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Historical background of geothermal research
in the Kurikoma area, Northeast Japan

By
Hirokazu Hase™

1. & L ®» Ik

FRFN 55 4E 1 1 BAth & e THIEBMES BN SRGEHTE | T, DrEoREMSHIEMIETH 5, B
JbE A TliEHg ] KR TR | 25 %HSE LT B, - B bz 5 B R 7
EZEAMT 2 2D OWEHARNTOATEHICE -TWAEA, A70 Yz b EHEF 63 FEEZ & » THK
TEBEL EE e

KoYy b OhTEESHhTWS [{IEHE] TOFERY 2 F587T L TR 53 FE» S IFR
BLAEREITh i T, JuMlth « JbEfo TN | TS N [AEBZER I BB BRI 2 KN
Bl A2ahdL, DHAETRTOJIOERC S >OKLBMEBOKZEE R L L KEBREER 7o v
27 PEEREISNTETWA, HERAGERICAS I F—<icLIh bS5 L, F& L THIBGEHRE
IREED R & % D 12 DERBM O TALIc G THIEAED TETEY, A7u v 2 FTREI
IS BRI b 12 A HIBETRIRE D T 7 VILOBAED SRR RBILEIT-TELODTH S, &
DEFMEIE TR Y 27 PEITICY - TRESHHATCASRERBECHENTHE SV E LTRET S
TENMETH D EFH s VS RO TR STl 7o Y= VRESY, Fevas b
DERBETOSNGEE 3,000 m FobiHHE+iTo CEMBoAshTey, HEABR TR E
semHEf i B0 T C OFEREIHRE IC A A FIEMI AT, TN E TOPRERRIIC - W CHHRfIc AT
MEFLELTEDEESHETY, FERIUHMHEOETNC, OB IZ> W TRERRIR b o
EAETT &%, PTEO—[1EBELTETVS, IOHAT, ThEThflénEéDnE 7oy b
HBITIAETITO EEBRENSORRICEAMVWA T & &L, TR o>V TR TEEH B
Bic B a0 GUERETRE $F26475, 19854, 2L T MILGHIR] o> 0T [l
Mo B 2015 ) CGUEFAATRE 552667, 19874) &L TAKET- TS,

[EEME ) TR 7o Y7 P RRERETORRIHET I ERS NEVW T &g - ah, TIRE
D& EHETS [ERMBMHIBIC BT 2% &, ERBEARORREFEKOEZHTID £ &0 %
BTELLDTHA.

HIBEFEAICH T 2B T 2 0¥ — G EIcBET ATAMIEIE, §RERT S 22 < ORERI 22 S plig &
NTWAH, ARSI O TR 30 BALIRIC I 5. BiRVIIc B 5 YoM 2 L& — &R
B ATHEMIEOI & ¥R Ic> W T, [EREhAE I 0 21150 GIEFEMESE 52647
owpTIREhTED (LUES—, 1985), EEptEic By 2B 2 v F —-BIRFIHOREIT >V T
bInETimEpTEHARshTws QIIHE=M2, 1985). 7, A5 EEICEEa N [H

A
* Geothermal Research Department
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s, [lrghhEiigic 817 2058 | CWERAESRE $206%5) ohtashTws (2« ER
1987).

INSDOXHRIC L » THIIERE N TV ATV TRAETIIEISL /.

2. TEEHUIF | B 570y 27 FREFHSE TV

(MIEFAA] 7o Y =7 PRBICKITL - T, FOATOMBRGEDEZ FPREHESN, BaeFL
ELTHRGIREED 5 4 TXADRA Shie. 203, [ERHg] i 7o 9= 7 P ol
&S BE VT I RHULE TR — 1, S OFEENST L, B O Mg o —it
HehsrdsltoflErs, MBEUEFLV] LLTHNBRILEEShEL CARBEATYRY =2 FTHD
FU b s —oouKHIETHS B [IAHUR] 25, TEEHe7 | OBMTH S EDEL ORI
HET 25D TH - 7.

A7 Yz s bFEEVIE, HMEFE» SHHARECEIFEEORNE, TS 7 — % OFRT « T8
BEFROE LD 70V bOHMZRTERSA ETA3EANEZ T 3MtRE sHLTHS. L
L7av27 b OERNEREVR-TVE, TOHEHDS L, )REARBOLEDEVE, ()7
oYed VEBKRICBYAHET -2 OERBOESVD 2 RicoLWTIHLTH L.

(1) xigehulsk  [EESMNR | O TEICHHHABEOMEIEE L O BBIRORE 7 v 7 7 B8 25
km® TH3., ThiE MIEHME] ©7o Y= P RERETICRE LTRGBS 180km® LB~NE EA
ERERLVAZ, WERLEMLEIZ G - TEVERE KRR cEbLN D [MlsHiig] &, 20
&5 IR { BRI HERE 2 R AHUR & 0B VATV S (SIS T 13S0 —8E T 5
3. BEL RHTEFAEERE 8266 53R, < ogHismEmgoR v L, il ol s n
1,500 m EHHAHIERLY 6 K TH 3.

(2 &7 [FEFMUE) < @EpEhiic EEEIF ) 1o & 3 B GE BT 3 IEH 50 40
SERLERHEL TR Y, JOREMERICE-> THONLHMT S — 4 BRFEBHOMET 2 LMK ®
HERED A2 54, WRIBOH FEEHAEEF VIR AN SN TWAS, oS TRERERLER I
WF 7 -y 2ROTOR TisaiR] &R Ul Ee 7 v, [REHIR]) o8 EEIER DTS
Sl GHTEMTE S,

[MRAEFE A ) BAEGE S & COMEHEERIC L 2WE P V7 5 2Pl & 3 2ot Bl 0 Vi
BRI BR M (1959), Nakamura (1959), B « Pait (1965) K& ok » TkMIC R s h T
TH D, 1967 FLIFNH I E#AN TV S (Yamapa, 1976).

3. WHRIEH & FHiEikH

(MRS | 37 e Y =2 P REFOEMBIETEY v v v 4 VETEHERS O RICE D, HEHE
BTATHS TERFENIE] 7o v bELCHIBIOVRELEDTE LD TH S, WAISELH,
T RV F AR (LIF NEDO SEER) ORsZickyd, A7a v« ki NEDO 0F#Eic &
HEEEFE 70 Y 2 7 F OWBEERONEMN T ¥ = 7 b & LTHEMEAHcERishs o &
EE ot

IZUEEREASI TGS SRETH D C C TR EEIRT 52 CUERERE 5266 52R).

(SRR | <B4 2R FMARRIE 1 RIS LB TH O, MEFEAIICE T 3 HFEFEREES
(FFFIME) BE2RICRTEED TH B,
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Table 1. Research items conducted in the Kurikoma geothermal area in the present project.

EFE (FY) | 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 W =
EHE (ltem) WAFiI55| 56 | 57 | 58 | 59 | 60 | 61 | 62 )
| MEHE (757F 2T —
7 | A7) RE
%]‘ & | (geological survey)
H =
W% S| pames
Br % | (Heat discharge survey) | EhT—sH
7 § RN - Sl JLINE - AT
i i ‘ KT, &
o (Analysis & Evaluation) - eyt
5 oL HE
(Aerial thermal infrared
=1 ¥ survey)
5 | B
S = | (Blectrical survey;
4 1e8 Schlumbergier’s
| f?l method)
i w2 | MT&E —
- A& (Remote reference “
B%ffi MT survey) PTTIA
YA (1,500 m %) ] ot i
& | Orilling) KR-1 KR- [KR 4|KR- {gﬁeru
HF T - AEBERET 2, 18 5, 6
(Analysis)

4. Wi OB

[EEEHIR | TRAEDDO LS AT oY 2 7 b BEBHATHRBLEOEYEF — ¥ FiIc L 508
MEfE & & b, MBhRICAE ST A2EABILT A 94 ~ OEIHERREE, SRt
B, BMEBRINTEOAMBHICRET S 757 F 2T RHOVWTOFABNE LRI TWi &
D [HRAFAE] O THERER BT T @B T 2 7 F 2 757, BFOEMITETR?Z &
WBEFABETH L. FOMcid, NEDO M- - WHEEE 7 — 7 O, ST L 2586 EBE
EREB O, BEEEEERT, HET S bR EEEEL . YEBES T — s o TRE DT
— S DM HERENHBERAT O EM L . £ - ER AR EITB OB 1 FE L LTS s h iR
FUE AN D SNt MT O & 2 OFHliD 72 % O Ic & Fihsthb i,

BRI MW 10m ILEEAEL 7245, HOTHEN G & DEAEELEE, 1m EORERE
R« A 2ADIMFEEER L 7., THRIERAZ] WhR5 Iho0RE - TR HIRERE O R RIHE
HLLTEEHTETWV S (55 FREE—60 FEEY ¥ ¥ v 1 VEEU TR BRERES). 1,
BeD7r—<TELE->bDIK>0TId NEDO THOb & TELETRELTETVS. XS0y
27 PTPILCNETE L F - BB ORERRLE LTRUTO S DHH 5.

IRIE TR R & L CER 10 540 1 TESHIBMISHER S LT $EnEiT-7 (B
AR E RRE 7 v — 7, 1986). F7, BHI60FC3, [ERHSOMEIRE+ 2T E) &
LIPS HR2AER L7 (P60 12 A 9 H, 5174 R ES. ¥4 10 7 —~d NEDO
27—, MAKRY1F—<HEETI3B).

FEEEO IR | 1351 % WFE S 3 4 U TRl & 7o R W o 1,500 m i, KR-1 HiToREE
Mok - THEEEZT /2. KR-1 Siobi##E NEDO O 56 FEHAE S L TilEah, HEE
o E LU EHFHEIIET 7 EFEICRLERish, BE 1,214dm TEEOEC S HicdEs. o
%R D THREIEREG, EE 1L R 30 HEEE 1,390m L To » FEERPIESIREE S, B
I IE SR A, BEREEL T 20D ThH S, ZORHOHELKD®H, NEDO OWFHI 57 FREEf
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Table 2 Scientist’s participated in the “Research in the Kurikoma geothermal area”

in GSJ (since April, 1980).

HYEE Chief of Geothermal Research Dept. Period
Bl 7#6E | Junji Suvama Apr. 1980—Dec. 1980
R W] | Toshiaki Sawa Dec. 1980—Nov. 1981
A 7% | Kiyoshi Sumt Nov. 1981—May. 1983
IUE  #— | Keiichi YaMADA May. 1983—Jan. 1986
/NI BB | Katsuro Ocawa Jan. 1986—Present
/ﬂﬂg;\gﬁ& Project manager of Confirmation Study of the Effec-
gywﬁiﬁﬁ tiveness of Prospecting Techniques for Deep-seated
& Geothermal Resources in GSJ
5 #EE | Kiyoshi Sumr Apr. 1980—Mar. 1982
%1 8= | Kenzo Basa Mar, 1982—Jun. 1982
I FEE | Katsuro OGAWA Jun. 1982—Aug. 1982
F&  # | Hirokazu Hase Sept. 1982—Present
h 4
ﬂgﬁﬁﬁ%% Group leader of the Kurikoma geothermal area in
T Y= X
7E GSJ
1A E= | Eizo YamADA Apr. 1980—Present
[ ZEE AL y
iﬂ;hﬁ?{ﬂlﬂf% Investigators and the fisical year of research in the
%;%E&U Kurikoma geothermal area in GSJ
Fiscal Year
Wi E Investigator T
1980(1981{1982(1983[1984(1985|1986(1987
fREAS | Kikuo ABE Geochemistry & Technical
: Service Dept. 0|0|0|0J010|0)0
E# 40 |Hirokazu Hase Geothermal Research. Dept. @)
RE  #% | Toshio HIROSHIMA Geophysics Dept. | O
W& i | Takashi Hirukawa Geothermal Research Dept.
(retired in 1987) O|0/0|0|0|0|0
AFE 183k | Tsuneo 1sHIDO Geothermal Research Dept. 2 '@ © ORNORRY,
ZHHy  {E3k | Tsuneo KIKUCHI do. O|e|@| e’
£lF &F | Keiji KIMBARA do, N @
By 1E5k | Masao KoMazawa Geophysics Dept. O @@ Q| Q
#E 4 | Hiroshi MURAKAMI do. © @ e ||
HHE ##E | Yasuaki MURATA do. @ o el ol
NI Bl | Yasuo OGAwWA Geophysics Dept. 0 | ©| @ O
Rl RS | Tsugio OZzAKI Environmental Geology Dept.
(retired in 1982) s =
KO #— | Keiichi SAKAGUCHI Geothermal Research Dept. @0 Q|| &
fEH B | Masakatsu SAsADA do. 0| Q| Qe ©
%k Ih | Isao Saro Geophysics Dept. Q| 10 'e el @
B StE | Mitsuhiko SuciHARA | Geothermal Research Dept. o @ e e e || @
&R B | Isao TAKASHIMA do. (moved to Akita Univ in olo
1983)
¥ EA | Naoto TaKENO Geothermal Research Dept. G QO
ME 3L | Toshihiro UcHiDA Geophysics Dept. ©lg|Qle e
IyH E= | Eizo YAMADA Geothermal Research Dept. | O | O O[O ]O[O|O|O
11O ¥% | Yasushi YAMacGucH | do. O
K¥ HEE | Yusaku YANO do. O ‘
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Results of Researches in the Kurikoma geothermal area,
Northeast Japan : an overview.

By

Fizo Yamapa™ and Hirokazu Hase”

Abstract : Since 1980, the Geological Survey of Japan (GSJ) has been carrying
out various kinds of researches in the Kurikoma geothermal area as a part of
geothermal research program named “Confirmation study of the effectiveness of
prospecting techniques for deep geothermal resources” in cooperation with the
New Energy Development Organization (NEDO). The GSJ carried out geological,
geochemical, gravity and heat discharge surveys, reanalyses of the MT and
Schlumberger electric exploration data obtained by the NEDO, examination of
cores from six bore-holes (1220 m-1500 m deep) drilled by the NEDO, and
numerical analyses of the geothermal system. In this paper, results of these
researches were overviewed.

The main target area of the researches was the Onikobe caldera, and the six
bore holes were drilled in its southern half. The data from the six bore-holes
confirmed that our early underground geological and geothermal model of the
caldera had been fairly accurate, though several minor modifications became
necessary. As a result of these researches, not only the geological and geothermal
structures of the area were better understood but also several useful softwares
and techniques in general use for geothermal explorations were developed.

The more detailed and accurate surveys, accumulation of exploration data and
development of techniques and softwares to analyse exploration data evidently
allow us the more detailed and accurate prediction of underground structures.

1. #%

all]

o, BEEE TICHVEREATEMR LT & DhEEE BT ERIETER] (UTF, Mgl &
BE3) @5 b, FEEHIEMESICE W TiTbh IR oRES “Eitdtisic 8y 281%” GLF, &
HEELIES) L TEDEEDNNT 2EO &7 - fo. HEERATTHHE L 7 EEhEsic 513 3
(WA ) O NA R OB, BEf055 EE D oI 60 FE E TREEY v v v A VNIRRT
BroffgisE s LTHREShTED, R0 —BRshEFnd TREMEHELEEICL FEEFESIC
AEENLEOHZYL, AHGEETHINSOBRREEFEERNCIIHTO LI AATE LD EEL
7ohs, HEFEFIITEABLLRXEZELLEET A LRV EIC L. ABTRB b IcARSE

* Geothermal Research Department
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T L A BPIREME I L 2REREASE I, T E TERMBMIE THREEL o [HREHE] o
MERREOMEA T T &Licd 5.

TITED R A EEMEMIE &, ERAL, REA LTI, BTAKL, @Rkl S 0B H
ET 2 EBENMAMEASUROIg TS (E1IRKD). ULhl, TRIEHAE] B ThiHHETEoNSE
LENHIRERE A VT SEERICRONTE Y, AREZFOoHFHAIRREN VF o 2 hls T
A TH B, Ll, ZOEIOEMRKNBRTBHESL E 20T 7o, L, FhH#
HUS A3 W T S HIABARE A & LT MBI, T RO Ti BiRgd suslrs & T hiH-4mil
ASUHBEFEBES T TV A1t BFKLTES O ARSI BREHZ R I & O HiEgE 0RO
HEMNITbN AR E, REASICL 2B - BRHERESERTH 24, Tholl >0 TE—HE#ET 5
bOERVT, I TREBICSINEL- R,

SR EGIRD 5 v F Yy FEBAERIK D, $£7010 A5 0 1 EEphEGs i E X (SR 2t
WEKEE S v — 7, 1986) O ARGICEE T 2MA 2B KR T IcRLz, 88, AEhicd o
LM 2MARE 1K, FALZVHOMNBRHRIIKRENTWS,

2. Hi H ¥ B

2.1 eI SRRSO

S AOER S, B ENRUCATBC ORISR L D 250, BECE, RkE, mRraEk e
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Plate I Landsat image data of the Kurikoma area.



BRI Sy A R (SRS A T AR 27 v — 7, 1986) DA,
Plate I The central part of the geological map of Kurikoma geothermal area
(Research group for the geological map of Kurikoma geothermal area, 1986}
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The pre-Neogene basement rocks from the core holes KR-1 and KR-5
in the Onikobe Caldera, Northeast Japan.

By

Masakatsu Sasapa™

Abstract: The core holes KR-1 and KR-5 in Onikobe caldera penetrate the
pre-Neogene basement rocks below 1213.6 m and 263 m depth respectively, The
basement rocks from KR-1 consist of hornblende-biotite tonalite which is partly
crushed to be cataclasite. The secondary minerals of alunite, pyrophyllite,
anhydrite and pyrite replace feldspars and mafic silicates of the tonalite
sporadically at the crushed zone of 1327.5-1348.2 m depth. The lost-circulation
occurred at 1332 m where the tonalite nearby is strongly altered. The acid hot
water flowed up presumably comes from the crushed zone with the alteration.
The direction of the crushed zone including the conduit of hot water in the
tonalite may be NNW-NW trending, because main fracture zones in the granitic
rocks in Onikobe caldera are parallel or sub-parallel to Onikobe-Yuzawa
mylonite zone running with NNW-trending, based on the surface geology.

The KR-5 hole penetrates mylonitic rocks in Onikobe-Yuzawa mylonite zone
as predicted from the surface geology. The basement rocks are composed
mainly of tonalitic mylonite, psammitic schist, basic schist, and subordinately of
pelitic schist and ultramafic schist. They suffered from retrograde metamor-
phism and mostly have mineral assemblages of green schist facies. They are
also crushed especially at the boundary between the mylonite and schists.
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) i, FREUEE RV, PEEERSS AEIE, EROWHRNE LS 0EE
Wizfiwiz, BEEARIE, AEESAMEE IS LB AR L TO v, BLEok & i BRE
HLET.
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2. KR-1 5 #

2.1 fI A

AV B RE TS EE TR R B IR O 5149 300 m OHbA (38° 48 56" N, 140° 44° 05" E, &%
620m) THEIS i CGELIRD. RMAIZRE» V7 5 N THIBYEBI DGR I LR « regiiRtic
BEBE LT3, I 1360. 3 m EETIThN, a7 OFIERIZ8.3% Th-1x FHrzxv¥—BE
BrSEMERE, 1982).

2.2 HWEHIR

AYiHTIE 1213. 6 m DIE, WED 1360 m & THIE/EMEFRUEZENEEH L LUE » FA4 41 b
BABEOER» 515 E2R). EMEHER—MTHIMEHEAZ20TH 52 5344 HMLLTHDY,
FRL—MRIEAEMEZE > T 5. BMEHRFTE=RL ORI (1213.6-1242 m) XU 1327.5-
1348.2m QXM & KHEETHD, FTRAEEHEREOWRKETHE CEY OIS, NBEHRE
DOXIN D 1332 m TIZ, WHINC2RREK (1301/4) AH 0, 1332.0-1332. Tm TEHLHTNE h
TWIEW x5 U F —RABRREHERE, 1982).
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/ ’m e r’ . ¥
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- # =

FIR BEAHALTS5E KR-1, KR-5 bifofE
ORI R RIT 5 Tt 1 BT | 2 AL .
Fig. 1 Locations of KR-1 and KR-~5 drill holes in the Onikobe caldera on the
topographical map of Narugo published by Geographical Survey Institute.
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1200 7 ot 1l

AFHOTER A Tuas (1972) OHICHES &, Wik E P
SHROMIIABER + —F VET, REWTHT (1254m E s .
HOBRK) OIPIARILG, B 26%, 1Y EA: 4%, yfaice® = [SEE
PG : 56%, BER:9%, La@MPIA : 5%, ML <1 RN | A
% L1 THD, MBSEME LTRIAG, b AKE, "% "] [ b-rs
. o i 5 =y : oy e WAL
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FOREHICREEBYFREESED SIS (KRI-1D. RS2 R HBadmBAITiE~ 1 25
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CNOEDTEMD, TITRDOBPOWBILEHATERLTWEEWAA, DFD b —F AEHTH
g7 594 FERRT ARRBAKBERMED, TOREON T2 594 F EFEZRESET HHT
EAERENIE WA S,

2.5 ZHELKb—FLE

AE TR L 7o e S iz b —F WEDODTL ) O R G 5 1 TOIE W b — F G o—& g
BEELTEY, RS BhAL vV, iR, BESESESTIREDE L T—HRICED Lh
%, %72 1327.5-1348. 2 m OXOEEs iz b —F S BBEMIc ABEEMSA LR (53 KD,
WEAF, 4074054, BOE MSKEE0 REYHPECTVS (Kk1-2, T-1). REZE
BLIAEATE =+ LEOMBRENEEREELL TV, ABEE CHIAANEALRSE
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| SEasSiSE) Hem KOFA 44 b« GHREEE « b —F V&
1345+ 142,20 DB, REL - FX - BH L S RESE Ok
R B RO O RER S SRS h, SAcEE
S 2t WiEe0; BT EM £ SHR S ¢
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iy . o T O ORI, FHRE, EHEESET TR
L WBEOT AT AR ,
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3. KR-5 Bt #
b=
e BEeahtz b —-F+ILE
e iR ST .1 &
o I A 13 SRR TS S T B R 00 i
e e © 300m @ Hi 55 (38° 46" 58" N, 140° 41’ 53" E,
s JeREERS ) 15 306.6m) CHMIE A (B1RD. [FiLA
» AR D IR R BB & 5 (C G § s S
R EA R IS b R & E— B~ 1 05 4
3R KR-1 i 1,330-1, 350 m DHIERIKR. rEOBEBEICH - TEY (EHE, 1984), Hh
Fig. 3 Geologic column of the KR-1 drill hole in - S 2
detail for 1,330-1,350 m. FiewA o4 + OFESFRES TN, i
HloEREFEEY <1 ar A MLz b —F
I L7, fEE 1500. 5 m EE TTHhN, 7 OECRIZ 98.4% Th -7 =3 L ¥—BEH
FEHERE, 1986).
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3.2 HIEHIR

AHFH T 263m DIAEHIED 1500 m ETHEHE=LO F —F VEE~ M 0F 1 b - PHERE -
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AMODEIN>H Y7 44 b ERB-TVS, TR
EHRWERES - BREEFEPEET, BERS
ROHEERERSDEMbN BT ERYL, &
to, THHOHEARIEYHLAEN DA 5 LikaR
EHObDHBEEREL TS,

3.3 bP—FULEE<A0FA b

A Ron s r —FIVEHOE L2
nedorA MUEHES B TEY, sbiczh
509 B O EOHORENE S
THE I IH A b EB->TVWE (FRI-1). %
BER &Nl b —F VER 700 m DRSS
TBMN, FN50HB5 950-1, 000 m FHETIRE
HbZhiREFELLLL, YIBREMTH 5EEM
PIGOERELTWS, =4 a4 + Ok,
700-1, 000 m R D 5 b HAEH BB Thd 2 &
LATHABE 20°-50° BEOEFLE - TH5.
WHERZZ TWEBWERTIA 0 F4 +O
Wtx s 5 LEER - SEARA - A VER (%
B) E—-74073 2 2ERLTEBY, £12
LAEGTEOFIINTERL, nEhOESHY
T4 ALLTED, READAHLEOET DS
FHSEITICR S AP SHRBOESEE L TR
T =V e BNAAEMSTET S, MEAL %8
MEBADHE -7 s 025 R M, FAFEPPILAL
EMUTAEELTEY, Bshih, DEE
BahTT7-=F 1+ viREB-TVWBETEDH S
(BRRIV-2). EBAPIED 7 —F 4+ v TH, &
LEONEZNFNOEFEANGOERIZAEWIC
RS AEZ/DRICL, £h2hFhOER
WAAFEALLTWA T EMBWV. BEAN—
FVETIRARIER, BSEME O IR OB A
5HTESBERPYIRGNE L TEELTOW
LOLEAONEZY, AFiH»LOEETHE, [H
SEREL TV AREHIA DM - TR,

T, b=FNVEES0FA L OEEELT
bOWE, ERRS SICEIMEREZE-h sy s T
FA4 PTHY, & IO EHEEDBRIATIE
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g0 = #=% - zox
e
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Fig. 4 Geologic column of pre-Tertiary basement
rocks of the KR-5 drill hole.

FTRTCIDLHSBEHPL LT >TWE, WEERIC LD F—F VEERK mm » 5 cm KOBBE 1S
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HAERCEESER S Q/MNEIBTH 5. $LBEREARE OBEAPERATOHEL LTET 0T,
HWEERK #H4R) TRPEREPc—ELTH 5.

STATHOWEFETR, ARBEEASHEIEL, FARARNAZHTLLS S bHER O RE
ZERLTVS (JRIV-1D. EAQTEA Y BAICENTHEGHEEANICZY. BEFER 1 100m 2
BTHEBSNTVAZ EHEL, M mm »5H cm OMBEEL->TW3E (KRIM-2). —4 1,200m
DIETREFREMTH D, ERIFRNORBLE K CRELTV A, RS 20°-40° BEMENLT
WABEHEHITH 505, BTk b BEISIVIBEERT. EREMP S 45 &, BB - RhA
AetUHA b o TANA b o GEN—BHBEYHESE TS 305, 1320m » 5 1440 m OXETIE,
HELREUTEY, BER - QAEG 4 ) T2 12« 3« BAKG (&) &0 5 H0HAE D
5h5.
EEFHIWERSIOMEE LTREEATEY, EREYOHAEIWERSELBERKTH S
(EVI-2). L LEROBREWEREEEL0, 5 10em D EOEEOETE, Hrgdlifsis e
FicEbons.,

3.5 EEMRE

SRR Sic i, KEEREETE SN E 0 LMKPIRERERO b0 NS 0, AIEVERIMICE
<, ®B&EIE, 1262-1264 m, 1466-1467 m OWXEICEDH oMb, KiiEFEEHESNIEA T

WBHEOMERO/MERF 2N o2 RRT 2RBAGELSHKIEY L - TBD, BhAF « G3%
S (EMV-D. — HRNBIREREED b0, #MEAIROEEEMRIOL LB, FFoRREEE
T (RRV-2).

3.6 WEESERS

AN 492-503 m I & F - THRT B EDH, 404 m MTEICEEEESTOMV a4 E LTET 5.
Ihoid, BEASOESMEANION O TETEY, LEOBAKVIERGEZM# > T3 (KIRIV-D.
A A AR A PR S BRI EH A 5 3T I i b0 TE A 5. AHERABOEMNA
oI AERER, hAEOHBMIEO BB SEE LT, USRS OEK T hr s RS
nTWB (P, 1987 h).

4. b —F NEO{LZLRR

KR-1 4T3 1254 m D50 b —F VETER 13 a0 (bEardiTbh T s (R, 1985).
T RV F —RAFEBRE (1986) ok KR-5 Hilho ~ — 4 & 250k (308.5m &RU 977.0
m) DAL EDENRE LN TVWEDT, ThoDHREZNEFND CIPW 7 VA b EHIcE 1 RiTR
7

&T, EEso GELEEaER, BE—BRA v A MR UTHATbadg o R
MEBOSNTWS, HHEEMO SO EEMO b OItHAT, BoB{ikEYS <, Mg, K,0, P,0;
WZ LW S 2 (GEE, 1985). MHLHO b —F VEIKOWT, O X3 RIEEMICE >N 5L
SR B oM E BT 5, Bo5RIcAT LT, KR-1 AP S0 6D K0 ASHPHEITED &
%A o+ A EOEMOERSEOHEEZE LTV, KRS Hilks 5 oxkE, K,0, P,Os T
BHUOEMEHEUTY 28, SoBLRERPENTHD, Cad TR oF A FHEOEAHHM O
D b Ly FhoRELRTNTEVEE G >TWE, KRS MO b —FVERRRLL ST
FREOAENBEORE « EALMTT=A o+ 4 MEL, SSEMEHE I TVWER®D, £ho0
BRETHERICHBE D > T felE s v, PIRNSHRIC > W TERTLIORELZS>TH B,
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§1% KR-1, KR-5 HiHOEREHDFE LR,
1: KR-15ift, 1,254 m © + —F % (BEE, 1985), 2 : KR-5 bidt, 308.5 m oWfrsh
fob—FAEETA TR AL G R F QAT 1986), 3: KR-5 53, 977.0m
DE—FAVEHETARF A4 b (B2 EFL).

Table 1 Chemical compositions of the granitic rocks.
1: Tonalite from 1,254 m depth of KR-1 drill hole (SAsAapa, 1985), 2:
tonalitic mylonite from 308.5 m depth of KR-5 drill hole (NEDO, 1986), and
3 : tonalitic mylonite from 977.0 m depth of KR-5 drill hole (NEDQO, 1986).

1 2 -}
Si02 64.06 68.43 65.98
Ti02 0.56 0.50 0.58
Al1203 - le.81 15.25 15.73
Fe203 1.36 1.20 1.53
FeO 2.66 2.05 2.68
MnO 0.09 0.12 0.08
MgO 2.19 1,79 2.08
Ca0 4.81 127 2.93
Na20 3.78 4.54 Bhetd
K20 1.47 2.51 2.16
P205 0.16 0.15 0.13
H20 (+) 1.11 1.24 1.42
H20 (—) 0.20 0.28 0.32
Total 99.26 99. 33 99.34
Q 21.96 26.46 25.77
C 0.64 3.11 2.26
or 8.69 14.83 12.76
ab 31.99 38.42 31.48
an 22.82 5.32 13.69
WO 0.00 0.00 0.00
en } di 0.00 0.00 0.00
fs 0.00 0.00 0.00
en } - 5.45 4.46 5.18
fs 3.00 2.7 2.85
mt 1.97 1.74 2: 22
il 1.06 0.95 1.10
ap 0.37 0.35 0.30
Total 97.95 97.81 97. 60
Ikl 62.63 79.71 70.01

SampleNo. KR-1-1254 KR-5-308.5 KR-5-977.0

5. bk —F IVEDEHBER

KR-1HH D b —F+ vEOEREE, 1251.0m ORE T 242%107% emu/g, 1355.5m T 198 %
107" emu/g DOEAH, Bison #REEEl Model 3101 2V TESNATVS. —F KR-5 Yific>0T
13, BT oL ¥ —RABIRHERE (1986) ik 14 EOEEHISWT 40x107° - 60107 emu/g D1
NESNTVS,

TEAS ORI <A aF 4 FEAE R XA THERT 50107 emu/g LIF, BT 100% 107°-1000
x 107 emu/g O E A S IcERBHBEHLNTWS (GEH, 1985). KR-1 JiHo -+ VETid
WO 600K EET 55, KR-5HHDOSDEIHEOPMHISMEE L > TS, KR-5 D=7
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Eh o RE—BIR7 A 0o bR OERERH B B~ o o4 MERIIOERER R
Hlig KR-1 bidkh 5 0ikk), (WA : BE—EiR< (o F 4 +H0Ea (K KR-5 4
MO, BRRUERETAZTh S 9+ FEEINR RO EEEHED 2o R
i, KRS o7 — & 3o 2 0 ¥ — OB (1986) 12, Thlso7— 5 3l
(1985) itk 3,

Harker’s variation diagram for the pre-Tertiary granitic rocks from Kurikoma
area.

Open circle : granitic rocks west of the Onikobe-Yuzawa mylonite zone, solid
circle : those rocks east of the mylonite zone (the arrow showing the sample
from the KR-1 drill hole), and open square : samples from the mylonite zone
(the arrow showing the samples from the KR-5 drill hole). The dashed and
solid lines are the regression ones for the granitic rocks west and east of the
mylonite zone respectively. The chemical data of the mylonites from the KR-5
drill hole are from NEDO (1986), and the others from Sasapa (1985).
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NEOBE, L THER Lo LD IREEESES LT, CoXS EPIEEE TV
DOrd LAV,

6. +F—FNEOD K-Ar F

KR-1 HidhD b —+ VED S AR 1356 m OEED HAMA%ESEEL T K-Ar 0K
Wi, MEDCHEBIE 2IRIORLALSIC 87,224 4Ma EWSERBEAELL TV S, AR
Fl A B L - SO AR F T HTE 210°C Rtk iR H 5, —HMAPIAT Ar ORURHE 575 {78 5 B
1 500°C 2R (Jo & A HARRISON ef al., 1979) TH 5 0T, HEOHBEILTHOBMIC L3 K-
Ar FRAOEEBRIFRHLVLOLEELI ONS.

=T, EHHUS O [ELEREE O K-Ar £RE, BE—ER~10rA T HERISATE QRN
TEFOENRD LN, HMlA 100-110 Ma, FEHIAS 90 Ma 5OEE L - T3 (HEH, 1985). KR-1
FiFRE <A uF A VEOHMICH B, BREO K-Ar #RIEInhETieFonTuw s RHllosEha
DERELNE EHETHEL LTS,

7. WA VT 5N OREENE

WA VT S A TREEEEMNILL ST AR v s EAIRCELAMlORIRTH L, T
BREELCHERBBEAHEOERMSH LTV, — 7 rF s HTRNEROBEZE o v 2 icfE-TH
— P NEEOEENAGNL, CHERBEOEREN VTS ILBOERRTH VT 5 55O URHERIc
bALNBH, Chb b —FVEEOERNTE, TR OREMMOTEEISREEE oS T/
BThzd (E6N). 5T, BE—BR<A or A MR, COMBEEDNT S &I BETAHE» BT
¥ a2 T, NNW-SSE AANEC B TamLTh b, B S S MBEE O
v aFA NP NT VS, <4 B A P EERSAREBEMONTIRLES B L, HEH VT T
TREBSHERE—ER< A or 4 PREZEICLT, BRI EEL TV A EAIRS D LD
BED.

WY —BR2 4 044 VEOBERRAELICEIHOIESH GEME, 1984, 1987a), bl h v
SHOBEEL~LVOENVE, PTREBRZ XS4 or4 8T 5 kRS b o w258
BB RLBEOERERMc L3 b0 EELI 5N, HERMASET VLA MThi TOWEIRR
H—ERe 4 o+ A4 FEICBIEFETLTEY, I TRIEMBRESEOEANER S AHmELL TV 3
HE 594 DS - 10m P EORTHEELTVWS., ok 5 EEREHO AL LEHFORE
£ oy 7 OFEEH#ERS2 NW-SE AHOBEIcH > TbE» L h, KR-1, KR-5 lhitoA8E
HIH OB OER G TN S E KTV AE, Th o OB IEREEN v 1 v 1 FETERE O
LD K OEIRICESE L%, BT oy s HEOE I, T, BERCERKab DT, €O

$2% KR-1 5, 1,356m @b —3 850 K-Ar 1R,
ERWEBFVFA Y« T4 b=~ T & 0iTbhl, FROFECHCICEHRIROED T
B5. Ag=496x1070 yr™t Ag-0.581x1071 yr7!, K =1.167%10"" atom per
atomof natural potassium.

Table 2 K-Ar age of the tonalite from 1,356 m depth of KR-1 drill hole.
K-Ar age was determined by Teledyne Isotopes. The constants for the age
caleulation are: Az =4.96 X 107 yr! de = 0.581 x 10 O g7t PR =1.167
% 10™* atom per atom of natural potassium.

40 0

Sample No. Rock Mineral e 6 T ) e Age
(%) (107 ¢ccSTP/g) (%) (Ma)

KR-1-1356 Tonalite Hornblende 2.10 0.712 54.0 87.2+4.4
2.10 0.746 63.3
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Fig. 6 The pre-Tertiary basement in and around the Onikobe caldera, based on
Sasapa  (1985) and Research group for the geological map of Kurikoma
Geothermal Area (1986). The line A-B for the geologic section corresponds to

that in Fig. 7.
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Fig. 7 The geologic section for the pre-Tertiary basement in and around the Onikobe

caldera.
This section corresponds to the line A—B in Fig. 6. The symbols are also the

same as those of Fig. 6.
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8. H:AA M O EUKE K

KR-1 ik, mEEO@EARER, 7 7EIREEEZRS 5 & 1332 m (HEic Bk 0@ 4
ELTWAESIKHASL (BEIN)., TOMIRTNT -+ VEBOEAMPSILE05, 1327.5-1348.2
mOXBRY 7544 FER-TVE, BUkOBBIZCITRAS 7 594 rHREETZHLL
WAL HEE NG, Kb IO BT, THEAR « S1 07 2 54 F THREST OGN
BEHZEAEH LN, IHLEMIOTERI N ABUKSHIBIcBWT pH 2 2-3 L 2by TEED
BMOSDTH-kT Ehd (E, 1984), HREQCHKEE TS hicalfBESE .

SR ILIB S RS & BT, T OBUKOBEOELU D HREHEET S &, AL o AMIHO
HE T TH A4 RS ERANEEEO SRS AT, KR-1 YiHo 1332 m e FiEd 580K
DRI, NNW-NW HED b O TH 5 AlHEENSEHETE 5.

2 8 & ®

O  HBEERGSRIEEE TRE A 4 F S RIcidls v KR-1, KR-b Jitd, £heh 1213.6
m %, 263m ECHHE BB AFIEL TV,

@ KR-1HiHoEBEER r—F 87T, LIELIEHMBEREN, 7575344 EE-TVA
TR IAIEAR « 1487 4+ 54 F THRES SN 3BEEEMEID OIS,

@ KRS5SHHOEMEHEIF—FVvEH> a4 b« WERE -G E2EGHEL, BE
B« MESE R A EES. RAFHRIRE—BR~for4 bRICMEBEL TR, BRESE~ A oF
4 MEFEH % 5 3 1otk & Sl—Edg s h, B394 b EB-TVS

@ BHEANFIHOREEIE, RE—BIR<1 o0+ 4 MEH L2 0RENICEEEITT 225
LT, BPERECIEEL TV A,

® KR-1¥iHTWEHHI 2544 MEUk b —F VEDOWBNBOKO@EIE &L ->THBY, TOE
TKOBEE DL O H NSRBI S HEMSE, A 5 E NNW-NW THS D

b (73
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W11 KR-1, 1,333.5m, W#sfiicr—F+nE (W87 54940
T Bl=an, & 7oezx=an, UTHEE GE (Q GHBFLIEE, #EA (PD
WML T3, #EkEL (Py).

Plate 1-1 Crushed tonalite from 1,333.5 m depth of the KR-1 drill hole. The left
is a photomicrograph with plane polarized light and the right is the same
scene with crossed polars, Undulatory extinction is remarkable in quartz
(Q). Plagioclase (P1) is occasionally bent. Py represents pyrite,

KW 1-2 KR-1, 1,343 6 m, BEMEZEL 2 —+ L5,

HE(Q), WEAL (AD. BERBORSE (Bt HELERHEARKT N4 07 451+ 0D
EBFENL TS,

Plate 1-2 Altered tonalite from 1,343.6 m depth of the KR-1 drill hole. Q and Al
represent quartz and alunite respectively. Pseudomorph of biotite (Bt)
consists of alunite and pyrophyllite.



KRI-1 KR-1, 1,347.3m, BMEBEL b —+ L5

REBORG (Bt) &, 107454 b, #MEES @A T0. BOH (Ah Hk
AO—EABEBRL TELTWS, 4K (Q) g rei#.
Plate T-1 Altered tonalite from 1,347.3 m depth of the KR-1 drill hole. Pseudo-
morph of biotite (Bt) is replaced by pyrophyllite and pyrite. Anhydrite
(Ah) replaces plagioclase partially. Undulatory extinction is remarkable
in quartz (Q).
KRI-2 KR-1, 1,356 m, APIFHEES b —+ V8.
4% @), #EG (Ph, 2EH B, @G (Hb)
Plate -2 Hornblende-biotite tonalite from 1,356 m depth of the KR-1. Quartz (Q),
plagioclase (P1), biotite (Bt), and hornblende (Hb).




WM 1 KR-5 272m, firahifcb—4 15 (hF 2 544 M)
A%k Q) MER (PD, W#EE (Py)
Plate ' 1 Crushed tonalite from 272 m depth of the KR-5 drill hole. Quartz (Q),
plagioclase (P1), and pyrite (Py).
KWIM-2 KR-5, 337m, BishBERE (357594 b).
4% (Q), MEA (PD, W#kss (Py)
Plate -2 Crushed psammitic schist from 337 m depth of the KR-5 drill hole. Quartz
(Q), plagioclase (Pl), and pyrite (Py).



RRIV-1 KR-5, 404 m, WEHERE.
FEHG (T, &hifi (Bp), BRGNS (C)
Plate V-1 Ultramafic schist from 404 m depth of the KR-5 drill hole. Tremolite (Tr),
epidote (Ep), and Carbonate minerals (C).
HRIV-2 KR-5, 972m, b—F+VEE<A0F A1 k.
I wER STV S EEANG (Hb), fIRCELSHTY 7211 Vel f% Q),
#EO (PD.
Plate IV-2 Tonalitic mylonite from 972 m depth of the KR-5 drill hole. Hornblende
(Hb) shows boudin. Elongated quartz (Q), and plagioclase (Pl).



K V-1 KR-5, 1,185m, HEMHRS (KGR
HEG (PD, #HhAOORERER (Ep), ALOMR (Q
Plate V-1 Basic schist derived from a pyroclastic rock, collected from 1,185 m depth
of the KR-5 drill hole. Plagioclase (Pl), epidote (Ep), and a thin vein of
quartz (Q).
R V-2 KR-5, 1,264 m, HEEMRE GRS RED.
#HEA (P, %@EHEPSH (Hb). BEC Mo BE2Es4E U TH 3,
Plate V-2 Basic schist derived from microdiorite, collected from 1,264 m depth of the
KR-5 drill hole.
Plagioclase (Pl), and hornblende (Hb). Fine-grained biotite is present in
the matrix.



RRVI-1 KR-5, 1,302 m, WHERSE.
FEG PD, #7504 LU EAE Q)
Plate VI-1 Psammitic schist from 1,302 m depth of the KR-5 drill hole.
(P1), and quartz (Q).
RHRVI-2 KR-5, 1,409 m, RBENA.
HER (Bt), #ANE (Tr), #E&EA (PD, A% Q)
Plate VI-2 Pelitic schist from 1,409 m depth of the KR-5 drill hole.
tremolite (Tr), plagioclase (Pl), and quartz (Q).

Plagioclase

Biotite (Bt),
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“The Kitagawa Dacite”, pyroclastic flow deposits around the Onikobe
caldera, northeast Japan

By

Keiichi SakacucHI” and Eizo Yamapa®

Abstract: Since Miocene time intense silicic volcanism has been taking place
intermittently in the Kurikoma geothermal area, northeast Japan. As a result,
widespread welded tuffs has formed the major part of the Genbi Formation (ca. 6
Ma), the Torageyama Formation (ca. 5Ma), the Kitagawa Dacite and the
Kabutoyama Formation (0.6-0.3 Ma). Recently it has been clarified that the
Kitagawa Dacite consists of several pyroclastic flow deposits. In this report the
Kitagawa Dacite is divided into pre-Tkezuki pyroclastic flow deposits, the Ikezuki
Tuff, the Nizaka Tuff and the Yanagizawa Tuff in ascending order and described
in detail.

Pre-lkezuki pyroclastic flow deposits are locally exposed below the Ikezuki
Tuff and their unaltered appearence and two K-Ar age data (ca. 2.7Ma) suggest
the closeness of their eruption age to that of the Ikezuki Tuff.

The Tkezuki Tuff occupies the major part of the Kitagawa Dacite and was
dated as 2.4-1.7TMa. The estimated volume is 50 to 100 km?®. The Ikezuki Tuff is
subdivided into the basal air-fall deposit, the lower pyroclastic flow division and
the upper pyroclastic flow division. The distribution of the lower pyroclastic
flow division and the welded deposit of the upper pyroclastic flow division is
restricted within the area 20 km and 25 km distant from the center of the Onikobe
caldera respectively. However, nonwelded deposit of the upper pyroclastic flow
division is distributed farther away from the Onikobe caldera. This lateral
lithologic variation and the thickness distribution of the air-fall deposit indicate
that the Onikobe caldera is the source for the lkezuki Tuff.

The Nizaka and Yanagizawa Tuffs are both younger than 0.1 Ma and 5 to
10 km® in volume. The Nizaka Tuff consists of a basal air-fall deposit, which is
composed of alternating pumice and ash beds, and an overlying nonwelded
pyroclastic flow deposit. The Yanagizawa Tuff consists of a basal airfall
deposit, which is composed of a thin pumice bed and a thick pisolite ash bed, and
an overlying nonwelded pyroclastic flow deposit. A pyroclastic surge deposit is
observed in the lower part of the Yanagizawa Tuff near the Narugo Basin. The
distribution of the pyroclastic flow deposits of the Nizaka and Yanagizawa Tuffs

* iR
* Geothermal Research Department
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and the thickness distribution of the basal air-fall deposit of the Yanagizawa
Tuff suggest that the source vent of the Nizaka and Yanagizawa Tuffs has been
located in the Narugo Basin,
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1961 75 &), duhIGIEZ S EEREEKE JeR, 1967 28, LB GEREEEEHRET 2 V¥ —fF
1976), AWlEHRE CEHhEHUSERERE 7 v — 7, 1986 15&) L WH A OZHAfbI TV 5.
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Fig. 1 Distribution map of welded tuffs around the Onikobe caldera. Numerals show
the sampling localities for K-Ar age determination. Partly modified after
SAKAGUCHI and YAMADA (1982).
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BEOHIL>RACEERERIKAETH S (B3R, BEER 2RV ABREIKE 025D
BT S0, 13K 70% TH 25 (Yamapa, 1988, AMEEd), HERMERE OB BERA S OHY
& SEEETE 7 RIS O A VIS TR L o, BEERTEA OFE (81081502) 13HEA A5 REIEHIM < i
ENTWAREDLEELTWAEY, S4B Sosk (81081507) Tt BE YT 5 2 BinkE Bk A
T, BT ToFEERADSNBEV. WKLY 5.7£0.3Ma BT 5.7+ 0.5 Ma & W 5EAMEL R
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Table 1 Radiometric ages of the pyroclastic flow deposits around the Onikobe caldera.
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MiREK S FT 63,400= BRI REREHL | #K BB ELAHERSS 16
Yanagizawa Tuff | gl 13,300 yrs | BT PEECELARDE (1983) =]

SRLB DOEFEEIRE | K-Ar | 0.620.5Ma | TR RERSATE SEAT | $79 4048 | 81081305
Welded tuff in the | Wr &R

Kabutoyama K-Ar | 0.5£0.3 Ma | fKHIEREBS B HEAT | ¥ i(E | 81081306
Formation Wr RVART: Vil
FT 0.32Ma ?)(Hﬂ%%izﬁ%ﬂﬁﬁﬂeﬁﬁ FERH FRILIA FLZ IE RO
zr FiEdes (1976) TEREERE
FT 0.34 Ma ?’}\E%w%%ﬁﬁiﬁﬁ Eﬁﬁ&iﬁx SRR 3E L hD
ar Fow g2y (1976) ROEIRN
ih A EIKE K-Ar | 1.70.9 Ma | EIREEFESELF | Yamapa | YUBA-1 Kitagawa dacitic
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FT 2.3Ma EIRSEFARE LR | IE & JENTERSEUR S
2r BHINEH (1978)
FT 2.2 Ma EWEESEEFE | LEIEA, bR SRS
zr REARS 75 (1978)
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FT : Fission track method, K-Ar ! K-Ar method, gl : volcanic glass, Wr ! whole rock.
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Table 2 Correlation of stratigraphic divisions of so-called the Kitagawa Dacite by
different authors.

Jekt Isnipa (1981 BEH (1984) ARAI et al. (1986) N
(1956) Jertizh (1981)| FH (1985)
A (1986)
— AT XK —
IR EER S BRKPTR | BT —TIR KRR st KB HERE D
MRS 7 5 18] MRABE | BT MIRARE, IRBIE e
5T HERE B KR
REFKLIK FgE— 4 KK — | R T kB R
ICRTE | FRERE TR 7 708 THRKRER | BT RR, BT o p KB
%l & W TR BROMTFKILE | FRBRE oy
K LR TRAR K LUK ER K ILER BT KRR
KPefHERE) (RIS
TlLEEIRE TR B CFILEERE)
e . ] ’ o g KEERHERE D
i R 2 L KR MR { s
_ Z DD K B HEREY
— TRULI-SDRIEET 7 5
B3R RKAFEHEEHOAREME PO E.
B3 55 O B W R HERY 2—6 AlBHc o W TITY, BORUTAREBIRS OHR B, 4238
AEGE, HHoUELTESALSRROFIABE TOBMEIC X - .
Table 3 Phenocrystic mineral assemblages of the pyroclastic low deposits.
T
Y & %{g?{j?@j‘) qz | pl | opx| cpx| hb | bt | mt | il W #
WIREUK S PALARESTE
Yanagiz?jwa Tuff ca. 15 O o O & o © G é/)i}')%Opr;Hb
SULBh DOIEEEKE
Welded tuff in the n. d. @@ |0 lag | B | R
Kabutoyama Formation |
k=g @2 |0|0[0|a|s| x| 0 a|0p>Co>H
WREURE
Chijimisawa Tuff 2—4 G -Q | Q| & & | k]G B
ol nd |00 0|0 a|a]| x| 0| x| opx>cexzHb
RELBROREEIKE
Welded tuff in the n. d. © | O | A 208 A O | =x?|0px=Bt>Hb
Torageyama Formation
R DIEREEIR
Welded tuff in the nd. |0l © | O & | O] x O | x? | Opx=Hb>Cpx
Genbi Formation

Qz : quartz, pl:plagioclase, opx : orthopyroxene, cpx :clinopyroxene, hb ! hornblende,
bt : biotite, mt: magnetite, il:@ilmenite, © :abundant, O :common, 2 :rare,
X > absent, n.d.:not determined.

.42_



<z <
<4<
<

ONIKOBE
CALDERA

NARUGO AND TAKAHINATA
LAVA DOMES

A  YANAGIZAWA TUFF

B NIZAKA TUFF

| @ IKEZUKI TUFF

10 km

¥ WA VT3 hEHNICE 2 HRicB T 2 ABIKS, TIKEIKE, WIREIRE
DL,
AN® EFOFETIAGE AT, Tk A, Tw: Sl K GE M: il N ik,
U: FR 17 0o8FIRRSOMBEERT.

Fig. 2 Distribution map of the Ikezuki, Nizaka and Yanagizawa Tuffs. Solid
symbols show local distribution of each deposit. Ik : Ikezuki, Iw : Iwadeyama,
K: Kawatabi, M : Mukaiyama, N: Nizaka, U: Uehara, Y : Yanagizawa.
Numerals (1—7) show the localities cited in the text, figures and plates.
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Fig. 4 Stratigraphic columns of the Tkezuki Tuff at four localities and the schematic
cross section showing the distribution of the lower and the upper divisions of
the Tkezuki Tuff. Cross section is vertically exaggerated. Numerals in paren-
theses correspond to those in Fig. 2.
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Fig, 5 Thickness distribution of the basal
air-fall deposits of the Tkezuki (A),
*>200 Nizaka (B) and Yanagizawa (C)
Tuffs. Distribution of the pyroc-
lastic surge deposit is also shown in
(C). Thickness is in cm. I: Iwade-
yama, N : Narugo volcano, O : Oni-
kobe caldera.
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Plate 1 Basal air-fall deposit of the Tkezuki Tuff. White spots are pumice clasts.
The scale is 2 m long. (loc. 1 in Fig. 2).
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Plate 2 An outcrop of the upper pyroclastic flow division of the Ikezuki Tuff showing
weak welding, The scale is 1 m long. (loc. 2 in Fig. 2).
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Plate 3 Bottom of the Ikezuki Tuff. ¥ : air-fall deposit, L : lower pyroclastic flow

division, U : upper pyroclastie flow division. (loc. 3 in Fig. 2).
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Plate 4-1 Bottom of the Yanagizawa Tuff. O: older pyroclastic flow deposit, A :

pisolite ash-fall, Y : pyroclastic flow deposit. (loc. 4 in Fig. 2).




Kk 4-2 KR 4-1 OB FKILRD 7 o= X7 5 7.
Plate 4-2 Pisolite ash of Plate 4-1.
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Plate 5 Pyroclastic surge deposit of the Yanagizawa Tuff. (loc. 5 in Fig. 2).
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Geologic development of the Onikobe caldera,
Northeast Japan, with special reference

to its hydrothermal system

By

Fizo Y amMapa®

Abstract : The Onikobe caldera, in the Backbone Range of northern Honshu,
Japan, was formed by collapse after eruptions of voluminous dacitic ash flows
about 1.7-2.7m.y. ago.

The pre-caldera rocks consist of some schist, granitic rocks of Cretaceous
age, the voleanic formations and associated hypabyssal intrusive rocks of
Miocene age, and subaerial ash-flow deposits of early Pliocene age. The
voleanic formations of Miocene age comprise andesite lava, andesitic to rhyolitic
subaqueous pyroclastic deposits, and minor intercalations of shallow marine
siltstone, sandstone and conglomerate. Their total thickness ranges from 500 m
to 1,000m. The overlying subaerial ash-flow deposits, which reach 800 m at
their maximum thickness, are rhyolitic and their upper half is mostly welded.
The welded ash-flow deposits are about 4.8 Ma in age and are distinguished
from those erupted from the Onikobe caldera by the presence of commonly
sparse biotite crystals and stronger diagenetic alteration. These pre-caldera
rocks have been folded and intensely faulted. The direction of faults is diverse,
but faults striking northeast or northwest and dipping 60°-70° are common.
Most of them are normal faults and their throw exceeds 10 m at many localities.

The earliest volcanic product, which was erupted from the magma reservoir
presumably associated with the Onikobe caldera, was fine yellowish white
air-fall ash, succeeded by the eruptions of great quantities of ash-flow tuffs. At
least two cycles of main ash-flow eruptions separated by erosion and deposition
of a conglomerate bed took place. The age of the welded tuffs so far dated
ranges roughly from 2.7 to 1.7Ma. The ash-flow deposits contain clinopyro-
xene, orthopyroxene and minor green hornblende as mafic crystals. Chemically
they contain about 67-68% of SiO, (in bulk composition, recalculated volatile-
free). They were probably deposited mainly outside of the caldera and there-
fore have not yet been found within the caldera, although large blocks of the
welded tuff are embedded in the basal conglomerate of the caldera fill. The
volume of the erupted dacitic magma probably reached 50 km?®.

The bore-hole data and the Bouguer anomaly map indicate that the caldera
collapse took place along a nharrow boundary fault zone. The collapsed block is
roughly triangular with rounded corners and its average diameter is about
10km. The depth of collapse reaches 600 m to 1,000 m.

Immediately after the caldera formation, unstable steep caldera walls
collapsed and debris-flow or mud-flow conglomerate beds as much as 250 m at
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their maximum thickness were deposited. Meanwhile in the Katayama area,
andesitic volcanism started, resulting eventually in a pile reaching more than
700 m high. Some of the andesite lavas and andesitic pyroclastic flows spread
widely in the caldera lake and interfingered with the lake sediments. The
andesite in the lower part of the pile is 2.4%1.2 Ma by K-Ar method, that in the
middle part 1.5+0.9 Ma by K-Ar method, and that at the top part 1.8 Ma by
fission-track method, though an andesite sampled in the northern part of the
caldera has been dated 0.4+0.4 Ma by K-Ar method. The andesites contain
plagioclase, orthopyroxene, clinopyroxene as the main phenocrysts and occa-
sionally sparse resorbed quartz phenocrysts. Their SiO; content ranges from 58
% to 66%. Concurrently with the andesitic volcanism, dacitic volcanism also
took place. At least 10 sheets of subaqueous pumice flow are interbedded with
the lake sediments in the northern part of the caldera. The white pumice in the
flows commonly contains plagioclase, clinopyroxene, orthopyroxene and opaque
minerals but lacks quartz and hornblende. Around the Katayama area a small
amount of pumiceous dacitic tuff-breccia was deposited. The dacite in the
tuff-breccia contains basaltic hornblende, orthopyroxene and clinopyroxene as
main mafic phenocrysts. The dacite commonly encloses autoliths.

After a fairly long pause, attested by the deposition of more than 100 m thick
laminated siltstone and sandstone, a large dacitic pumice eruption occurred.
The resulting pumice flow spread throughout the caldera lake, and deposited
about 150 m thick pumice tuff except in the topographically high source area,
i.e., the Katayama area. The pumice is composed mainly of a white, capillary
tubular variety (SiO; 68%) but minor amounts of gray denser pumice (Si0, 58%)
and gray-and-white banded pumice are included. These pumices contain clino-
pyroxene, orthopyroxene and hornblende as main mafic phenocrysts, though the
gray pumice contains less phenocryst than the white one.

Then, the volcanism became weak and, in the overlying siltstone, sandstone
and debris-flow deposits reaching in total about 100 m thick, only minor
andesite lava, tuff-breccia and dacitic pumice-flow deposits are interbedded.
Meanwhile in the northwestern part of the caldera, a fault bounded rectangular
block of the pre-caldera rocks about 2.5 X 3km across was gradually uplifted.
The caldera fill was domed by the uplift, which was accompanied by debris
flows, slumping, slide faulting, etc. As a result of the doming, the caldera lake
became narrower and moat-shape occupying only the marginal parts. In the
final stage of the doming debris avalanches were also generated. Meanwhile in
the southeastern part of the caldera, distension of the caldera floor took
place. As a result, the caldera fill has been cut by extensional joints, clastic
dikes, and highly inclined minor normal faults with a throw commonly less
than 1m. A small amount of rhyodacite lava, which formed a lava dome of
Takahinata-yama Peak, effused probably during the later stage of the disten-
sion. The rhyodacite (SiO, 72%) contains hornblende, orthopyroxene and clino-
pyroxene as main mafic phenocrysts in a spherulitic groundmass. The fission-
track age of the rhyodacite is 0.35 Ma, though the rhyodacite around the Arayu
area having the same petrographic and petrochemical characters as that of
Takahinata-yama Peak and possibly being continuous with it has been dated
1.5 Ma by the same method.

The total volume of the andesitic products is estimated to be 10 km®, the
dacitic pumice-flow deposits to be 7.5 km®, and the rhyodacites to be 0.6 km®.



The magma beneath the Onikobe caldera has probably been solidified.
Phreatic eruptions, however, continued in the Katayama area up to about 23,380
+890 years B.P. and mud-flow deposits were emplaced in the surrounding areas.
While the moat-shaped marginal lake was filled up with lacustrine sediments.

The modes of caldera collapse and of post-caldera tectonism indicate that
there was a large magma reservoir at a comparatively shallow depth beneath
the caldera. Theoretical calculations on cooling of such a reservoir indicate
that intermittent replenishments of high temperature magma from depth or the
transfer of heat by the convection of magma in the deep root zone of the
reservoir is necessary to explain the long-lived volcanism. Andesitic and dacitic
volcanic materials were erupted repeatedly during the post-caldera stage, though
in general andesitic volcanism was prevalent in the early stage and dacitic one
in the later stage. When a large quantity of dacitic pumice was erupted a small
quantity of andesitic pumice was also accompanied. The gray-and-white
banded pumice indicates that mixing of magmas of different composition took
place at the time of eruption. These facts suggest that just after the caldera
collapse the magma reservoir had been filled with an andesitic magma but there
was always a general tendancy to generate a volatile rich dacitic magma in the
top part of the reservoir. The tectonism in the caldera after collapse was
probably induced by the local uprises of the viscous rhyodacitic magma in the
late stage of the magma reservoir evolution.

The comparison of the geologic development of the Onikobe caldera with
those of other calderas shows that the sequence of volcanism varies greatly
depending on the different original compositions of magma and on the different
cooling and replenishment rates of each reservoir, while the sequence of
tectonism is strongly dependent also on the preexisting structures of the upper
crust.

The high temperature intrusive body probably exists now at a comparatively
shallow depth in the southeastern part of the caldera and a high temperature
hydrothermal system has been formed above it. The high temperature fluids are
stored mainly in the fracture systems. Cold ground water infiltrates from the
margin of the caldera along permeable beds of the caldera fill. There is a
vapour dominated zone at a shallow depth of the Katayama area. The
abundant white altered rock fragments embedded in the mud-flow deposits
around the Katayama area indicate that the hydrothermal activity in the area
has been continuing at least tens of thousands years.

1. Introduction

1.1 Purpose and Scope of the Present Study

The present distribution of high-temperature geothermal resources is primarily
controlled by the intrusive history of magmatic bodies and by the fluid circulation in
the upper crust. Therefore, it is extremely important to clarify the permeability and
the porosity distributions and the evolution of magma reservoirs in the crust in detail
to assess and explore geothermal resources.

This study was commenced in 1967 as a part of researches on the geologic structure
of geothermal areas. At first geologic route mapping, scale about 1 : 2,000, was done
mainly along creeks within the caldera. The total distance covered by the route maps
exceeded 80 km. On the basis of the route maps, a geologic map, scale 1 : 25,000, was
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prepared and the geologic development of the Onikobe caldera was briefly discussed
(YaMmaDAa, 1972 a, b). To confirm the correlation of individual strata, as well as to
elucidate the lateral change of facies and the origin of pumiceous deposits within the
caldera, sections of certain stratigraphic units were measured and described in detail
(Yamaba, 1973). The fracture systems in the caldera fill were also investigated and
part of the results was reported along with a brief consideration on the hydrothermal
system of the area (YAmaDpa, 1975). Then the hydrothermal alteration of the area
was studied as a part of the national geothermal resources survey (YAMADA et al.,
1978). The fracture systems and the stratigraphy of pre-Tertiary and Tertiary
systems, exposed on the caldera rim, were investigated (Yamana, 1978, 1980 a). Some
cores from geothermal exploration holes drilled by Electric Power Development
(Dengenkaihatsu) Co., Ltd. were examined. Preliminary petrographic examinations of
more than 400 thin sections of rock samples were carried out. Chemical analyses on
26 volcanic rock samples and K-Ar age determinations on 20 volcanic rock samples
were also made for this study. Parts of the results of these investigations were
preliminarily reported (Y AMADA, 1981 a ; SAkAGUCHI and YAMADA, 1982).

Since FY-1980, the geologic structure and the geothermal system of the Onikobe
caldera have been studied more extensively as a part of the Confirmation Study of the
Effectiveness of Prospecting Techniques for Deep Geothermal Resources, which is
jointly being carried out by the Geological Survey of Japan and the New Energy
Development Organization (NEDO) under the Sunshine Project. The cores from six
bore-holes in the Onikobe caldera, drilled about 1,200 m to 1,500 m deep by the New
Energy Development Organization, were examined. Part of the results was reported
already (YaMaDpA and SaxacucHr, 1983 b, 1986). Regional mapping was done and a
geological map of Kurikoma geothermal area, scale 1 : 100,000 (Research group for the
geological map of Kurikoma Geothermal Area, 1986), was compiled. Various kinds of
other researches on the hydrothermal system of the Onikobe caldera were also carried
out and a conceptual model of the hydrothermal system was already presented
(YamaDa et al., 1985).

In this report essential results of these investigations, which are relevant to the
geologic evolution of the caldera, are reexamined and described in chapter 3 to
6. Then the geologic evolution of the Onikobe caldera is presented in chapter 7 on the
basis of these and other available data. In chapter 8, the subsurface processes, which
caused the evolution, and the hydrothermal system of the caldera are discussed by
comparing them with those of other calderas. The conclusions of this study are
presented in the final chapter.

The pre-Tertiary basement rocks and the caldera forming ash-flows distributed
widely outside of the caldera are described in more detail in other papers of this
volume (Sasapa, 1988 ; SakagucHr and Yamapa, 1988). The quantitative or
numerical analysis of the hydrothermal system of the Onikobe caldera, which is now
ongoing, is out of the scope of this report.

1.2 Location and Physiography
The Onikobe caldera is in the northwestern corner of Miyagi Prefecture, northern
Honshu, Japan (Fig. 1). It is on the eastern flank of the Backbone Range of northern
Honshu, which runs roughly in a N-S direction. The caldera is bounded on its western
side by a mountain range of 1,000-1,200 m above sea level, and on its eastern side by
hilly land reaching 550-700 m above sea level.
It is physiographically characterized by an oval-shaped depression having such
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Fig. 1 Location map showing the geologic and geographic location of the Onikobe
caldera.

central peaks as Arao-dake (984.2 m), Tsukushi-mori (992 m), Zanno-mori (938.4 m),
Yatsu-mori (784 m), and Takahinata-yama (769.1 m) (Pl. 1.1). In the depression the
Eai River flows around the peaks in a counterclockwise direction and the Tashiro
River, a tributary of the Eai River, flows clockwise (Fig. 2). With both of them an
elliptical river pattern is represented. The long axis of the ellipse is about 10 km with
a NNW-SSE direction and the short axis is 7.5 km with an ENE-WSW direction. The
caldera rim has been deeply dissected by inflowing creeks. The basin is breached by the
Eai River at the southern end, where Lake Arao, an artificial lake formed by Narugo
Dam, stretches.

This area is famous for geysers and as a hot spring resort. A geothermal power
station with the installed capacity of 25 MW has been in operation since 1975. The
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field is accessible by a 20 minutes’ drive through National Road 108 from Narugo
station of the Rikuutosen Railway.

Topographic maps, scale 1: 25,000, have been published from the Geographical
Survey Institute. Those, scale 1: 10,000, made by Electric Power Development Co.,
Ltd. and by the Metal Mining Agency of Japan, are also available.

1.3 Previous Works

Near the end of the Meiji era, O1camr (1909) carried out a geologic investigation
of Kurikoma Volcano, which covered a wide region including the Onikobe area. Since
then few geologic studies were made in this area until the end of the Second World
War, except that the area immediately to the south was studied by Imar (1942) and the
area to the southwest by MormMoTo (1942). The geysers in the Fukiage area, which is
in the southwestern part of the Onikobe caldera, recieved much interest of geologists
and geochemists since the early days (Iwasaki, 1895 ; Sato 1913 ; Arir and NoMURA
1941 ; etc.). After the end of the Second World War many geologic studies were
initiated in this area and in its surroundings.

In 1953, KaTo and SHIMADA reported the results of a geologic study of a wide
region covering the Onikobe and the Sanzugawa basins. The latter basin is located
about 10 km northwest of the former. SHIMADA (1955) continued sedimentological
studies of the Onikobe Formation which is younger lacustrine deposits in the Onikobe
basin.

In 1958, the geological sheet map “Onikobe”, scale 1 : 75,000, and its explanatory
text by KaTavyamMa and UwmEezawa, were published from the Geological Survey of
Japan. During the study, diatomite was found in the Onikobe facies of the Himematsu
Formation, which is the same stratigraphic unit as the Onikobe Formation eventhough
named differently. The diatomite was studied by several geologists and paleontolo-
gists (KaTavyama and Havasmi, 1952 ; IcHikawa, 1955 ; YAMAOKA and SHIMADA,
1962).

Recently the Metal Mining Agency of Japan carried out a regional geologic
investigation of the Kurihara area and a geological map, scale 1:50,000, was
published (AGENCY oF NATURAL RESOURCES ANDENERGY, 1976). The map covers the
entire area of the present study.

Meanwhile, this area has been considered to be a favorable site for the geothermal
energy development. In 1955, the Geological Survey of Japan commenced a study on
the geothermal energy resources in this area. The results have been reported by
NaxaMURA et al. (1959), NakaMURA (1959), NAKAMURA et al. (1961), and MATSUNO
and NisHIMURA (1965). In 1962, Electric Power Development Co., Ltd. started
exploration for natural steam for electric power generation in this area. Since then
they have been drilling scores of bore-holes and carrying out various geophysical and
other explorations. The results of these explorations are only partly published
(Hrrosuci, 1969, 1970, 1972). Part of the core material from the bore-holes was
examined by SEKI (1968), SERT and OKUMURA (1968), and SEKI et al. (1969). Recently
SEKI et al. (1983) investigated the hydrothermal alteration of the cores in more detail.
Geochemical investigations of hydrothermal fluids from the bore-holes were made
mainly by Ozawa and Nacasama (1975) and Electric Power Development Co., Ltd.
(Unpublished data).

Since 1967, the present author has studied the stratigraphy, the geologic structure
and the geothermal system of this area. Parts of the results were already published
as described in section 1.1.
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From 1974 to 1979, the Geological Survey of Japan conducted researches on the
hydrothermal system of the Onikobe caldera under the Sunshine Project. The interim
results of the researches were annually reported, which include investigations on
geologic structure, hydrogeochemistry, hydrology, hydrothermal alteration, and
others.

In 1980, the Confirmation Study of the Effectiveness of Prospecting Techniques for
Deep Geothermal Resources has started under the Sunshine Project jointly by the New
Energy Development Organization and the Geological Survey of Japan. The New
Energy Development Organization has been conducting various kinds of geophysical
investigations and has drilled six bore-holes about 1,200 m to 1,500 m deep, within the
Onikobe caldera. The Geological Survey of Japan recieved the core material from the
six bore-holes and examined it. The Geological Survey also recieved geophysical
exploration and other exploration data on which reanalyses were conducted. Field
geologic works, heat discharge measurements, numerical simulation studies of the
hydrothermal system, and other studies were also carried out by the Geological Survey.
The interim results of the researches have been annually reported and some results are
also reported in this volume.

Many other individual contributions have been made by various workers, which are
important in the discussion of the geologic evolution of the area. They will be
referred to in the subsequent chapters.

1.4 Terminology
Because no single classification system of volcanic rocks has been widely enough
accepted, the names used in this report are commented here. The volcanic rocks in this
area were divided roughly by percent SiO, ;

Rock name Weight %510, Phenocrysts

Basalt <54 Pl, Px, (O
Basaltic andesite 54-58 Pl, Px, (O})
Andesite 58-63 Pl, Px, (Hb) (Qz)
Dacitic andesite (or andesitic dacite) 63-66 PI, Px, (Hb) (Qz)
Dacite 66-69 Pl, Px, Hb, Qz
Rhyodacite 69-73 Pl, Hb, Px, Qz, (Bi)
Rhyolite >3 Pl, Bi, Hb, Qz, (Px)

( ) Rarely present, in trace amount
Pl : Plagioclase, Qz : Quartz, Px : Pyroxene
Hb : Hornblende, Bi : Biotite

Here and all through this report, the major oxide analyses have been recalculated
to 100 percent free of volatiles. These simple arbitrary divisions seem to coincide
fairly well with phenocryst variations in this area as shown above. The number of
chemically analyzed rock samples is so small that the phenocryst assemblages, and
groundmass minerals and textures were also taken into account in naming volcanic
rocks. The dacitic andesites (SiO, 63-66%) in the above classification are included in
dacite in ordinary classifications. In this area, however, they are petrographically
similar to the andesites and indistinguishable from them in the field. Therefore, they
are called dacitic andesites and induded in andesites in this report.

For the classification of plutonic rocks, that of STRECKEISEN (1976) is followed,
and pyroclastic rocks, that of FisHer (1966) is mostly followed. “International
Stratigraphic Guide” (INTERNATIONAL SUBCOMMISSION ON STRATIGRAPHIC CLASSIFICA-
TION, 1976) is useful as a guide to the stratigraphic classification and terminology.



Terminology of ash-flow tuffs generally is that of R.L. Smita (SmrrH, 1960).
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2. Geologic Setting

The geology of the surrounding region is outlined before the stratigraphy and the
structure of the Onikobe area are described. A large number of geologic works have
been done in the region for various purposes. Several bore-holes have been drilled for
the exploration of mineral resources, natural steam and thermal water. According to
these data, the geology of the region can be divided into the basement rocks of
pre-Tertiary age, unconformably overlying, mostly marine volcanic and sedimentary
rocks of Miocene age, and mainly subaerial and lacustrine voleanic rocks and sediments
of late Miocene to Recent ages, which cover unconformably parts of the basement
rocks and the Miocene formations. As to the details of stratigraphic division and
correlation, many problems remain still unsolved. A geologic map of the region,
simplified from the one by RESEARcH GROUP FOR THE GEOLOGICAL M AP oF KURIKOMA
GEOTHERMAL AREA (1986), is shown in Fig. 3.

2.1 Basement Rocks of Pre-Tertiary Ages and Tertiary Intrusive Rocks.
The Onikobe caldera is situated at the junction of two broad anticlines. One of

them extends roughly north-northeasterly and the other northwesterly. Therefore, the
basement rocks are distributed comparatively at a shallow depth except in the
volcano-tectonically or tectonically depressed areas where they are at deeper depths.
These anticlines also form physiographical ridges and the north-northeasterly anticline
corresponds roughly to the site of the Backbone Range. The basement rocks are
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exposed mainly along valleys which dissect deeply these anticlines.

The basement rocks underlying the region consist mainly of biotite-hornblende
granodiorite and tonalite. The K-Ar ages of these granitic rocks range from 35 to
110 Ma, except the one on the southern flank of Mt. Yakeishi-dake which was dated as
244 Ma (Sasapa, 1985). They are commonly altered and locally sheared. A mylonite
zone extending in a NNW-SSE direction and running through the western part of the
Onikobe caldera was recently recognized by Sasapa (1984). Gneiss, schist, black
slate, schalestein, chert, sandstone, limestone, and serpentinite are sporadically
exposed in the region. A fossil coral of Permian age is reported from limestone near
the Shinyu hot spring by KitamMmURA and Tant (1953).

These basement rocks are pervasively intruded by dike rocks of younger ages.
Some of the dikes intrude also into the Miocene formations. The composition of the
dikes ranges from rhyolite to basalt but andesite is dominant. The so—called Tertiary
granites, which are mostly microdiorite and quartz porphyry, locally intrude into the
basement rocks and the lower part of the Miocene formations. They commonly show
a wide range of composition within a single body (Narrra, 1960 ; OmpE and OrRIMOTO,
1966). The cores from the bore-hole YO-2 drilled in the Sanzugawa Basin clearly
revealed the intrusive contact of granite into andesite lava of Tertiary age (Y AMADA
and SakacucHl, 1985). The granite is petrographically indistinguishable from some
pre-Tertiary granitic rocks but its K-Ar age (4.2 Ma-16.2 Ma) (Kurivama, 1985) is
clearly younger than those of pre-Tertiary rocks.

2.2 Volcanic and Sedimentary Rocks of Miocene Age.

The volcanic and sedimentary rocks of Miocene age are distributed surrounding the
basement rocks.

Their lower part consists mainly of subaqueous andesitic volcanic products,
namely, massive lava, subaqueous auto-brecciated lava, tuff-breccia and tuff. The
andesites are mostly aphanitic and have been discolored into purplish green or
dark-green. They cover unconformably the basement rocks and range in thickness
from 0 to 1,000 m.

The middle part of volcanic and sedimentary rocks of Miocene age is characterized
by rhyolitic or dacitic subaqueous pyroclastic-flow deposits, which often contain green
attenuated pumice shreds and various kinds of rock fragments in a white-green or a
purplish green ash matrix. Dark-gray sandy siltstone, siltstone, green tuffaceous
sandstone, andesite lava and rhyolite lava are intercalated in various proportions
depending on the localities. Andesitic and rhyolitic volcanic products are piled
exceptionally thick in the local source areas. The facies of the middle part grades
from that of the lower part. Fossil plants, mollusks and foraminifera embedded
indicate Middle Miocene age. The middle part is most widely distributed and reaches
500-1,000 m in thickness.

The upper part of volcanic and sedimentary rocks of Miocene age consists of
dark-gray siltstone and dark-gray to light-blue tuffaceous sandstone with local thick
intercalations of light-green pumiceous tuff, tuff-breccia, volcanic breccia and lava of
rhyolite, dacite or andesite. Fossil plants, mollusks and foraminifera have been
reported. The upper part is distributed mainly in the areas beyond 8 km from the rim
of the Onikobe caldera now. Its thickness is about 400 m.

The volcanic and sedimentary rocks of Miocene age dip in general less than 30° and
are folded by the two broad anticlines mentioned already. Both on the north and the
south of the northwesterly broad anticline, they are deformed by roughly N-S trending



second order folds, which form the north-northeasterly broad anticline or anticli-
norium. On the northwesterly broad anticline, they have been deformed probably in
association with later local faulting and intrusion. Therefore, they have a complex
structure with many shallow basins and domes. Many faults strike roughly either
north-northeast or northwest. These two main fracture trends are observed even in
younger formations. The basal part is specially intensely cut by minor faults.

2.3 Subaerial and Lacustrine Volcanic Rocks and Sediments of Younger
Ages

The ash-flow sheets cover wide areas in this region, whereas several large
volcano-tectonically depressed basins are filled with thick lacustrine sediments and
volcanic products (Fig. 3). Andesite, dacite and rhyolite lavas are distributed around
several eruption centers. These volcanic products and lacustrine sediments cover
unconformably the volcanic and sedimentary rocks of Miocene age, and the basement
rocks.

The Sanzugawa Basin, the Mukaimachi Basin, the Nakayamadaira and Narugo
area, and the Onomatsuzawa area are underlain by 300-2,000 m thick white-gray
pumice tuff, welded tuff and pumiceous tuff-breccia interbedded with lacustrine
gsediments and locally with andesite or dacite lava. The lacustrine sediments contain
fossil plants of latest Miocene age (UEMURA, 1977). These deposits filled volcano-
tectonic basins.

The Torageyama Formation, which is distributed to the north of the Onikobe
caldera, consists mainly of welded and non-welded ash-flow deposits. The upper half
of the Formation is mostly welded, biotite-bearing hornblende rhyolite tuff and its age
is around 4.8 Ma by K-Ar method (SakacucHI and YamaDa, 1988). The lower half
of the Torageyama Formation is composed mostly of non-welded ash-flow tuff and
contains abundant accidental blocks. The Torageyama Formation reaches locally
more than 1,000 m thick in the Sanzugawa Basin (YamaDpa and SaxacucHi, 1985).
TaxeNO (1988) subdivided the Torageyama Formation into the Minasegawa Tuff
Member of 6-5 Ma, the Oyu Welded Tuff Member and the Torageyama Tuff Member of
4-3 Ma, reporting K-Ar ages of eight samples.

The Genbikei Tuff, which is distributed in an area to the northeast and beyond
10 km from the rim of the Onikobe caldera, comprises welded ash-flow deposits several

Table 1 K~Ar age of volcanic rocks in and around the

Sample No. | Formation Name Rock Name Locality K-Ar Age (Ma)

81101701 Torageyama F. Rhyolite Middle course of 3.9%0.3
Horonai-zawa Creek

81082003 ” Flow banded rhyolite| Middle course of | 3.9%0.8
Horonai-zawa Creek

GOl, 593m | Akazawa F.? Andesite GOl (Arayu) 24412

GOl, 415m Akazawa F. ” GOl (Arayuw) 1.5+0.9

730563113 ” ” Zanno-zawa Creek 0.4+0.4

80080102 Katakuramori Andesite Katakuramori 1.3+0.8

28=4.962x1070yr, 16=0.581x107"0yr™!, 49K=1,167x10" atom per atom of natural potassium
Reference 1: SAKAGUCHI & YAMADA, 1982
2 1 Yamapa (1981)



hundreds of meters thick. They are hornblende-rich rhyodacite. The age of the
Genbikei Tuff is around 5.7 Ma by K-Ar method (SAKAGUcHI and Y AMADA, 1988).

The Kitagawa Tuff, which is exposed on the eastern rim of the Onikobe caldera,
covers wide areas farther to the east and the south. The Kitagawa Tuff comprises at
least four ash-flow sheets unconformably separated from one another by air-fall tuffs.
The lower two ash-flow sheets are welded within 20 km from the rim of the caldera
and about 100 m thick. Their composition is hornblende-bearing pyroxene dacite or
rhyodacite. Their age is around 2.3 Ma by K-Ar and fission-track methods. The
upper two ash-flow sheets are non-welded and mainly distributed beyond 20 km from
the rim of the Onikobe caldera (SakaGgucHT and Y AMADA, 1988).

The Kabutoyama Tuff, which appears quite similar to the Kitagawa Tuff, is
distributed in the Sanzugawa Basin about 10km to the north of the Onikobe
caldera. Its composition is pyroxene andesite. Its age is 0.3-0.5 Ma by K-Ar method
(SakagucHr and Yamapa, 1988) and by fission-track method (NisHIMURA et al.,
1976).

The Onikobe caldera is filled with about 1,000 m thick volcanic products and
lacustrine sediments, e.g., thin-laminated siltstone, sandstone, conglomerate, subaque-
ous pumice-flow deposits, andesite lava, and tuff-breccia. The caldera-fill is mostly
of Pleistocene age. A much younger small basin, filled with about 100 m thick beds of
conglomerate and sandstone, exists in the Narugo area.

Narugo Volcano, Kurikoma Volcano, and Takamatsu Volcano are to the south, to
the northeast and to the northwest of the Onikobe caldera respectively. The
Takahinata lava dome is on the southeastern inner margin of the Onikobe caldera.
Narugo Volcano is composed of augite-hypersthene rhyodacite lava domes. Kurikoma
Volcano is a fairly large andesitic strato-volcano. Takamatsu Volcano consists
mainly of andesite or dacite lava. The Takahinata lava dome is composed of
hornblende rhyodacite. The fission-track ages of the rocks of these volcanoes are
0.35 Ma for the Takahinata rhyodacite, 0.02-0.2 Ma for the Narugo rhyodacite, and
0.2 Ma for the Takamatsu andesite (NISHIMURA et al., 1976 ; YAMADA et al.,
1978). Kurikoma Volecano is younger than the Kitagawa Tuff and ranges up to Recent
age. There is another less known small andesite volcano called the Katakuramori
Andesite (Pl. 11.6) on the northwestern outer margin of the Onikobe caldera. The
K-Ar age of the andesite is 1.3 = 0.8 Ma (Table 1).

Onikobe caldera (after SAKAGUCHI & YAMADA, 1982).

scc’®Ar rad/gm x10°* FYAr rad %K Teledyne No. Reference
§ (é% %éz 11 KA 82-391 1
0:054 = i KA 82-392 1
0.007 i O KA 801162 9
0:005 5 e KA 80-1161 9
ot e 38l K A 82-387 1
0:005(8) i g - KA 82-385 1




The volcano-tectonic depressions are commonly bounded by faults trending
northwest and northeast. The lacustrine sediments in these depressions are locally
deformed by penecontemporaneous slump structures. Specially in the Onikobe caldera,
the post-caldera volcano-tectonism was intense as will be described in a later chapter.
Outside of these depressions, faults commonly trending also either northeast or
northwest displace the ash-flow deposits locally as much as 10 m.

3. Stratigraphy

In this chapter the geology of the Onikobe caldera is described in stratigraphic
order. The summary of the stratigraphy with some remarks is given in Fig. 4. The
geologic map of the area and the cross sections are shown in Fig. 5. The boundary
between the Kanisawa Formation and the Torageyama Formation is difficult to define
because of the gradual upward change of facies and the abrupt lateral change of facies
due to locally thick volcanic piles. In this report the thick massive silicic ash-flow
tuff of the upper part of the Kanisawa Formation (Yamapa, 1983 b) was transfered
to the Torageyama Formation, because it is correlated with the lower part of the
Torageyama Formation defined in the area immediately to the north and because the
younger K-Ar age of rhyolites is better explained by the transfer.

3.1 Pre-Tertiary Rocks
3.1.1 Schist

[Distribution] Schist crops out narrowly in the lower course of Suginomori-zawa
Creek, and in the cuttings on National Road 108 and on the Senpokuzawa logging road.
A small outcrop of schist is also in the middle course of Ashi-zawa Creek, just on the
northeast projection of the above mentioned schist exposures. Thus it is probable that
the schist is sporadically distributed along the northwestern rim of the Onikobe
caldera in a narrow zone trending northeast.

[Stratigraphic relation] In the lower course of Suginomori-zawa Creek, the
southeast and the northwest sides of the schist exposure are covered unconformably by
the caldera fill and an altered andesite of Miocene age respectively. In the cuttings on
National Road 108 and on the Senpokuzawa logging road, the schist is caught in
granitic rocks as a very thin block bounded by faults.

[Facies] The schist consists mainly of a black variety with rare intercalations of
green and comparatively thick white-gray varieties. The black schist is derived
probably from pelitic sediments and the green schist from fine tuffaceous sediments.
White-gray beds are probably derived from psammitic sediments. Metamorphism is
in general weak and in places original sedimentary structures, such as parallel
laminations of fine sand and silt, are clearly visible.

[Petrography] The schists from three different localities were examined under the
microscope. Two are muscovite-quartz-albite-chlorite schist. They are layered with
quartz-albite rich and muscovite-chlorite rich bands. The muscovite consists of
plaited layers. The size of each mineral is less than 0.25 mm. The other one is
actinolite-chlorite-albite schist.

[Correlation and age] Schists and Paleozoic sediments are exposed about 20 km
north-northeast of the Onikobe caldera (KitaMURA, 1965). The schists in both areas
are lithologically similar and therefore probably belong to the same geologic system.



3.1.2 Granitic rocks

[Distribution] Granitic rocks are widely exposed along the southwestern border
of the caldera and sporadically in the lower course of Ashi-zawa Creek and inside the
Zanno-mori Block, which is a volcano-tectonically uplifted block within the Onikobe
caldera. Granitic rocks are exposed also around Okura-yama Peak on the eastern
border of the caldera. Hence, the granitic rocks are probably distributed widely as the
basement rocks beneath the volcanic and sedimentary rocks of Miocene and younger
ages. The basement becomes deeper in general from the west to the east in this area.

[Facies] The most common type is medium-grained, hornblende-biotite grano-
diorite and tonalite. They commonly show greenish color owing to the alteration of
mafic minerals to chlorite and locally to epidote. The granitic rocks are commonly
sheared and show a cataclastic texture. In the cuttings on National Road 108 and on
the Senpokuzawa logging road near Omoridaira, mylonitized granitic rocks are
exposed. At the latter locality, a dark mylonitized granitic rock is intruded by a
pinkish leucocratic granitic rock which shows also a cataclastic texture.

[Petrography] Five samples of granitic rocks were examined under the micro-
scope. Three of them, sampled from the Zanno-mori Block, are tonalite composed
mainly of plagioclase, quartz, hornblende and biotite. The plagioclase has been partly
altered to zeolite and clay minerals. The hornblende and the hiotite have been mostly
altered to chlorite and epidote. The quartz shows undulatory extinction. Allanite
and apatite are common accessory minerals. The other two were sampled in a cutting
on the Senpokuzawa logging road. One of them is a dark mylonite and the other is a
pinkish leucocratic granitic rock. The dark mylonite contains plagioclase and quartz
crystals in a matrix of fine-grained but the same kind of crystals, and chlorite and
muscovite (?). The pinkish cataclastic granitic rock contains sericitized plagioclase
and quartz crystals in a matrix of finer grained but the same kind of crystals, and
hornblende (?) and chlorite.

[Age] The granodiorite or tonalite at Okura-yama Peak has been dated as 80 Ma
(AGENCY OF NATURAL RESOURCES AND ENERGY, 1976) and 100 Ma (Sasapa, 1985) by
K-Ar method. The tonalite at Omoridaira has been dated as 52 Ma (Sasapa, 1984)
by K-Ar method.

3.2 Miocene to Middle Pliocene Formations
3.21 Kamuroyama Formation

[Definition] The Kamuroyama Formation (KATo and SHIMADA, 1953) is redefined
in this report as the lowest part of the volcanic and sedimentary rocks unconformably
covering basement rocks in this area which consists mainly of propylitized andesite
lava and andesitic tuff-breccia.

[Distribution and thickness] This formation is typically exposed in the lower
course of Suginomori-zawa Creek and in the upper reaches of Arato-zawa Creek. Its
thickness varies from several hundreds to several tens of meters. Rarely this
formation is entirely lacking and the overlying Kanisawa Formation directly covers
the basement rocks. This formation is in general thicker in the western part of the
area than in the eastern part.

[Stratigraphic relation] This formation covers unconformably the basement
rocks. The unconformable surface, however, can not be clearly demarcated in many
places. Because the basal part of this formation contains many angular fragments of
basement rocks in a tuffaceous matrix and also because the unconformable surface is
cut by many minor faults and dikes. At the mouth of small creeks on the north flank



of Yatate-dake Peak and near the mouth of Suginomori-zawa Creek, conglomerate
beds, containing well-rounded pebbles and cobbles of propylite and diorite in a
dark-green tuffaceous sandstone matrix, are interbedded with andesitic volcanic
products near the base of this formation.

[Facies] This formation consists of andesite lava and tuff-breccia, and very rare
intercalations of conglomerate, lapilli-tuff and fine tuff.

Andesite lava facies : The andesite lavas are commonly massive with irregular
joints. They show generally dark greenish or purplish gray color due to alteration.
Locally, as in the lower course of Suginomori-zawa Creek, the andesite lavas are white
green and disseminated with pyrite crystals because of intense hydrothermal alteration
and mineralization. The andesite lavas appear to be generally more mafic and
aphanitic than those of the upper formations.

Tuff-breccia facies : The tuff-breccias contain commonly andesite and other lithic
fragments in a green tuffaceous matrix. They are mostly ill-sorted and massive.
Near the base of the formation, the tuff-breccias contain abundant angular fragments
and blocks of the basement rocks.

[Petrography] The andesites contain plagioclase, clinopyroxene and orthopyroxene
as main phenocrysts. Their groundmass is composed of small lath-shaped plagioclase,
silica minerals, chlorite and devitrified glass. The plagioclases are often zeolitized or
argillized and mafic minerals are often chloritized or epidotized. The texture is
hyalopilitic, pilotaxitic or rarely intergranular.

[Correlation and age] On the basis of the stratigraphic position and lithologic
similarities, this formation is tentatively correlated with the Oarasawa Formation
(Kitamura, 1965). The age of this formation is, therefore, considered to be Early
Miocene.

3.2.2 Kanisawa Formation

[Definition] The Kanisawa Formation, originally proposed by Karto and
SumMaDA (1953), is adopted. It is, however, more clearly defined here as the complex
volcanic products with subordinate fine sandstone which overlie the Kamuroyama
Formation and underlie the Torageyama Formation. This formation consists mainly
of andesite lava, tuff-breccia, silicic subaqueous pyroclasticflow deposits, and dark-
gray fine sandstone but locally rhyolite lava and rhyolitic tuff-breccia are also
intercalated.

[Distribution and thickness] In the southern part, this formation is typically
exposed on the banks of Lake Arao, in the lower course of Tashiro River and along
Takanosu-zawa Creek. The thickness is about 400 m. In the northeastern part this
formation is represented by thick piles of complex volcanic products probably up to
1,000 m thick.

[Stratigraphic relation] This formation is conformable with the underlying
Kamuroyama Formation. The boundary is drawn where altered andesite lava of the
Kamuroyama Formation is abruptly overlain by silicic subaqueous pyroclastic-flow
deposits of this formation. In several places, however, the facies grades from that of
the Kamuroyama Formation.

[Facies] In the northeastern part, this formation consists of thick complex piles
of andesite lava, andesitic tuff-breccia, lapilli-tuff, rhyolite lava, rhyolitic tuff-
breccia, with rare intercalations of tuffaceous sandstone, siltstone and pumice tuff. In
the southern part this formation consists mainly of alternating beds of silicic
subaqueous pyroclastic-flow deposit, dark-gray siltstone, dark-gray fine sandstone,



tuffaceous sandstone, and andesite lava (Fig. 6).

Pumice-tuff, lapilli-tuff, volcanic sandstone and conglomerate facies: In the
southern rim of the caldera many comparatively thin flow units of subaqueous
ash-flow deposits occur. Each unit shows the vertical sequence characteristic of the
distal facies of subaqueous ash-flow deposits reported by Yamapa (1984). Each flow
unit varies in thickness from less than one meter to several tens of meters. A typical
unit about 35m thick, exposed at the mouth of Tashiro River, is composed of
dark-green coarse pumice-patched lapilli-tuff. Its basal part contains fragments of
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rhyolite, andesite and granitic rock 20 cm in maximum diameter. The upper part
becomes parallel-laminated sandy tuff. In the upper reaches of Takanosu-zawa Creek,
two beds of white-green subaqueous pumice-flow occur. Each bed is more than 15 m
thick and its top part is composed of white fine-tuff. Toward the west individual
flow units apparently become thicker and richer in lithic fragments.

Lapilli-tuff and volcanic sandstone are interbedded with the other facies of this
formation. They are commonly graded. Thin beds of variegated and well-sorted
lapillistone sporadically occur. They may be air-fall scoria beds. Thick massive beds
of lapilli-tuff, containing dark-gray andesite fragments in a dark—green ash matrix,
occur in the northeastern rim of the caldera. Thin volcanic conglomerate beds,
interbedded with tuffaceous sandstone, occur in the northern rim. These volcaniclastic
deposits were not separately mapped from the pumice tuff, because in many places they
occur intricately associated with the pumice tuff.

Siltstone and sandstone facies : Dark-gray siltstone and fine sandstone beds are
dominant in the southeastern rim. They form generally thick massive beds. Thin
fine-tuff and sandy tuff beds are rarely intercalated in them. In the eastern rim, the
siltstone is buff-yellow and relatively thin.

Andesite lava and tuff-breccia facies : In the southeastern rim, several sheets of
dark-gray andesite lava occur in the middle to upper part of this formation. They are
jointed in an irregular column shape. In the northeastern rim where andesitic volcanic
products predominate, irregularly fractured lava, subaqueous auto-brecciated lava,
tuff-breccia and hyaloclastite occur. A typical subaqueous auto-brecciated lava in the
middle course of Kitataki-zawa Creek, intercalated in siltstone and subaqueous
pyroclastic-flow deposits, is composed of angular fragments of andesite and intersticial
vermicular white vein minerals. Andesitic tuff-breccia and lapilli-tuff are typically
exposed in the cuttings on the new logging road along the upper course of Inishi-zawa
Creek. The boundaries between them and andesite lava are irregular and stratifications
are rarely well defined within these volcanic products. The andesitic volcanic products
are, in general, fresher than those of the Kamuroyama Formation. Locally, however,
they are strongly altered. For example around the Horonai and the Kamanai areas,
they have been changed into white greenish rocks owing to hydrothermal alteration and
mineralization.

Rhyolite lava and rhyolitic tuff-breccia facies : Flow layered rhyolites are
typically exposed in the lower reaches of Inishi-zawa Creek and on the southwestern
flank of Suzukura-mori Peak. They have thin purplish gray and white gray layers (Pl.
1.5). These thinly and thickly flow layerd rhyolites commonly occur in association
with a purplish gray massive rhyolite which resembles some andesite. Rhyolitic
tuff-breccia is exposed on the southern and the eastern flanks of Suzukura-mori Peak.
It contains abundant blocks and lapilli of rhyolite in a dark green or purplish gray ash
matrix.

[Petrography]| The andesites (P1. 11.5) usually contain plagioclase, clinopyroxene
and orthopyroxene as main phenocrysts. Quartz is very rarely contained as xenocrysts.
Some andesites contain only plagioclase as the phenocryst. The groundmass is
composed of abundant plagioclase micro-laths, pyroxene, ore minerals, and a devitri-
fied glass matrix. The texture is hyalopilitic, pilotaxitic or rarely trachytic. These
andesites have been altered in various degrees. The plagioclase phenocrysts have been
argillized, zeolitized, chloritized or calcitized. The mafic minerals have usually been
chloritized. The groundmass has been argillized, zeolitized, chloritized or calcitized.
Where silicified, quartz crystal aggregates have been formed in the groundmass.
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Andesitic hyaloclastites contain altered andesite, plagioclase and pyroxene
fragments in a matrix of chlorite, zeolite, clay and opaque minerals. They have been
traversed by irregular veinlets of quartz and zeolite.

The rhyolite in Inishi-zawa Creek contains commonly minor plagioclase phenocrysts.
The groundmass consists of minor plagioclase microlites, thin lenticular quartz mosaic

aggregates, and devitrified glass. The rhyolite on the southwest flank of Suzukura-
mori Peak shows a spherulitic texture. These rhyolites have been altered in various
degrees and chlorite, carbonate, zeolite and clay minerals have been formed.

[Fossils] A fossil mollusk, identified by Professor [iroshi Nopa as Chlamys sp.,
was found in a dark-gray fine sandstone on the east bank of Lake Arao. A fossil leaf,
identified by Dr. Toru ONOE as Matasequoia occidentalis (NEWB.) CHANEY, was found
in a white siltstone on the west bank of Lake Arao.

[Correlation and age] The green patched lapilli-tuff to the east of the Kunimi
Pass has been dated as 9.8 Ma by fission-track method (YAMADA et al., 1978). This
date suggests that at least part of this formation is Late Miocene in age, though this
formation has been correlated with the Oidegawa Formation of Lower to Middle
Miocene (ONUKI et al., 1981) on the basis of lithological similarities.

3.2.3 Torageyama Formation

[Definition] The Torageyama Formation originally proposed by Kato and
SHIMADA (1953) is adopted. It is composed mainly of non-welded and welded
ash-flow tuffs with minor intercalations of epiclastic sediments. The Torageyama
Tuff, proposed in Yamapa (1983 b), is regarded as a member of this formation in this
report and called the Torageyama welded tuff.

[Distribution and thickness] The Torageyama Formation is typically exposed in
the upper reaches of Inokura-zawa Creek and in the middle to upper reaches of
Senpoku-zawa Creek, where it is more than 700 m thick. This formation is distributed
in the middle to higher parts of the northern rim of the caldera and in the Zanno-mori
Block.

[Stratigraphic relation] The Torageyama Formation is probably unconformable
with the underlying formations though no significant structural discrepancy has been
recognized between this formation and the upper part of the Kanisawa Formation.
Because most part of this formation is considered to have been deposited subaerially in
contrast to the submarine underlying formations and also because in the Zanno-mori
Block and northwestern rim of the caldera the Kanisawa Formation is very thin or
missing owing probably to erosion before the deposition of the Torageyama Formation.

[Facies] This formation consists mainly of silicic ash-flow deposits with minor
intercalations of siltstone and sandstone. Rhyolite lava and mud-flow deposits occur
locally.

Mud-flow conglomerate facies : The mud-flow deposits occur in the northeastern
corner of the area intricately associated with the thick silicic ash-flow deposits. They
contain pebbles, cobbles and blocks of various rocks, and in places slumped siltstone
beds 1n a gray ashy tuffaceous matrix.

Massive silicic ash-flow tuff facies: The massive silicic ash-flow tuffs are
distributed in the northern rim of the caldera and in the Zanno-mori Block. They are
rarely welded. In the northern rim of the caldera they consist of two types of thick
and massive ash-flow deposits, with local intercalations of black siltstone and other
sediments. One type is composed of shreds of green pumice and a dark-purplish gray
ash matrix. The lower part of each ash-flow deposit contains andesite fragments, silt



clasts and other accidental rock fragments. The top part of each ash-flow deposit is
mostly composed of gray or purplish gray ash. Accretionary lapilli are embedded in a
gray ash tuff in the lower course of Senpoku-zawa Creek. Locally pumice shreds are
flattened (pseudo-eutaxitic) by diagenetic compaction (Pl. 2.5). The other type which
overlies is composed of white or pale-green pumice shreds and a white gray or
pale-green fine ash matrix. Abundant quartz crystals and black shale fragments are
contained in this type. In the northeastern rim, the lower part of the ash-flow deposit
contains large blocks of andesitic volcanic products, some of which reach several
meters across. In the Zanno-mori Block, this facies consists mainly of coarse tuff and
tuff-breccia which contains various lithic blocks in an ash matrix.

Siltstone and sandstone facies : In the northern rim, thick siltstone and sandstone
beds are intercalated between the massive silicic ash-flow tuff facies and the overlying
welded ash-flow tuff facies. They are stratified in light-gray and dark-gray or black
beds (Pl. 1.3). The dark-gray or black color of the siltstone is probably due to
enrichment of carbonaceous matter.

Welded ash-flow tuff facies : In the upper reaches of Inokura-zawa Creek, the
basal part of an ash-flow tuff is densely welded. In the middle course of Senpoku-
zawa Creek, several zones of ash-flow tuffs are densely welded. The densely welded
part has become a dense, black glassy rock containing many lithic lapilli. It grades
upward to a lighter porous greenish gray pumiceous welded tuff, which is the
predominant facies of the tuffs. A welded tuff, which consists solely of glass shards,
crystals and other ash-size fragments, is also present. The ash-flow tuff contains in
general abundant and various lithic fragments, and is mostly greenish gray but rarely
reddish gray.

Rhyolite facies : In the middle course of Horonai-zawa Creek a purplish gray
thickly flow-banded rhyolite (Pl. 1.6) is exposed. In the upper course of Suginomori-
zawa Creek, a green compact rhyolite is exposed. Its lower part is auto-brecciated.
Blocks of porous rhyolite with lithophysae 2 cm in diameter (Pl. 1.4) are scatted also
at the locality. The relationship between this rhyolite and the ash-flow tuffs
described above is unknown.

[Petrography] Silicic ash-flow tuffs commonly contain abundant plagioclase and
quartz, minor pyroxene and biotite, and sparse hornblende crystal fragments. Various
kinds of lithic fragments and pumice shreds are also abundantly contained. These
tuffs have been altered in various degrees. The welded tuffs contain abundant quartz
and plagioclase, and commonly minor biotite, hornblende and pyroxene crystals, many
of which are fragmentary. They also contain various kinds of lithic fragments and
pumice shreds. The matrix is composed of devitrified glass shards and dust. The
welded tuff has been argillized, chloritized and zeolitized in various degrees. A sample
of the welded tuff analysed contains about 75% SiO, (Table 2). The rhyolite contains
plagioclase and quartz phenocrysts in a devitrified groundmass glass with perlitic
cracks. The rhyolite in the middle course of Horonai-zawa Creek contains resorbed
quartz crystals and a small amount of hornblende besides plagioclase as the
phenocrysts. The groundmass consists of devitrified glass containing minor plagioclase
micro-laths. Chemically it contains about 74% SiO, (Table 3).

[Correlation and age] Two samples of the welded tuff have been dated as
4.8+0.2 Ma and 4.6 =1.2 Ma by K-Ar method (SAxAcUcHI and YaMaDa, 1988). The
rhyolite in the middle course of Horonai-zawa Creek has been dated as 3.9 +0.3 Ma by
K-Ar method (Table 1). TakeNo (1988) reports a little wider range in K-Ar ages of
the tuffs as described in section 2.3.



3.2.4 Intrusive Bodies

Intrusive bodies are extremely abundant in this area. They are mostly dikes of
various dimensions. Their maximum length and width are less than a few kilometers
and 0.5 km respectively. Some of the dikes are composed of hypabyssal rocks such as
granophyre, diorite-porphyrite, quartz-porphyrite and dolerite, while others are of
effusive rocks, e.g., rhyolite, dacite or andesite. These dikes intrude into the basement
rocks, the Kamuroyama Formation and the Kanisawa Formation.

(1) Granophyre

[Distribution] Granophyre is exposed in the southern rim of the caldera, as
scattered dikes less than 10 m wide.

[Relation] The dikes intrude only into the granitic rocks of the basement. The
contact surface varies from a very sharp plane to a very irregular surface.

[Facies and petrography] The granophyres appear like fine-grained granitic rocks
but vary widely in color and in grain size. A comparatively melanocratic dike 10 m
wide has the following petrographic characteristics.

Granophyre (69-530, North of Yatate-dake)

Phenocrysts: Plagioclase, hornblende, quartz, orthoclase, biotite and opaque
minerals. The plagioclase is tabular, strongly zoned, twined by various laws,
and clear. The size is less than 5 mm and widely varies. The hornblende is
green/yellow-green and not abundant. The interstices are filled with intergrown
quartz and feldspar. The biotite is deep-green/light green and is a minor
constituent.

Texture : Holocrystalline and porphyritic.

(2) Diorite-porphyrite

[Distribution] Diorite-porphyrite is exposed in the northwestern rim of the
caldera. It consists of a bundle of several lenticular dikes elongated in a NE-SW
direction. Its length is about 3km and its maximum width is 0.5 km. A narrow
exposure of the same rock was found in the Zanno-mori Block near Tsukushi-mori Peak.

[Relation] In the lower course of Nuruyu-zawa and Inokura-zawa Creeks, the
dikes intrude into the andesite lava of the Kamuroyama Formation. The contact
surface is often very irregular.

[Facies and petrography] The diorite-porphyrite comprises two rock types. One
of them is characterized by acicular dark hornblende crystals scattered in a white green
finer matrix. The other is white green fine-grained to very fine-grained diorite. The
rock exposed near Tsukushi-mori Peak belongs to the former type.

A representative sample of the former type has the following petrographic
characteristics.

Diorite-porphyrite (68051204, Saburoishi-zawa)

Phenocrysts : Plagioclase, quartz, hornblende, clinopyroxene, orthopyroxene and
opaque minerals. The plagioclase is lath-shaped, 3 mm in maximum length,
dusty, twined by albite and carisbad laws, and not zoned. Its composition is
probably acid andesine. The hornblende is acicular, 5 mm in maximum length,
and yellow-green to green. Most of the hornblende phenocrysts are altered to
green chlorite. The clinopyroxene occurs as small poecilitic grains in pla-
gioclase, as a kernel of hornblende and as an interstitial mineral. The quartz
fills the interstices in irregular form. It forms a large crystal.

Texture : Holocrystalline and equigranular.

According to KaTo (1971), this rock type contains 60-66% SiO,.

The latter type of rock contains plagioclase, quartz and pyroxene as the
phenocrysts. The groundmass shows a micrographic intergrowth of feldspar and
quartz or a spherulitic texture. According to KaTto (1971), this rock type contains



69-74% Si0,.

(3) Quartz-porphyrite

[Distribution] A large lenticular dike of quartz-porphyrite is exposed in the
southeastern rim of the caldera. It stretches in a N-S direction for about 1.3 km and
is covered unconformably on both northern and southern ends with younger formations.
Its maximum width is 500 m. Quartz—porphyrite dikes less than a few tens of meters
wide are exposed at several other places.

[Relation] The dikes intrude into the basement rocks, the Kamuroyama Forma-
tion and the Kanisawa Formation.

[Facies and petrography] This rock is characterized by fairly abundant quartz
and plagioclase phenocrysts embedded in a greenish white matrix. The large dike in
the southeastern rim of the caldera has the following petrographic characteristics.

Quartz—porphyrite (67-348, Tashiro River)

Phenocrysts : Quartz, plagioclase and chloritized mafic minerals. The quartz is
less than 3mm and rounded. The plagioclase is less than 3mm and is
argillized and zeolitized. Mafic minerals have been completely changed to an
aggregate of chlorite, zeolite and opaque minerals. Small euhedral pyroxene
(?) is observed.

Groundmass: Quartz, chlorite and crypto-crystalline aggregate minerals now
constitute the groundmass.

Texture : Porphyritic

(4) Dolerite and Andesite

[Distribution] Andesite dikes are very abundant in the area. They are usually
less than ten meters wide. In the middle course of Sabu-sawa Creek and around
Handawara—yama Peak, however, exceptionally wide andesite dikes are exposed. At
the former locality the andesite dike is more than 100 m wide and extends in a NW-SE
direction for about 2 km. At the latter locality the andesite dike is several hundreds
of meters wide and extends in a NE-SW direction for more than 2 km. In the middle
reaches of Horonai-zawa Creek, an andesite dike swarm trending north extends for
more than 2 km. The width of individual dikes is less than a few tens of meters. The
dolerite dikes are only rarely found.

[Relation] The dikes intrude into the basement rocks, the Kamuroyama Forma-
tion and the Kanisawa Formation. The contact surface is in most places a sharp
plane.

[Facies and petrography] The facies of andesite dikes does not differ from that
of andesite lavas. They are greenish dark-gray rocks scattered with small white
plagioclase crystals. The discrimination between dikes and lavas was made on the
basis of observation of intrusive contact relations or of the direction of columnar
cooling joints. The large dike around Handawara-yama Peak has vertical columnar
cooling joints in the interior of the body, probably because the inner part was cooled
from above. Dolerite dikes appear similar to andesite dikes in the field but
petrographically dolerites show a subophitic texture.

Dolerite (69-534, Arato-zawa)

Phenocrysts : Plagioclase, clinopyroxene and opaque minerals. The plagioclase is
lath-shaped and 1mm long, Its composition is acid labradorite. The clino-
pyroxene is pale green and 1 mm.

Groundmass : Microcrystalline minerals, calcite, chlorite and greenish glass fill
the interstices.

Texture : Subophitic

(5) Dacite and Rhyolite
[Distribution] Dacite and rhyolite dikes are scattered all over the area, though
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relatively scarce than andesite dikes. They commonly extend shorter distances than
andesite dikes.

[Relation] Dacite and rhyolite dikes intrude into the basement rocks, the
Kamuroyama Formation and the Kanisawa Formation.

[Facies and petrography] The dacites and rhyolites are usually white gray hard
rocks. Petrographically they contain plagioclase and commonly quartz phenocrysts in
a devitrified glass groundmass. These rocks are in general intensely altered.

3.3 Latest Pliocene to Recent Formations
3.3.1 Kitagawa Tuff

[Definition] Gray weakly welded to white pumiceous non-welded ash-flow
deposits cover extensive areas around the Onikobe caldera. They have been called by
various names, e.g., Tozawa lava (O1gawmr, 1909), dacitic mud-flow in the Kawatabi
Formation (Ima1, 1942), the Kitakawa Dacites (KiTaMuRra, 1956), Haigan in the
Himematsu Formation (KaTaAvama and UmEzawa, 1958), Kitagawa welded tuff
(TaNIDA, 1961), and the Kitakawa Dacitic Welded Tuff (Kitamura, 1967). In this
paper, the ash-flow deposits, with minor interbedded conglomerate, sandstone, air-fall
tuffs, etc., are called the Kitagawa Tuff. Recent studies (SAKAGUCHI and Y AMADA,
1988) show that this tuff, though called the Kitagawa Dacite in the paper, comprises
at least four unconformable ash-flow sheets.

[Distribution and thickness] The ash-flow deposits are distributed mainly in
low-lying areas and as far away as 36 km from the rim of the Onikobe caldera. The
lower two sheets, which are mostly welded within 20 km from the rim of the Onikobe
caldera, are typically exposed in the cuttings on National Road 398 near the Yubama
hot spring. The maximum total thickness of the Kitagawa Tuff reaches about 200 m.
The upper two sheets, which may have been derived from the Narugo area (SAKAGUCHI
and YamaDA, 1988), are non-welded and distributed mainly beyond 20 km from the
rim of the Onikobe caldera.

[Stratigraphic relation] In the immediate surroundings of the Onikobe caldera,
the ash-flow tuff is for the most part weakly welded and covers unconformably the
basement rocks and Miocene formations. In several places basal conglomerate beds
are present at the base of the tuff. In other places it abuts against steep slopes of
Miocene formations or the basement rocks. Pebbles and cobbles of the welded tuff are
locally embedded in the lower part of the caldera fill, as described later.

[Facies] The details of the facies of the Kitagawa Tuff are described in a
separate paper of this volume (SAkAGguUcHI and YAMADA, 1988), and therefore only a
brief acount is made here. The lower two welded-tuff sheets are separated from each
other by an unconformable surface (Pl.2.7). Each sheet lies on conglomerate,
sandstone, siltstone, thin air-fall pumiceous tuff or air-fall tuff beds (Fig.7) and
locally on carbonaceous siltstone or white fine-tuff beds containing accretionary lapilli
(P1. 2.2). The white air-fall fine-tuff beds appear to have been distributed only
toward the southeast or the east of the Onikobe caldera. The total thickness of these
intercalated beds rarely reaches more than 10 m.

The welded tuff is composed mainly of vitric ash, quartz crystals, usually a small
number of lithic fragments, and black glass lenses where densely welded (Pl. 2.1) or
various amounts of pumice clast where welding is weak (Pl. 2.6 and PL.2.3). In a
comparatively densely welded part columnar cooling joints (Pl. 2.8 and Pl. 2.4) have
formed but welding in general is weak. The welded tuff is usually gray but locally
shows a reddish tint. Near lkezuki town, the tuff sheet consists at least of three flow
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Fig. 7 Stratigraphic columnar section of the basal part of the Kitagawa Tuff
measured at the head of a tributary of Takanosu-zawa Creek (Loe. 751).
(After YAMADA, 1978),

units of pumice tuff. Bach unit is less than 20 m thick (Pl. 2.5) and its middle part is
commonly incipiently welded. They are piled conformably. The upper two non-welded
tuff sheets also lie unconformably with each other.

The Kitagawa Tuff is easily distinguishable from the ash-flow tuffs in the
Torageyama Formation. Because the tuffs in the Torageyama Formation are in
general harder and show slightly a greenish-buff tint due to alteration while the
Kitagawa Tuff is usually more friable, fresher and dark-gray when welded. The
Kabutoyama Tuff which is distributed in the Sanzugawa Basin has a quite similar
facies to the Kitagawa Tuff.

[Petrography] A representative sample of the Kitagawa Tuff has the following
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petrographic characteristics.
Welded Tuff (71-752, Karuizawa Village) (Pl. 10.3)

Fragments : Quartz, plagioclase, clinopyroxene, orthopyroxene, opaque minerals,
various lithic fragments and welded pumice shreds are abundant. Sparce green
hornblende fragments are also contained.

Matrix : Finer ash of above fragments, glass shards and dust.

Structure : Densely welded with dark brown collapsed pumices.

Chemically the welded tuff as a whole contains about 67-68% SiO,, whereas white
pumice lumps in the lower two sheets contain about 71-72% SiO, and those in an upper
sheet about 76% SiO, (Table 2). Petrographically and petrochemically the Kitagawa
Tuff (Pl. 10.1 and 2) is easily distinguishable from the Torageyama welded tuff, the
Kabutoyama Tuff, and the Genbikei Tuff (SaxacucHr and YAMADA, 1982).

[Correlation and age] The age of the tuff has been considered to be Plio-
Pleistocene on a stratigraphic basis (KitamMura, 1956). Nishimura determined the
ages of the welded tuff samples from three different localities as 2.2 Ma, 2.3 Ma and
2.4 Ma by fission-track method (YAmaDA et al., 1978). The K-Ar ages of the lower
two welded sheets of the Kitagawa Tuff range around 1.7-2.7 Ma (YAMADA, 1981 a).
Recent dating by fission-track and thermoluminescence methods indicates that the age
of the non-welded uppermost sheet of the Kitagawa Tuff, named the Yanagisawa Tuff,
is younger than 75,000 years (Istipa, 1986). The ages of the Torageyama welded tuff,
and the Genbikei Tuff are older than those of the Kitagawa Tuff (SakacucHr and
Yamapa, 1982).

3.3.2 Akazawa Formation

[Definition] The Akazawa Formation (Kato and SHIMADA, 1953) is redefined
here as the stratigraphically lower part of the caldera fill than the thick subaqueous
pumice-flow bed, which can be traced almost throughout the caldera. Thus this
formation is roughly the lower half or lower two thirds of the caldera fill and is
composed mainly of conglomerate beds and andesitic volcanic products, though other
kinds of lacustrine sediments and dacitic volcanic products are interbedded in the upper
part of the formation away from the source area.

[Distribution and thickness] This formation is mainly exposed in the surround-
ings of the Zanno-mori Block and around the Katayama area. Concealed beneath
younger formations in most other areas, however, this formation is distributed
throughout the caldera. The thickness of this formation around the Zanno-mori Block
is about 500 m. In the Katayama area this formation is about 800 m thick.

[Stratigraphic relation] The relationships between this formation and the older
formations are ohserved in the immediate surroundings of the Zanno-mori Block and
on the southern margin of the caldera near Kanisawa Village.

In the former area the basal conglomerate of this formation is generally in fault
contact with the older formations, which constitute the Zanno-mori Block, as
described later in detail. However, in places where the tuffaceous conglomerate of this
formation is in contact with the lithic fragment rich ash-flow deposits of the
Torageyama Formation or the Kanisawa Formation, e.g., in Zanno-zawa and
Morikoashi-zawa Creeks, the boundary is not clear because of the similarities of their
facies. On the west side of Arao-dake Peak, the relationship between this formation
and the older formations is not clear because of poor exposure.

In the latter area, the upper part of this formation, which is horizontal or dipping
less than 20° inward from the caldera rim, abuts against the sloping surface of the



Table 2 Chemical composition of ash flow tuffs distributed

Torageyama Genbikei Tuff Kabutoyama Tuff
li 2 3 4 5 6 i
recalculated analyses without
H.0, C0;,503&S
Si0; 75.28 69.25 69. 62 70.30 63.04 63.18 72.21
TiO, 0.22 0.29 0.38 0.36 0.59 0.62 0.27
Al,03 13. 36 15.50 15.71 15.32 16.77 16.17 14.82
Fe,04 1.01 2.27 1.95 1.09 3.64 2.41 1.51
FeO 1.82 1.56 1.98 2.60 3.75 4.38 1~ 15
MnO 0.06 0.07 0.06 0.08 0.13 0.13 0.03
MgO 0,34 0.70 0.56 0.86 2.26 2.199 0.99
CaO 2.60 3.88 3.71 3.49 5.16 5.76 3.23
Na O 3.19 3.90 3:18 3.65 3.05 3422 3.61
K0 2.06 2.49 2.18 2.13 1.45 1.44 1.51
P,05 0.06 0.10 0.09 0.10 0.14 0.13 0.07
Total 100. 00 100.00  100.00 100.00 100.00  100.00  100.00
original analyses
Total 99.41 100.30 99.28 9917 99.50 99.55 99.66
H;0+ 3.61 1.54 0.84 1.40 1.18 0.19 1.22
H.0— 1,42 0.61 0.66 0.42 0.64 0.06 0.59
CO2 <0.01 0.46 0.01 <0.01 0.01
SO 3 <0.01 <0.01 <0.01 <0.01 <0.01
S <0.01 <0.01 <0.01 <0.01 <0.01
CIPW NORMS |
Q 41,94 27593 30.22 30.84 | 24,28 21.25 36. 53
or 12.15 14.69 12487 12.61 8.59 8.51 8.94
ab 26.99 33.02 31.76 30,93 25.81 22l 30,53
an 12.46 17.43 17.82 16.65 24.66 25.41 15.55
C 1.32 0.0 0.65 0.90 1.14 0.0 1.565
WO 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Di-wo 0.0 0.49 0.0 0.0 0.0 0.96 0.0
Di-en 0.0 0.33 0.0 0.0 0.0 0.51 0.0
Di-fs 0.0 0.12 0.0 0.0 0.0 0.42 0.0
Hy-en 0.84 1.42 1.40 2.14 5.64 5.84 2.47
Hy-fs R 0.51 1.52 3.44 3.14 4,84 1.58
fo 0.0 0.0 0.0 0.0 0.0 0.0 0.0
fa 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mt 1.46 3.29 2.83 1.58 5.28 3.49 2.19
hm 0.0 0.0 0.0 0.0 0.0 0.0 0.0
il 0.42 0.54 0.72 0.68 1.13 1.19 0.50
ap 0.15 0.24 0.21 0.24 0.33 0.30 01
others 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 100.00 100.00  100.00 100.00 100.00 100.00  100.00
933A, Densely welded tuff, Inokura-zawa Creek. '

‘03\10)01;503[0:—‘

81081502, Welded tuff,

81081507, Densely welded tuff,

81081305, Welded tuff,
81081306, Welded tuff,

(after Yacr, 1962).
West of Genbikei.
Quarry to the northwest of Iwagasaki.

Cutting on the road from Oyasu to Kijiyama.
Cutting on the road from Oyasu to Kaminotai,
(after TANIDA, 1961).
(after TANIDA, 1961).




around the Onikobe caldera (after SAKAGUCHI & YAMADA, 1982).

Kitagawa Tuff Kitagawa Tuff (Pumice)
8 9 10 i 12 13 14
66. 80 68.48 67.23 71.41 75.01 71.40 2. T Si0,
0.35 0.35 0.38 0.38 0.28 0.44 0.30 Ti0,
16.00 15.54 15.82 14.58 13.69 14,52 15.52 Al;03
2.48 1.87 2.39 1,51 0.85 1.51 0.53 Fey03
2.83 2.45 2.61 2.48 1.67 2.28 2,07 FeO
0.10 0.11 0.09 0.09 0.09 0.11 0.11 MnO
1.46 1,42 1.43 0.84 0.41 0.94 0.53 MgO
4.63 4.62 4.63 3.25 2.32 3.33 2.56 CaO
4.10 4.07 4.08 33 4.30 3.87 4,15 Naz0O
.11 0.96 1.13 159 132 1,51 1.39 K20
0.13 0.12 0.19 0.12 0.06 0.09 0.08 P30
100.00 100.00 100.00 100. 00 100.00 100. 00 100. 00 Total
100. 23 99.51 99,89 99.44 99,432 99. 68 99.47 Total
0.77 0.67 1.17 24,18 2.04 170 1.89 H;0+
0.43 0.23 0.0 0.18 .04 0.32 0.46 H,0—-
<0.01 0.04 <C0.01 <0.01 COq,
<0,01 <0.01 <C0.01 <0.01 SOs
<0.01 <0.01 <{0.01 <0.01 S
25.74 28.47 26.61 34.48 38.61 33.74 35.86 Q
6.56 5.69 6.70 9.37 i 8 8.90 8.21 or
34.69 34.41 34.54 31.54 36.37 32.75 35.11 ab
21.96 21.29 21.50 16,34 11.13 15,91 12.18 an
0.0 0.0 0.0 g 11, g 31 0.69 2.2 C
0.0 0.0 0.0 0.0 0.0 0.0 0.0 WO
0.07 0.36 0.09 0.0 0.0 0.0 0.0 Di-wo
0.04 0.20 0.05 0.0 0.0 0.0 0.0 Di-en
0.03 0.14 0.03 0.0 0.0 0.0 0.0 Di-fs
3.61 3.34 3.51 2010, 1.02 2.35 1.31 Hy-en
el 2.44 2:.32 2.85 2.07 2.43 3.08 ‘ Hy-fs
0.0 0.0 0.0 0.0 0.0 0.0 0.0 fo
0.0 0.0 0.0 0.0 0.0 0.0 0.0 fu
3.60 O el 3.47 ) 1.24 218 0.76 mt
0.0 0.0 0.0 0.0 0.0 0.0 0.0 hm
0.67 0.67 0.73 0.72 0.53 0.84 0.567 il
0.30 0.28 0.45 0.29 0.14 0.21 0.'19 ap
0.0 0.0 0.0 0.0 0.0 0.0 0.0 others
100.00 100.00 100.00 100.00 100.00 100.00 100. 00 Total
9. (after TANIDA, 1961). o
10. (after KaTsur, 1956).

11. 81101401, Pumice in non-welded pumice flow (lower), North of Ikezuki.
12. 81101402, Pumice in non-welded pumice flow (upper), North of Tkezuki.
13. 81081701, Collapsed pumice in pumice flow, Otaki, Hanayama Village.
14. 81081503, White pumice in non-welded pumice flow, Utsuno, Ichinoseki City.
No.1, No.3~6 and No. 11~14 were analysed by the Tokyo Coal and Mineral Laboratory.



Kanisawa Formation.

It is very important that pebbles and cobbles of the welded tuff, which is
identifiable petrographically (Pl. 10.4) and lithologically with that of the Kitagawa
Tuff, are locally embedded in the sandy beds and the conglomerate beds of the
Akazawa Formation, for example along the middle courses of Zanno-zawa (Pl. 3.2)
and Morikoashi-zawa Creeks, and near the mouth of Takanosu-zawa Creek.

[Facies] The columnar sections of the Akazawa Formation measured along
various creeks are correlated and shown in Fig. 8 and Fig. 9. This formation 1is
divisible into the following six main lithofacies ; the conglomerate facies, the andesite
lava and volcanic breccia facies, the andesitic tuff and tuff-breccia facies, the siltstone
and sandstone facies, and the pumice tuff and tuff-breccia facies.

Conglomerate facies : Conglomerate beds have accumulated thickly in the
northwestern part of the caldera and are dominant in the lower half of this formation.
The conglomerate contains angular to subangular cobbles and pebbles of propylite and
of other rocks derived from pre-caldera formations and the basement rocks in a
predominant sandy matrix. In the northeastern part, cobbles and pebbles are
dominant with only a small amount of sandy matrix (Pl. 3.1). The sandy matrix is
tuffaceous specially in the lower part of the formation. Sorting is in general not
good, though in a few beds cobbles and pebbles are concentrated in their lower part
(P1. 3.4). Cobbles and pebbles of the Kitagawa Tuff are locally embedded in this
facies. These conglomerates were derived probably from the caldera rim by debris
flows and mud flows. Sandstone, pebbly mudstone and slumped conglomerate beds are
interbedded with the conglomerates.

Andesitic tuff and tuff-breccia facies : Andesitic tuff and tuff-breccia have
accumulated thickly in the southeastern part of the caldera. In the northwestern part
they are intercalated in conglomerate and siltstone beds. They were deposited mainly
from andesitic subaqueous pyroclastic flows. They show similar lateral and vertical
changes of facies to the silicic subaqueous pumiceflow deposits which will be described
later. In Aka-zawa and Miya-zawa Creeks, blocks and lapilli of andesite are
abundantly included, though an ash tuff matrix still predominates. While in the
northern part of the caldera, no andesite fragment is included in them and they consist
of lapilli-size andesitic scoria and andesitic tuff. Each bed shows a vertical grading
there and its top part consists of fine tuff. The basal part of each bed encloses in
places siltstone clasts (Pl. 4.8). These andesitic volcanic deposits are white-bluish
when fresh and wet, buff-yellow when weathered and dry, but dark-gray when
weathered and wet. Thin beds of black or purple scoriaceous air-fall tuff are rarely
intercalated.

Andesite lava and volcanic breccia facies : Andesite lava and volcanic breccia have
also piled thickly in the southeastern part of the caldera and two or three sheets of
lava extended to the northwestern part. They consist of dark-gray or black andesite
lava and volcanic breccia. The lavas have locally regular columnar joints but
commonly they are irregularly auto-brecciated (Pl.4.1). The top surface of the
colummar jointed lava shows subrounded joints with their interstices filled with white
vein minerals (Pl. 4.5). The volcanic breccias consist of subangular blocks and lapilli
of andesite, and a very little amount of ash and scoria tuff matrix (Pl. 4.2). Some of
the volcanic breccias may have originated from subaqueous auto-brecciated lavas
(P1. 4.3).

Siltstone and sandstone facies : Siltstone and sandstone beds have accumulated
thickly in the northwestern part of the caldera but lack in the southeastern



part. They occur thickly in the top part of the formation. The facies comprises
thin-bedded or laminated siltstone and sandstone. In the lower part of the formation
(PL. 3.3) they are in general harder and more tuffaceous than in the upper part
(PL. 3.6). Siltstone beds of the top part of this formation are commonly carbonaceous.
Some siltstone and sandstone beds show climbing ripples (PL. 3.7), load -casts,
sedimentary boudinage (Pl. 3.8) and other sedimentary structures.

Dacitic tuff-breccia and pumice tuff facies : Dacitic tuff-breccia and pumice tuff
occur mainly in the upper part of the formation.

In the southeastern part of the caldera this facies consists mainly of tuff-breccia
of hornblende dacite with a pumiceous and scoriaceous tuff matrix (Pl. 4.7). Rarely
volcanic sandstone (Pl.4.4) and volcanic conglomerate beds are intercalated in the
tuff-breccia. The tuff-breccia is overlain by the pumice-flow deposit of the Miyazawa
Formation. The dacite occasionally encloses autoliths.

In the northern part of the caldera, this facies consists mainly of many
comparatively thin eruption units of subaqueous pumice-flow deposit (Fig. 10). They
are composed mainly of white pumice clasts, white fine glass shards, and pyroxene and
other crystal fragments. In some units, accessory andesite blocks are concentrated in
their basal part forming up to 60% of the volume (Pl. 4.6).

[Petrography] The andesites of this formation (Pl. 11.7) contain plagioclase,
clinopyroxene, orthopyroxene and opaque minerals as the main phenocrysts. Resorbed
quartz crystals are sparsely contained. The plagioclases are usually zoned, honey-
combed and less than 5 mm. The orthopyroxene is commonly surrounded by a narrow
reaction-rim of clinopyroxene. The groundmass usually shows a hyalopilitic texture
and contains small crystals of lath-shaped plagioclase, pyroxene and opaque minerals
in a glassy matrix. Small crystal aggregates, which are composed of plagioclase,
pyroxene and opaque minerals, are common.

The dacites of this formation (Pl. 11.1 and 2), which are embedded as blocks in
tuff-breccia, contain plagioclase, quartz, hornblende, orthopyroxene, clinopyroxene and
opaque minerals as main phenocrysts, The plagioclases are usually zoned, honeycombed
and less than 5 mm. The quartz is resorbed and less than 5 mm. The hornblende is
strongly pleochroic ranging in color from red to yellowish green. Rarely the
hornblende is opacitized and fringed with a dark colored rim. The groundmass shows
various textures, e.g., glassy with perlitic cracks, granular with quartz and microlites
in fluidal glass, micro-spherulitic, and rarely hyalopilitic similar to that of andesite
(P1. 11.4). A dacite sampled in the Katayama area contains abundant crystal
fragments of quartz and plagioclase and a small amount of pyroxene in a glassy
groundmass with perlitic cracks but no hornblende is contained. Thus the dacites in
this facies embrace petrographically slightly different varieties but all of them are
different from the Takahinata Rhyodacite, in that the latter rhyodacite is spherulitic
and contains yellowish green to pale green hornblende while the former dacite is
non-spherulitic and contains commonly darker green or brown hornblende.

The autolith enclosed in the hornblende dacite has the following petrographic
characteristics.

Autolith in hornblende dacite (73-009, Obuka-zawa) (Pl. 11.3)

Phenocrysts : Basaltic hornblende (lamprobolite), opaque minerals, and decom-
posed lath-shaped plagioclase. The basaltic hornblende is less than 3 mm, long
acicular, strongly pleochroic with reddish brown (B, 7) to pale greenish yellow

().

Groundmass : Heterogeneous glass.
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Fig. 10 Stratigraphic columnar section of the subaqueous pumice-low beds of the
Akazawa Formation measured along Komata-zawa Creek. (After Y AMADA,

1973).

Petrochemically the andesites contain about 58-65% SiO, (Table 3). Those dacitic
andesites which contain more than 64% SiO, often enclose resorbed quartz phenocrysts
but not always. The dacites contain about 68% SiO, (Table 3).

[Fossils] Following fossil plants are reported by KaTo and SHiMADA (1953) from
the upper part of this formation : Betula maximowiciziana REGEL, Carpinus sp.,
Fagus sp., and Fagus crenata BLUME.

[Correlation and age] This formation was correlated with the Sanzugawa
Formation by Kato and SHiMaDA (1953) and with the Onomatsuzawa Formation by
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Agency of Natural Resources and Energy (1976). Therefore, it has been considered to
be Late Miocene in age. As described already, however, cobbles of the welded
Kitagawa Tuff are embedded at least in the middle part of the Akazawa Formation.
Therefore, most part of this formation is younger than the Kitagawa Tuff. The
andesite from the top part of this formation was dated by fission-track method by
Nishimura and its age is 1.8 Ma (YAMADA et al., 1978). The andesite samples from
the bore-hole GO-1 at 593 m depth and at 415 m depth have been dated as 2.4 £1.2 Ma
and 1.5F+0.9 Ma respectively by K-Ar method (Table 1). Hence, this formation is
considered to be latest Pliocene to Early Pleistocene in age.

3.3.3 Miyazawa Formation

[Definition] The Miyazawa Formation (KATo and SHiMaDA, 1953) is redefined
here as the deposits filling the Onikobe caldera and conformably overlying the
Akazawa Formation. The upper boundary of the formation is delimited in many
places by the unconformable surface, upon which the Kawakurazawa and the Onikobe
Formations rest. In some places where the unconformable surface is not clear,
however, the boundary was drawn arbitrarily below the horizon where conglomerates
become dominant. This formation consists mainly of dacitic subaqueous pumice-flow
deposits and thin-laminated siltstone beds.

[Distribution and thickness] This formation is exposed around the Zanno-mori
Block on the outer side of the Akazawa Formation. It is also exposed widely in the
southern part of the caldera. Though a wide area of the Onikobe caldera is covered by
younger formations, this formation probably exists beneath most part of it. The
maximum thickness of this formation is about 300 m.

[Stratigraphic relation] A thick bed of subaqueous pumice flow of this formation
conformably overlies the Akazawa Formation. Around the Katayama and the
Yatsu-mori areas, this formation seems to abut against the gentle slopes which
probably existed as a topographic high formed by thick piles of volcanic products of
the Akazawa Formation.

[Facies] The Miyazawa Formation is divisible into the following six main
lithofacies ; the pumice tuff facies ; the fine tuff facies; the siltstone facies ; the
andesite lava facies ; the andesitic tuff, laminated siltstone and conglomerate facies ;
and the conglomerate facies.

Pumice tuff facies : This facies is composed of two comparatively thick beds of
subaqueous pumice flow.

The lower bed constitutes the lower half of this formation and extends almost
throughout the caldera (Yamapa, 1973). In the northern part of the caldera, the
correlation of this bed was confirmed by the detailed measurement of the stratigraphic
sections of thin-bedded siltstone and sandstone which directly underlie the bed
(Fig. 11). This bed represents an eruption unit. A typical vertical facies sequence of
the unit is represented by Fig. 12, while the lateral facies change of the unit is
schematically shown in Fig. 13. The massive graded division and the parellel
laminated pumice tuff division of the distal facies of the deposit were included in this
facies, while the overlying three divisions were separately mapped as the fine tuff
facies. Near the eruption center, that is, in the surroundings of the Katayama area
this pumice-flow deposit contains abundant lithic fragments (P1. 5.5). Their maximum
size reaches more than 2m in diameter and in a few places radially jointed andesite
blocks (Pl. 5.2) are embedded. In the transitional zone between the distal and the
proximal zones, several minor flow units (Pl. 5.1) occur in the upper part of the



Table 3 Chemical composition of volcanic rocks in the

Andesite Dacitic Andesite Dacite Altered
| Dacite
1 2 3 4 5 6 7 8 9 10 11
recalculated analyses
without
H,0, CO3z SO3zandS.
Si0, 57.89 58.74 59.77 61.22 60.58] 64.60 65.46 65.08| 68.26 68.40| 83.61
TiOq 0.72 0.63 0.68 0.67 0.67 0.56 0.55 0.54 0.43 0.42 0.71
Al203 17.31 17.52 16.68 16.39 17.00| 16.94 17.69 16.17| 15.88 15.39 3.01
Fez03 1.85 1.85 1.94 1 7L 2.03 1.25 2.20 2.67 1.85 2.69 7.14
FeO 6.81 5.78 6.27 5.56 5.39 4.47 2.50 2.45 2.50 2,03 1.57
MnO 0.18 0.16 0.16 0.16 0.17 0.13 0,11 0.15 0.10 0.11 0.07
MgO 3.40 4.00 3.43 3.27 3.43| 1.58 125 2.07| 1.38 1.50| 1.30
Ca0 8.09 7.70 7.20 6.97 6.88 5461 15457 19w19 4.3 4.28 0.85
Na 0 2.90 2.66 3.00 2.87 2.83‘ 3.73 3.38 4.04 3. 18 B3 0.54
K0 0.71 0.8 0.72 1.05 0.88 0.99 .12 1.52 1.34 1.35 1,056
P:0s 0.15 0.13 0.14 0.13 0.13 0.15 0.15 0.12 0.12  0.09 0.17
Total 100,00 100.00 100.00 100.00 100.00| 100.00 100.00 100.001 100.00 100.00 100.00
original analyses
Total 99.85 99.77 99.77 98.89 99.31| 99.77 99.31 99.80| 99.83 99, 77; 97.45
H,0+ 0.73 0.04 1.07 1,07 1L.11| 0.65 1.39 0.83| 0.54 0.41| 3.29
H0— 0.02 0.18 0.14 0.13 0.22 0.14 0.32 0.42 0.26 0.14 2.36
CO: <001 0.01 <0.01 0.73 0.53] 0.03 <0.01 <0.01| <(0.01 <0.01|<C0.01
SO <0.01 <0.01 <0.01 <0.01|<0.01 <0.01| 2.32
S <£0.01 <0.01 <0.01 0.04 0.04] <0.01 <0.01 <0.01 | <0.01 <0.01|<0.01
CIPW NORMS
Q 13.26 15.06 16.31 18.52 18.38| 22.29 27.20 21.89| 28.97 29.93| 73.26
or 4.17 4.87 4.26 6.23 5.19 5.85 6.60 9.00 7.94  7.98 6.18
ab 24.51 22.52 25.41 24.25 23.92| 31.55 28.61 34.17, 31.96 31.55 4.61
an 32.13 33.42 29.90 28.74 381.11| 26.57 26,65 21.51| 20.75 20.66 2.67"
C 0.0 00 00 00 00| 00 116 00| 0.6l 022 0.0
wo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Di-wo 2.93 1.65 2.05 2.08  0.90 0.11 0.0 1.43 0.0 0.0 0.17
Di-en 1.33 0.87 0.98 1.03  0.47 0.04 0.0 0.99 0.0 0.0 0.15
Di-fs 1.59 0,73 1.04 1.01 0.41 0.07 0.0 0.32| 0.0 0.0 0.0
Hy-en 7.14 9.09 7.56 7.11 8.08| 3.8 3.11 4.17| 3.45 3.74| 3.08
Hy-fs 8.55 7.60 B.06 6.99 7.02 6.42 2.07 1,36 2.54 1.00 0.0
fo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
fa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mt 2.68 2.68 2.81 2.48 2.94 1.82 3.19 3.87| 2.68 3,90| 3.22
hm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.92
i1 1,36 1.20 1.29 1.26  1.28 1.06 1.05 1.02 0.82 0.80 1.34
ap 0.35 0.30 0.33 0.31 0.31 0.35 0.36 0.28 0.28 0,21 0.40
athers 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 100.00 100.00 100.00 100.00 100.00 | 100.00 100.00 100.00| 100.00 100.00 | 100.00
1. . BIy Miya-zawa Creek, (Akazawa Formation).
2. 67083006, Upper course of Obuka-zawa Creek. (Akazawa Formation).
3x  43ifily, Tsukushimori. (Akazawa Formation).
4, GOI, 271.2m (Arayu). (Akazawa Formation).
5. GOI1, 383.1m (Arayu). (Akazawa Formation).
6. 73053113, Zanno-zawa Creek. (Akazawa Formation).
7. 72060819, Akazawa Logging road. (Akazawa Formation),
8. KS 74100104, Katayama. (after YAMADA et al., 1978). (Akazawa Formation).
9. 74092915, Katayama. (Akazawa Formation).
10. 301, Mouth of Obuka-zawa Creek, (Miyazawa Formation).
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Onikobe caldera (after SAKAGUCHI & YAMADA,

1982).

Rhyodacite |Banded Pumice|Narugo V.| Kurikoma V. |Katakura mori|Horonaizawa G. T,
Dacite Andesite| Rhyodacite Andesite Andesite Rhyolite
12/ 13! 14 15 16 1671 18 19 20 21
71.96 72.97 | 68.51 58.09 70.10 55.83 59.08 59.08 73.99 74.02 |SiO,
0.34 0.29 0.45 0.74 0.69 0.97 0.92 0.68 0.32 0.30 |TiO;
165.564 15,28 | 15.63 18.22 15.48 17.03  16.85 17.96 13.98  13.71 | Al:Os
2.01 1.39 1.26 3.69 2.99 1.76 2 3| 4.02 1.04 1.25 |Fep0s
0.63 1.02 3.28 5.28 1.10 6.95 5.08 4.58 1.97 1.82 |FeO
0.05 0.07 0.13 0.19 0.07 0.12 0.12 0.19 0.09 0.06 |MnO
0.56  0.65| 1,51 3.21 1.08 4,98 4,05 2.62 0.63 0.63 |MgO
3.30 2,97 4.50 7.42 3.62 9.10 7.78 6.16 2.24 2.23 |Cal
4.16 3.52 2.85 2.39 3.66 2.35 2.49 3.43 3.67 4,10 |Na
1.39 1.79 1.76 0.67 1.16 0.83 0.81 0.62 1.99 1.79 | K,0
0.07 0.04| 0.13 0.10 0.06 0.08 0.10 0.18 0.07 0.08 |P20s
100.00 100.00 |100.00 100.00 100. 00 100.00 100.00 100.00 100.00 100.00 |Total
99.63  99.52 | 99.46 99.84 99. 88 100.61  99.93 99. 48 99.39 99.70 | Total
1.51 3.90 3.94 3.42 1.11 0.71 1.54 1.03 0.46 0.70 |H,0+
0.74 0.42 0.16 0,34 0.33 0.60 0.32 0.52 0.36 0.30 [H,O0—
<0.01 <0.01 <C0.01 <0.01 <0.01  <0.01 |COq
<0.01  0.18 <0.01 <0.01  <0.01 | SO3
<0.01  0.51|<0.01 <0.01 <0.01 <0.00 <0.01 |8
34,76 38.28 | 31.60 18.60 35.22 10.19 17.67 18.63 38.39 36.93 | Q
8.19 10.55 | 10.41 3.94 6.84 4.88 4.76 3.68 11.75 10.60 |or
35.19 29.78 | 24.14 20.26 30.95 19.85 21.05 29.03 31.08 34.72 | ab
15.88 14,47 | 21.50 36.14 17.54 33.49 32.42 29.35 10.66  10.53 |an
1437 2.26 1.15 0.32 1.78 0.0 0.0 0.89 1,88 1.16 |C
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 wo
0.0 0.0 0.0 0.0 0.0 4.65 2.30 0.0 0.0 0.0 Di-wo
0.0 0.0 0.0 0.0 0.0 2.50 1,39 0.0 0.0 0.0 Di-en
0.0 0.0 0.0 0.0 0.0 2.00 0.79 0.0 0.0 0.0 Di-fs
1.41 1.62 3.76 7.98 2.68 9,92 8.70 6.54 1.57 1.56 |Hy-en
0.0 0.38 | 4.48 5.77 0.0 7.93 4.98 4.33 2.33 1.93 |Hy-fs
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 fo
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 fa
1.20 2.01 1.82 5.36 ST 2.56 3.96 5.83 1.52 1.81 |mt
1.18 0.0 0.0 0.0 1.77 0.0 0.0 0.0 0.0 0.0 hm
0.64 0.56 0.86 1.40 1.31 1.84 1.74 | 1.30 0.62 0.58 il
0.17 0510 (' [0:29 0.24 0.14 0. 19 0.24 0.43 0.16 0.19 |ap
0.0 0.0 0.0 0.0 0.0 0.0 0.0 | 0.0 0.0 0.0 others
100.00 100.00 {100.00 100.00 100,00 100.00 100.00 ! 100. 00 100.00 100.00 |Total
11. 009, Middle course of Obuka-zawa Creek. (Akazawa Formation).
12. K8 74093002, Northwest of Arayu. (after YAMADA et al., 1978). (Takahinata Rhyodacite)
13. 384, Arayu. (Takahinata Rhyodacite)
14, FT-a, Kobuka-zawa Creek. (White part of banded pumice). Miyazawa Formation)
15, FT-b, Kobuka-zawa Creek.(Gray part of banded pumice). (Miyazawa Formation)
16. (after KAWANO et al., 1961).
17. (after KAWANO et al.,, 1961)
18. (after KAWANO et af., 1961).
19. 80080102, Katakuramori. (sampled by Otekaihatsu, no 64). (Katakuramori andesite)
20. 81101701, Middle course of Horonai-zawa Creek. (Torageyama Formation
21. 81082003, Middle course of Horonai-zawa Creek, (Torageyama Formation)

No.1~15& No. 19~21 were analysed by the Tokyo Coal and Mineral

Laboratory.

_91 £+



'souo ejBwIxoIdde A[UO 84 S8[BOS [BIUOZLIOY
pue (B2 A (pestaer A[3YSys UCTINQLIISIP [BUISMO pejewrse oy} yitm ‘gLe1
‘YAVWVY X J9)y) ‘UonBuLIo] BmBZRAIN 9U3} JO 9SBQ 8y} 1B paq mop-sotund
snoenbeqns oy jo uonnquysip [euldLio pejyewrise pue oSuByd SepE} [BIGIETT LT "Sid
e3Je §2IN0S 9]41SS0d X

suwnjoo Jo semeao] Q—V

MO} eoluind 8yl Ag pasenod
Ajeuibiio ‘esie perewnsy ‘.- Ev,_m : w J _F ' 0
8|BOS  |BIUOZIIOH

Ayde

v -

| mv_.m_u‘om:,q
ko v e < 08
A £ o
8
w
[9]
(ol
o001
WlEL—

1381U80
uondnig |8AR| 181EM ede] &




deposit and various sedimentary structures (Pl. 5.7) are observed there.

The upper bed crops out along the hillside on the west of Miya-zawa Creek and in
the upper reaches of Shirchebi-zawa Creek. This bed consists probably of several
eruption units, because thin muddy siltstone beds are locally intercalated.

These pumice-flow deposits consist of pumice blocks and lapilli, comminuted
pumice shreds, hornblende, pyroxene, quartz and plagioclase crystal fragments,
andesite fragments, red scoriae, and a matrix composed of glass shards and
dust. Most pumice is a white capillary tubular variety containing hornblende,
pyroxene, plagioclase, and quartz phenocrysts. Small quantities of less vesicular gray
pumice and banded pumice (Pl. 5.6), which is the mixture of gray and white pumices,
are included.

Fine tuff facies : This facies represents the top part of the lower subaqueous
pumice-flow bed. It is thick and characteristic in facies and therefore mapped
separately. The parallel laminated sandy pumice tuff division, the parallel laminated
fine tuff division, and the massive very fine tuff division are included in this
facies. Along the middle course of Miya-zawa Creek, accretionary lapilli up to 3 cm
in diameter (Pl. 5.3) are sporadically embedded in the sandy pumice tuff.

Siltstone facies : This facies overlies the lower pumice-flow bed. In the middle
reaches of Miya-zawa, Fukiage-zawa, and Aka-zawa Creeks, it is represented by

massive siltstone. While in the northern part of the basin, it is usually thin-laminated
and is interbedded with thick sandstone beds containing silt clasts (Pl. 6.7). Some

siltstones overlying the lower pumice-flow bed are penecontemporaneously slumped.

Andesite lava facies : A sheet of andesite lava less than 10 m thick crops out in the
middle courses of Shirohebi-zawa and Kawakura-zawa Creeks, and also on the west
bank of the Eai River near Tano Village. Stratigraphically it overlies the siltstone
facies of this formation.

Andesitic tuff, laminated siltstone and conglomerate facies: Andesitic tuff,
conglomerate, sandstone, and laminated siltstone crop out in Kawakura-zawa Creek,
in the middle reaches of Shirohebi-zawa Creek, on the hillside to the west of
Miya-zawa Creek, at the mouth of Morikoashi-zawa Creek, and separately in the area
east of Megama-Ogama. In the conglomerate, angular siltstone blocks derived from
the underlying lake deposits are enclosed and also slumped structures are observed. So
far as can be seen, however, this facies overlies conformably the siltstone facies
described above.

Conglomerate facies : On the southern inside margin of the caldera, conglomerate
beds interfinger with the subaqueous pumice-flow deposits. Their exposure is very
narrow and therefore it was not separately mapped in the geologic map. This facies is
estimated to be distributed along most part of the caldera margin as shown in the
cross sections, though it is not exposed at the surface.

[Fossils] Carbonized plant fragments are in many places embedded in the
thin-bedded siltstone and sandstone. Accretionary lapilli are contained locally in the
sandy pumice tuff division.

[Petrography] Andesites of this formation have the same petrographic character
as those of the Akazawa Formation. A representative sample has the following
characteristics.

Andesite (67-331, Kawakura~zawa) (Pl. 11.8)

Phenocrysts : Plagioclase, orthopyroxene, clinopyoxene, quartz and opaque min-
erals. The plagioclase is less than 4 mm and honeycombed. The hypersthene is
less than 2mm. The quartz is very rare, less than 1 mm, and resorbed.



Groundmass : Small crystals of lath-shaped plagioclase, pyroxene, opaque min-
erals and glass.

Texture : Vesicular and hyalopilitic. Crystal aggregates, composed of plagioclase
and pyroxene, are enclosed.

The white pumice of this formation has the following petrographic characteristics.
White pumice (FT-b, Kobuka-zawa)

Phenocrysts : Plagioclase, clinopyroxene, orthopyroxene, hornblende, quartz and
opaque minerals. The hornblende is green to pale green. The quartz is
resorbed.

Groundmass : Porous transparent glass with crystallites.

Texture: Highly vesicular. Crystal aggregates, composed of hornblende, pyro-
xene, plagioclase, quartz and opaque minerals, are enclosed.

The gray pumice contains the same phenocrysts as the white pumice but it is less
vesicular and its groundmass glass is slightly devitrified and olive gray. Petrochemi-
cally the white pumice contains about 69% SiO, while the gray pumice contains only 58
% S10, (Table 3).

[Correlation and age] This formation conformably overlies the Akazawa Forma-
tion. Therefore, it is considered to be Early to Middle Pleistocene in age.

3.3.4 Takahinata Rhyodacite

[Definition] The Takahinata Rhyodacite is defined as the rhyodacite lava and its
debris, which were deposited around Takahinata-yama Peak.

[Distribution and thickness] The rhyodacite is distributed around Takahinata-
yvama Peak. The rhyodacite around the Arayu area was separated from the Takahinata
Rhyodacite and included in the Miyazawa Formation in the previous report (Y AMADA,
1972 a). Later petrographical and petrochemical studies, however, indicate that it is
indistinguishable from the rhyodacite of Takahinata—yama Peak (Pl. 10.8), whereas it
is different from the dacites in the tuff-breccia of the Akazawa Formation. Therefore,
in this report, the rhyodacite around the Arayu area is regarded as a part of the
Takahinata Rhyodacite, though their fission-track ages are different as will be
described later. The maximum thickness may reach 250 m around Takahinata-yama
Peak.

[Stratigraphic relation] The debris of the rhyodacite covers the pumice-flow
deposits of the Miyazawa Formation in the cuttings on the Tashiro logging road.

[Facies] Around Takahinata-yama Peak, the rhyodacite is thickly covered with
vegetation and only its debris is exposed on the lower flanks. In and around the Arayu
area, the rhyodacite lava is exposed. In the Arayu area, part of the rhyodacite has
been hydrothermally altered (P1l. 10.7) and changed into white siliceous rocks. The
debris is mostly composed of large rhyodacite blocks embedded in a brown to orange
loamy matrix. Lithologically two types of rhyodacites are recognized in the field.
The one is rich in phenocrysts and blackish, probably owing to the presence of obsidian
in the groundmass, while the other is flow-banded and reddish.

[Petrography] Petrographically both types of the rhyodacite have the following
same characteristics, though their groundmass texture varies depending on the samples
(PL. 10.6).

Hornblende rhyodacite (67-382, South side of Takahinata-yama) (Pl. 10.3)

Phenocrysts : Plagioclase, quartz, hornblende, orthopyroxene, clinopyroxene and
opaque minerals. The plagioclase is less than 2mm, and its inside is often
honeycombed. The quartz is less than 1.3 mm and resorbed. The hornblende is
yellow green to pale yellow and less than 4 mm. The pyroxene is comparatively
rare and small.
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Groundmass : Composed of brownish spherulites of less than 2 mm in diameter.
The interstices are composed of glass with perlitic cracks.
Texture : Spherulitic.

Petrochemically both types of the rhyodacite contain 72-73% SiO, (Table 3).

[Correlation and age] The rhyodacites sampled on the north of the Arayu area
and on the southwest of Takahinata-yama Peak have been dated by NisHIMURA by
fission-track method as 1.5 Ma and 0.35 Ma respectively (Y AMaADA et al., 1978).

3.3.5 Kawakurazawa Formation

[Definition] This formation was proposed by the present author (in TANI et al.,
1968) and redefined (Yamapa, 1972 a). The reasons for the proposal of this
formation are the unconformable relationship with the underlying Miyazawa Forma-
tion and its characteristic facies as described in the following.

[Distribution and thickness] This formation is distributed in two separate areas.
The one is the upper part of hilly land mainly on the north of the Katayama and the
Arayu areas. The other is from the higher part of hills between Miya-zawa and
Kusaki-zawa Creeks to the lower reaches of Kusaki-zawa Creek. In this report, the
distribution of this formation in the lower reaches of Kusaki-zawa Creek was further
extended on the basis of new data from the bore-hole KR-6. The thickness of this
formation is estimated to be less than 100 m.

[Stratigraphic relation] On the south and the east of the Zanno-mori Block, this
formation probably rests upon the lower formations with an angular unconformity.
For example, in the eastern tributary of the upper course of Aka-zawa Creek the
andesitic volcanic breccia of this formation lies almost horizontally over the massive
siltstone of the Miyazawa Formation, and also in the southern tributary of the middle
course of Kusaki-zawa Creek the mud-flow deposit of this formation lies horizontally
over the massive siltstone of the Miyazawa Formation. At both localities, the
massive siltstone is estimated to dip more than 40 degrees because both the overlying
and underlying strata dip as much as 40 degrees. In the areas southeast of the
Zanno-mori Block, this formation interfingers with the Onikobe Formation. The
interfingering relationship is observed clearly in the upper reaches of Taki-zawa,
Nigori-zawa and Iwana-zawa Creeks. Around the Arayu area this formation covers
unconformably the white altered lava of the Takahinata Rhyodacite.

[Facies] On the north of the Katayama and the Arayu areas this formation
consists of volcanic breccia of andesite, andesitic tuff-breccia, and volcanic mud-flow
deposits. The volcanic mud-flow deposits contain blocks and lapilli of andesite,
white-altered rocks and carbonated plant fragments in a gray clayey matrix. In the
areas between Miya~zawa and Kusaki-zawa Creeks, this formation consists of
debris-avalanche deposit, mud-flow deposit, conglomerate, and andesitic tuff and
minor interbeds of siltstone and sandstone. The mud-flow deposit contains pebble-to
boulder-size angular fragments of various sorts of underlying rocks (Pl. 6.1) in a
tuffaceous muddy matrix. The debris avalanche deposits contain various kinds of
mega-blocks in an andesitic tuffaceous matrix. In this report the steeply dipping
pumice-flow deposits in the lower course of Kusaki-zawa Creek were interpreted as a
mega-block, because the cores of bore-hole KR-6 consist of debris avalanche deposits
up to 100 m depth and they are interpreted to lie almost horizontal. If this
interpretation is correct, the size of the mega-block reaches more than a hundred
meters across.

[Petrography] The andesite sampled from andesitic tuff-breccia of this formation



has the following same characteristics as those of the underlying formations.
Andesite (67-419, Aka-zawa)

Phenocrysts : Plagioclase, orthopyroxene, clinopyroxene and opaque minerals.
The plagioclase is 3mm. The orthopyroxene is surrounded by a narrow
reaction rim of clinopyroxene.

Groundmass: Small crystals of lath-shaped plagioclase, pyroxene microlites,
opaque minerals with a small amount of transparent glass.

Texture : Hyalopilitic. Contains crystal aggregates of plagioclase and pyroxene.

[Correlation and age] Carbonized woods, sampled from volcanic mud-flow
deposit of this formation at three localities around the Arayu area, were dated by *C
method (Yamapa et al., 1978). Their ages are 24,970 = 1,210 years B.P., 23,380 =890
years B.P., and older than 32,500 years B.P.

3.3.6 Onikobe Formation

[Definition] The Onikobe Formation, proposed by KATo and SHIMADA (1953),
was sedimentologically further studied by SHIMADA (1955). The Onikobe Formation
is defined in this report as the top part of the lacustrine sediments accumulated in the
Onikobe caldera.

[Stratigraphic relation] On the western bank of the Eai River near Ishibuchi
Village, thin-bedded siltstone interlayered with granule conglomerate fills in a channel,
which is cut into the mud-flow deposit of the Kawakurazawa Formation. This is
interpreted as a local unconformity between the Kawakurazawa Formation and the
Onikobe Formation. In the upper reaches of Iwana-zawa, Nigori-zawa, and Taki-
zawa Creeks, the volcanic mud-flow deposits of the Kawakurazawa Formation
interfinger with conglomerate, sandstone and siltstone beds of the Onikobe Formation.
The unconformable relationships between this formation and the Miyazawa Formation,
and between this formation and the Takahinata Rhyodacite are clearly visible in
Suginome-zawa Creek and in a southern tributary of Taki-zawa Creek respectively.
At the former locality almost horizontally lying conglomerate and siltstone beds of
this formation abut against the steeply dipping pumice-flow bed of the Miyazawa
Formation (Pl. 6.4). The pumice-flow bed at the locality has been disturbed by faults
and the unconformable surface itself is a fault plane, which may have moved slightly
after the deposition of the Onikobe Formation. At the latter locality coarse
sandstone beds of this formation, which contain cobble- to boulder-size blocks of the
underlying rhyodacite, abut against the hornblende rhyodacite lava and tuff-breccia of
the Takahinata Rhyodacite. A new road cutting near the Horonal area exposes a very
clear unconformable surface between the Miyazawa Formation, which is slumped and
highly disturbed, and the overlying Onikobe Formation, which is almost horizontal and
non-disturbed (Pl. 6.3). Where both the Miyazawa and the Onikobe Formations lie
almost horizontally and consist of lacustrine sediments, it is difficult to decide whether
their relationship is a conformity or a parallel unconformity or even the boundary
between them. Along the margin of the Onikobe caldera, this formation abuts
everywhere against the pre-caldera formations or the basement rocks.

[Distribution and thickness] This formation is distributed along the marginal
part of the caldera. The planar top surface of this formation very gently dips inward
from the rim of the caldera and is at about 500-600 m above sea level. It is probably
the remnants of the depositional surface of this formation as discussed by KaTavama
and Havasur (1952). The maximum thickness of this formation is about 100 m.

[Facies] This formation consists mainly of conglomerate, sandstone, and thin-
laminated siltstone (Pl. 6.2). These facies interfinger and change laterally.



The conglomerate is distributed in the marginal part of the caldera. At the
mouth of Ikusa-zawa and Horonai-zawa Creeks, the conglomerate beds show an
original dip of 20° to 30° (Pl 6.5). They are probably deltaic deposits. The
thin-laminated siltstone is distributed in general in the inner sides of the caldera than
the conglomerate. Between the conglomerate and the siltstone facies, a narrow zone
of sandstone facies is present. Earthy vivianite is reported from the thin-laminated
siltstone beds (SHIMADA and Konno, 1971). Diatomite beds are intercalated in the
thin-laminated siltstone (KATavama and HavasHI, 1952 : IcHIKAWA, 1955 : Y AMAOKA
and SHIMADA, 1962).

[Fossils] Fossil diatoms, e.g., Melosira granulata, M. distanus, Stephanodiscus
niagaros (or S. astraea), Cyclotella comta, are reported by IcHIKAWA (1955). Fossil
plants, i.e., Carpinus sp. and Fagus sp. are reported by SHiMaDA (1955) from this
formation. The locality, however, may belong to the upper part of the Miyazawa
Formation of the present report.

[Correlation and age] This formation interfingers with the volcanic mud-flow
deposit of the Kawakurazawa Formation. Therefore, the age of this formation is
Late Pleistocene.

3.3.7 Recent Sediments

(1) Younger Lacustrine Sediments

Younger lacustrine sediments fill the topographic depressions of the Katayama and
the Arayu areas. They consist mainly of black clay, granule conglomerate and pebble—
to cobble-size angular conglomerate. Sulfur beds, interlayered with them, were once
mined (TAakanAsHI, 1953). The maximum thickness of these sediments is estimated
to be about 100 m on the basis of the bore-hole data in the Katayama area. A
carbonized wood embedded in the sediments has been dated as 14,000 years B.P. by C
method (Sumi, 1974, oral commun.).

(2) River Terrace Conglomerate

River terraces have been formed mainly along the elliptical river course within the
caldera. They are divisible into the lower and the higher ones. The higher terrace is
about 70 m above the present river level, while the lower terrace is about 30 to 40 m
above it. The thickness of the terrace gravel is commonly less than 2 m.

8) Alluvium

Coalescing alluvial fan and talus gravel beds have been formed mainly along the
southwestern border of the caldera. They cover unconformably the Onikobe Forma-
tion. They are composed of angular boulders and cobbles of the pre-caldera rocks
with a sandy matrix. The thickness may reach more than 5 m.

Alluvial gravel covers the wide river floor of the elliptical river course.

Sporadic gravel beds cover unconformably the Miyazawa Formation. The bottom
surface of the gravel beds is often irregular and shows channel shape. They are
composed mainly of boulders, cobbles, and pebbles of andesite with a sandy matrix.
The thickness locally attains several tens of meters. They were not separately mapped
in the geologic map.

4, Subsurface Stratigraphy

Scores of bore-holes in the Katayama area and one in the Arayu area have been
drilled by Electric Power Development Co., Ltd. to explore and exploit natural steam
and thermal water. The cores from some of the bore-holes, namely, GO-1, GO-2,
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GO-5, GO-8 and GO-10, were later given to the Geological Survey of Japan. The
cores had not been preserved in good condition and parts of them had already been
weathered when we recieved them. The cores were sawed longitudinally into halves
and photographed. Some representative samples of the cores from the bore-holes and
from the bore-hole U-1 were examined under the microscope. The cores from the
bore-hole P-7 were briefly examined in the field. Recently we recieved the cores from
the six bore-holes (KR-1 ~ KR-6) drilled in the southern half of the Onikobe caldera
by the New Energy Development Organization and examined in the same way. The
columnar sections of the bore-holes made in this way (Fig. 14) are correlated along
with those of some other bore-holes reported by other workers, and are shown in
Fig. 15.

4.1 Bore-hole , GO-1 (700 m deep, continuously cored)

[Site] East of the Arayu area, 610.7 m above sea level.

[Lithological facies]

Up to 150 m in depth, most parts of the cores consist of white altered rocks which
had already been pulverized when we recieved them. The fragmental materials, which
remained unaltered, consist of andesitic tuff-breccia, chocolate colored andesite lava,
and flow banded andesite lava in descending order. At 146 m in depth, a small
fragment of rhyodacite, which resembles the Takahinata Rhyodacite, was found in the
pulverized material.

From 150 m to 489 m in depth, the cores consist entirely of andestite. At 224 m in
depth, finely auto-brecciated part about one meter thick is intercalated. The bottom
part of this thick andesite is also brecciated. Otherwise the cores consist of a very
homogeneous, porphyritic, and slightly vesicular andesite, though locally hydrother-
mally altered and tectonically fractured. Various kinds of small xenoliths are
enclosed in the andesite.

From 489 m to 505 m in depth, the cores consist of alternating beds of whitish
lapilli-tuff, thin-laminated fine-tuff, and sandy tuff. The whitish lapilli-tuff is
composed of subangular lithic fragments of various kinds and dark greenish brown
scoria fragments embedded in a grayish white tuffaceous matrix. The top 80 cm of
the lapilli-tuff, which immediately underlies the andesite, has been altered darker and
denser probably owing to the heat and load of the overlying andesite.

From 505 m to 606 m in depth, the cores consist mainly of andesitic lapilli-tuff,
auto-brecciated andesite, and massive andesite. The andesitic lapilli-tuff is composed
of grayish brown andesite fragments, their finer fragments, and interstitial white vein
minerals. The auto-brecciated andesite is composed of angular dark-gray andesite
fragments of various sizes with a brown finer matrix.

From 606 m to 670 m in depth, the cores consist mainly of thin-laminated
tuffaceous siltstone, sandstone, and lapilli-tuff. The thin-laminated siltstone and
sandstone are white and in places cross-laminated. The lapilli-tuff is a white
vesicular pumiceous tuff containing scattered lithic fragments.

From 670 m to 700 m in depth, the cores consist of massive lapilli-tuff which
contains various lithic fragments in a purplish ash matrix.

[Petrography] The andesite, from 150 m to 489 m in depth, contains plagioclase,
clinopyroxene, orthopyroxene, and opaque minerals as the main phenocrysts. Rounded
quartz crystals are rarely found. The groundmass contains small crystals of lath-
shaped plagioclase, orthopyroxene, clinopyroxene, and opaque minerals in brownish
glass. The texture is hyalopilitic. The basal part of the andesite, i.e., from 486.5 m



to 489 m in depth, is more glassy and its groundmass crystals are finer than those of
the upper part. The crystal aggregates, which are composed of pyroxene, plagioclase
and opaque minerals, commonly occur. The andesite is commonly calcitized and
chloritized specially in the lower part. The andesite in the volcanic products, from
505 m to 606 m in depth, is indistinguishable from that of 150 m to 489 m, except that
the former is in general more intensely altered and more glassy than the latter.

The lapilli-tuff and tuff-breccia are cemented by veinlets of zeolite, calcite and
chalcedony.

The pumice tuff at 489.5 m in depth has the following petrographic characteristics.

Fragments : Crystal fragments of plagioclase, quartz, pyroxene, hornblende and
biotite. Various lithie fragments and pumice shreds. The pyroxene fragments
have been altered. The hornblende fragments are green and the biotite frag-
ments are dark brown. Both of them are very rare.

Matrix : Ash.

Texture : Compressed and simulates a fluidal texture.

[Correlation and age] The andesite from 150 m to 489 m is exceptionally thick
and homogeneous but correlated with the andesite lavas of the Akazawa Formation.
The lapilli-tuff, thin-laminated tuffaceous sediments, and andesitic volcanic products,
from 489 m to 670 m in depth, are lacustrine sediments and subaqueous volcanic
products. They are correlated here with the lower part of the Akazawa Formation,
though they are slightly different in facies from the lacustrine sediments of the
caldera-fill observed at the ground surface. Moreover, the pumiceous lapilli-tuff
contains sparse biotite, which is absent in the post-caldera volcanics. The lapilli-tuff,
from 670 m to 700 m in depth, 1s lithologically similar to the silicic ash-flow deposits
in the lower part of the Torageyama Formation and therefore they are tentatively
correlated.

4.2 Bore-hole GO-2 (500 m deep, continuously cored)

[Site] East part of the Katayama area, 533.3 m above sea level.

[Lithological facies] Preservation of the cores is not good and about half of
them are missing.

Up to about 45m in depth, the cores consist mainly of massive gray fine
ash. They are in places porous probably owing to alteration.

From 45 m to 100 m or more in depth, the cores consist mainaly of tuff-breccia.
The tuff-breccia is very peculiar in that white-altered vesicular fragments of various
sizes are embedded in a dark-gray ash matrix. The tuff-breccia has been intensely
altered and hardened.

From 160 m to 440 m in depth, the cores consist mainly of andesite and andesitic
tuff-breccia. They have been intensely altered and commonly cut by white veins. At
about 254 m in depth, fragments of flow-banded dacite exist.

[Petrography] The massive gray fine ash, which forms the cores up to about 46 m
in depth, consists mainly of an aggregate of fine crystals of acicular alunite, mosaic of
quartz, cristobalite and opaque minerals. The tuff-breccia, from 45 m to 100 m or
more in depth, consists of fragments of quartz, altered lithic fragments, opaque
minerals, and a pepper and salt textured fine matrix (cristobalite and ore minerals ?).
The vesicles are filled with an aggregate of acicular alunite, quartz mosaic, opaque
minerals and zeolite. The andesite, from 160 m to 440 m in depth, contains plagioclase,
clinopyroxene, orthopyroxene and opaque minerals as the main phenocrysts. The
groundmass has been changed into an aggregate of small crystals of lath-shaped
plagioclase, pyroxene, zeolite, calcite, opaque minerals, and clay minerals. A typical



andesite has the following petrographic characteristics.

Altered pyroxene andesite (GO-2, 324.7 m)

Phenoerysts : Plagioclase, clinopyroxene, orthopyroxene and opaque minerals.
The plagioclase reaches 7Tmm in maximum size. The orthopyroxene which
exists in a comparatively small amount, has been altered and shows green
color.

Groundmass : The groundmass is mottled with greenish brown and white trans-
parent parts. The greenish brown part is probably composed of pyroxene and
their alteration products. The white transparent part is probably composed of
zeolite formed by alteration of glass. Lath-shaped small crystals of plagioclase
and opaque minerals are scattered in them.

Texture : Hyalopilitic. Cut by ealcite veinlets.

[Correlation and age] The fine ash and tuff-breccia, up to about 100 m in depth,
are considered to be younger sediments, which filled a small basin in the Katayama
area. The andesitic volcanic products, from 160 m to 440 m in depth, are considered to
be a part of the Akazawa Formation.

4.3 Bore-hole GO-5 (300 m deep, continuously cored)

[Site] Central part of the Katayama area, 527.8 m above sea level.

[Lithological facies] Only about one eighth of the cores remains.

Up to about 100 m in depth, the cores consist mainly of fragments of gray sandy
ash. Small andesite fragments sporadically occur.

From 100 m to 270 m in depth, the cores consist mainly of andesite, tuff-breccia
and lapilli-tuff. They have been intensely altered and cut by white veins.

[Correlation and age] The sandy ash, up to about 100 m in depth, is part of the
younger sediment filled a narrow basin in the Katayama area. The andesitic volcanic
products, from 100 m to 270 m in depth, are considered to be part of the Akazawa
Formation.

4.4 Bore-hole GO-8 (1,000 m deep, continuously cored from 700 m to
1,000 m)

[Site] In the central part of the Katayama area, 557.0 m above sea level.

[Lithological facies] The cores, from 700 m to 1,000 m in depth, are well
preserved. They are composed mainly of andesite lava, andesitic tuff-breccia, andesitic
lapilli-tuff, and silicic lapilli~tuff. They have been intensely altered and disseminated
with pyrite crystals. Therefore, it is often difficult to identify their original texture.
Rarely very thin intercalated beds of black siltstone and white gray fine tuff are
present.

From 700 m to 773 m in depth, the cores consist mainly of lapilli-tuff with minor
intercalations of andesitic tuff-breccia. They have been intensely altered and changed
to a whitish gray rock. A black siltstone bed about 1cm thick occurs at 711 m in
depth. From 748 m to about 762 m, the lapilli-tuff contains many subangular white
rock fragments in a gray ash matrix.

From 773 m to 945 m in depth, the cores consist mainly of andesite, andesitic
tuff-breccia and lapilli-tuff. Most parts have been intensely altered and changed into
light-gray rocks with white spots. Hence it is often difficult to identify the original
texture. At about 785 m in depth a dark-gray siltstone bed about 10 cm thick was
found. From 817 m to 824 m, the lapilli-tuff contains many subangular white rock
fragments in a gray ash matrix. The lapilli-tuff is quite similar to the one occurring
from 748 m to about 762 m.
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From 945 m to 999 m in depth, the cores consist mainly of lapilli-tuff. The
lapilli-tuff contains various rock fragments less than 8 ¢cm across in a white gray fine
tuffaceous matrix, though rarely it contains only white gray rock fragments in a dark
gray ash matrix. At about 967 m in depth, there is a white fine-tuff bed about 100 cm
thick, in which siltstone and sandstone beds about 10 cm thick are intercalated.

[Petrography] The andesite is composed of the phenocrysts of plagioclase,
pyroxene, quartz, opaque minerals, and a devitrified granular groundmass. The
plagioclase and the pyroxene have been altered in various degrees. The quartz is
resorbed and in places contained fairly abundantly. The groundmass is composed
commonly of a granular aggregate of fine plagioclase, quartz, zeolite, chloritic and
opaque minerals.

A representative sample of andesite has the following petrographic characteristics.

Altered andesite (GO-8, 803.4 m) Phenocrysts : Plagioclase, pyroxene, quartz
and opaque minerals. The size of plagioclase phenocrysts varies continuously
from that of the groundmass to 4 mm. The pyroxene has been completely
altered to chlorite, calcite and opaque minerals. The quartz is less than 2mm
and is rounded with a resorbed margin. It is exceptionally abundant for andesite.

Groundmass : Composed of small crystals of lath-shaped plagioclase, calcitized
pyroxene, opaque minerals and quartz. The quartz fills the interstices and has
a mosaic texture.

Texture ;: Granular micro-crystalline. It contains crystal aggregates composed of
plagioclase, pyroxene and opaque minerals. It is cut by calcite veinlets.

The texture of intensely altered andesitic volcanic products has been completely
obliterated. They commonly contain a small amount of resorbed quartz, completely
altered plagioclase, and secondary mineral aggregates in a recrystallized fine granular
matrix.

The silicic lapilli-tuffs commonly contain quartz fragments, completely altered
plagioclase fragments and various kinds of lithic fragments in a recrystallized fine
tuffaceous matrix.

The lapilli-tuff, which is composed of white rock fragments and a dark-gray ash
matrix, contains quartz fragments and a small amount of altered plagioclase in a
recrystallized fine matrix. The white rock fragments commonly contain quartz
phenocrysts in a fine crystallized groundmass.

[Correlation and age] The andesitic volcanic products and intensely altered
lapilli-tuffs, from 700 m 945 m, are lithologically similar to those found between
750 m and 1,410 m in the bore-hole KR-3, though alteration is more pronounced. The
andesite in the interval is exceptionally rich in quartz phenocrysts, and its groundmass
texture is a little different from that of the Akazawa Formation at the ground surface
or in the bore-hole GO-1. Therefore, it is tentatively correlated with those of the
upper part of the Kanisawa Formation. The silicic lapilli-tuff, from 945 m to 999 m,
resembles the silicic ash-flow deposits of the Kanisawa Formation and therefore they
are tentatively correlated.

4.5 Bore-hole GO-10 (1,352 m deep, spot cores of 1 to 2 m at the interval
of 100 m or 50 m)
[Site] In the central part of the Katayama area, 530.0 m above sea level.
[Lithological facies] The cores given us are fragmental.
Up to 901 m in depth, the cores consist of andesitic volcanic products. The core at
the depth of 90 m is soft and clayey. The other cores are mainly greenish gray to
dark-gray altered andesite.
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From 1,002 m to 1,151 m in depth, the cores consist of whitish green lapilli-tuff.
It contains various lithic fragments and quartz crystals.

From 1,200 m to 1,276 m in depth, the cores are dense and brecciated or
sheared. They appear to be heterogeneous mixture of various rocks.

[Petrography]

Altered andesite (GO-10, 300 m)

Phenocrysts : Plagioclase, clinopyroxene and opaque minerals The plagioclase is
4 mm.
Groundmass : Small crystals of lath-shaped plagioclase, decomposed pyroxene,
fine mosaic of quartz, zeolite and opaque minerals.
Texture :Recrystallized but originally hyalopilitic. Vesicles filled with zeolite and
calcite.

Andesite (GO-10, 400 m)

Phenocrysts : Plagioclase, clinopyroxene, quartz and opaque minerals. The size
of the plagioclase phenocrysts varies continuously from that of the groundmass
to 4mm. The orthopyroxene phenocrysts are abundant and have usually a
narrow reaction-rim of clinopyroxene. The quartz phenocrysts are sparse and
rounded.

Groundmass : Lath-shaped small plagioclase crystals, clinopyroxene, quartz (?)
and opaque minerals

Texture : Pilotaxitic.

Andesite (GO-10, 900 m)

Phenocrysts : Plagioclase, clinopyroxene, orthopyroxene, quartz, and opaque
minerals. The plagioclase is less than 5 mm. The orthopyroxene has a narrow
reaction-rim of clinopyroxene. Most pyroxenes have been altered to chlorite.
The quartz, which is rounded, is exceptionally rich for andesite.

Groundmass : Lath-shaped small plagioclase crystals, abundant chloritized
pyroxene, quartz mosaic and opaque minerals.

Texture : Recrystallized but originally hyalopilitic.

[Correlation and age] The clayey core at 90 m in depth belongs to the younger
basin fill at the Katayama area. The andesites from 300 m to 901 m in depth vary
slightly with depth. The andesites at the depths of 696 m, 793 m and 900 m are
exceptionally rich in quartz phenocrysts and more altered than the andesites of
shallower depths. Therefore, they are tentatively correlated with the andesitic
volcanic products found between 700 m and 945 m in the bore-hole GO-8, though they
are only slightly different from the andesite at 400 m in depth. The silicic lapilli-tuff
from 1,001 m to 1,151 m in depth are tentatively correlated with the silicic ash-flow
deposits of the Kanisawa Formation. The brecciated or sheared rocks from 1,200 m to
1,276 m are tentatively correlated with the basement rocks, though they may be the
basal part of the Kanisawa Formation.

4.6 Bore-hole KR-1 (1,360.3 m deep, continuously cored)

[Site] East of the Arayu area and about 200 m northeast of GO-1, 620 m above
sea level.

[ Lithological facies]

Up to 125 m in depth, the cores, though poorly recovered and mostly hydrothermal-
ly altered, consist mainly of vesicular flow-banded rhyodacite lava. From 114 m to
125 m, the cores are pulverized and contain pyroxene andesite fragments as well as
rhyodacitic ones.

From 125m to 146 m in depth, the cores consist of pumiceous tuff-breccia
containing abundant pyroxene andesite fragments and a small amount of scoria. The
pumice is well vesiculated, white, silicic and commonly less than a few centimeters
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across.

From 146 m to 417 m in depth, the cores consist entrirely of pyroxene andesite
lava. The lava is irregularly fractured but generally fresh. The bottom 1.5 m of the
lava is finely auto-brecciated.

From 417 m to 475.5 m in depth, the cores consist of pumice tuff except for a
tongue 1.5 m thick of probably overlying andesite lava, which is intercalated near the
top. The pumice tuff consists mainly of white gray pumice, scoria lapilli and sparse
andesite fragments less than a few centimeters across. The pumice is occasionally as
much as 10 cm in diameter. Sorting is in general not good, though rarely irregular
fine laminae are present.

From 475.7m to 500 m in depth, the cores consist of thin-laminated tuffaceous
siltstone, pumice tuffaceous sandstone and intercalated pumice tuff. They grades
upward into pumice tuff and downward into scoriaceous tuff.

From 500 m to 543.5 m in depth, the cores consist mainly of scoriaceous coarse
tuff with rare intercalations of lapilli-tuff and fine tuff. The top 4 to 5 m consists of
comparatively fine tuff while the bottom 3.5 m of andesitic tuff-breccia. They contain
occasionally fragments of the underlying pre-caldera rocks and silicic white pumice.

From 543.5m to 564.8 m in depth, the cores consist mainly of pumiceous
lapilli-tuff but an andesitic tuff-breccia about 2.1 m thick and two layers of andesitic
tuff 10 em thick each are intercalated respectively at 550.7 m, 546.1 m and 553.2 m.
The pumiceous lapilli-tuff contains white pumice, abundant accidental lithic fragments
derived mainly from the underlying pre-caldera formations and a small amount of
scoria in a white fine tuff matrix. The lapilli-tuff is ill-sorted and generally cemented
with zeolites and carbonates. The bottom 1 m is intensely fractured and argillized.

From 564.8 m to 1,213.7 m in depth, the cores consist mainly of silicic lapilli-tuff,
which differs from those above by its higher intensity of compaction and of alteration.
Under the microscope, it is clearly distinguishable from those above by the prominent
alteration of plagioclase phenocrysts, the total alteration of mafic minerals, and the
almost complete obliteration of vesicular structure of pumice due to compaction. This
silicic lapilli-tuff contains various accidental lithic fragments in an ash matrix of
various tints, e.g., purplish red, pale green, dark grayish green. In this lapilli-tuff
several zones extremely concentrated with granitic rock fragments and with fragments
of rhyolite or recrystalized tuff are intercalated. They represent probably the bottom
part of an eruption unit. Rarely fine tuff beds and very rarely siltstone beds are
intercalated, representing respectively the top part of the eruption unit and a fairly
long pause of eruption.

From 1,213.7 m to 1,360.3 m in depth, the cores consist of tonalite except from
1,223.8 m to 1,227.3 m and from 1,292.4m to 1,299.0 m, where they consist of an
andesite dike. The tonalite is intensely sheared from 1,213.7 m to 1,241.5 m and from
1,331.5 m to 1,348 m.

[Petrography]

Rhyodacite (KR-1, 42.0 m)

Phenocrysts : Plagioclase, quartz, hornblende (a: yellow green; B, 7 : redbrown),
sparse pyroxene and opaque minerals. The plagioclase is intensely zoned. The
quartz is resorbed.

Groundmass : Shows a fluidal texture with a devitrified and microspherulitic
groundmass.

Rhyodacite at 108.6 m depth has quite similar petrographic characteristics as the
one described above, except that the hornblende phenocrysts are not oxidized with pale
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yellow green (@) and deep yellow green (5, 7).
Pumice (KR-1, 131.5 m)
Phenocrysts : plagioclase, quartz, hornblende (a: pale yellow green; S8, v : deep
yellow green), orthopyroxene, clinopyroxene (?) and opague minerals.
Groundmass : Vesicular glass.
Andesite (KR-1, 221.7 m)
Phenocrysts : Plagioclase, clinopyroxene, orthopyroxene and opaque minerals.
Most of the plagioclase are honeycombed.
Groundmass : Hyalopilitic and slightly vesicular.
Pumice (KR-1, 422.2 m)
Phenocrysts : Plagioclase, orthopyroxene, clinopyroxene and opaque minerals.
Most of the plagioclases are honeycombed.
Groundmass : Vesicular glass.

Pumice tuff (KR-1, 544.5 m)
Contains pumice, scoria, lithic and crystal fragments. Crystal fragments comprise
plagioclase, quartz, pyroxene, and opaque minerals. The matrix is cemented with
carbonate and zeolite.

Silicic tuff (KR-1, 573.6 m)

Contains various lithic fragments scoria, green collapsed pumice and crystal
fragments. Crystal fragments comprise partly argillized plagioclase, quartz,
opaque minerals and mafic minerals, which are completely replaced by carbonate
or other secondary minerals.

[Correlation and age] The hornblende rhyodacite lava up to 114 m in depth is
petrographically quite similar to that of the Takahinata Rhyodacite and correlated
with it. From 114 m to 125 m in depth, the poor core recovery precludes correlation
with surface formations. The pumiceous tuff-breccia, from 125 m to 146 m in depth,
is safely correlated with the thick subaqueous pumice—flow deposits at the base of the
Miyazawa Formation on the basis of petrographical similarity. The thick andesite
lava, from 146 m to 417 m in depth, is in no doubt a continuation of that from 125 m
to 490 m in GO-1 and is correlated with the Akazawa Formation. The pumiceous tuff,
tuffaceous siltstone, tuffaceous sandstone, andesitic tuff, andesitic tuff-breccia and
pumiceous lapilli-tuff, from 417m to 564.8 m in depth, correspond to the similar
strata from 490 m to 670 m in GO-1. They are correlated with the lower part of the
Akazawa Formation.

The thick silicic lapilli-tuff beds from 564.8 m to 1,213.7 m are probably correlated
with the Torageyama Formation. The tonalite from 1,213.7 m to 1,360.3 m is without
doubt a part of the basement rocks of Cretaceous age.

4.7 Bore-hole KR-2 (1,222.8 m deep, continuously cored)

[Site] Southeast of Takahinata—yama, 545 m above sea level.

[Lithological facies]

Up to 50 m in depth, only a small core at about 45 m in depth was present. It is
weathered breccia containing rhyodacite fragments.

From 50 m to 143 m in depth, the cores consist mainly of pumiceous tuff and
pumiceous tuff-breccia. The pumiceous tuff-breccia, from 66.8 m to 143 m in depth,
contains white pumice lapilli and andesite blocks in a pumiceous tuff matrix, and its
lower part is specially rich in andesite blocks. From 66.5 m to 66.8 m in depth, white
yellow, thin-bedded fine tuff is intercalated.

From 143 m to 287.5 m in depth, the cores consist mainly of andesite lava and
andesite breccia. The andesite breccia, from 143 m to 176 m in depth, consists solely
of andesite fragments embedded in a subordinate buff-yellow tuffaceous or loamy
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matrix. The cores are missing from 176 m to 180.5 m in depth. The andesite lava,
from 180.5 m to 287.5 m in depth, is in general porous and fresh, with its top 20 m or
so being auto-brecciated. From 158.5 m to 159.4 m in depth, white yellow pumice tuff
is intercalated.

From 287.5 m to 474.5 m in depth, the cores consist mainly of andesitic volcanic
breccia, andesite lava, and minor intercalated lapilli-tuff. The lapilli-tuff’ beds, which
contain both scoria and white pumice lapilli, are intercalated between 340.8 m and
344.8 m, and between 355.2 m and 366.5 m in depth. Thin-bedded siltstone about 5 cm
thick, is developed on top of the uppermost lapilli-tuff bed.

From 474.4 m to 550.8 m in depth, the cores consist of sandstone and conglomerate.
The sandstone, from 474.5m to 490m in depth, is buff gray, well-sorted and
tuffaceous, and contains in places white pumice grains. The conglomerate, from 490 m
to 522 m in depth, contains various kinds of subangular graing from 2mm to 2m
across in a predominant tuffaceous sandstone matrix. The cores, from 522 m to
550.8 m in depth, consist of monolithologic breccia of rhyolite or dacite in a dominant
white clayey matrix. Both the top and the bottom of the breccia are bounded sharply
from the overlying and the underlying rocks.

From 550.8 m to 645.3 m in depth, the cores consist mainly of well-rounded
volcanic conglomerate with interbeds of alternated black shale and sandstone,
sandstone, and tuff. The alternation of black shale and sandstone is intercalated
between 550.8 m and 552 m, and at about 638 m in depth. The sandstone, intercalated
between 952 m and 556.8 m and between 576.3 m and 581.3 m, is greenish gray, well
sorted and tuffaceous, and commonly grades into the underlying conglomerate. The
tuff, intercalated between 640 m and 645.3 m, is greenish white-gray and coarse.

From 645.3 m to 881 m in depth, the cores consist mainly of black shale, fine
sandstone, and intercalated dacite lava and tuff. The black shale commonly alternates
with and grades into the underlying gray fine sandstone. The dacite lava, between
706.4m and 723.9m in depth, is altered to white green, its brecciated top 1.5m
appears like a kind of lapilli-tuff and its flow-layered bottom 0.5 m is dark buff gray.
The tuff is greenish white-gray and intercalated at a few horizons as less than 3m
thick beds. These strata, generally dipping from 40° to 50°, are intruded by quartz or
calcite veinlets and fractured at many places.

From 881 m to 1,224.4 m in depth, the cores consist mainly of black shale, fine
sandstone, tuff and lapilli-tuff but altered andesite, probably a dike, exists between
1,030.5m and 1,035.7m in depth. The black shale and the fine sandstone are
lithologically similar to those above but structurally more intensely disturbed. The
tuff and the lapilli-tuff are more abundant in this interval than the above, and some
beds are more than 10m thick. Most of them are dark green blotched with white gray.

[Petrography] The rhyodacite at 45 m in depth contains plagioclase, hornblende
(red), clinopyroxene, quartz and opaque minerals as phenocrysts in a spherulitic
groundmass. The fine tuff at 66.5 m in depth consists of abundant glass shards, and
sparse quartz and plagioclase fragments. The white pumices sampled between 66.8 m
and 143 m in depth contain abundant plagioclase and hornblende (green), and sparse
clinopyroxene and quartz as phenocrysts while the yellowish white pumiceous tuff at
159 m in depth and the pumices sampled between 355.2m and 366.5m contain
plagioloclase, clinopyroxene and orthopyroxene but lack hornblende.

The andesites sampled up to 474.5m in depth contain plagioclase, clinopyroxene
and orthopyroxene phenocrysts in a hyalopilitic groundmass. The dacites sampled
between 706.4m and 723.9m in depth contain altered plagioclase phenocrysts in a
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groundmass composed of quartz, plagioclase, chlorite, sericite, etc. Parts of the
dacite are epidotized and calcitized. The andesites sampled between 1,030.5 m and
1,035.7 m contain only intensely altered plagioclase as phenocrysts in a groundmass
composed of quartz, epidote and other fine crystal aggregates. The tuffs sampled
between 881 m and 1,2244m contain fragments of andesite, other lithics and
plagioclase, and some contain also quartz and hornblende fragments.

[Correlation and age] The breccia containing rhyodacite fragments at 45m in
depth is probably the detritus of the Takahinata Rhyodacite. The pumiceous tuff-
breccia between 66.8 m and 143 m is probably a proximal facies of the subaqueous
pumice-flow deposits at the base of the Miyazawa Formation. The cores from 143 m
to 550.8 m belong to the Akazawa Formation. The thick andesite lava from 180.5 m
to 287.5m is correlated with that from 146 m to 417m in KR-1. The angular
conglomerate and breccia from 490 m to 550.8 m are probably the basal conglomerate
of the caldera fill and correspond to the similar conglomerate of KR-1 from 540 m to
564.8 m. The lithology of cores from 550.8 m to 1,224.4 m is quite similar to that of
the Kanisawa Formation except the well-rounded volcanic conglomerate intercalated
at the top part.

4.8 Bore-hole KR-3 (1,500.5 m deep, continuously cored except between
500 m and 1,000 m where the spot coring at 100 m intervals
was done)

[Site] North of the Katayama area, 670 m above sea level.

[Lithological facies]

From 0 m to 57 m in depth, only minor portions of cores have been recovered.
White fine tuff exists between 45 m and 48.5 m. The other portions are tuff-breccia
containing andesite fragments in a white-yellow silicic tuff matrix.

From 57 m to 343 m in depth, the cores are highly fragmented, probably because
the rocks of this interval are mainly unconsolidated andesitic tuff-breccia and
therefore only andesite fragments were recovered while the matrix was lost during
drilling. Within the andesitic tuff-breccia, minor andesite lava and scoriaceous
lapilli-tuff are intercalated. In the andesitic tuff-breccia, two types are recognized.
The one is of a buff-yellow matrix and loose, while the other of a white gray matrix
and harder. Both of them seldom contain other lithic fragments than andesitic ones.
Two types of scoria, red and buff-yellow ones, are contained.

From 343 m to 500 m in depth, the cores consist of vesicular massive andesite lava
and rare flow-brecciated andesite lava. The andesite lava is very fresh except for
local hydrothermally altered parts.

From 500m to 1,005 m in depth, only spot cores at 100 m intervals are
present. All of the cores are andesitic tuff-breccia. However, the andesitic tuff-
breccias at about 540 m and 650 m are very fresh and their matrix is composed of
buff-yellow tuffaceous materials, whereas those at 750 m, 850 m and 950 m are
intensely altered and their matrix is composed of hard, dark gray, tuffaceous
materials.

From 1,005 m to 1,410 m in depth, the cores consist mainly of andesite lava, the
upper part of which is interbedded with mainly andesitic tuff and the lower part than
1,310 m with mainly silicic tuff. The andesite lava is hard, dark gray and intensely
altered. The andesitic tuff is also dark gray and intensely altered and therefore in
places difficult to distinguish from the andesite lava. The silicic tuff consists mainly
of comparatively fine, greenish white-gray tuff.
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From 1,410m to 1,500 m in depth, the cores consist of silicic tuff, silicic
tuff-breccia and rare volcanic conglomerate of the same petrological character. The
silicic tuff and the silicic tuff-breccia are fairly hard and show either greenish
dark-gray or greenish light gray color.

[Petrography| The fine tuff at about 45 m is pumiceous and contains angular
fragments of plagioclase, quartz, green hornblende, etc. The buff-yellow matrix of
the tuff-breccia from 57 m to 343 m is composed of argillized tuffaceous materials.
while the white-gray matrix is composed of partly recrystallized tuffaceous materials.
The andesites up to 500 m depth contain plagioclase, clinopyroxene, orthopyroxene and
opaque minerals as phenocrysts in a hyalopilitic groundmass. The andesitic tuff-
breccias at 540 m and 650 m contain andesite, scoria, plagioclase, clinopyroxene,
orthopyroxene, opaque minerals and very rarely other rock fragments. Microlites have
been formed in part of their matrix. The andesitic tuff-breccias at 750 m, 850 m and
950 m contain fragments of andesite, scoria, plagioclase, clinopyroxene, intensely
altered mafic minerals, and rarely orthopyroxene, quartz and opaque minerals. They
are in general calcitized and chloritized, and the pores are filled with zeolites. The
andesites between 1,006 m and 1,410 m contain plagioclase, clinopyroxene, orthopyr-
oxene, and opaque minerals as phenocrysts in a hyalopilitic to pilotaxitic groundmass,
though they have been zeolitized, calcitized and chloritized, and their groundmass
devitrified. The andesitic tuffs between 1,005 m and 1,410 m contain fragments of
andesite, plagioclase, pyroxene, etc. in a matrix composed of clay minerals, zeolites
and chlorite. The silicic tuffs between 1,006 m and 1,410 m contain fragments of
quartz, plagioclase, various lithics and rarely hornblende in a matrix composed of clay
minerals. The silicic tuffs between 1,410 m and 1,500 m are similar to those between
1,005 m and 1,410 m except that pumice shreds occur more commonly.

[Correlation and age] Judging from its pumiceous and hornblende bearing
character, the white fine tuff from 45 m to 48.5 m probably belongs to the Miyazawa
Formation. The andesitic volcanic products from 50 m to 650 m may be correlated
with the Akazawa Formation. The thick andesite lava from 343 m to 500 m is quite
similar to that in KR-1 from 146 m to 417 m. The mainly andesitic volcanic products
from 750 m to 1,410 m are intensely altered and probably belong to the pre-caldera
formations. If the conglomerates intercalated between 1,410 and 1,500 m are correla-
tive with those in KR-2 between 550.8 and 645.3 m, the thick andesitic volcanic
products from 750 m to 1,410 m should stratigraphically be located in the upper part
of the Kanisawa Formation

4.9 Bore-hole KR-4 (1,390.7 m deep, continuously cored except between
310 m and 1,000 m where the spot coring at 100 m intervals was done)

[Site] South of Takahinata-yama, 460 m above sea level.

[Lithological facies]

Up to 165 m in depth, the cores are fragmentary, probably because most of the
loose matrix of the original tuff-breccias was lost during drilling and only hard rock
fragments were left. The fragmentary cores consist mainly of andesite fragments and
minor pumice lapilli-tuff matrices. Very sporadically dacite or rhyodacite fragments
also occur. The pumice is mostly of a white tubular variety but sporadically a banded
variety also occurs.

From 165 m to 173 m in depth, the cores consist of white glassy pumiceous tuff
sporadically containing andesite fragments.

From 173 m to 310 m in depth, the cores consist mainly of scoriaceous tuff-breccia
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and lapilli-tuff. The top 20 m consists of highly brecciated andesite, the matrix of
which is missing. The scoriaceous tuff-breccia and lapilli-tuff comprise fragments of
andesite and scoria in a scoriaceous tuff matrix but in places they also contain yellow
pumice. Very thin fine tuff, volcanic sandstone and conglomerate beds are rarely
intercalated.

From 310m to 1,000 m in depth, only spot cores at 100 m intervals are
present. The core at about 400 m consists of monolithologic andesite breccia with a
yellowish gray tuff matrix. The core at about 500 m consists of vesicular andesite
lava. The core at about 603 m consists of angular conglomerate composed of various
lithic fragments in a white gray tuffaceous matrix. The cores at about 700 m, 800 m
and 900 m consist of altered dacite, which encloses abundant dark cognate xenoliths.

From 1,000 m to 1,260 m in depth, the cores consist mainly of pale green altered
dacite. The dacite encloses abundant dark cognate xenoliths. Its top 16 m and its
bottom 10 m are apparently flow-layered and brecciated. Tuff and tuffaceous sand-
stone, less than 3 m thick and similar in color to that of dacite, are intercalated at
1,027 m and at 1,154 m depth.

From 1,260 m to 1,390.7m in depth, the cores consist mainly of coarse tuff,
conglomerate, sandstone and black shale. These beds commonly dip more than 40° and
are cut by white veins. The coarse tuff and tuffaceous sandstone are white green or
dark green mottled with white spots. The conglomerate from 1,303.7 m to 1,316.7 m
and from 1,319.9m to 1,337.5m is ill-sorted and contains angular to subangular,
various lithic fragments up to 15 cm across in a white greenish sandy matrix. The
dominant fragments are of black shale. The black shale is intricately interbedded
with the dark green sandstone and structurally highly disturbed.

[Petrography] The pumice at 129.1 m contains plagioclase, clinopyroxene, orthop-
yroxene, green hornblende and minor quartz as phenocrysts. The white glassy tuff at
169.9 m contains plagioclase, clinopyroxene, orthopyroxene (?) and opaque minerals in
pumiceous glass shards, but lacks hornblende. The dacite from 700 m to 1,260 m in
depth contains minor plagioclase phenocrysts in a microcrystalline groundmass
composed of plagioclase laths, quartz mosaic, clay minerals, etc. The dacite has been
altered in various degrees and opaque minerals, aggregates of epidote and other
secondary minerals, and sparse quartz aggregates also occur. The dark cognate
xenoliths enclosed in the dacite are composed also of similar minerals to those of the
host rock, though their ratios are different.

[Correlation and age] The pumiceous tuff-breccia up to 165 m depth is probably a
proximal facies of the thick subaqueous pumice-flow deposits at the base of the
Miyazawa Formation. The cores from 165m to 605m are correlated with the
Akazawa Formation. The glassy pumiceous tuff from 165 m to 173 m in depth is quite
similar to that intercalated in KR-2 from 158.5 m to 159.4 m. The angular conglom-
erate at about 603 m is characteristic of that developed at the base of the Akazawa
Formation. The dacite from 700 m to 1,260 m is petrographically similar to that
intercalated from 706.4 m to 724 m in KR-2, though the thickness greatly differs. The
coarse tuff, black shale, sandstone, and conglomerate from 1,260 m to 1,390.7 m are
lithologically quite similar to those in KR-2 from 550.8 m to 1,224.5 m. Therefore,
the cores from 700 m to 1,390.7 m are correlated with the Kanisawa Formation

4.10 KR-5 (1,500 m deep, continuously cored)
[Site] Near the mouth of Kobukazawa Creek, 307 m above sea level.
[Lithological facies]
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From 40 m to 86 m in depth, the cores consist of pumiceous lapilli-tuff or
tuff-breccia, which contains dacite and andesite fragments. The pumice is white and
well vesiculated. Thin finer pumiceous tuff layers are intercalated.

From 86 m to 182 m in depth, the cores consist of siltstone, gray sandstone, silicic
tuff and lapilli-tuff. Rhyolite, probably a dike or sheet, is intercalated between 93 m
and 109 m. The sandstone is dominant in the upper half, while the tuff and
lapilli-tuff in the lower half. The silicic tuff and lapilli-tuff are commonly graded,
and contain pumice or green patches. The cores are locally mineralized.

From 182 m to 263 m in depth, the cores consist mainly of andesitic tuff and
tuff-breccia with minor intercalations of sandstone and siltstone. The andesitic tuff
is commonly dark-green and scoriaceous. The tuff-breccia from 255 m to 261 m is
purplish and contains abundant andesite blocks. The cores are locally mineralized.

From 263 m to 1,500.5 m in depth, the cores consist of various kinds of schists and
mylonitized tonalite. The schists are all of the greenschist facies and comprise
quartzo-felspathic, pelitic and magnesian varieties. These rocks have been complexly
deformed. Some dikes of later ages intrude into them.

[Petrography] The pumice at 55.7 m contains hornblende, quartz, plagioclase and
pyroxene phenocrysts. The dacite blocks at 60 m and 78 m contain quartz, plagioclase,
hornblende, pyroxene, and opaque minerals in a granular microcrystalline or a glassy
groundmass with microlites.

[Correlation and age] The pumiceous lapilli-tuff and tuff-breccia from 46 m to
86 m are correlated with the subaqueous pumice flow at the base of the Miyazawa
Formation. The sandstone and tuff from 86 m to 182 m are correlated with those of
the Kanisawa Formation. The andesitic tuff and tuff-breccia from 182 m to 263 m are
correlated with those of the Kamuroyama Formation although the upper boundary
between the Kanisawa Formation is gradational and somewhat arbitrary. Both the
schists and mylonitized tonalite from 263 m to 1,500.5 m are similar to those exposed
on the northwestern margin of the caldera.

4.11 KR-6 (1,502.5 m deep, continuously cored)

[Site] Middle course of Kusakizawa Creek, 335 m above sea level.

[Lithological facies]

From 30 m to 100 m in depth, the cores consist of non-sorted conglomerate. The
conglomerate encloses mega-blocks of pumice tuff, and slumped siltstone and sandstone
as well as various kinds of other rock fragments in a scoriaceous tuff matrix. This
conglomerate is probably of debris-avalanche origin.

From 100 m to 175 m in depth, the cores consist mainly of thin-bedded siltstone.
In places, conglomerates of debris-flow origin and thin sandstone beds are intercalated,
and siltstone beds are slumped.

From 180 m to 389 m in depth, the cores consist of massive tuffaceous mudstone
and an underlying thick graded subaqueous pumice flow. The massive tuffaceous
mudstone grades downward into the fine tuff division of the underlying subaqueous
pumice flow. The boundary between them is difficult to draw. Their total thickness
is about 80 m. The bottom 10 m of the subaqueous pumice flow encloses siltstone
clasts ripped up from below the flow. The maximum diameter of pumice clasts in this
flow is only 4cm and the reverse grading of pumice clasts, which is common in
subaqueous pumice flows, is not apparent here.

From 390 m to 504 m in depth, the cores comprise thin-bedded siltstone and
sandstone. Carbonaceous matter is locally concentrated. Slumped beds occur at
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several horizons.

From 504 m to 799.5 m in depth, the cores consist of 11 or more graded units of
fine tuff to pumiceous lapilli-tuff, minor interbeds of siltstone and sandstone, and a
few beds of scoriaceous tuff, which are intercalated near the base of this interval. The
graded units of fine tuff to pumiceous lapilli-tuff are of subaqueous pumice flow
origin. The lower part of each graded unit commonly contains scoria, pumice, and
andesite fragments in a tuffaceous matrix. The middle part commonly contains
pumice lapilli in a tuffaceous matrix. The upper part is bedded pumiceous tuff which
grades upward into fine tuff. The basal part in places encloses siltstone clasts
ripped up from below. The siltstone and sandstone are often interbedded between
graded units and some are thin-bedded. The scoriaceous tuff is brown to black, and
each bed is less than 3 m in thickness. The scoriaceous tuff and pumiceous lapilli-tuff
near the base of this interval sporadically contain lithic fragments of pre-caldera
rocks.

From 799.5m to 974 m in depth, the cores consist of conglomerate and a few
sandstone and siltstone beds less than 3 m thick, which are intercalated in the upper
part. The conglomerate contains angular to subrounded various kinds of pre-caldera
rocks up to 1 m across in a tuffaceous sandstone matrix.

From 974 m to 1,502.5 m in depth, the cores consist of at least four eruption units
of thick ash-flow tuff. At the base of each eruption unit, lithic fragments are
concentrated forming tuff-breccias 3m to 35 m thick. The tuff-breccias comprise
fragments of granitic and minor other rocks in a light-gray non-welded tuffaceous
matrix. The main part of the ash-flow tuffs is composed mainly of ash containing
little lithic lapilli and pumice shreds. They show gray to black color depending on the
degree of welding. The welding becomes in general intenser downward. The contact
plane between the top of the ash-flow tuff and the overlying conglomerate is sharp and
the top of the ash-flow tuff is not weathered.

[Petrography] The pumice tuff at 379 m in depth contains plagioclase, resorbed
quartz, green hornblende, clinopyroxene, minor orthopyroxene, and opaque minerals,
whereas the pumice tuffs at 512.9m, 523.9m, 540.9 m, 562.1 m, 582.6 m, 598.9 m,
617.5 m, 657.4 m, and 679.6 m in depth, contain plagioclase, clinopyroxene, orthopyro-
xene and opaque minerals but lack quartz and hornblende except the one at 617.5 m,
which contains a very small amount of green hornblende.

The non-welded to welded ash-flow tuffs at deeper levels than 974 m contain
invariably abundant plagioclase, quartz, clinopyroxene, opaque minerals, minor
hornblende, and in places orthopyroxene and biotite in a devitrified glass shards
matrix. Where the welding is weak, the glass shards show clear axiolitic structure.
Hornblende is always present, but below about 1,228 m it is very sparse and commonly
brownish while above there it is more common and greenish. Biotite is very rare and
often of uncertain character but may be present below 1,070 m. Orthopyroxene is
sparse but present below about 1,146 m. In places, parts of these mafic crystals have
been chloritized.

[Correlation and age] The non-sorted conglomerate up to 100 m in depth is
correlated with the Kawakurazawa Formation. The thin-bedded siltstone and the
underlying subaqueous pumice flow, from 100 m to 389 m in depth, are easily correlated
with the Miyazawa Formation. The thin-bedded siltstone, the underlying 11 or more
graded units of fine tuff to pumiceous lapilli-tuff and the thick conglomerate at the
base, from 389 m to 974 m, are also easily correlated with the Akazawa Formation.
The non-welded to welded tuffs from 974 m to 1,502.5 m are correlated with those of
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the Torageyama Formation on the basis of lithologic similarities.
5. Geologic Structure

The unconformable relationship between the caldera fill and the underlying
formations is well manifested also in the difference of their structures. For example,
the throw of faults in the pre-caldera formations exceeds a few meters at many places,
though that in the caldera fill rarely exceeds one meter except around the Zanno-mori
Block. Therefore, the geologic structure of each stratigraphic unit is separately
described. The major structural features are shown in Fig. 16 and summarized in
Table 4. The computer programs (YAMADA, 1980 b ; 1983 a) were used to analyze the
fracture data.

5.1 Pre-caldera Rocks
5.1.1 Major Faults

The faults, which have slipped apparently more than several tens of meters and
have special significance for the geologic structure of the area, are called here major
faults and described separately from the other minor faults. They are the boundary
faults of the caldera, the boundary faults of the Zanno-mori Block, and some other
faults which cut the pre-caldera rocks.

The boundary faults of the caldera can not presently be observed at the surface
because they are covered with the caldera fill. The top part of the caldera fill is
almost non-affected by the movements of the boundary faults. The nature of the
boundary faults of the caldera is inferred only on the basis of the bore-hole data, the
stratigraphic data, the Bouguer anomaly data, and the basin physiography. It is
discussed in a later chapter.

The boundary faults of the Zanno-mori Block consist of several linear fault
segments. The northwestern boundary of the block is defined by a slightly convex
fault trending northeast-southwest. The fault is inferred from the abrupt changes of
lithological facies and of topography at the boundary, though no sharp fault plane is
observed. The NE-SW boundary fault consists probably of a comparatively wide
fault breccia zone, which is commonly mixed with the basal conglomerate of the
caldera fill, and therefore it is difficult to distinguish between them. The possible
extensions of the NE-SW boundary fault cut the caldera fill by sharp fault planes in
the middle courses of Kusaki-zawa and Zanno-zawa Creeks. Minor faults, which are
parallel to the NE-SW boundary fault, are observed in many places close to the
boundary fault. The southwestern boundary of the block is defined by two sharp
parallel faults, which can be observed in the middle course of Kusaki-zawa Creek
(Fig. 17). The southern half of southeastern margin of the block is bounded by a
zig-zag fault, which consists of several linear fault segments of slightly different
directions, whereas the northern part of the southeastern margin of the block may be
bounded by an unconformity. Neither any indication of the boundary fault nor steep
dips of the caldera fill away from the boundary commonly observed in the other sides
are recognized in the northern part of the southeastern margin. Judging from the
distribution and the dip of the caldera fill, the northeastern margin of the block is
probably bounded by a curved fault trending in general north-northwest, though the
fault could not be confirmed.

Several major faults cut the pre-caldera rocks in the immediate surroundings of
the caldera.
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Fig. 16 Structural map of the Onikobe area. (Slightly revised from YAMaDA, 1986 a).

everse Fault

The NE-SW trending fault on the northern rim of the caldera, which apparently
throws down the northwestern side, can be traced from Ilkusa-zawa Creek to
Horonai-zawa Creek. In the lower course of Senpoku-zawa Creek, an altered andesite
of the Kamuroyama Formation cut by the fault is in fault contact with a greenish tuff
of the Torageyama Formation. The greenish tuff has been sheared by planes striking

=1l2=



Table 4 Summary of fracture systems in and around the Onikobe caldera. (After
Y amaDA, 1986 a with minor revisions).

Stratigraphic
Age u‘(l"lrttsx - Tectonic event Fracture systems
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Recent
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(0~100m)
%)nikobg
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e va (0-100m)
Formation
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J
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Nb53°E and dipping 60°E, while the boundary of the shear zone trends N 83°E.

Suginomori-zawa Creek, a disturbed zone about 20 m wide, composed of a mixture of
siltstone, porphyritic andesite, and greenish lapilli-tuff beds, is sandwiched within
basaltic andesite of the Kamuroyama Formation. The fault bounding the southeastern
side of the zone strikes N 62°E and dips 90°. Several shear planes are present within
the zone. In Horonai-zawa Creek, the fault bounds silicic ash-flow deposits of the
lower part of the Torageyama Formation on the north from andesitic volcanic
products and bedded greenish lapilli-tuffs of the Kanisawa Formation on the
south. The strike and dip of beds are quite different on both sides of the fault here,
though no clear fault plane can be observed.

The WNW-ESE trending fault in the northwestern corner of the studied area can
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Fig. 17 Route map showing the boundary fault of the Zanno-mori Block in Kusaki-
zawa Creek.

be clearly observed along the middle course of Marumori-zawa Creek, where a sharp
normal fault striking N 36°-45°W and dipping 56°-80°NE bounds granitic rocks on the
southwest from silicic ash-flow deposits of the Torageyama Formation on the
northeast. The east-southeastward extension of the fault is probably offset a little to
the north and runs along Ikusa-zawa Creek.

The fault in the southern margin of the studied area running roughly in a
WNW-ESE direction bounds a granitic rock from the Kanisawa Formation in the
middle course of a creek at about 500 m north of Narugo Dam. The northeastern side
is apparently down-thrown relative to the southwestern side. The fault observed
there is reverse.

A fault trending north is inferred between the granitic rocks and the Kanisawa
Formation along the western flank of Okura-yama Peak on the eastern margin of the
caldera.

Several other faults of fairly large displacements, i.e., several tens of meters, cut
the pre—caldera rocks. They are included in minor faults.

5.1.2 Folds
(1) Folding and cataclastic deformation of the basement rocks
The schist, in the lower course of Suginomori-zawa Creek, is monoclinal with a
general strike N 70°E and dip 36°NW, though the deviation from the average direction
is large. The schist, exposed narrowly along National Road 108 near Omoridaira
Village, strikes N 11°E and dips 31°E, while that exposed along the Senpokuzawa
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logging road strikes N 30°W and dips 85°E. In Suginomori-zawa Creek, minor folds
(P1. 1.2) are observed in the schist, but such structures are not ubiquitous.

The basement granitic rocks are generally massive, though locally strong
cataclastic structures have been developed. In the cutting on the Senpokuzawa logging
road, the platy structure of the mylonitized granitic rock has almost the same
direction as that of the schistosity of the nearby schist, namely strikes N 30°W and
dips 85°E. In the cutting on National Road 108, a similar cataclastic platy structure
of granitic rocks shows an irregular orientation, with its strike ranging from E-W to
N 60°W and dip roughly 30°N. In the middle course of Ashi-zawa Creek a cataclastic
structure trending northeast is observed in the granitic rock. In the middle reaches of
Sabu-sawa Creek, a cataclastic structure in the granitic rock extends in a NW-SE
direction almost parallel to the andesite dike nearby. Thus the general trend of these
cataclastic or mylonitized rocks is roughly north-northwest to south-southeast as
contended by Sasapa (1984).

(2) Folding of the Kamuroyama, the Kanisawa, and the Torageyama Formations

The main part of the pre-caldera formations is covered with the caldera fill and
the Kitagawa Tuff and, moreover, the stratification in the pre-caldera formations is in
places difficult to decipher because of the massive character of thick volcanic products
or intense hydrothermal alteration. Therefore, their geologic structure is known only
roughly yet in this area.

On the northern border of the Onikobe caldera, a major anticline runs from
Suzukura-mori Peak to Omoridaira Village roughly in a NE-SW direction. The
maximum general dip is 30° to 40° on both flanks of the anticline, though steeper dips
are locally observed. The basement rocks are sporadically exposed along the axis of
the anticline. On the northwestern flank of the anticline, a major fault already
described runs parallel to the anticline. The northeastern end of the anticline is
affected by folds trending north, which is the prevalent direction of folds in northern
Honshu.

On the eastern border of the Onikobe caldera, the Kanisawa Formation shows
complex undulation. The direction of folds is variable and the wave length is shorter
than that of the major anticline described already.

On the southern border of the Onikobe caldera, the Kamuroyama and the
Kanisawa Formations dip in general less than 30° northeast to east. However, local
disturbances of the strike and dip of strata are common. Near large intrusive bodies
and major faults, the strike and dip of strata have been disturbed. For example, on
the northwestern fringe of the Handawara-yama andesite dike, the strike of the
Kanisawa Formation changes toward the NE-SW direction, that is, parallel to the
dike, and the dip becomes steeper.

Minor folds and slump folds, which are ubiquitous in the caldera fill, are rarely
observed in the pre-caldera formations. A rare example of minor fold in the
Kanisawa Formation is shown in Plate 7.1.

5.1.3 Minor Faults, Joints and Clastic Dikes
Minor faults (Pl. 7.2) and joints are well developed in the pre-caldera rocks. The
throw of minor faults exceeds in places ten meters. The joint density is greatly
dependent on lithology. It is high in black siltstone (Pl. 7.3) and low in massive silicic
ash-flow deposits. Clastic dikes occur locally in massive silicic ash-flow deposits on
the northern margin of the caldera.
(1) Direction of fractures
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During the geologic mapping of the area, the strike and dip of 60 fracture planes
were measured in the pre-caldera rocks. Most of the fractures are of fairly large
dimensions, though a small number of joints are included. The point diagram based
on the data (Fig. 18) shows that the directions of the fracture planes are highly
scattered. The fracture planes striking northeast and dipping 50° to 80° either
northwest or southeast however, are dominant and those striking northwest and
dipping either northeast or southwest are also fairly abundant.

There is no marked difference of dominant fracture directions with the different
areas, namely northern, eastern, southern and western margins of the caldera. The
difference in the direction of fractures with the different lithologies is also not
apparent. However, the measurement in each outcrop indicates that several dominant
directions of fractures clearly exist in indivisual outcrops.

(2) Other characters of fractures

The throw of faults ranges up to several tens of meters. Faults with a throw of
more than 10 m commonly have a shear zone or a fault breccia zone of various widths.
Most of the faults are normal, though very rarely reverse and vertical faults are
observed. A minor fault having nearly horizontal striations was also observed. The
drag of strata near the faults is in general not conspicuous in these minor
faults. Closely spaced parallel joint sets are characteristically developed in the black
siltstone facies of the Kanisawa Formation near Kanisawa Village. The density of
fractures is in general higher in fine-grained rocks than in coarse-grained heterogeneous
rocks.

Around the Sabusawa Mine, fractures are commonly filled with secondary minerals,
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forming mineralized quartz veins in places.

In the outcrop at the foot of Kanisawa Bridge, three sets of fractures are present
(Fig. 19). The joint set 1 strikes N 50°E and dips 73°E on an average, though the joint
directions of set 1 are more scattered than those of set 2. Some joints of set 1 are
filled with white secondary minerals. The joint set 2 strikes N 25°W and dips 78°SW
on an average. Vein minerals are absent in the joints of set 2. The fracture set 3
consists of normal faults which dip gentler than the joint sets. One of them has a
throw of more than 20 m and a fault breccia zone 13 cm wide.

In the cliff on the bank of Lake Arao near Kanisawa Village, two sets of normal
faults are ohserved. If they a conjugate system, the direction of minimum compres-
sional principal stress was northwest-southeast and nearly horizontal when they were
formed. The dihedral angle is 70° (Fig. 20).

5.2 Kitagawa Tuff and Caldera Fill
5.2.1 Folds

The Kitagawa Tuff, distributed outside of the caldera, dips commonly less than
10°. Locally, however, steeper-dipping conglomerate and air-fall tuff beds are
intercalated. Such steeper dips are mostly original.

On the other hand within the caldera, the Akazawa and the Miyazawa Formations
dip steeply surrounding the Zanno-mori Block and form a dome structure, which is
called in this report the Zanno-mori Dome. Surrounding the dome, a synclinal
structure has been formed (Fig. 16).

On the northwestern flank of the Zanno-mori Dome, the Mayazawa and the
Akazawa Formations incline almost vertically and are partly even overturned.
However, beyond about 0.8 km from the boundary fault of the Zanno-mori Block, the
Miyazawa Formation lies abruptly almost horizontal and therefore an axis of syncline
or sharp-bent structure runs there. The NE-SW direction of the axis is parallel to
that of the boundary fault of the block.

On the northeastern flank of the dome, the Akazawa and the Miyazawa
Formations dip about 70°. But the dip gradually becomes gentler away from the
boundary of the block and beyond 1.0-1.5 km from the block the Miyazawa Formation
dips gently toward the dome. Therefore, a broad synclinal structure is formed. The
axis of the syncline runs in a NW-SE direction, which is nearly parallel to the
boundary on this side of the block.

On the southwestern flank of the dome, the Akazawa and the Miyazawa
Formations dip about 60°. But beyond 1.0-1.5km from the block the Miyazawa
Formation becomes almost horizontal. Therefore, an axis of syncline or sharp-bent
structure runs parallel to the boundary fault as on the other sides of the block, though
part of the structure is covered unconformably with the Kawakurazawa Formation.

On the southern half of the southeastern flank of the dome, the Akazawa and the
Miyazawa Formations dip steeply away from the zig-zag shaped boundary fault,
though they slightly undulate with the secondary axes normal to the boundary of the
block. Beyond 1.0-1.5km from the block, their dips become gradually almost
horizontal. On the northern half of the southeastern flank of the dome, however the
formations do not incline away from the boundary of the block as on the other
sides. Instead they seem to be folded into an anticline trending northwest, that is,
almost normal to the boundary of the block. Therefore, the structure is quite
different from that on the other flanks of the dome.

On the northern corner of the dome, the Akazawa and the Miyazawa Formations
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Fig. 20 Sketch and stereographic projection of a possible conjugate system of minor
faults in the Kanisawa Formation on the southern margin of the caldera
(Lioc. 848). Projection is on lower hemisphere. (After YAmADA, 1978 with
additions).
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surround the block by a smooth curve and are only slightly modified by extensions of
the boundary faults of the block. On the western corner of the dome, the Akazawa
and the Miyazawa Formations observed in some patchy outcrops strike almost parallel
to the southwestward extension of the NE-SW boundary fault and dip steeply
northwestward or southeastward where overturned, though the major part of the
formations are unconformably covered with the Kawakurazawa Formation. The
recent data of the bore-hole KR-6, however, clearly indicate that the Miyazawa and
the Akazawa Formations lie near horizontal there. Therefore, the patchy outcrops of
the steeply dipping Akazawa and Miyazawa Formations were interpreted as mega-
blocks in the Kawakurazawa Formation in this report. Thus the structure on the
western corner of the dome has been little affected by extensions of the boundary
faults of the block as has been the structure on the northern corner.

Between the Zanno-mori Block and the Katayama area a broad syncline
runs in NE-SW direction. However, northeastern part of the syncline is covered
unconformably with the Kawakurazawa Formation. Therefore, it is not known how
far the syncline extends northeastward.

Surrounding the Katayama area, the Miyazawa and the Akazawa Formations dip
in general about 20° away from there.

Except for the southern margin, the caldera margins are covered with the Onikobe
Formation or other younger sediments. At the margins of .the caldera, the caldera
fill abuts against the pre-caldera rocks commonly almost horizontally, though
conglomerate beds in places incline 20° to 30° inward by original dips. At the mouth
of Obuka-zawa Creek, however, the Akazawa Formation inclined about 20° inward is
overlain almost horizontally by the pumice-flow deposits of the Miyazawa Formation.
It is not clear whether the dip of the Akazawa Formation is original or due to a
tectonic movement.

In most of the other areas the Miyazawa and the Akazawa Formations lie in
general almost horizontally. The Kawakurazawa Formation, the Onikobe Formation
and other younger sediments, which cover in most places unconformably the underlying
formations, dip in general less than 20°, though steeper dips are locally present because
of slumping.

Slump structures are ubiquitous in thin-bedded siltstone and sandstone facies.
They occur particularly in the Akazawa and the Miyazawa Formations exposed in the
northern half of the Zanno-mori Dome. Locally the Onikobe Formation and the
younger lake sediments in the Katayama area are affected by slumping. For example
in the lower course of Nigori-zawa Creek, thin-bedded soft siltstone and sandstone of
the Onikobe Formation are complexly folded dipping more than 60°. Size and shape of
slump structures vary greatly. In some places beds less than 1 m thick are completely
disturbed by slumping while the underlying and the overlying beds remain intact lying
almost horizontal. Such structures are formed by synsedimentary slumping (Pl. 3.5).
In other places beds several tens of meters thick are disharmonically folded into
various shapes (Pl. 7.4).

» On the flanks of the Zanno-mori Dome, locally one to several meters thick zones,
inclining more than 40° and parallel to the stratification, are contorted and mingled to
the complete loss of the original sedimentary structure. These are slide zones along
which the upper strata slided down relative to the lower ones. Incongruous drag folds
(BLrings, 1954) were observed in the strata just beneath one of the slide zones. The
drag folds were probably formed by the shear stress generated during the sliding of
overlying beds.

—119



5.2.2 Minor Faults, Joints and Clastic Dikes

The fractures in the Kitagawa Tuff are mostly cooling joints developed only in the
welded part. In a few places, however, fairly large joints and faults induced by
tectonism are observed. For example, at about 3 km south-southeast of Handawara-
yama Peak a normal fault striking N 58°E and dipping 85°S cuts the Kitagawa Tuff
and the Kanisawa Formation. The throw of the fault is estimated to be around 10 m.

Tectonically induced fractures are densely formed in the Akazawa and the
Miyazawa Formations but sporadic in the formations younger than them. Excep-
tionally along the southwestern margin of the caldera an activie fault cuts young
composite fan deposits (TANABE, 1966) and young siltstone beds in the Katayama
depression are cut by irregular joints. The character of fractures in the Akazawa and
the Miyazawa Formations differs drastically between that in the area around the
Zanno-mori Block and that in the other areas. Therefore, fractures in both areas are
described separately.

(1) Around the Zanno-mori Block

During the mapping of the area, the dip and strike of 54 fracture planes were
measured. They are mostly faults and joints of fairly large dimensions (Fig. 21).
Later fracture systems in several outcrops on the southern side of the dome were
studied in more detail.

The fracture system in this area is very complex, because the dip of strata varies
from almost vertical near the Zanno-mori Block to nearly horizontal in areas beyond
1.0-1.5 km from the block. Therefore, the stress field should have been spacially much
different. Moreover the fractures should have formed in various stages of the doming
and hence the fractures formed in an earlier stage of the doming have been rotated
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Fig. 22 Stereographic projection of fracture planes
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more than those formed in a later stage. In this area, it seems to be more convenient
to describe the fractures by dividing them into longitudinal and diagonal fractures.
Longitudinal fractures are those which strike almost parallel to the general strike of
beds and therefore their strike did not change much but their dip changed largely by
the doming. Diagonal faults are those which strike oblique or transverse to the
general strike of beds and therefore usually their strike changed largely but their dip
did not change much by the doming.

[Longitudinal fractures] Longitudinal fractures are distributed throughout the
area. They can further be subdivided into high angle fractures and low angle fractures
on the basis of the dip angle of the fracture planes.

High angle fractures are commoner than low angle ones. They dip either toward
the center of the dome or away from there. Some of the faults show a throw of more
than 10 m, and the strata near the fault surface have been folded or dragged. Some of
the fault planes of large dimensions have been cemented hard with limonite. Among
these high angle fractures the block toward the center of the dome seems to have been
up-thrown. Some faults, however, displace the block away from the center of the
dome upward relative to the block toward the center. Some of them are slide faults
(PL. 7.5) (YAaMADA, 1986 a).

Low angle fractures are comparatively rare. Some of the low angle faults might
have originally been high angle faults which were rotated by the doming. Nearly
horizontal faults in the middle course of Kamiashi-zawa Creek (Pl. 7.6) were formed
probably by sliding of the upper block of the fault away from the dome.

An apparent conjugate system of faults is present in the upper reaches of
Miya-zawa Creek (Pl. 8.2). However, when the bedding plane is rotated back to
horizontal, the directions of the faults become quite similar to those in the lower
reaches of Miya-zawa Creek. Therefore, they might not be a conjugate fault system,
but two sets of faults which were formed before the doming of strata by the same
regional stress fields as those by which the fractures in the lower reaches of
Miya-zawa Creek were formed.

[Diagonal fractures] Diagonal fractures appear to predominate on the lower
flanks of the dome. Most of them dip more than 60°. Some of the fractures show
glight normal separations, though they may be strike-slip faults.

On the corners of the Zanno-mori Block, faults which are extensions of or parallel
to the boundary faults are dominant. In the lower course of Zanno-zawa Creek, an
apparently reverse fault striking N 55°W and dipping 41°W is cut by another fault
striking N 67°E and dipping 55°NW (PL. 7.7). The strata strike N 64°W and dip 76°NE
at the locality, and therefore when the bedding plane is restored to the horizontal the
older fault does not change its strike but its reverse separation changes to a normal
separation, while the younger fault changes its strike from N 67°E to N 9°W but its
dip changes little (Fig. 22). 1t is difficult to know when these faults were formed,
though it is possible that the older fault was formed before the doming and the
younger fault after the doming.

Diagonal fractures in the southern side of the Zanno-mori Dome, i.e., in the upper
reaches of Aka-zawa Creek and in the middle reaches of Shirohebi-zawa Creek, are
described later,

[Clastic dikes] Clastic dikes are rare in the Zanno-mori Dome, though a silt dike
(P1. 9.1) was observed in the middle reaches of Morikoashi-zawa Creek. The silt dike
was probably turned later with the doming and therefore it dips toward the
Zanno-mori Block now. Near the synclinal axis of the northeastern side of the
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Zanno-mori Dome, silt dikes cut the pumice-flow deposits. They extend parallel to
the synclinal axis and dip steeply toward the dome.

(2) Southeastern part of the caldera

In the southeastern part of the caldera, the throw of minor faults does not
exceed 1 m. The density of fractures is in general high in weak, impermeable and
homogeneous rocks such as siltstone (P1. 8.1). It is low in permeable and heterogeneous
rocks such as pumice-flow deposits and sandstone, though the fractures in these latter
rocks are generally large. Clastic dikes are abundant in this part of the caldera. The
clastic materials were supplied probably either from the underlying or from the
overlying strata depending on the geologic condition of the particular locality. Fine
clastic materials occupy narrow dikes and margins of wider ones, while coarser
materials and often pebble- to cobble-size rock fragments occupy centeral parts of
wide dikes. The direction and some other characters of fracture, however, vary
drastically with the different areas. Therefore, the fractures in this area are described
by further subdividing this part of the caldera into six areas (a to f of Fig. 23).

[Lower to middle reaches of Miya-zawa and Fukiage-zawa Creeks] The fractures
striking N 35°~105°W and dipping more than 70° either to the north or to the south are
dominant in this area (Fig. 24 b). Many clastic dikes (Pl. 9.4) striking N 70°-90°W
and dipping more than 80° are included among the dominant fractures. Two clastic
dikes striking about N 10°W and dipping nearly vertical were observed. One of them is
40 cm wide. Clastic dikes are abundant in the lower reaches of Fukiage-zawa
Creck. The direction of minimum compressional principal stress, estimated from
some probable conjugate faults and main clastic dikes, is N 10°-30°E and nearly
horizontal. However, the directions of maximum and intermediate compressional
principal stresses are not fixed and seem to rotate in the plane normal to the minimum
principal stress direction. In the middle course of Miya-zawa Creek, an older probable
conjugate system of faults (Pl. 8.3) is present. The older faults have closed or
so—called planeless fault surfaces (I31R1 et al., 1955) with throws of several centimeters.
They are cut by younger fractures which have commonly open surfaces and almost no
throw. In the lower course of Miya-zawa Creek, two sets of fractures (Pl. 8.5) which
apparently form a conjugate system were observed. Detailed observations and the
calculation of the net slip of one of the minor faults revealed, however, that they are
two sets of fractures formed in different ages under different stress fields (YamaDa,
1980 b). A penecontemporaneous pumiceous tuff dike or pipe (Pl. 5.4) was observed in
the pumiceous sandstone of the Miyazawa Formation.

[Lower to middle reaches of Aka-zawa Creek] The dominant fractures strike
N 50°-105°E and dip more than 70° eigher to the north or to the south. However,
fractures having directions different from those of the dominant ones are also fairly
common (Fig. 24 d). Clastic dikes and unambiguous conjugate systems of fracture are
rare in the area. Some penecontemporaneous minor faults were observed.

[Upper reaches of Miya-zawa, Fukiage-zawa and Aka-zawa Creeks] Joints are
densely developed in the siltstone of the Miyazawa Formation. The direction of
dominant joints is fairly varied with different outcrops. In each outcrop, however two
or three sets of parallel joints are predominant (Pl. 8.8). Some of them appear to be
a conjugate system of shear joints and rarely to have very small strike separations.
The dominant fractures strike N 20°-100°W (Fig. 24 c), which is close to the direction
of dominant fractures in the lower and middle reaches of Miya-zawa and Fukiage-
zawa Creeks. However, the dips of fractures in this area are dispersed and some
incline very gently (Pl. 8.7). The area is in southeastern part of the Zanno-mori
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Dome and the strata dip in general 30°-50° south or south-southeast. Therefore, the
dispersion of dips of fractures in this area may partly be due to the later rotation with
the doming as discussed already and partly to the complex stresses generated by the
doming. The restoration of principal stress directions was made using probable
conjugate systems of faults. The direction of minimum compressional principal stress
is N 35°-110°E and nearly horizontal. The direction of maximum compressional
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Fig. 24 Contour diagrams of fracture planes in six areas (a-f) of the southeastern
part of the caldera (Modified from YAMADA, 1986 a). The boundaries of six
areas are shown in Figure 23.
a) Shirohebi-zawa Creek.
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principal stress is N-S to N 45°W and steeply dips south or southeast. Hence, the
strike of strata roughly coincides with the direction of minimum compressional
principal stress and the dip of strata with that of maximum compressional principal
stress. Therefore, the strike of fractures forming the conjugate system is oblique to
the strike of beds in this area. Conchoidal and hexagonal desiccation cracks are often
developed on the surface of massive hard siltstone in this area.
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Fig. 24 b) Lower reaches of Miya-zawa and Fukiage-zawa Creeks.

wiF 124 —



Number of data : 62

Fig. 24 ¢) Upper reaches of Miya-zawa and Aka-zawa Creeks.
Legend is the same as that of Fig. 24 (b).
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Fig. 24 d) Lower reaches of Aka-zawa Creek. S
Legend is the same as that of Fig. 24 (b).
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Fig. 24 e) Katayama and Arayu areas. S
Legend is the same as that of Fig. 24 (b).

Number of data : 115

Fig. 24 f) Lower reaches of Obuka-zawa Creek.
Legend is the same as that of Fig. 24 (b).
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[Middle course of Shirohebi-zawa Creek] Many irregular fractures are developed
in the fine tuff facies of the Miyazawa Formation. The dominant fractures strike
N 50°-95°E and dip 60°-90° either to the south or to the north (Fig. 24 a), which are
diagonal to the general strike of strata in the area. Some of the fractures have
normal separations of several centimeters. The direction of the minimum compres-
sional principal stress restored from a possible conjugate system of fractures is
N 10°-35°W and different from those of previously described areas.

[Lower course of Obuka-zawa and Kobuka-zawa Creeks] Prarallel clastic dikes
(Pl. 9.7) and extension joints (Pl. 9.8) striking N 34°E and dipping more than 70° on
either side are dominant in this area. They are distributed unevenly in a zone 250 m
wide, which constitutes a fracture zone. Some of the clastic dikes probably continue
one or two kilometers. The northeastward projection of the fracture zone passes the
center of the Katayama area, which is the most active geothermal area in the Onikobe
caldera. The fractures, having slightly deviated strikes i.e., N 15°-65°E, and similar
dips to the dominant fractures are also common in the fracture zone (Fig. 24 f).
Some of them are also filled with clastic sediments (Pl. 9.5 and 6). The faults
striking nearly normal to the fracture zone are very rare. They are curved and cut by
the faults which are parallel to the fracture zone. Therefore, they are an older set of
faults than the latter faults. The direction of minimum compressional principal
stress estimated from the fractures is roughly NW-SE and horizontal, i.e., normal to
the fracture zone. However, the direction of maximum compressional principal stress
seems to rotate in the plane which is normal to the minimum compressional principal
stress. Between the lower course of Obuka-zawa Creek and the lower reaches of
Aka-zawa Creck, namely along Kobuka-zawa Creek, a very small number of fractures
are observed.

[Katayama and Arayu areas and their surroundings] The directions of fractures
are scattered (Fig. 24 e). However, fractures striking about N 34°E still exist in the
Katayama area. They may represent an extension of the fracture zone along
Obuka-zawa Creek. Fractures striking N 20°-60°W are dominant, though fractures
striking E-W to ESE-WNW are also fairly abundant in the area. Clastic dikes are
also fairly abundant, though they are difficult to recongnize because of intense
hydrothermal alteration. A clastic dike 80 cm wide (Pl. 9.2) intrudes into pumice-
flow deposits of the Miyazawa Formation in a roadcut near Tashiro Village. The dike
contains pebble- to cobble-size fragments of the Takahinata Rhyodacite which overlies
the pumice-flow deposits. In the middle course of Obuka-zawa Creek, a clastic dike
90 cm wide is obseved. It may be an northwestward extension of the clastic dike near
Tashiro Village. In and around the Arayu area, fractures (Pl. 8.4) and clastic dikes
striking about N 60°W are dominant. The fractures striking N 30°E are also present
though less abundant.

6. Hydrothermal Alteration and Manifestation

The basement rocks and the pre-caldera formations have been diagenetically
altered. Locally they have been silicified and mineralized owing to intense hydro-
thermal activities, which took place probably in Miocene to Early Pliocene age. The
caldera fill has also been diagenetically altered. Volcaniclastic tuffaceous materials,
specially those in the basal part of the caldera fill, have commonly been argillized and
zeolitized. In the Katayama, the Arayu, and the Fukiage areas, where intense
hydrothermal activities are now being taken place, the rocks have been intensely
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argillized and silicified. In their surroundings, weaker hydrothermal alterations
and hydrothermal manifestations are sporadically observed. In this chapter, the
hydrothermal alterations and manifestations are briefly described mainly on the basis
of field observations and the result of preliminary X-ray diffraction analyses of 34
powdered rock samples (Tableb). Sexr et al. (1983), Liou et al. (1985) and
TaxkasHIMA (1988), reported the hydrothermal alteration of mainly the Katayama
area in more detail from the mineralogical viewpoint.

6.1 Hydrothermal Alteration

Microscopic examinations of the pre-caldera rocks in this area indicate that they
have been hydrothermally altered in various degrees. Surrounding the mineral vein
swarms, for example near the Kamanai Mine, the Kanisawa Formation has been
altered widely to white rocks by silicification and argillization (NARiTA, 1963). A
yellowish white fine tuff sample of the Kanisawa Formation collected in Kurokura-—
zawa Creek, contains mordenite.

The caldera fill has also been hydrothermally altered to white rocks around the
Arayu and the Katayama areas, and in several other places (Fig. 25).

The Arayu and the Katayama areas of alteration are contiguous. They extend in
a NE-SW or ENE-WSW direction about 2.5 km and occupy an area of about 2.3 km®
The southwestern part of the altered areas stretches in a NW-SE direction. White-
altered rocks in the Katayama and the Arayu areas comprise silicified and argillized
types. The silicified rocks contain a-cristobalite, quartz, and in places tridymite.
The argillized rocks, which are distributed around the silicified rocks, contain kaolin
and in places montmorillonite or alunite besides a-cristobalite, quartz and tridymite.
The original rocks in the Arayu area are breccia and lava of the Takahinata
Rhyodacite, while those in the Katayama area are mainly andesitic volcanic products.

The hydrothermal alteration of the core material from the bore-holes in
the Katayama area was initially studied by SeEx1i (1968). They reported a zonal
distribution of zeolites from the surface to 701.5m in depth, namely, non-zeolite
zone, mordenite zone, laumontite zone, and wairakite zone in descending order.
Yugawaralite has also been found (SEKI and OKUMURA, 1968). Recently TAKASHIMA
(1988) reported a slightly different zonation, namely, heulandite zone, laumontite zone,
and wairakite zone in descending order. TaxkasHiMA (1977) reported pyrophyllite
from deeper levels than about 700 m. Sek1 et al. (1983) reported also a zonal
distribution of clay minerals with depth and the occurrance of various kinds of other
secondary minerals. In the present study only four samples of cores were analysed by
X-ray as described below. The cores from the bore-hole GO-8 at the depths of
552.5 m and 598.1 m, which are white gray rocks disseminated with fine pyrite crystals,
contain wairakite and quartz as reported by SEKI et al. (1969). The cores from GO-10
at depths of 1,200 m and 1,243 m, contain quartz, chlorite and mixed-layer clay
minerals, and quartz and kaolin respectively but no zeolite was detected.

In the area about 0.3 km southwest of the southwestern end of the Katayama
altered area, a narrow white altered zone stretches roughly in a NW-SE direction.
Montmorillonite and kaolin were identified in a rock sample from the zone.

The rocks in the area stretching from the west side of the Katayama Pass to the
middle reaches of Aka-zawa Creek has also been altered white. The altered area is
about 0.5 km? The white compact rocks distributed on the eastern bank of the middle
course of Aka-zawa Creek have been called “Onikobe Hakudo” (KATAavyama and
UMmezawa, 1958). The rock is hydrothermally altered massive siltstone of the
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Table 5. Minerals in altered rocks identified by X-ray diffraction of the powdered samples.
=
- E o B T
Sample ) Original = @ L EE & o @
Locality = g o 2 ’?‘ 5 3 & E = g
number Hisle EEsa L wERE I § &
EEEERNBEEERE
s E 98 % 852682 ¢ & &
X~ 8 |NW of Arayu Rhyodacite lava* | 2 2 2 13 2
X-18 |\W. of Suijin Pass Do.* 3 1 12
X-10 | Arayu Do. * 4 2 6 2
X-17 |E. of Arayu Rhyodacite br.* 2 2
X-9 IN. of Arayu Rhyodacite lava* | 4 1 2
225 | Arayu Do.* 5 2
X138 | Chinoike- zawa Andesitic br.*** | 4 1 12
X-12 | Chinoike- zawa Andesite lava*** 4 2 R il
X-11 | Okunoin Do, 7*** 6 3 10 1 1
X-16 |Katayama Andesitic br,*** 1
X-15 |3, of Katayama Andesite lava*** 4 12
X-14 \Ww, of Katayama Do, *** 4 1 1 6
X 2 |Obuka-zawa Andesitic br. ¥** 1? 4
358 | Obuka-zawa Ui
X-19 | Ogama- Megama Siltstone** 4 5 11
335 |Hakudo mine Do. ** 6
X-20 |W. of Katayama Pass|Andesitic br.*** 4
354 | Do. Do.. T¥* 3%
355 | Do. Do. 7¥¢% 3 B
X 6 | Aka-zawa Pumice tuff*** 12
X~ 5 |8, of Katayama Pass | Do.*** 2 3 19
X4 |SW of Do. Do *#¥ 3 3 186
X- T |Upper C. Aka-zawa |Siltstone** 2 3 9
422 Do. Greenish s.s. *** 6 2 4
X 3 |Lower C. Aka-zawa |Pumice tuff** 2 2 i
X~ 1 |Lower C. Fukiage Do. ** 3 12 1
012 | 7Zanno-zawa Tuffaceous s,s.*¥** 3 3 4
066 | Do. Do. *** 3 3 3
333 |Yamaguwa Andesitic tuff** 4 8 g5t
047 |Kamanai mine Greenish tuff**** 9
GO- 8 (552.5m) Andesitic tuff*** 5 5 1
GO- 8 (598.1m) Dg, ¥ 5 6
GO-10 (1200 m) Granodiorite ? 4 3 4
GO-10 (1243 m) Do. ? 6 4

*Takahinata Rhyodacite **Miyazawa Formation *** Akazawa Formation ****KanisawaForma-

tion

Numerals indicate number of peaks identified on X-ray diffraction chart.

YAMADA et al, 1978).
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Miyazawa Formation. Yamaoka and Utsuct (1973) reported that the “Onikobe
Hakudo” consists mainly of amorphous silica and a very small amount of quartz,
which is probably a relict mineral of original rocks. Surrounding the amorphous silica
deposits, they reported the existence of an alunite-kaolin-opal zone. In the area east
of the Katayama Pass, that is, about 500 m southeast of the Onikobe Hakudo Mine,
probably original andesitic tuff-breccias have been altered to white rocks containing
a-cristobalite.

In the middle reaches of Aka-zawa Creek and in the area to the southwest of the
Katayama Pass, original pumice tuffs and dacitic pumiceous tuff-breccias have been
sporadically zeolitized. Mordenite and clinoptilolite were detected.

Around the Miyazawa and the Fukiage hot springs, original white pumiceous tuffs
and glassy fine tuffs have locally been silicified and argillized.

In most of the above mentioned altered areas, hydrothermal manifestations are
observed at present but the altered areas are far wider than the areas presently being
affected by thermal fluids.

The northwestern, northern, and eastern boundaries of the Katayama and Arayu
altered areas are covered with volcanic mud-flow deposits of the Kawakurazawa
Formation. The volcanic mud-flow deposits contain altered rock fragments but
locally they have been altered themselves. The altered rock fragments are also
embedded in conglomerate beds of the Onikobe Formation.

In the upper stream of Aka-zawa Creek, part of the andesitic tuff and tuff-breccia
of the Akazawa Formation has been altered to white argillaceous rocks along an E-W
trending narrow zone. The E-W trend corresponds to the direction of strike of strata
in the area. No hydrothermal manifestation is now observed around the area.

In the middle reaches of Zanno-zawa Creek, the tuffaceous sandstone or sandy tuff,
intercalated in the conglomerate beds of the lower part of the Akazawa Formation, is
impregnated with minute pyrite crystals and shows greenish gray color. X-ray
diffraction patterns of powdered samples of the rocks indicate the presence of quartz,
plagioclase and chlorite. About 500 m north of the mouth of Kawakura-zawa Creek
the andesitic tuff of the Miyazawa Formation has been altered to a white green hard
rock. X-ray diffraction pattern of the powdered sample indicates the presence of
mordenite, plagioclase and quartz. The above described two areas are accompanied
with neither white altered zones nor thermal manifestations at present.

The decitic tuff-breccia and sandstone in the middle course of Obuka-zawa Creek
have been cemented hard with probably silica and limonite (Pl. 4.4). The alluvial
gravel and the base of the terrace gravel 10 m above (Pl. 6.5), exposed along the Eai
River immediately downstream of the Todoroki hot spring, have also been cemented
hard with siliceous sinter precipitated from thermal waters. A similar cementation of
alluvial gravel with siliceous sinter is observed in the middle course of Miya-zawa
Creek. In the Fukiage and Miyazawa hot spring areas, a small amount of siliceous
sinter is precipitated from the thermal water at present. In the Arayu and the
Katayama geothermal areas siliceous sinter, sulfur and limonite are precipitated from
some thermal waters, while sulfur crystals form around fumaroles in the Katayama
and the Arayu areas at present. Sulfur, silica and calcite veins are abundant in the
Katayama and Arayu areas. In the lower course of Fukiage-zawa Creek and in the
middle course of Miya-zawa Creek calcite and silica veins are sporadically found.

6.2 Hydrothermal Manifestation
Many hot springs are distributed in the southeastern half of the Onikobe caldera
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and some low temperature hot springs along the northeastern margin of the caldera
(Fig. 25). Fumaroles, mud pots, hot pools, and steaming grounds are mainly
distributed in the Katayama area but sporadically found in the Arayu area and the
Megama-Ogama area. Geysers are distributed in the Miyazawa and the Fukiage hot
spring areas.

Thermal waters are commonly discharged from fractures in the caldela fill (PI. 8.6
and 9.3) but rarely from the permeable strata in the caldera fill. For example in the
lower course of Inishi-zawa Creek, warm water is discharged at several localities from
the interstices of the permeable conglomerate of the Onikobe Formation. Near
Kanisawa Village, warm water seeps from the permeable basal part of the pumice-
flow deposit rich in rock fragments. Near the junction of the Tashiro River and
Takanosu-zawa Creek warm water emits from the basal conglomerate of the caldera
margin.

Along the fracture zone trending N 34°E, which passes through the Mitaki hot
spring, many hot springs are distributed. The Katayama area is also on the
north-northeast projection of the fracture zone. Around the Katayama and the Arayu
areas, however, the intense alteration and the young sedimentary cover conceal the
relationship between fracture systems and hydrothermal manifestations.

The total natural heat discharge from the Katayama, the Arayu, the Megama-
Ogama, the Fukiage, and the Miyazawa areas is estimated to exceed 10" cal/sec
(Table 6).

Three shallow bore-holes were drilled by the Geological Survey of Japan to study
the hydrothermal system in the southwestern part of the caldera (NAKAMURA
et al., 1959 ; 1961). Several bore-holes have been drilled in the southern and the
southwestern margin of the caldera to explore and exploit thermal waters by private
companies. One bore-hole in the Arayu area and scores of bore-holes in the
Katayama area have been drilled by Electric Power Development Co., Ltd. to explore
and exploit natural steam for electric power generation (Hrrosuat, 1969 ; 1970 ; 1972).
Six bore-holes up to 1,500 m deep have recently been drilled by the New Energy
Development Organization (1985, 1986 a, 1986 b) in the southern half of the caldera to
confirm the effectiveness of exploration techniques.

Table 6 Heat discharge from the Onikobe area, compiled from HIRUKAWA and OzaKr,
1981, HIRUKAWA and YAMADA, 1982 and OzaKI, 1975. (After YAMADA et al.,

1985).

Miyazawa Lower Kit,

= Bank of Megama- Kata e
Fikiage g Arayu reaches of  taki Total

Hotspring Lake Arao Ogama VETILE Obuka-zawa Nuruyu

Measured Area (km?) 3.0 3.5 2.9 2.7 0.6 346 9.2
Conductive 363 119 922 18 1,421/
Heat River bed 1,738 1,041 2,002 1,143 1,003 6,928
Discharge | Hotspring 261 507 (19) 2,010 24 (110) 128 2,929
(Kcal/sec) | Fumaroles 364 11 374
Total 2,362 507 1,160 5,297 1,195 1,003 128 11,652

*Heat discharges from hotsprings and river beds were calculated taking the standard temperature
at 10.1°C.

*Figures in parentheses are heat discharges from hotsprings which were also included in those
from river beds and neglected in the total.

*Blank entries denote not measured but very small values.
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The bore-holes in the southwestern margin of the caldera discharge a large amount
of cold (19°-26°C) ground water, whereas the bore-holes closer to the Katayama area
discharge thermal water and steam. Therefore, it is estimated that cold water
infiltrates from the caldera margin and fills the permeable strata in the caldera
fill. According to the data of the bore-hole GS-1 (NAKAMURA et al., 1959), the
permeable strata, filled with a high pressure confined ground water, lie beneath
impermeable siltstone beds, which in turn are overlain by a thick pumice-flow deposit
of the Miyazawa Formation. The basal part of the pumice-flow deposit is slightly
permeable and therefore moderate temperature water (maximum 56°C) fills the
interstices.

The data of bore-holes in the Katayama area indicate that the temperature depth
curve is close to that of the boiling point for depth at shallower depths than about
500 m (YAMADA et al., 1985). Therefore, a two phase zone probably exists at a
shallow depth. The maximum temperature measured so far is 314°C at the depth of
1,390 m in KR-4 (New Energy Development Organization, 1986 a).

The chemical compositions of thermal waters and gases collected from the natural
outcrops and the bore-holes have been reported by NAKAMURA et al. (1959), Hrrosuct
(1969), Tan1 et al. (1968), Ozawa and Nacasumma (1975), SHIGENO et al. (1979),
Hirukawa and Ozaxr (1981), HIRukawA and Yamapa (1982), HIRukawaA and ABE
(1988), and others. Isotope (D, T and O) contents of thermal waters have been
reported by ANDO et al. (1977), SHIGENO et al. (1978 and 1979), HIRUKAawA and OzaKI
(1981), HiIrukawA and YAamapa (1982), and HIRUKAwA and ABE (1988).

The chemical characteristics of thermal waters in the area are summarized below
on the basis of above mentioned analytical data.

The chemical composition of thermal water characteristically changes from one
hot spring area to the next. The thermal springs in the Miyazawa, the Fukiage, and
the Todoroki areas are characterized by neutral water rich in sodium ions and chloride
ions. The thermal springs in the Mitaki and the Kitataki areas have a similar
composition but slightly lower pH and a higher ratio of sulphate ions to chloride ions.
The thermal springs in the Megama-Ogama area are of acid type rich in chloride ions
and sulphate ions. The thermal springs in the Arayu area is also of acid type having a
higher ratio of chloride ions to sulphate ions than those of the Katayama area. These
acid and chloride-ion containing thermal waters may result from deep hot thermal
fluids rich in chloride ions by being mixed with the hydrogen sulphide gas and oxidized
yielding sulphuric acid. Another type of thermal springs, which is rich in bicarbonate
ions, is usually distributed far away from the active geothermal areas, and is of
relatively low temperature. It originates probably through the mixing of a great
amount of near-surface ground water with thermal waters from depth.

In the Katayama area, it is know that the chemical composition of thermal water
changes with depth. Thus the thermal water from deeper places has low pH, and a
low sulphate-ion and high chloride-ion content, while the thermal water from
intermediate depths has neutral pH and an intermediate chloride-ion content. Surface
thermal springs have low pH and high contents of sulphate ions and hydrogen sulphide
but a very low content of chloride ions. The surface acid springs are probably due to
the presence of a vapor dominated hydrothermal zone comparatively at a shallow
depth, and therefore secondary acid thermal springs originate near the ground surface
through oxidation of hydrogen sulphide, condensation of steam, and its mixing with
the ground water.

Recent deep wells in the Katayama area indicate that the low pH thermal water in
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deeper places is restricted to narrow zones and the neutral pH thermal water is
distributed more widely (SEKI et al., 1983).

The tritium content of these thermal waters is commonly less than 5 T.U. but
some boiling hot springs and acid hot springs have a much higher tritium content,
which may be due to dilution with young ground water.

7. Geologic Evolution of the Onikobe Caldera

The geologic evolution of the Onikobe caldera is described in this chapter on the
basis of the data already presented in the preceding chapters. The structural evolution
of the Onikobe caldera is schematically shown in Fig. 26.

7.1 Pre-caldera Stage (Stage I)

The schist, derived probably from Paleozoic sediments, was intruded by granitic
magma in Cretaceous time. Major part of the schist was removed by erosion before
Miocene time and then the granitic rocks were exposed in this area.

With the beginning of Miocene age, this area become a site of intense volcanism
followed by subsidence. Initial volcanism was mainly andesitic lava eruptions and
later dacitic to rhyolitic ash-flow eruptions became predominant. The strata
composed of the volcanic products named the Kamuroyama and the Kanisawa
Formations probably reached about 500 m in thickness on an average. The volcanic
products were deposited mostly in a shallow sea and therefore a fossil mollusck
(Chlamys sp.) and a fossil plant (Metasequoia occidentalis) were found in the
interbedded dark gray fine sandstone and white siltstone. These volcanic products are
intruded locally by quartz porphyry, micro-diorite and in many places by andesite to
rhyolite dikes. Part of the formations were silicified and mineralized by the local
intense hydrothermal activity. Then this area turned into an area of uplift. In Early
Pliocene time, the Torageyama Formation composed mainly of rhyolitic ash-flow tuffs
was deposited unconformably over the preceding formations. The lower half of the
ash-flows of the formation is not welded but the upper half is densely welded. Its
maximum total thickness reaches 800 m in this area. These volcanic products are in
general altered by diagenetic processes and show a greenish tint.

The Kamuroyama Formation, the Kanisawa Formation and the Torageyama
Formation have been folded and faulted. The direction of the faults is diverse, but
those which strike NE-SW or NW-SE and dip 60° to 70° in either direction are
common. The apparent throw often exceeds several tens of meters. Most of the
faults are normal. The folding occurred in association with the block-faulting of the
basement rocks. The folds are, therefore, idiomorphic, that is, the direction of fold
axes is diverse and does not continue for a long distance. During Pliocene time this
area was slowly uplifted.

The facts that cobbles and pebbles of the Kitagawa Tuff are embedded in the basal
conglomerate of the caldera fill and that most of the volcanic rocks within the caldera
indicate younger ages than the Kitagawa Tuff suggest that so-called pre-caldera
volcanism probably did not take place in the Onikobe caldera. The present distribution
of the Kitagawa Tuff indicates that mountainous land existed to the west of the
Onikobe caldera while wide low-lying areas stretched to the east of the caldera as it is
now just before the deposition of the tuff, i.e., in Plio-Pleistocene time.



7.2 Eruptions of Dacitic Ash and Pumice (Stage II)

The initial volcanism from the magma reservoir presumably associated with the
genesis of the Onikobe caldera is the eruption of a small amount of yellowish white
air-fall ash, which was succeeded by the eruptions of great quantities of ash-flow
tuffs. The lower thick welded tuff in the Yubama area may have been derived from
this earliest eruption cycle. The K-Ar age of the welded tuff is 2.7 1.5 Ma. In the
Yubama area the welded tuff is deeply dissected and disconformably overlain by
another thick welded tuff. The K-Ar age of the upper welded tuff is 1.7 =0.9 Ma.
Thus, at least two cycles of major ash-flow eruptions are recognized with a fairly long
time interval. The welded tuff samples from three localities have been dated by
fission-track method. Their ages are 2.2Ma, 2.3 Ma and 2.4 Ma. Each major
ash-flow eruption cycle was probably heralded by an eruption of air-fall ash, which
was carried by the wind and deposited mainly to the southeast of the caldera.

The welded tuff is composed mainly of gray vitric ash, quartz, and plagioclase
crystals. It contains minor orthopyroxene, clinopyroxene, opaque minerals, and green
hornblende, but deficient in biotite. Densely welded part contains black collapsed
pumice. Non-welded part consists of white gray ash tuff with various amounts of
pumice. In welded part, cooling joints are developed but welding is in general
weak. The welded tuff contains only a few percent of lithic fragments on an average.
The bulk composition of the welded tuff contains 67 to 68% of SiO,. The Si0O, content
of essential pumice is about 71 to 72%.

Judging from the present distribution of the ash-flow tuffs, they flowed mainly to
the southeast and the northeast, but a smaller amount probably flowed to the
southwest too. They covered the low hilly land to the southeast and the northeast of
the caldera and accumulated in the intermontane basins to the southwest and to the
north of the caldera.

The welding is restricted to the tuffs distributed within 20 km from the caldera-
rim. Beyond there, the tuff changes to non-welded pumice-flow deposits. The
ash-flow tuffs have not yet been identified within the Onikobe caldera, although
cobbles, pebbles, and rarely l-m-large blocks of the welded tuff are embedded in the
conglomerate of the lower part of the caldera fill. This suggests that, at the time of
eruption of the ash-flows, the site of the present caldera might have been a steep flank
of the Backbone Range and therefore the ash-flows were not much deposited in the
source area. The ash-flow tuffs are unconformably overlain again by much younger
non-welded ash-flow tuffs, presumably erupted from the Narugo area, in low-lying
areas to the southeast of the caldera. Though it is difficult to estimate the original
distribution of the ash-flows erupted from the Onikobe caldera, if we assume
that their original distribution is as shown in SakAcucHI and YAamapa (1982), the
average thickness is 0.04-0.05 km in the area, the average content of lithic fragments is
3.7%, and that the average density of the tuffs is 30% less than that of magma, then
the total volume of erupted magma is estimated to be 26 km®. Furthermore the
Kaminodai dacitic tuff in the Shinjo Basin about 25 km west of the caldera is
considered to be a part of this ash-flow tuffs (TAacucHi, 1974) and the Umegasawa
pumice tuff (MATsUNO, 1967), in the Wakayanagi area about 35 km southeast of the
caldera, is probably also a part of this ash-flow tuff. Therefore, it is certain that a
fairly large volume of ash-flow and air-fall ash was dispersed farther away from the
assumed original area of distribution. The volume of erupted magma was, thus,
probably close to the collapsed volume of caldera, estimated to be 50 km?,
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Stage III Formation of a caldera by collapse or subsidence.
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7.3 Caldera Collapse (Stage III)

The boundary faults of the caldera are covered now with the caldera fill.
Exceptionally on the southwestern margin of the caldera, a fault scarp trending
west-northwest can be traced for about 2.5 km on air photographs. The fault cuts
recent composite fan deposits and drops the inner side of caldera several meters. Its
eastern extension is displaced a few hundred meters to the north, where open joints of
the WNW-ESE direction cut the pumice-flow deposits. Warm springs emit from the
joints. The fault may be part of the reactivated segment of boundery faults of the
caldera.

The concealed boundary faults of the caldera are probably located at the place
where the Bouguer anomaly shows steep gradients. According to the gravity map
(Komazawa and MUrAaTa, 1988), the Bouguer anomaly has a sharp gradient along the
margin of the physiographic caldera basin except for the southeastern margin, where
the Bouguer anomaly gradually decreases probably because the part of caldera is filled
with dense volcanic products. The location of the boundary faults in the southeastern
margin was inferred from the geologic map and the bore-hole data. In the eastern
margin of the caldera three bore-holes have been drilled and their columnar sections
can be correlated as shown in Fig. 27, No basal conglomerate of the caldera fill exists
in these columnar sections and the caldera floor dips about 25° inward, probably
because they are situated on the caldera boundary fault zone and the faults in the zone
have been eroded to form a stable slope of about 25°. The boundary faults thus
inferred can be located in the zone delimited by the inner and the outer hachured lines
in Fig. 28.

Judging from the thickness of the caldera fill in the bore-holes, the block bounded
by the inner hachured line collapsed at least 600-1,000 m. The shape of collapsed block
is roughly triangular with rounded corners in plan. Such a deviation from circular
shape occurred probably because the boundary faults were controlled by preexisted
faults in the pre-caldera rocks. The area bounded by the inner hachured line is about
50 km? and therefore the collapsed volume is estimated to be around 50 km®.

7.4 Eruptions of Andesitic to Dacitic Volcanic Materials after the
Caldera Collapse (Stage IV)

Immediately after the caldera collapse the depressed area became a lake with
inflows from the west and the north of the caldera. In the marginal part of the
caldera, the conglomerates supplied mainly from the steep cliffs of the caldera wall by
debris flows and mud flows were deposited. Especially in the northern part of the
caldera, more than 250 m thick conglomerate beds composed mainly of angular to
subrounded fragments of pre-caldera rocks and a predominant tuffaceous sandstone
matrix were widely deposited with sporadic intercalations of tuffaceous sandstone.
The tuffaceous sandstones near the basal part of the caldera fill are often disseminated
with fine pyrite crystals and show a greenish gray tint. This indicates a more
advanced stage of diagenesis of the basal part of the caldera fill. Fairly large blocks
of the Kitagawa Tuff are sporadically embedded in the upper half of the conglomerates.
The fact clearly indicates that the Kitagawa Tuff was formed before the deposition of
the conglomerates. In places pebbly mudstone and slumped beds are interbedded with
the conglomerates. They indicate the prevalence of unstable condition during the time
of the deposition.

In the southeastern part of the caldera, post-caldera volcanism took place
immediately after the caldera collapse. The oldest volcanic products, which overlie
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Fig. 27 Geologic cross-section across the east boundary of the Onikobe caldera,
inferred on the basis of the bore-hole data. (After YAMADA and SAKAGUCH]I,
1983 b). Horizontal and vertical scales are the same.

the pre-caldera rocks, are andesite lava, andesitic tuff-breccia and lapilli-tuff. They
are observed in the bore-hole cores (GO-8, GO-10, and U-1) from the Katayama area
at about — 200 m to 200 m above mean sea level. These andesitic volcanic products in
the Katayama area are locally altered and are difficult to distinguish from those of the
pre-caldera stage. Similar andesitic volcanic products are observed in the bore-hole
cores (KR-2, KR-3, KR-4 and GO-1) from the surroundings of the Katayama area at
about — 200 to 200 m above m.s.l. In the latter areas they are in places interbedded
with thin-bedded tuffaceous sandstone and laminated siltstone. A sample of andesite
taken from 18 m above m.s.l. of the bore-hole (GO-1) in the Arayu area has been
dated as 2.4 = 1.2 Ma by K-Ar method.

In the Katayama area these andesitic volcanic products are overlain further by
andesitic volcanic products of a similar petrographic character. The cores of the
bore-hole (GO-1) in the Arayu area consist entirely of slightly vesicular porphyritic
andesite from 121 to 460 m above m.s.l., and no pyroclastic or other sediments are
intercalated. Similar thick andesite lavas are observed also in the bore-holes KR-2
and KR-3. A sample of andesite at 195 m above m.s.l. (GO-1) has been dated as
1.5%£0.9Ma by K-Ar method. An andesitic agglomerate sampled at the ground
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Fig. 28 Map showing the location of the boundary faults of the caldera, which is
inferred between inner and outer hachured lines on the basis of a Bouguer
anomaly map and bore-hole data. The Bouguer anomaly map (posturated
density 2.3 g/cms) was reproduced from New Energy Development Organiza-
tion (1987).

surface in the Katayama area has been dated as 1.8 Ma by fission-track method. Two
or three andesite lavas and several pyroclastic flows containing andesite fragments,
yellow pumice clasts, pumice shreds, ash, and crystal fragments, flowed to the
northwestern part of the caldera. They were deposited on and partly interfingered
with the conglomerates. White pumiceous tuffs were erupted concurrently with the
andesitic volcanic products. They flowed away from the volcanic center and were
deposited in the marginal deeper parts of the lake.

More than ten pumice-flows reached to the northwestern part. Each flow has the
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vertical depositional sequence characteristic of the subaqueous pyroclastic-flow
deposits. Between individual flows thin beds of laminated siltstone commonly occur.
Large blocks of dacite are embedded in the dacitic pumiceous tuff-breccia upstream of
Obuka-zawa Creek. A rhyodacite lava, sampled immediately north of the Arayu area,
has been dated as 1.5 Ma by fission-track method, though it appears continuous with
and petrographically indistinguishable from the Takahinata Rhyodacite which has been
dated as 0.35 Ma by the same method. Therefore, a small amount of rhyodacite
might have been erupted at this stage.

After a fairly long time interval, which is attested in the northern part by
thin-bedded siltstone and sandstone beds about 100 m thick, an intense eruption of
dacitic pumice occurred. The resulting-subaqueous pumice-flow deposit covered thickly
almost the entire caldera floor except for the Katayama area which had probably been
topographically high owing to the thick pile of volcanic products. The bottom of the
flow deposit was defined as the base of the Miyazawa Formation (YaMaDa, 1973). In
the lake, which became shallower and narrower by the deposition of these volcanic
products, silt continued to settle forming very thin-laminated beds. The eruptions of
smaller quantities of dacitic pumice-tuff, andesitic lapilli-tuff, and andesite lava
followed.

The andesites contain plagioclase, clinopyroxene, orthopyroxene, and opaque
minerals as the main phenocrysts. Commonly a small amount of resorbed quartz is
also present. The plagioclases are zoned, honeycombed and contain dusty inclusions,
and are less than 5 mm. The orthopyroxene is sometimes surrounded by a narrow
reaction-rim of clinopyroxene. The groundmass commonly shows hyalopilitic texture
and consists of small crystals of lath-shaped plagioclase, pyroxene, opaque minerals,
and a glassy residuum. Small crystal aggregates, which are composed of plagioclase,
pyroxene and opaque minerals, are often present. Five andesite samples were
chemically analyzed (Table 3, no. 1-5). Their SiO, content ranges from 58% to 61%.

The rocks grade into dacite eventhough the phenocryst assemblage and the
groundmass texture are not much different from those of the andesites. Such dacitic
andesites often but not always contain a fairly large amount of resorbed quartz.
They are present in the Katayama area. Such dacitic andesites contain 64 to 656% SiO,
(Table 3, no.6-8). A slightly different porphyritic dacite or rhyodacite, which
contains abundant crystal fragments of quartz, plagioclase and minor pyroxene in a
glassy groundmass with perlitic cracks, was also sampled in the Katayama area.

The white pumiceous tuffs which were erupted concurrently with andesitic volcanic
products commonly contain plagioclase, clinopyroxene, orthopyroxene and opaque
minerals but lack quartz and hornblende.

The dacite, which exists as angular fragments and blocks in dacitic pumiceous
tuff-breccia, contains plagioclase, quartz, hornblende, orthopyroxene, clinopyroxene
and opaque minerals as the phenocrysts. The plagioclases are usually zoned,
honeycombed and contain dusty inclusions, and are less than 5 mm. The quartz is
resorbed and less than 5 mm. The hornblende is a strongly pleochroic basaltic variety
(lamprobolite) and ranges in color from red to yellowish green. The groundmass
texture ranges from completely glassy with perlitic cracks to granular cryptocrystalline
with scattered microlites. The dacite frequently contains autoliths. The autoliths
contain basaltic hornblende (lamprobolite), opaque minerals, and decomposed lath-
shaped plagioclase in a glassy heterogeneous groundmass. The basaltic hornblende is
less than 3 mm, acicular, and strongly pleochroic with reddish brown to pale greenish
yellow. The plagioclase is less than 3 mm. It retains original shape, but most parts
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have been changed to amorphous substance. The dacites contain 68% SiO, (Table 3,
no. 9 and 10).

The dacitic pumice-flow deposits are composed mainly of white capillary tubular
pumice lumps, pumiceous tuff matrix and various amounts of lithic fragments. They
contain sporadically a small amount of less vesicular gray pumice and banded pumice.
Both the white and the gray pumices contain plagioclase, hornblende, quartz, lesser
amount of pyroxene and opaque minerals as the phenocrysts. The hornblende is green
to pale green. The quartz is resorbed. The groundmass is composed of highly
vesicular transparent glass with crystallites. The white pumice contains about 69%
Si0,. The gray pumice is denser and contains less phenocrysts. Chemically it
contains only 58% SiO, and exceptionally higher Fe,O3 and Al,O3 compared with the
other rocks.

The voleanic rocks so far analyzed in this area fall into three groups on the AFM
diagram (Fig. 29), namely andesite, dacitic andesite and dacite, and rhyodacite groups.
Most of the rocks fall into the area between average tholeiitic series and average
calc-alkalic series of the Hakone and Izu areas. Pumices of the Kitagawa Tuff, a
dacitic andesite, and a gray andesitic part of banded pumice fall close to the boundary

=Fe0Q

/" Average tholeiitic series

7 of Hakone & Izu areas.
&

Average calc-alkalic series
of Hakone & Izu areas.

(Taken from Miyashiro
& Kushiro, 1975).

Na, 0 +K,0 MgO

Fig. 29 AFM diagram of volcanic rocks erupted from the Onikobe caldera. /-0 and
12-15 correspond to the sample numbers of Table 3. §-14 correspond to the
sample numbers of Table 2. (After YaMADA, 1981 a with additions).
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between the two rock series, while the other rocks are closer to the average
calc-alkalic series.

Most of these volcanic products were probably erupted from the vents in and
around the Katayama area. The volume of the volcanic products can be only roughly
estimated. The volume of andesitic volcanic products is estimated to be 10 km?
(Okm x5 km X 0.4 km). The volume of the concurrent white pumiceous tuffs is
estimated to be 2.5km® (5km % 5km x 0.1 km). The volume of dacitic pumice-flow
deposits and tuff-breccia is estimated to be 7.5 km® (5 km % 7.5 km x 0.2 km).

7.5 Uplift of a Block of Pre-caldera Rocks in the Northwestern Part
(Stage V)

Starting in the late stage of the deposition of the Miyazawa Formation, a block
about 2.5 X 3km which was originally part of the caldera floor was uplifted in the
northwestern part of the caldera probably about 1,000 m. As a result Tertiary and
pre-Tertiary rocks are exposed in the block at present. The uplifted block is rather
rectangular in plan and is bounded by several linear fault segments. The location of
the boundary faults was probably controlled by preexisted faults, just as in the case of
the boundary faults of the caldera. Debris-flow deposits intercalated in the upper
part of the Miyazawa Formation and debris-avalanche deposits of the Kawakurazawa
Formation were probably generated by the upheaval of the block.

The experimental works (Kobpama et al., 1976) show that, in the early stage
of block-upheaval, 1.e., up to 6%, almost vertical faults develop upward in the
sedimentary cover from the boundary of the rising block. As the block-upheaval
continues a normal fault system is developed near the ground surface above the rising
block and a reverse fault system develops near the ground surface just outside of the
rising block. In case of the Onikobe caldera, a further upheaval continued and
eventually more than 100% of the thickness of the sedimentary cover was uplifted. As
a result the caldera fill was domed by the uplift and is steeply inclined surrounding the
block. Beyond 1-1.5 km from the boundary of the block, however, the caldera fill
becomes abruptly almost horizontal. Therefore, the block is encircled by a synclinal
axis or an axis of sharp bent at the distance. Minor faults, slump structures, and
minor folds are developed in the steeply inclined portion of the caldera fill. The
fractures in the caldera fill of the northwestern part of the caldera were formed for the
most part by the stress generated during the doming. Some fractures formed in the
early stage of doming were rotated with the further upheaval. Some low angle faults
were formed in the final stage of doming, probably bacause parts of the uplifted
sediments slided down by gravitational force. The uppermost portion of the caldera
fill, namely the Onikobe Formation, covers part of the dome structure unconformably.
Therefore, the uplift occurred mainly before the deposition of the Onikobe Formation
and after the deposition of the Miyazawa Formation, i.e., probably sometime between
1m.y. to 0.1 m.y, ago.

7.6 Eruption of Rhyodacite Lava and Distension in the Southern Part
(Stage VI)

A rhyodacite lava dome, at Takahinata-yama Peak, was formed about 0.35 m.y.
ago according to the fission-track data. The stratigraphic relation of the Takahinata
Rhyodacite with the rhyodacite around the Arayu area which has been dated as 1.5 Ma
by fission-track method is not clear. Petrographically they are indistinguishable.

The rhyodacites contain plagioclase, quartz, hornblende, orthopyroxene, clinopy-
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roxene and opaque minerals as the phenocrysts. The plagioclase is less than 2 mm and
often honeycombed or contains dusty inclusions. The quartz is less than 1 mm and
resorbed. The hornblende is yellow green to pale yellow and less than 4 mm. The
pyroxenes are comparatively small in amount and size. The groundmass is composed
of brownish spherulites of less than 2 mm in diameter and interstitial glass with
perlitic cracks. The rhyodacite lava north of Arayu and the Takahinata Rhyodacite
are also chemically quite similar, containing about 72-73% SiO, (Table 3, no. 12 and
13). The volume of rhyodacite lava is estimated to be 0.6 km® (1.4 km X 3 km X
0.15 km).

In the southeastern part of the caldera, joints, clastic dikes, and minor faults have
been formed in the caldera fill. These fracture planes are extension joints and clastic
dikes dipping almost vertically and minor normal faults dipping more than 60°. Their
throw does not exceed 1 m. Steeply dipping clastic dikes, extension joints and minor
faults are in places concentrated along narrow zones, which probably reflect directly
the lateral extension of steeply inclined fracture zones in the rocks underlying the
caldera fill. Steeply dipping apparently conjugate shear joints and minor normal
faults have been formed in much wider areas. They probably also reflect the
extensional deformation of the rocks underlying the caldera fill by minor normal
conjugate faults. Thus the rocks underlying the caldera fill in the southeastern part
were distended horizontally and the movement was probably controlled by the
preexisting fracture systems.

One of the clastic dikes contains pebble-size fragments of the Takahinata
Rhyodacite. But the Onikobe Formation is not in general affected by these fracture
systems. Therefore, the distension in this area occurred or continued probably until
0.35 m.y. ago and ended earlier than 0.05 m.y. ago.

7.7 Termination of the Caldera Lake to Recent Stage (Stage VII)

The uplifted area was partly eroded on which and also within the remnant of the
lake, mud-flow and debris-avalanche deposits of the Kawakurazawa Formation were
deposited. The lake became further narrower and horseshoe-shape occupying the
western, the northern and the northeastern margins of the caldera.

Phreatic eruptions occurred probably in the Katayama area at this stage and
voleanic mud-flows were generated but almost no essential volecanic materials were
ejected. The mud-flow deposits enclose abundant hydrothermally altered rock
fragments. Therefore, the hydrothermal alteration in the Katayama area was already
progressing at the time of the eruptions. The topographic depression in the Katayama
area formed probably by the eruptions. The carbonated wood embedded in the
mud-flow deposits has been dated as 23,380 =890 years B.P.

The horseshoe-shaped marginal lake was filled with the volcanic mud-flow deposits
and the lacustrine sediments, which comprise conglomerate, sandstone, siltstone, and
diatomite. Deltaic conditions existed at the mouths of Ilkusa-zawa and Kamanai-
zawa Creeks. Diatomite and thin-laminated siltstone beds were deposited in the
central part of the lake, namely near Kitataki Village and Hara Village where a calm
lacustrine condition prevailed. This formation is also locally disturbed by minor
faults and slump structures, which testifies that the post-caldera tectonism though
weak continued during the deposition of the Onikobe Formation.

The horseshoe-shaped lake was filled up with sediments. The depositional top
surface 1s locally preserved at 500~600 m above sea level now. Then the elliptical river
course, surrounding the central peaks, started to dissect the caldera fill leaving terraces
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on its sides.

The depressions in the Katayama and the Arayu areas were partly filled with
younger lake sediments. The carbonized wood embedded in the sediments has been
dated as 14,000 years B.P.

Hydrothermal manifestations are presently observed mainly in the southeastern
half of the caldera. In the Katayama and the Arayu areas fumaroles and acid
sulphate-ion rich thermal springs are distributed and the hydrothermal alteration still
continues. In the lower reaches of Miya-zawa and Fukiage-zawa Creeks neutral
chloride-ion rich thermal springs and geysers are distributed. From these thermal
waters siliceous sinter is precipitated and alluvial conglomerates are cemented with the
sinter at several localities.

It has been reported that shallow earthquake swarms occurred beneath the
Katayama area quite recently and the emissions of vapor and fumarolic gases take
place mainly in the Katayama area. In 1976 an earthquake (M = 4.9) occurred in the
southwestern part of the caldera (SATo et al., 1979).

8. Comparison with Other Calderas and Discussion of the
Subsurface Processes

The geologic evolution of the Onikobe caldera described in the previous chapter is
compared with those of some other similar calderas and the subsurface processes which
caused the evolution are discussed. A conceptual model of the hydrothermal system of
the Onikobe caldera is also presented.

8.1 Pre-caldera Stage

Most calderas are built upon extensive volcanic products. In case of the Onikobe
caldera, it is built upon a thick pile of volcanic materials erupted from Miocene to
early Pliocene. [t is deduced that such long lived volcanism is favorable to generate a
large high-level magma reservoir, because the temperature in the crust should be kept
slightly higher than the other areas.

In some calderas, e.g., Hakone (Kuwno, 1952 ; Kuno et al., 1970), Crater Lake
(Bacon, 1983), the caldera forming eruption was preceded by the eruptions of a great
quantity of mainly andesitic volcanic material. Therefore, the caldera is formed on
top of a large volcanic edifice or on an extensive cluster of overlapping cones. Whereas
in some other calderas, e.g., Valles (SmiTH and BaiLey, 1968), little or no such
pre-caldera volcanism is reported. In the latter type of calderas, the pre-caldera
tumescence of the caldera site is often reported. In this respect the Onikobe caldera
belongs to the latter type.

Judging from the inferred mode of collapse of the Onikobe caldera, that is an
about 1,000 m throw (vertical slip) along a fairly narrow and steep boundary fault
zone, a magma reservoir almost congruent to the collapsed area should have existed at
a fairly shallow depth when the caldera forming eruptions took place. As to the
genesis of such a large high-level magma reservoir, the intrusion of basaltic magma
into the lower crust and the resulting partial melting and contamination of the lower
crustal materials with the basaltic magma and the continuous uprise of the high
temperature lighter mixed magma by diapirism seems to be a possible model.

8.2 Caldera Forming Stage

The subsidence or collapse of this type of calderas is caused by eruptions of

— 145 —



voluminous intermediate to silicic magma in the form of ash-flows. Probably because
the eruptions of a great quantity of magma will decrease pressure of the reservior and
if the magma reservoir is sufficiently large and shallow, its roof will collapse by
gravitational force. As a result a caldera will be formed at the ground surface.

As to the mechanism of caldera formation, Yokovama (1974 and 1981) claims a
funnel-shaped explosion with the associated fall back of breccia in the funnel-shaped
vent mainly on the basis of the gravimetric survey of several calderas in Japan.
ArRAMAKI (1969) proposes a funnel-shaped collapse by explosive fluidization and
ARAMAKI (1984) by coring and high angle slumping of the wall rocks into a
funnel-shaped central vent. On the other hand, some calderas, e.g., Valles, Long
Valley, are considered to have collapsed along a nearly vertical ring fracture zone
(Smrre and BAILEY, 1968 ; BAILEY et al., 1976). The Onikobe caldera was formed
probably by collapse as discussed already along preexisting fracture systems. The
fault zone of caldera collapse was comparatively narrow and the total throw reached
more than 600-1,000 m.

As to the mechanism of caldera collapse various theoretical studies have been
made (ANDERsoN, 1937 ; PHiLLips, 1974 ; RosoN and Barr, 1964 ; Koipe and
BHATTACHARJL, 1975 ; OnDA, 1960 ; etc.). These studies posturate a simple shaped
magma reservoir in a homogeneous surrounding crust, and make elastic analyses of the
stress fleld around the magma reservoir, None of these simple models seem to be
directly applicable to the case of the Onikobhe caldera. Probably because the crust
above the magma reservoir of the Onikobe caldera was weak because of high
temperature and was not homogeneous elastically because of preexisting fracture
systems. Williams and McBirnEY (1968) discuss the attitudes of boundary faults
and the manner of caldera collapse at length. They discuss that the boundary faults
of Valles type calderas tend to dip inward while those of the Krakatoa type calderas
dip outward or dip inward close to the ground surface pass downward into vertical and
outward-dipping fractures. One of their couclusions about the mode of collapse is
that it must depend to a considerable extent on the nature and attitudes of the
roof-rocks above the reservoir.

In some calderas, e.g., Valles, Long Valley, the calderas are filled with a thick
ash-flow deposit of caldera-forming eruption. While in some others, e.g., Aso,
Onikobe, no ash-flow deposit of caldera-forming stage has been found within the
caldera. Moreover it is know that in the latter calderas caldera-forming eruptions
took place at several cycles with fairly long time intervals. It is deduced that in the
former calderas, the collapse accompanied the eruption of ash-flows, whereas in the
Onikobe caldera, the collapse occurred probably after the final eruption of the main
ash-flows. These different modes of caldera collapse are probably caused by the
difference in the strength of the crust above the reservoir. That is, in the case of large
and shallow magma reservoirs, i.e., Valles, Long Valley, the collapse or subsidence
accompanies the eruptions while in smaller and deeper magma reservoirs, like that of
Onikobe, gradual readjustments of the stress field in the roof of the reservoir may take
place and finally the collapse will occur after a fairly long time. ONO and WATANABE
(1985) consider that the Aso caldera was formed by the gradual enlargement through
collopses following indivisual ash-flow eruptions.

In most calderas the actual vents, from which these ash-flows were erupted, are
not known or proved with accurate evidence. In some calderas, radial and concentric
fractures or a ring fracture zone are considered to be the vent, on the basis of the
existence of circularly arranged post-caldera lava domes or pyroclastic cones along the
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fractures and the absence of other plausible vents (SMiTH and BAILEY, 1968). While
in some other calderas, such as Krakatoa (WirLLiams and McBIRNEY, 1968) and Ata
(Aramaxkrt and Ui, 1966), a vent or several vents are posturated for the eruption of the
ash-flow and air-fall tuffs on the basis of the nature of the deposits or the historical
record of volcanic eruptions.

In case of the Onikobe caldera the nature of vents from which the caldera-
forming ash flows came is not clear but probably a newly opened fissure or several
vents located in the southeastern part of the caldera, whereas it is unikely that the
eruption took place from radial and concentric fractures as in the case of the Valles
type calderas. Because no post-caldera eruptions seem to have taken place on the
boundary faults but rather they have taken place only in the southeastern part of the
caldera.

The genesis of this kind of voluminous acid to intermediate magma has been much
discussed from petrogenetical point of view. In the Mont-Dore massif, France, the
genesis of this kind of magma by the partial melting of middle crust caused by the
intrusion of basic magma and their mixing has been advocated on the basis of various
kinds of data (GLANGEAUD, 1943 ; GLANGEAUD et al., 1965). In the San Juan
volcanic field the partial melting of the lower and the upper crusts by the intrusion of
basic magma and their mixing with the basic magma in various proportions. has been
proposed to explain the petrologic evolution on the basis of various petrochemical data
(LIPMAN et al., 1978). In case of the magma of the Onikobe caldera, a similar origin
is most likely though details of the processes need further clarification.

The changes of composition of magma during the course of an eruption of
pyroclastic flows have been recognized in many areas, e.g., Crater Lake (RrTcHEY,
1980), Shikotsu (Katsur, 1963), Valles (SmitH, 1979), Long Valley (HILDRETH, 1979)
and Aso (LipMAN, 1967 ; Ono and WATANABE, 1981). These changes have been
ascribed to the eruption from a zoned magma chember.

In case of the Onikobe caldera such a change in composition of ash-flow tuffs is
not known, though detailed studies have not yet been made. At the time of eruption,
the upper part of the magma reservoir of the Onikobe caldera was dacitic or
rhyodacitic and contained quartz, plagioclase, clinopyroxene, orthopyroxene, opaque
minerals, and a small amount of hornblende in silicate melt with much dissolved gas
and vapor.

8.3 Post-caldera Stage

In most calderas of this type, certain kinds of volcanism take place following the
caldera collapse accompanied by tectonism within or adjacent to the caldera. The
post-caldera volcanism is varied in its locality of vents, eruption modes and petrology
with each caldera. In Valles type calderas, eruptions of lava and pyroclastics of
mainly rhyolitic composition took place from vents which are distributed along the
ring fracture zone of the caldera collapse and in the central part of caldera, and in
association with the post-caldera volcanism the general doming of caldera floor
occurred (SmiTH and BaLey, 1968). However, the deviations from those typical
sequences of post-caldera volcanism and tectonism are not uncommon. For example,
Lipman (1975) reported that in the Platoro caldera the post-caldera volcanism was
mainly andesitic and the core of the collapsed block was upifted to form an unbroken
homoclinally tilted block in contrast to the fractured domical uplifts.

In case of Krakatoa type calderas, the formation of andesitic pyroclastic cones or
lava domes on the caldera floor is the common post-caldera volcanism. For example,
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in the Hakone caldera seven central cones all of hypersthene-augite andesite were
formed accompanied by the intrusion of a swarm of andesite dikes in a fixed direction
(Kuno 1964). In the Aire caldera, Sakurajima Volcano which is composed mainly of
augite-hypersthene andesite was formed on the southern border of the caldera
(AraMAKT and Ur, 1966). In the Krakatoa caldera, Anak Krakatoa which is a cone of
basaltic cinders was formed (WriLLiams, 1941). However, the doming of the caldera
floor is not reported in these calderas.

In case of the Onikobe caldera, the post-caldera volcanic materials were erupted
mainly from the vents in the southeastern part of the caldera. As contended already,
the mode of collapse of the Onikobe caldera suggests that a comparatively large
magma reservoir had been emplaced in a shallow depth at the time of collapse. If we
postulate a spherical magma reservoir with its diameter 10 km and its center at 13 km
depth, such a magma reservoir will completely solidify in less than 0.5 m.y. so long as
regional thermal gradient in the crust was not excessively high (YAMADA, 1981 b). If
we postulate a much larger diameter for the reservoir, the life of the magma reservoir
will be prolonged. However, the sequence of volcanism and quantities of the volcanic
products erupted from the Onikobe caldera preclude such a large reservoir hypothesis.
The most probable mechanism to maintain the long life of the magma reservoir, which
must be postulated if the absolute age data are correct, is intermittent replenishment
of high-temperature magma from depth to the reservoir or transfer of heat by
convection of magma in the deep root zone of the reservoir. Thus the andesitic
volcanism, which took place soon after the caldera collapse probably occurred because
basic magma was replenished from depth. As a result the pressure of the magma
reservoir was built up again, and at the same time the temperature of the basal part
of the reservoir increased, convection was started in the reservoir, and the upper part
of the magma reservoir became andesitic in composition. During the intervals
between eruptions of andesitic magma, volatile-rich dacitic magma was generated at
the top part of the reservoir by volatile concentration in the upper part of the
reservoir, crystallization differentiation, partial melting and assimilation of the crust
and other processes. Therefore, the intermittent eruptions of chiefly andesitic magma
were accompanied by minor dacitic pumice-flow eruptions.

After a fairly long quiescence, an exceptionally intense pumice-flow eruption took
place. At that time a small amount of white-and-gray banded pumice and gray
pumice were erupted, mixed with white pumice. Both the white and the gray pumices
contain similar phenocrysts, i.e., plagioclase, hornblende, quartz, and a lesser amount
of pyroxene and opaque minerals. However, the white pumice is dacitic (SiO, 69%),
while the gray pumice is andesitic (SiO; 58%) in composition. There seems to be no
pumices of intermediate composition. These facts probably indicate that there was a
sharp compositional gap in the liquid phase of magma within the reservoir at the time
of eruption of the pumice flow. After the eruption of the large volume of pumice,
smaller amounts of andesitic lava, pyroclastics and dacitic pumice flow were erupted
once again.

Gradually the thermal energy of the magma reservoir was diffused by heat
conduction and by dispersion of volatile constituents to the surrounding rocks of the
reservoir. The intense eruptions were almost ceased and highly differentiated
comparatively viscous rhyodacitic magma was generated at the top of the magma
reservoir. In the northwestern part of the magma reservoir, semisolid light rhyodacitic
magma was injected into the upper crust probably by diapirism similar to the one
discussed by RaMBERG (1967). As a result an about 2.5 X 3 km large fault bounded
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block of the floor of the caldera was pushed up for about 1,000 m. The location of the
boundary faults was controlled by preexisting fracture systems in the pre-caldera
rocks. In the southeastern part of the reservoir the rhyodacite magma was probably
higher in temperature and was still enough fluidal to effuse through a fracture in the
upper crust. As a result a small quantity of rhyodacite magma reached the ground
surface to form a rhyodacite lava dome 0.35 m.y. ago. Probably the lighter magma
which remained underground distended the upper crust horizontally and extensional
fractures formed above the high-level magma cupola. Then magma beneath the
Onikobe caldera solidified and therefore the ensuing volcanism was only phreatic
eruptions and generated only mud-flows.

Thus the general sequence of post-caldera volcanism as a whole is from andesitic
to rhyodacitic, though this tendancy of from mafic to silicic volcanism was repeated
many times during the post-caldera volcanism. This fact probably indicates that in
the magma reservoir there was a general tendancy to develop dacitic to rhyodacitic
magma on top of andesitic magma. The presence of banded pumice suggests that
there was a compositional gap in the reservoir between the lower andesitic magma and
the upper volatile-rich dacitic magma. In the reservoir of the Onikobe caldera, the
process of accumulation of dacitic to rhyodacitic magma on top of andesitic magma
probably proceeded very slowly, and therefore only after a long period of quiescence
was a large quantity of dacitic ash-flow erupted. The presence of similar banded
pumice has been reported from many volcances (Iwanaga, 1968). Therefore, the
process of accumulation of volatile-rich dacitic magma on top of andesitic magma is
probably a general one which occurs in many andesitic magma reservoirs. As to the
sequence of volcanism from magma reservoirs beneath calderas, various trends have
been reported. For example in the Valles and the Long Valley calderas the general
sequence of post-caldera volcanism is from silicic to mafic (SMmrrH, 1979 ; BAmLEY
et al., 1976). These different general sequences of volcanism in calderas are probably
caused by the different original magma composition, and the different cooling and
replenishment rates of each reservoir.

At the end of post-caldera volcanic stage, semisolid local intrusions in a shallow
crust occurred in the Onikobe caldera. The evidence for this is a block of the
pre—caldera rocks 2.5 X 3 km large within the caldera and the doming of the caldera fill
around the block. The presence of extension fracture systems in the southeastern part
of the caldera may also be due to the intrusion of magma into a shallower crust. This
post—caldera tectonism in the Onikobe caldera is somewhat similar to the post-caldera
resurgence reported in the Valles and other calderas (Smrth and BamLey, 1968), though
the differences are also very significant. Probably various kinds of post-caldera
tectonism can occur, depending on the tectonic and structural environments of the
upper crust which overlies the magma reservoir and also to different replenishment
rates or other processes in the magma reservoir.

8.4 Hydrothermal System and Alteration

In the Onikobe caldera, acid sulphate-ion rich thermal water and fumarolic gases
emit in the Katayama area. Acid thermal waters rich both in sulphate and chloride
ions emit from the Megma-Ogama and the Arayu areas. Surrounding these acid
springs, slightly acid to neutral thermal water rich in chloride ions is discharged.
There is another type of comparatively low temperature thermal water which is
neutral and rich in bicarbonate ions. It was formed through the mixing of ground
water with the thermal waters from depth. Beneath the Katayama area the chemical
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composition of thermal water changes with depth in general to neutral one rich in
chloride ions and then to acid one rich in chloride ions, though the latter may be
restricted to narrow zones. The acid sulphate-ion rich thermal water near the surface
of the Katayama area is probably generated secondarily by separation of steam and
gas from boiling thermal water at some depth and their cooling and mixing with
ground water near the surface. The possibility of such a boiling of thermal water at a
comparatively shallow depth beneath the Katayama area was proved by numerical
simulations (YAMADA, 1982 b ; 1986 b).

In the Onikobe caldera cold water infiltrates from the margin of the caldera and
flows through the permeable beds in the caldera fill. Some water which infiltrates
deep into the basement rocks through fractures is heated by conductive heat transfer
from the cooling intrusive body and by mixing with gases emanated from it. The
resulting hot thermal water comes up through fractures in the basement rocks and is
mixed with cooler ground waters and then discharged through fractures in the caldera
fill or through interstices of permeable beds. This conceptual model of the hydro-
thermal system of the Onikobe caldera is schematically shown in cross sections
(Fig. 30).

Acid thermal waters react with country rocks and silicify or argillize them. While
neutral waters often zeolitize the country rocks. Judging from the presence of white
altered rock fragments in the mud-flow deposits of the Kawakurazawa Formation, the
thermal activity in the Katayama area is continuing at least tens of thousands years.

In many calderas of this type similar hydrothermal alterations and manifestations
to those of the Onikobe caldera are observed. In the Valles caldera and the Long
Valley caldera, the geothermal investigations are being made. The Yellowstone is also
such a caldera (KEEFER, 1972). The present heat discharges from some calderas are
compared in Table 7. In the Hakone and the Kutcharo calderas the existence of an

Table 7 Comparisons of Different Measures of the Intensity of Hydrothermal Activity at Several
Young Silicic Calderas.

(After Sorey, 1985, with addition of the data on the Onikobe caldera).

Caldera Fluid Discharge,* Heat Discharge, Heat Flux,'™ R
CAge) kg /s 108W mW m 2 NS

Yellowstone 3,000 42 2,100 Fournier et al. [1976];

0.6m.y.) Christiansen

[1984]

Long Valle 250 2.9 630 S t al. [1978

(0.7 m.y.§ B e ]
Valles 35 0.75 500 Faust et al. [1984];

1.1 m.y.) Goff and Sayers[1980]
Onikobe ca 60 0.49 628 Yamada et al. [1985]

(2.3 m.y.)

*Discharge of high-chloride thermal water in hot springs and river seepage.

TFor Yellowstone caldera, heat discharge represents convective heat low in deep reservoirs from
which thermal water discharges at the land surface within part of the caldera draining east of the
continental divide. For Long Valley caldera, heat discharge represents the surficial discharge of
heat by conduction and convection within the caldera area. For Valles caldera, heat discharge re-
presents the sum of conductive and convective heat flow within the caldera and convective heat flow
in subsurface outflow of thermal water that discharges in springs and river seepage outside the
caldera.

MCalculated as heat discharge divided by caldera area (2023 km? for Yellowstone, 450 km? for
Long Valley, 150km? for Valles, and 78 km? for Onikobe). For Onikobe caldera, thearea in which
heat discharge was actually measured is 9.2km? but the heat discharge from the rest of the caldera
area is very small and therefore neglected.
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acid sulphate-ion rich thermal water is reported near the post-caldera volcanic center
and a neutral chloride-ion rich thermal water emits apart from there. In the Hakone
caldera, cold water infiltrated from the western margin of the caldera, namely from
Lake Ashi, is mixed with the hot thermal waters derived from depth (Ox1i and
Hirano, 1970). In the Long Valley caldera cold water infiltrates from the margins of
the caldera (SorEeY et al., 1978 ; SorEy, 1985).

9. Conclusions

The geologic map and cross sections of the Onikobe caldera (Fig. 5) were prepared
on the basis of the geologic route mapping, measurement of stratigraphic sections,
examination of some bore-hole cores, and other data. The stratigraphy of the area
was summarized in Fig. 4, along with isotopic ages, fossils, and some remarks on
tectonism and environment. The structural development of the Onikobe caldera was
schematically shown in Fig. 26.

The important points which became evident through this study are recapiturated
as follows.

1) In Miocene age this area became a site of intense volcanism. As a result
about 400-1,000 m thick andesitic to rhyolitic volcanic products accumulated mostly
under a shallow submarine condition, covering unconformably basement granitic rocks
and some schist. By earliest Pliocene time, this area became emergent and non-welded
to welded rhyolitic ash-flow deposits as much as 800 m at their maximum thickness
covered the area. Then these rocks were deformed and partly eroded.

2) In latest Pliocene or earliest Pleistocene time, the Onikobe caldera was formed
by collapse of the roof of a magma reservoir after eruptions of about 50 km® of dacitic
ash-flow tuffs. The collapse occurred along a narrow boundary fault zone about
10 km in diameter and the total throw of the faults amounted to 600-1,000 m.

3) The post-caldera volcanism took place in the southeastern part of the caldera.
It changed in general from andesitic to rhyodacitic with many minor repetitions of
andesitic to dacitic volcanism. This fact indicates that there was a general tendancy
in the magma reservoir to generate volatile rich silicic magma in its top part.

4) The block of the pre-caldera rocks 2.5 X 3km across was uplifted about
1,000 m in the northwestern part of the caldera and the caldera fill was domed
surrounding the block (Fig. 16). Slump structures, slide faults, and various kinds of
minor folds and faults were formed in the caldera fill with the doming.

5) In the southeastern part of the caldera, minor normal faults, clastic dikes and
extension joints were formed (Fig. 23). They indicate that this part of the caldera
floor distended during the late post-caldera stage.

6) There is a clear structural gep between the caldera fill and the rocks underlying
it. For example the throw of faults in the pre-caldera rocks exceeds 10 m in some
places, while the throw of faults in the caldera fill is commonly less than 1 m.

7) The long lived volcanism in the Onikobe caldera is explained only in terms of
intermittent supplies of magma from depth to the reservoir or in terms of the heat
supply owing to the convection of magma in the deep root zone of the magma
reservoir.

8) A high temperature intrusive body, which solidified from the magma reservoir,
probably exists now at a comparatively shallow depth in the southeastern part of the
caldera and a high temperature hydrothermal system has been formed above it. The
high temperature fluids are stored mainly in the fracture systems. Cold ground water
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infiltrates from the margins of the caldera along permeable beds of the caldera
fill. There is a vapour and gas dominated zone at a shallow depth of the Katayama
area. The hydrothermal activity of the Katayama area has been continuing for at
least tens of thousands years. The conceptual model of the hydrothermal system of
the Onikobe caldera was shown in Fig. 30.

9) The comparison with other calderas shows that the sequence of volcanism
varies greatly depending on the different original compositions of magma and on
different cooling and replenishment rates of each reservoir while the sequence of
tectonism is strongly dependant also on the preexisting structures of the upper crust.

Though post-caldera volcanism and tectonism became fairly clear through this
study, the details of caldera forming ash-flow eruptions and processes of caldera
collapse still need to be clarified. As to the stratigraphy and structure of pre-caldera
- voleanic rocks, i.e., Miocene to early Pliocene formations, many problems still remain
to be solved.
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Aka-zawa Cr.,
Akazawa logging road,
Arao-dake,
Arato-zawa Cr.,
Arayu area,
Ashi-zawa Cr.,

Eai River,

Fukiage area,

Fukiage hot spring
(Geyser),
Fukiage-zawa Cr.,
Genbi (Tuff)
Handawara-yama Peak,
Hara Village,
Himematsu (Formation),
Horonai area,
Horonai-zawa Cr.,
Ikezuki Village,
Ikusa-zawa Cr.,
Inishi-zawa Cr.,
Inokura-zawa Cr.,
Ishibuchi Village,
Iwana-zawa Cr.,
Kabutoyama (Tuff),
Kamanai area,
Kamanai Mine,
Kamanai-zawa Cr.,
Kamiashi-zawa Cr.,
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Kanisawa Bridge,
Kanisawa Village,
Karuizawa Village,
Katakura-mori Peak,
Katasumi-zawa Cr.,
Katayama area,
Katayama Pass,
Kawakura-zawa Cr.,
Kawatabi Village,
Kayabano-sawa Cr,
Kitagawa (Tuff)
Kitataki area,
Kitataki-zawa Cr.,
Kobuka-zawa Cr.,
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Kunimi Pass,
Kurihara area,
Kurikoma Volecano,
Kurokura-zawa Cr.,
Kusaki-zawa Cr.,
Lake Arao,
Marumori-zawa Cr.,
Megama-Ogama,
Mitaki area,

Mitaki hot spring,
Miyagi Prefecture,
Miya-zawa Cr.,
Miyazawa hot spring,
Morikoashi-zawa Cr.,
Mukaimachi Basin,
Nakayamadaira area,
Narugo area, (Naruko
area),

Narugo Dam, (Naruko
Dam),

Narugo Station,

Narugo Volcano, (Naruko

Volcano),

National Road 108,
National Road 318,
Nigori-zawa Cr.,
Nishinomata-zawa Cr.,
(Northern) Honshu
Qarasawa (Formation),
Obuka-zawa Cr.,
Oidegawa (Formation)
Okura-yama Peak,
Omoridaira,

Onikobe Basin,
Onikobe (caldera),
Onikobe Hakudo Mine,
Onomatsuzawa area,
Otaki Village,
Rikuutosen Railway
Saburoishi-zawa Cr.,
Sabu-sawa Cr.,
Sabusawa Mine,
Sanzugawa Basin,
Senpoku-zawa Cr.,
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Senpokuzawa logging
road,
Shinyu hot spring,
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Suginome-zawa Cr.,
Suginomori-zawa Cr.,
Suzukura-mori Peak,
Takahinata-yama,
Takamatsu Volcano,
Takamatsu-dake,
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Taki-zawa Cr.,
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Tano Village,
Tashiro logging road,
Tashiro River,
Tashiro Village,
Todoroki area,
Tozawa (lava),
Tsukushi-mori,
Yakeishi-dake,
Yatate-dake Peak,
Yatsu-mori area,
Yubama hot spring,
Zanno-mori,
Zanno-zawa Cr.,
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Plate 1

1.

The Onikobe caldera, viewed from the southeastern rim. In the right part of the
photograph, a steam cloud rising from the Katayama geothermal area is seen in
the distance.

Minor folds in the schist observed in Suginomori-zawa Creek.

Thin-bedded dark siltstone and lighter colored sandstone, intercalated in the middle
part of the Torageyama Formation. In the upper course of Ashi-zawa Creek.
Rhyolite with lithophyses. Float of rhyolite probably in the upper part of the
Torageyama Formation in the upper course of Suginomori-zawa Creek (Loc. 912).
Thinly flow layered rhyolite of the Kanisawa Formation. In the middle course of
Inishi-zawa Creek.

Flow banded rhyolite of the Kanisawa Formation. In the middle course of
Horonai-zawa Creek.

Pseudo-eutaxitic texture of ash-flow deposits in the lower part of the Torageyama
Formation. At the mouth of Nishinomata-zawa Creek.






Plate 2

1.

Moderately welded part of the Kitagawa Tuff. Black highly flattened pumice
(fiamme) is embedded in a white gray quartz rich welded tuff. A few non flattened
black accessory lithic fragments are also contained. This is several meters above
the non-welded tuff of Plate 2.3.

Accretionary lapilli which are embedded in an air-fall fine tuff bed beneath the
lower non-welded ash-flow deposit of the Kitagawa Tuff. At the head of a
tributary of Takanosu-zawa Creek.

Non-welded basal part of the Kitagawa Tuff. White pumice lapilli and black
accessory lithic fragments are embedded in a tuff matrix. Along National Road
398, near the Yubama hot spring.

Steam spiracles observed in the cooling joint surfaces of the Kitagawa Tuff. Along
National Road 398, near the Yubama hot spring.

Lower flow unit rich in pumice blocks is overlain by a unit rich in pumice lapilli
and ash, whose top part once again becomes rich in pumice blocks. The Kitagawa
Tuff, near Ikezuki Village.

Blocks of dense pumice embedded in a purplish gray tuff. Judging from the
imbrication of the pumice blocks, the direction of flow was from left (west) to right
(east). This is the middle part of the Kitagawa Tuff, and between densely welded
part (below) and non-welded part (above). Near Otaki Village 8 km southeast
from the rim of the Onikobe caldera.

Disconformity within the Kitagawa Tuff. Upper welded tuff to the left lies on the
deeply eroded surface of the lower welded tuff to the right. Conglomerate,
pumiceous sandstone and soil beds occur between them. The top part of the lower
welded tuff has been brecciated by weathering. The basal part of the upper welded
tuff is non-welded and finer. Along National Road 398 near the Yubama hot
spring.

Columnar jointed welded tuff, which is continuous with the lower welded tuff of
Plate 2.7.
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Plate 3

1.

Conglomerate and overlying tuffaceous sandstone beds of the Akazawa Formation,
in the upper course of Komata-zawa Creek. Subangular pebbles and cobbles are
closer packed and the sandy or muddy matrix is poorer than in the conglomerate
along Zanno-zawa Creek. Occasionally blocks more than 1 m large are contained.
Rounded cobble in the bottom middle of the photograph is composed of the welded
tuff of the Kitagawa Tuff and it is enclosed in a conglomerate of the lower part of
caldera fill, In the middle course of Zanno-zawa Creek.

Thin-bedded siltstone in the lower part of the Akazawa Formation. In the middle
course of Kamiashi-zawa Creek.

Fine sandstone beds are overlain by a conglomerate bed of mud-flow origin.
Cobbles and pebbles are slightly concentrated downward in the conglomerate bed.
The conglomerate facies of the Akazawa Formation, in a tributary of Zanno-zawa
Creek.

Penecontemporaneously slumped beds. Siltstone and sandstone beds about 10 cm
thick are slumped. The top surface of the slumped beds has been eroded, and
siltstone and sandstone beds overlie parallel to the base of the slumped beds. The
top part of the Akazawa Formation, in Komata-zawa Creek.

Thin-bedded siltstone constituting the top part of the Akazawa Formation. In the
middle course of Kamiashi-zawa Creek.

Climbing ripples observed in the thin-bedded siltstone and sandstone of the lower
part of the Akazawa Formation. In the middle course of Kamiashi-zawa Creek.
Sedimentary boudinage in siltstone and sandstone beds. The Akazawa Formation,
in the middle course of Kamiashi-zawa Creek.






Plate 4
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Subaqueous auto-brecciated andesite lava of the Akazawa Formation. In the
middle course of Obuka-zawa Creek.

Volcanic breccia of andesite with a scoriaceous volcanic sand matrix. The
Akazawa Formation, in an outerop on the logging road along Aka-zawa Creek.
Hyaloclastic andesite breccia of the Akazawa Formation. The matrix consists of
greenish yellow altered glass and fine andesite fragments. Andesite blocks appear
to have a chilled margin. In the middle course of Miya-zawa Creek.

Massive tuff, bedded tuffaceous sandstone and overlying dacitic tuff-breccia. The
tuff-breccia is hard cemented probably by sinter. The Akazawa Formation, in the
middle course of Obuka-zawa Creek.

Irregular upper surface of andesite lava or sill, which has rounded joints with
interstitial white vein minerals, The Akazawa Formation in the middle course of
Kamiashi-zawa Creek.

A thick subaqueous pumice-flow bed overlying the top part of another eruption
unit. The basal part of the overlying bed contains abundant accessory andesite
fragments in a matrix of pumiceous tuff, which grades upward to pumice tuff with
abundant pumice clasts. The Akazawa Formation, in the middle course of
Kamiashi-zawa Creek.

Dacitic tuff-breccia of the Akazawa Formation. Dacite blocks several meters large
are sporadically embedded. In the middle course of Obuka-zawa Creek.

Silt clasts enclosed in the basal part of an eruption unit of andesitic tuff. The
Akazawa Formation, in the middle course of Kamiashi-zawa Creek.






Plate 5
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Subaqueous pumice-flow deposit of the Miyazawa Formation. In the lower part
several minor flow units, showing various sedimentary structures are recognized.
The upper part is finer-grained pumiceous sandstone. More than 50 m high cutting
along National Road 108, near the Todoroki hot spring.

Closely spaced cooling joints in an andesite block (left center) enclosed in a
proximal facies of the subaqueous pumice-flow deposit of the Miyazawa Forma-
tion. In the middle course of Obuka-zawa Creek, near the Mitaki hot spring.

Large accretionary lapilli (about 3cm in diameter), sporadically embedded in a
tuff of the subaqueous pumice-flow deposit of the Miyazawa Formation. In the
middle course of Miya-zawa Creek.

Dike or pipe of pumiceous tuff intruding into upper sandy tuff of the subaqueous
pumice-flow deposit of the Miyazawa Formation, in the lower course of Fukiage-
zawa Creek.

Proximal facies of subaqueous pumice-flow deposit of the Miyazawa Formation,
containing andesite and dacite blocks in a pumice tuff matrix. At the mouth of
Kobuka-zawa Creek.

Large banded pumice block enclosed in the subaqueous pumice-flow deposit of the
Miyazawa Formation. In the middle course of Suginome-zawa Creek.
Cross-stratification in the middle part of a minor flow unit. Continuation of the
roadcut shown in Plate 5.1.






Plate 6
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Mud-flow deposit of the Kawakurazawa Formation in the lower course of Kusaki-
zawa Creek.

Thin-laminated siltstone of the Onikobe Formation is cut by a channel, which is
filled with thin-laminated siltstone and granule conglomerate of the same forma-
tion. Near Ishibuchi Village.

Unconformable relationship between the Miyazawa Formation, which is slumped
and highly disturbed, and the overlying Onikobe Formation, which is almost
horizontal and non-disturbed. A new road cutting, about 100 m west of the mouth
of Horonai-zawa Creek.

Sandstone and conglomerate beds of the Onikobe Formation abut against a sandy
tuff of the subaqueous pumice-flow deposit of the Miyazawa Formation. The
sandy tuff has been disturbed by faults and the unconformable surface itself may be
a fault surface. In the middle course of Suginome-zawa Creek.

Conglomerate beds of the Onikobe Formation. The cross-bedded conglomerate is
overlain by the plane-bedded conglomerate. At the mouth of Horonai-zawa Creek.
Terrace gravel overlying a sandy pumice tuff of the Miyazawa Formation. Basal
part of the gravel bed is hard cemented by siliceous sinter. 8-10 m above present
river floor, near the Todoroki hot spring along National Road 108.

Debris-flow deposit, probably formed owing to slumping and mixing of pumiceous
sandstone and siltstone beds. The Miyazawa Formation, in a tributary at the
mouth of Zanno-zawa Creek.
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Minor fold observed in thin-bedded tuff of the Kanisawa Formation., In the upper
course of Suzukura-zawa Creek.

Minor fault cutting siltstone and sandstone beds of the middle part of the Kanisawa
Formation. In the upper course of Inokura-zawa Creek.

Finely fractured black siltstone of the Kanisawa Formation. At the mouth of
Obuka-zawa Creek.

Minor folds and faults, formed owing to slumping of thin-bedded siltstone in the
top part of the Akazawa Formation, In the middle course of Morikoashi-zawa
Creek.

Slide fault, cutting subaqueous pumice-flow deposit of the Akazawa Formation. In
the middle course of Komata-zawa Creek.

Low dipping minor faults cut siltstone and andesitic tuff of the Akazawa Forma-
tion. They were probably formed owing to gravitational sliding of the domed part
of the caldera fill. In the middle course of Kamiashi-zawa Creek.

A fault cut by another fault. Pumice-flow deposit in the upper part of the
Akazawa Formation. In the middle course of Zanno-zawa Creek.
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Conjugate system of joints densely developed in siltstone beds while no joint is
developed in the underlying volcanic sandstone. The Miyazawa Formation, along
the Akazawa logging road.

Minor faults near the base of the Akazawa Formation. They may have been
rotated after their formation. In the upper course of Miyazawa Creek,

Faults which appear only as sharp white-lines in the outcrop and have throws of
several centimeters. Their surfaces are firmly glued (so-called planeless fault).
They are cut by younger irregular open fractures. Silty hard fine tuff of the
Miyazawa Formation, in the middle course of Miya-zawa Creek.

Parallel joints in dacite lava, from one of which thermal water emits and sulfur is
precipitated. The Takahinata Rhyodacite, in the Arayu area.

An apparently conjugate system of faults is observed in this outcrop. Detailed
examination shows, as shown in this photograph, that the fault inclining to the
right cut the fault, which inclines to the left and has a hard silty sheared zone
4-5cm wide. The latter fault is splayed upward to several faults and its total
throw 1g about 30 em. In sandy tuff of the Miyazawa Formation, in the middle
course of Miya-zawa Creek.

Parallel joints, from one of which almost boiling water emits. Sandy fine tuff of
the Miyazawa Formation, in the middle course of Fukiage-zawa Creek.

Densely developed low dipping parallel fractures in massive hard siltstone of the
Miyazawa Formation. In the middle reaches of Aka-zawa Creek.

Regular conjugate system of joints. Massive siltstone of the Miyazawa Formation,
in the upper reaches of Fukiage-zawa Creek.
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A silt dike in thin-bedded siltstone and sandstone of the Akazawa Formation. It
was probably rotated after its formation with doming of the strata. In the middle
course of Kamiashi-zawa Creek.

Clastic dike about 80 cm wide. Both walls of the dike are lined with 0-15 em thick
brown siltstone. The clastic material comprises pebble- to cobble-sized fragments
of Takahinata Rhyodacite in a sandy matrix which is composed of crashed dacite
and pumice fragments. The pumice-flow deposit of the Miyazawa Formation,
along the Tashiro logging road.

Clastic dike 45 cm wide, which contains pebble- to cobble-sized andesite and pumice
fragments in a yellow silty matrix. Thermal water emits from the interstice
between the right wall and the dike. The pumice-flow deposit of the Miyazawa
Formation, in the middle course of Obuka-zawa Creek.

Branched clastic dike in pumiceous sandstone of the Miyazawa Formation, in the
lower course of Fukiage-zawa Creek.

Slightly wavy and inclined clastic dike, which consists of sandy material with a
buff-yellow clay matrix, in tuff-breccia of the Miyazawa Formation, in the middle
course of Obuka-zawa Creek.

Yellow clay dike, which is slightly wavy and intrudes even into an andesite
boulder. The pumice-flow deposit of the Miyazawa Formation, in the middle
course of Obuka-zawa Creek.

Two adjacent parallel clastic dikes, which contain pebble- to cobble-sized andesite
in a yellow silty matrix. The pumice-flow deposit of the Miyazawa Formation, in
the middle course of Obuka-zawa Creek.

Extension joints from one of them thermal water emits. They are parallel to the
nearby clastic dikes. The pumice-flow deposit of the Miyazawa Formation, in the
middle course of Obuka-zawa Creek.

(Full length of the six-fold scale, the handle of the pickel, the handle of hammer,
and the diameter of the lens cap in the photographs are 1 m, 60 cm, 30 em, and 5 cm
respectively).
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Kitagawa Tuff (351)

Weakly welded. Quartz, plagioclase, orthopyroxene, clinopyroxene, hornblende,
and opaque minerals are main phenocrysts. Lithic fragments are contained. The
shape of glass shards in the matrix is still well preserved.

Kitagawa Tuff (352)

Densely welded. Quartz, plagioclase, orthopyroxene, clinopyroxene, hornblends,
and opaque minerals are main phenocrysts. The glass shards in the matrix have
been so densely welded that they show flow-like structure.

Kitagawa Tuff (752)

Dark part in the left side of the photograph is a collapsed and stretched pumice,
which appears megascopically like black obsidian. The right and extreme left
sides of the photograph show a vitroclastic texture and abundant crystal fragments.
Kitagawa Tuff, a block embedded in conglomerate of the Akazawa Formation
(126).

Weakly welded. Quartz, plagioclase, orthopyroxene, clinopyroxene hornblende,
and opaque minearals are main phenocrysts. Lithic fragments are contained. The
shape of glass shards in the matrix is still well preserved.

Takahinata Rhyodacite (382)

Rounded quartz, plagioclase, and hornblende with an opacite rim are main
phenocrysts. The ground-mass has spherulites in the interstitial devitrified glass.
Takahinata Rhyodacite (384)

Rounded quartz, plagioclase, and hornblende are main phenocrysts. The ground-
mass has spherulites in the interstitial obsidian with many crystallites.

Takahinata Rhyodacite (hydrothermally altered) (387)

Only quartz phenocrysts remain while others have been hydrothermally altered to
clay and other secondary minerals.

Takahinata Rhyodacite (105)

Rounded quartz, plagioclase, and hornblende are main phenocrysts. The ground-
mass has spherulites in the interstitial obsidian with scattered microlites. Perlitic
cracks are well developed.
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Dacite, in dacitic tuff-breccia of the Akazawa Formation (357)

Plagioclase, resorbed quartz, green hornblende, orthophyroxene and opaque
minerals are main phenocrysts. The ground-mass contains abundant microlites in
glass.

Dacite, in dacitic tuff-breccia of the Akazawa Formation (301)

Plagioclase, resorbed quartz, green and brown-red hornblende, orthopyroxene, and
opaque minerals are main phenocrysts. The ground-mass contains abundant
microlites in glass.

Dacite with autolith, in dacitic tuff-breccia of the Akazawa Formation (009)
Resorbed quartz, decomposed plagioclase, strongly pleochroic basaltic hornblende,
orthopyroxene, clinopyroxene and opaque minerals are main phenocrysts. The
ground-mass is granular micro-crystalline with abundant microlites and a small
amount of glass. The right side of the photograph shows an autolith, which
contains basaltic hornblende needles and decomposed plagioclase laths in a hetero-
geneous glassy ground-mass,

Dacite, in dacitic tuff-breccia of the Akazawa Formation (2\95)

Green hornblende with an opacite rim, plagioclase, resorbed quartz, orthopyro-
xene, clinopyroxene and opaque minerals are main phenocrysts. The ground-mass
comprises plagioclase laths, pyroxene, opaque minerals, and greenish glass,
Altered andesite of the Kanisawa Formation (085)

Plagioclase, clinopyroxene, altered orthopyroxene, and opaque minerals are main
phenocrysts. The ground-mass contains small lath-shaped plagioclase and shows
flow structure. This rock is cut by quartz veinlets.

Andesite of Katakura-mori Peak (403)

Plagioclase, orthopyroxene, clinopyroxene, and opaque minerals are main pheno-
crysts.

Andesite of the Akazawa Formation (241)

Plagioclase, orthopyroxene, clinopyroxene, and opaque minerals are main pheno-
crysts. The ground-mass contains plagioclase laths and shows flow structure.
This rock is vesicular.

Andesite of the Miyazawa Formation (331)

Plagioclase, orthopyroxene, clinopyroxene, and opaque minerals are main
phenocrysts. The ground-mass comprises plagioclase laths, pyroxene, opaque
minerals, and glass. This section contains a rounded quartz phenocryst in the
bottom middle part.
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Geology of the North Kurikoma geothermal area,
Akita Prefecture, Northeast Japan

By

Naoto TAKENO®

Abstract : Northern part of Kurikoma geothermal area is located in the south of
Akita Prefecture. Several geothermal manifestations, as well as Oyasu hot
spring, Doroyu hot spring and Akinomiya hot spring are found around Mt.
Takamatsu and Mt. Oyasu in this area.

This area is occupied by two geological units ; the Sanzugawa Formation and
acid volcanic rocks called the Torageyama Formation, overlying Tertiary
volcanics and sediments. The Torageyama Formation comprises biotite dacite
tuff partly welded. The Sanzugawa Formation is lacustrine sediment which fills
collapse basin. To clarify the collapse structure, geological survey, inspection of
well cores and K-Ar dating have been carried out:

The Torageyama Formation is divided into three members, the Minasegawa
Tuff Member, the Oyu Welded Tuff Member and the Torageyama Tuff Member.
The Minasegawa Tuff Member and the Torageyama Tuff Member give 5-6 Ma and
3-4 Ma K-Ar ages respectively. The Sanzugawa Formation is divided into three
geological units; the Upper, the Main and the Breccia Members. The Breccia
Member comprises breccia of various rocks and volcaniclastic rocks. The Main
Member comprises alternation of tuffaceous siltstone and tuffaceous sandstone,
and intercalates pumice tuff. The Upper Member comprises massive tuffaceous
siltstone and fine tuff. The upper part of the Torageyama Formation is contem-
poraneous with the Breccia Member and the lower part of the Main Member of
the Sanzugawa Formation. Core samples from the wells indicates that thick
volcanic pile has filled up the collapse structure as thick as more than 1,100 m,
and that overall depression is deeper than 1,500 m. Consequently this collapse
structure is recognized as a caldera called “Ogachi Caldera” in this report. Thus
it is infered that the Minasegawa Tuff Member is intracaldera fill and the
Sanzugawa Formation is lake deposit in the caldera. The Breccia Member of the
Sanzugawa Formation is talus and slump deposit provided by collapse of the
caldera wall. The Torageyama Tuff Member is post-caldera pyroclastic flow,
some of which has flown into the lake as subaqueous pyroclastic flow or their
secondary reworked sediment.

O
* Geothermal Research Department
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DT ED, RELIBKGHEO—HIEIER/ETHOMBEEICERT 5EELON 5. HERTR
TREZRNEERPRE NERRE EbN 2 A Y AL TREIBKETEO LD - TV 50T
BT ELEIC—BE=ZRNBRA—"—5 v 7ah TV EEZ NS, HADTHRIEIMNHED 3),
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EEREEEIC b 43T 5%, FRRo & o & FEERICEER LE v, Al SIS
3, ThoZzhThEgig, B, Galifo=R/BLEsc licd s, ESE, Bt
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Fig. 5 Route map of Oocko-zawa route and sketch of the boundary between the
Sannat Formation and the Sanzugawa Formation.
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Zhick s &, ZOHROBIEKIEHOEREREIAREL 207/ v—-FicpiFoh s, —2Id 5-6
Ma ®bDT, fio—>id 3-4Ma Db DTH 5. HWERBERTHEZLE L L bERREKLEH
DF ¢ D> TOAEHIIBRKERBOLDOTH Y, HEVERBEO DR, Mt bhiichiEd 2
RELERERBOSDTH A &b, 2ENCBFLAMLEREEZ 5. KAREMEN B
THEEIKAETEE SN TOREKRE» DI 6Ma & 2.83.6 Ma D 2D 7 V— FOEREHIH S
hio, O EPOEERKETRBIGHHPBORE(RBIDELLEL2DRIKENEENTSE
D, TRLBERNICOBFMNCOXITNELDEEZ OGNS, ThbBHWIE D A EHNBHKE T

H1E K-Ar FRUESEER
Table 1 K-Ar dating data of volcanic rocks.

Sample # Rock Latitude Longitude Isotopic Age(Ma) %Ar O Ar K
(Whole Rock) average (sce/gmx107%)
86103104 dacite tuff N38°58°53” E140°35°48” 6.0*.8 G213 032 12,3 1.36
5.9%1.0 .031 14.9 135
86110101 pumice tuff NB38°58’50" E140°30°26" 5.7+1.4 5.7%2.3 .020 7.0 .90
5.7+1.5 .020 10.1 .91
86090604 dacite tuff N38°56°50” E140°34°41” 4.0+.3 3.9+.3 027 23 1.76
4,14 .028 23.8 1.77
86102501 dacite tuff N38°54’ 04" £140°36°43” 3.8%.2 3ITED .025 2548 1.72
3.9*.2 .026 37.4 1.72
86090402 dacite tuff ~ N39°04’41" E140°83°25" 3.6+.2  3.4+.3 .021 24.9  1.55
3. Bl 2 .022 858 1.56
86110201 dacite tuff N39°03’01" E140°24’11” 3,5%.5 3.2+.9 .020 10.0 1.59
3.5*.4 .022 20.2 1.61
86090502 dacite dike N39°04’04” E140°30°19” 3.5%.2 3.5+.3 .019 26.3 1.38
) 3.5t.4 .019 22.8 1.40
86090603 dacite tuff N38°59’10” E140°32°23” 3.4*1.1 3.2%x1.8 014 5.0 1.11
BGEET. 1. 015 9.0 e 12
86090203 dacite tuff N39°03’28” E140°34°35” 2.8%.5 Prad=t] .012 8.4 1.06
2 TeEA5 .011 18,1 1.04
86090204 andesite dike N39°03’39” £140°34749" 2.3%.2 2.6%.4 .009 16.4 .94
2.2%.1 .008 36.1 .92
86090501 dacite dike N39°01°47” £140°35'50” 2.10+.14 2,12+,18 .007 26.5 .96
2.09%.22 .007 22.9 .96
g o [ A 1
Samples Age
0 1 2 3 4 3§ (M
googosol | LIATH .
86090204 Intrusives e
86090502 T
86090203 —
86090603 e TILEEK N — @&
86110201 Torageyama Tuff
86090402 —o—
86102501 Member —e
86090604 &
86110101 PR SR 1 I .
86103104 Minasegawa Tuff Member I —
1 T T T T T - T

EI0K K-Ar FERMEH.
Fig. 10 K-Ar dating data of volcanic rocks.
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3. IHOORMICBY 3R EBEOBFX S EOFIEMGEEE 11 Kicrd

i REBNE RFEERKEHE S0 I, 1950, Jbkt (1959) TREE—mBERPII, HHE
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Fig. 11 Stratigraphic correlation.
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Z®NE LEER 2.8 Ma OEIKE 2B - TV B I ERY, 2.1 Ma OREFA 44 F DBALZ
JTWaIEhS, TOHRIT 2.1-2.8Ma lHE TH VA LOEEZ LM E. 58, YO 1 WoOWER
WDOFTA 34 FPEAENPDS 2.4+0.9Ma © K-Ar EREME STV S (Fl, 1985). Thizmer
74 b LB 2 AlhEtE A d 5.

BB, FlRCIFREEZHTOE S L OFLOVE S A<D, BE BRSNS R OMEE A S D
KOZHEPEVWLORENSLS H-TWAT EMEHEINS. BEELBKEEES A Licv /<
OHEZRT DL LTEHRILEAHEITI R EORFTOMENS 2 bDEBbh 3,
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Fig. 12 Compiled geologic map. Iso-gravity map, geologic map (especially showing
faults and distribution of acidic voleanic rock) and locality of dating samples
and dating data.
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Fig. 13 Schematic cross section of Ogachi Caldera.

1: Kabutoyama Welded Tuff, 2 : Andesite or dacite, 3 : Tuffaceous siltstone or
tuffaceous sandstone, 4 : Breccia, b: Torageyama Tuff Member, 6 : Minase-
gawa Tuff Member, 7: Pre-Torageyama Formation, 8 : Schist, 9 : Granites.
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