show scattered
distribution on this plot. In contrast, compositions of rocks of no.10 well show concentrated distribution.
Contours in the plot indicate frequency of fresh surface samples of Hakone volcano(in percent). For
example, within a test circle (shown in upper left) on an arbitral point on 1% contour contains 1% of all
analyzed points. Most of the samples of no.10 well fall on the high frequency zone of fresh surface samples.
This observation indicates few alteration of the no.10 well rocks. Contours are created based on 612

samples selected from Takahashi et al. (2006), Nagai and Takahashi (2007) and the author’ s unpublished

data.
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Fig. 3 Columnar section of the no. 10 well.

3.4, WIVFSHREXIUBEKE GEE 280 £ 20 m ~
318 m)

TREE 307m IRV > T Vg et /e b, 3065
FEADS B, 30MmBL O3S miFWTNHLEGET Y
ORI, 318m IFEE LI KILEHTH D, Z Dkl
AOMABRIIEEICL Y Kb Tnwb, 3 307m @
WA E U0 RE T ORPRLO — I3 A B 2 & de AN, A
PEFFARA IS 3G v, s Th LR
JIEK BB T E ENLHGERH LD T, T EER
ETDEREBZDONEY N AN, RIFEHO
318m OFREHIRLRE L N A TWDE A, ZikE DAL
AL TS, ZHEHHIIEOAREZ IR & T 2%
EHEE SN D, 307Tm LLRIZE NS EA TSI TH D
DEERY | BAALCHEPRL D,

4. SN—IVHEEYOTERLE

RALF:D Z ~N—VHEFEW O 5 B 83 ~ 166m D 5
REHZ DWW THER A OB A 04T & Felia L=, STk
MRS e =T A IZFFE LT, LUTF, [Atto
WMEEL L LI, aToRELERRD, k. HirFik
IZOWTIE, EHEIED (20060 TERLELDOLEEDY
RNDT, ARCIEFEIET D, fBba &3, B
EAIZOWT L HREOMEREZ ZRE LT, T X TORE
THER AT Do o 7o, B b amoirofERix
Ty Thsd (3,

B P OWE 166m Tl hv b g, ~ VB, =27
BOAESLCERL, 7R, IR, YR, =LVE
— YRR EEMND, RE 120m 225 83m TiF >/
¥RETTE/AELELCENL, VB, AXE, =L
B YXEELES, TLT, RELRNLT BT
BNV YR BAENT 5, £, RIE 92m TIEY
AR BEERT S, B, N2/ FBIXEE 110m
ENXMIZBNWTELLEZEL, ZORFUETIET RO
BN END, F LEOEE 83m TIXAXE, 27
THE, = VB YXRRSITENNA LD,

AT & v AR 7135 B ORE 83m 2\
TIHED b TROREE AR TELFERT D08, Bk
FICB B E BN H LR, A XBeh v Y 7
B EIZPEL U, AR SKREMY OV AT X IR
ZEf L CEHT 5,

LLED X5 7R 6 i FEOTRE 166m TliikH



—@®
™~ 318

FeO*/MgO
W

50 60 70
Si0, (wt%)

X4 Si02-Fe0* R LETOFBXILUEEY DOEKEE &, no 10 FHEK DILFHERDLLE, BHFIHBORBUEE,
65m LUXDEFHIPRAAOEEEY L O UHBAILGELY (CC+YE) DMEMERICASN, TNLYENHD
(RE 184.5m <) [IHEAILArEHY (OE) DHRKICIEEVLSHDHZ LY,

Fig. 4 Comparison between surface lavas of Hakone volcano and borehole samples of no.10 well on SiO,-FeO* plot.
Chemistry of shallower samples ( £ 65m) is identical to that of the central cones rocks and the Younger
Edifice rocks (CC+YE) while deeper samples ( 2 184.5m) are similar to the Older Edifice rocks (OE).
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Fig. 5 Comparison of bulk rock chemistry between volcanic rocks within the collapsed deposit of the no. 10 well and

the Early and Middle monogenic volcanoes.
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o7« Z 3L/ 7 (Kolmogorov-Smirnov test) % F2fii L7,
FEiZ o> TET7 YV —OfEHAE Y 7 FR LT, #5%
RFESHERFHWOFEARBEEERB AL TNWDH R 7Y
7 k& M7= (http://aoki2.si.gunma-u.ac.jp/R/ks2.html) ,
fRE L THONTAEHRPMAR S TR LN,
TNEHD EXERBIOTTIIREY TAFL b o2 b
%\ P=0.804 % /x4, TAI-1 LA%h CiE, TCu-4, TB-9 73
FHUCHNTRRE WP EZ ST, Z OMOMEIEIEE
WhEL< L ey, Lo Z &g AREFETIR
PRI 83 m @ A A BES I TAL-1 (ke S 4005 TdE
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Table 3 Result of pollen fossil analysis of no.10 well.

£ % 2 83 92 110 120 166
REEH Arboreal Pollen
IR Abies 8 7 2 7 12
VHR Tsuga 3 14 - 1 6
roER Picea 9 9 1 4 68
FMIYDOSR-HITVE Pseudotsuga-Larix - 3 - 1 -
VR Pinus 43 42 18 27 48
aAYYIFRE Sciadopitys 2 6 - - 4
A¥E Cryptomeria 22 10 6 1 1
AFAR—AXAVE—E/F7 Taxaceae—Cephalotaxaceae-Cupressaceae - 13 1 - -
Yr¥R Salix - - 4 - -
HOTIIE Pterocarya - 1 1 - -
IR (F=TIIR) Juglans - - 1 - 1
IRVTR-THERE Carpinus — Ostrya 5 3 6 5 5
NN Corylus - 1 2 - -
AVES: Betula - - 1 - 1
ASYES: Alnus 35 96 154 62 6
TTrE Fagus 62 41 60 78 22
IFSEITSER Quercus subgen. Lepidobalanus 13 2 1 3 66
AFSBTHAVER Quercus subgen. Cyclobalanopsis 2 1 13 4 1
D) Castanea - - - - 3
/¥R Castanopsis - - - - -
NITYER Hemiptelea 1 1 1 2 -
ZLER-SVYXR Ulmus-Zelkova 25 4 7 7 6
I/XE—-LY/XR Celtis-Aphananthe - 1 - - -
HIOSR Prunus - - - - -
*FNTR Phellodendron - - - 1 -
UIFR Sapium - - 1 1 1
EF/XRE llex - 6 - 1 -
hITE Acer - 1 1 2 6
VAR Parthenocissus - - - 1 -
JiE Elaeagnus 2 2 - - -
HILAN R Lagerstroemia - 1 - - -
=g Araliaceae - - - - 3
IX*R Cornus - - - - -
P2 Ericaceae - - - - -
N/FE Symplocos - 2 - - -
ITJ/¥RE Styrax - - - 1 -
FrUDR Fraxinus - - - 1 -
ZANXSE Lonicera - - 1 - -

MRS b 0 SRR TC X B,

6. BE
6.1. HERRIELHERENR

AALFF OB IT AR AR RS & 2O Lo Z
N VHERERIN D 7R | BRERIEE VT T (BARIE D
2008 ; Mannen et al., in prep) & [FRE, Faik & 22 ED

A U HERE RO AR O v F T, DT TS L
HHID, ZOHNT TIEIEDTERAENR, T b b
W DRRSIAER D ERRIZ T ~— VHERE DR VW D 2
LIz b,

TN VHER OFENRIT, 77 7 I TAI-L ISk &
N5 ERONABAHEMOFEND, DD LN
kb, Thbb, TALLIIMIST IZHtbEnNs &£ 25



02 o 83 92 110 120 166
BEXTEH Nonarboreal Pollen
AR Typha 2 - - - -
YOXESNR Alisma 1 1 1 1 1
A5 Gramineae 33 7 1 3 8
hyv vy THE Cyperaceae 53 16 11 9 17
ik =t Moraceae - - - - -
YFIATEH — VT X YNNI Polygonum sect. Persicaria-Echinocaulon 1 14 2 - 1
TR Polygonum - - - - -
+Fa% Caryophyllaceae - 1 - - -
hITIIIRE Thalictrum - - - - -
FURDTHE Ranunculaceae - - - - -
INSFE Rosaceae - - - - -
UF Umbelliferae 1 - - - 19
YIHRZUDVE-REIVTI0OR Adenophora-Campanula - - - - -
IEXR Artemisia - - - - 7
FOER Carduoideae 2 5 - - 5
BURREFR Cichorioideae 6 - - - 1
TBHIEH Unknown Pollen
TERTEH Unknown pollen 14 16 27 14 24
AN - EYRTF Pteridophyta and Bryophyta Spores
ENT I/ HhXSR Lycopodium 1 - 2 - -
TovMAR Osmunda - - - - -
HoavE Salvinia natans 2 - - - -
A HEmRaF other Pteridophyta spores 75 11 10 13 18
IXI5RE Sphagnum - - - - -
& &t TOTAL
RETEH Arboreal Pollen 232 267 282 210 260
EARTEY Nonarboreal Pollen 99 44 15 13 59
TERTEH Unknown Pollen 14 16 27 14 24
LAY - 2 iEmEF Pteridophyta and Bryophyta Spores 78 1 12 13 18
“ity-a¥ Total Number of Pollen & Spores 423 338 336 250 361
PHEZREOHRE
SHEZREE; VA:Very Abundant(FEEIZZ L), A:Abundant(£LY), C:
Common(Eill), F:Few(D7ELY), Tr: Trace(REFFERE (ME)) FFC GC-A C-A GC-A C-A
TP BRFIEROELIMER; VA:Very Abundant (FJEEIZZ V), A:Abundant(ZLY), C:
Common(&il), R:Rare(fit), VR:Very Rare(#E<FHit), N:Non(FE{LR) R R R R R
TEH-RFERDOERFIKE; VG:Very Good FEEIZERLY), G:Good(RLY), M:

Moderate(Eifl), P:Poor(ELV), VP:Very Poor(FEEIZELY)

AU (HIEIEDN, 2000), = ORI D J LM ko
TR E LT IRAMICH T B, o T, HE 70
~ 180m O 7 /~— VHEREWNX I A VT TR O b 0
Th DR EWV SR TE D, RIC EFLoxt ik
D TTCu-4 = TB-9 LXFLLINDZDNRIELWVWE LTH,
WERRNELY WA NLT TR OLDTH D Z L
b, I NVHREMN VT TR OO TH D

ETDBRZFIIEREIND Z L0,

—J7 . AEMEADDITERER DN EICHET S
MENRH DL HDOD, YL ARY OPEH D AR OB
EiFonsd, WLVAXRVFREOEELE LTHWL
D ENZOD, MISLIZIEFES T, EBEMICE WX
MIS5e [ZEH OREA & ) MIST (26 DTN ET S (B
FEA>, 2006 ; Miyoshi et al., 1999), L7=23~>7T, Z O



T o= VHERE)IZ MISS 2> 7 125t S 2 FTREME R & 5
L CE D, ZORRIL, T —VHEREY A MIST &
T 257 7 FREDORFIZIE S fim LR cho, =
DRayEAEED MIST (TR Sl 2 & 2R3 5,

Z OB s O ST D VT T IR & T
THI LD, ZORERFIRKILGE N LT T R
@ TCu-1 X TB-13 72 EBA Y & 1 5 K& WIS
U CHIsREZIREMER mW E LB 5,

6.2. FMEEBEEDSH

ARALFFE TR S T Bt D ZE 72 IR A 0 12D
T, A PIA B 2 & A OHERE O A0 5 &
HRERETLIZENEKLI b DO LERONS, SRT
AN VHERRY) & U T E A PO B A B iR O HER
Wi, TS O DT (AR S 21 5JF) OWRE
251.5 5 252.7m THLN TV D (E4E, 1999), HE4E
(1999) Ti%Z DA HERED S BLR TR AN Z &0,
Z O E T OB OHEREY Y IR RIROES &2 Gt
T Einh ., EHERERICE T LR A TRHERIY &fIT L
Too UL, A PO 2 5 Tl i 1 A0 ARtk C ARl
IR EMDHT, ZOUEREWITME T O RHERY
THHEBZTHRY,

WA PO B & & TR OHERIL 2 O1F 0, Bk
BHE NS ZHTHERON-oTWDLNR, KLHAEETLZH
O AP & PET 2 AL TIRERTE D LT T DAL /A6
T 5, ZDHOWEMAPANLIEY MIST OREHO AR
FTh D ETIR, REEEI LT ZITMIST (HHI
T ZIREH) BEOMISA CHEI b LT Z ) 1T
FER S NIz AL TR OMEMEE TH D Z L 3VRE S
% o BURERL Tl D FLIH D@ £ P 1T @R D iz
IR A FERE L TWReWR, SRIIIhO DG 21T5 =
LI XD MRS D X0 e A ETRIRIZ OV TE
ZhRHED TV -0,

7. S

FEARET = 3B C 1962 I S L E DRI S T
no. 10 # (Kuno et al., 1970) IZ DWW THVE OMiH 247 - 7=,
ARAFFE B G ek n ERERRRE - Tt - A
HEREM . T N— VHEREW), LR D RV HERTY) . B K
AT T K UBEEIRE L0 720 . kL L CTHEE
HNT THEEOREHEY TH D E RO, BEINV
T TS DO RSTAERIL T N — VHEREC & £ 5 £
PIABES DO IRITHEN TAI-l DT EHEET 5 Z L0, 1B
B b A RER RIEIN N2 Z &b, MIST Th S
ZEMNBLARBEND, ZOZEND, 2 OMEEE

W LT T ORE RIS L TR Sz b o &
B2 OND, WEAPIAB % 5 < TR AR TR R
WEN VT IHEOIRITRD b, BIBEEN LT 7
HERE 1S MISA 35 KON T GBS0 /07 5 TR O
HNT TIGRH) \ZTBK S Iz AR OKEEAEE T dH
HZLNRIREND,

B

AT 7 T REIO—EBIX, BT HFE RN KP4 &
BRI TRV, DRV L LD, AREFgED
BATIZ BTz > T, IRRHIPAF TR E SR D1E D>, PE
AR A IFERT A 2 X D T EIIHERE A DAFZE ] AF
e, FORNRFHUEM R R E L FAFSE B TG kLI
BT DM AR & B IE TH O SERERIAT AR ) AFEE &
A L7z, BIROWFZEAEFE I L OFHH L KALITEL
LB L BT 5, 2ok, K1 OFEKIC GMT (Wessel and
Smith, 1991) ZF|H L 7=,

SE Xk

POV - WAEAZ - 8ARBRZ - /N—Z - 1LIRIE e

(2000) HADHITE 4) BIH - JrE/NAEJE, 349p.

HOROR R 2

I RSE - UTRUEZ - JIFHT— - SFHR T (2000) w5
Sy 7 ARRHTEEE T X DA EEE RO
FEDRRGE , #hZ3) N RSL I EET e (B RFY)
27,107-125.

Kuno, H., Oki, Y., Ogino, K., and Hirota, S. (1970) Structure

)
5

of Hakone Caldera as revealed by drilling. Bull.
Volcanol., 34, 713-725.

BT - FiERER (2003) HrmkILKT ~ T 2 [HAS
K& Z ORI WAUR RS | 336p.

EAE ] (1999) FEAR - TS HUBCTHHI S 7z 2 K
DOIIRFEDOR—Y v 7 HUE &IRR , IR, 31,
1-15.

EAE—] (2008) FAR I VT T — HUEAEYE - BRIA - BL
TED K ITEBIZ F6 1T 2 B —, 1023 1| 150 22 Ak
(H%X) ,13,61-76.

AR - KEFE TS - GHERIE— - 1L TR Z (2006) FEAR
SRR DM E — & ATWIRHERE O AT &
Z OHERSBREE —, IR PR A | 38, 11-26.

Mannen, K., Yamashita, H., and Kasama, T., Subcaldera
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e EALSERARR , AAKEESCRLAEES A SR A FE AT he
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