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Geological Consideration on the Subsurface Data from the Deep
Wells drilled in Kagoshima City, South Kyushu, Japan

Shozo Havasaka and Kimihiko Ox1

Abstract

Based upon the data accumulated from the 51 wells drilled for exploitation of
thermal water, the subsurface geology of the Kagoshima City area is described (Figs.
1 and 2), and the interrelationship between the subsurface and the surface geology
(Table 1) is discussed (Table 2, Fig. 2).

Particular emphasis was given to the mode of occurrence of the Kekura Formation
and the geohistory of the present area prior to the deposition of the Kekura. The
occurrence of a graben-like depression in the present-day Kagoshima Bay area during
pre-Kekura time was ascertained. At the western margin of this depression which
is situated in Kagoshima City, several rather small faults extending in N-S direction
nearly parallel with the margin are infered to exist judging from the configuration of
the basement rock surface (Text-fig. 3). The Terukuni pumice flow (welded)
immediately overlying the erosion surface of the basement rocks seems to be cut
by the faults cutting the basement (Fig. 2, F-G). After a rather long period of erosion,
the marine Kekura Formation was deposited horizontally on the relief resulted from the
faulting stated above. The geohistroical background, thus clarified affords better
understanding of the paleogeography of the pre-caldera marine formations (the
Kekura, Kajiki, and Yoshida Formations etc.) in the area surrounding the inner part
of Kagoshima Bay.
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II1. EBRETHHIE O « HEEE Text-fig. 1. &R (Index

map of the area studied).

Ak O FEHE AL TREECBRETATH B (K
K- B, 1970), s ici3, WTHERFERORBOFEE L, 202~ TE{,
AR AN R D X DL RE L ZH3I NS (Text-fig. 2),

1) HWSIEEEZ LY, RRIEBEREBCETIARSERE  tkoTRLINS, WD
3 HE B HIHE, |
2) RAM~FEHHEZ2ESROBHICE S FEEL, BERROBRES %2 & DB AE,
3) R ERME X b BRETEMICH U T 2 (B HIR,

—HH BRI, FE~EHEPEABPECL THERMCKE { ZH3h, A0 BFD
KT HIBIC BN TAED L EMNTE S (Table 1),

Z DHEIIIBIC BN T, FIR ORI HERI & DB#EOFTRDOI SILEHAB L
VTX5, EHHIRTRILEGCEST 28207 M (MBiE 551.7m), KIFR, Y KHbiRicF
ETAREHEZPERLELT, EEBLU EOEEY, &4 &L THIERL 856 FEL T
% (Fig.2 o T, ZM~BLHESR), i sns [FHaMmR] 2, Efo%z
IWEBIC BT 2JLE (RER 350 m) DS EEH, P 2°~3° DEMEAMZ b - THRE
B2, MEH 150m ORI T, XbD CRELBTE EWEHE & LU THEL T
W5, BICETERICES 5 RER 150m LT oI Tz, SRORAEABFEEL, HMEAIR
[BAMTEMMIR] &L CHENINE L RARO@BY ThH 5, ChbifiRo, BEEOEL
WHERIZ, BHPERT AED, BRAECKHTIEMNIOENCHKRTEEDOTHS, T/4b
L, AHEEE 150m fHE 28 E U TILER T2, B E3 (Bt TERRE) 25D T 5K
FNORIVESRIKE (FHBEAR) 0FFEICL - T, FHIAMELREIN TS,
HWEOHAVSEHE OB L D KX WI2D, EE 150m LT DK Tid BHSEIK S D70 5
EBETL, ZhRIGUTZ0 LIBT3 8B5S sHER BuLE, BRRE, EHHERR,
WIEBERAR) BELREL, ZO0FDEIELLORAEARICI-THITIA TS, HEHDOE
FANDOEFNE, WREPE 22T, AMIRFE~FEEHMo Rk 3 TlEL T b, ZC
T, AMBICRET MBI Z ok EH RTBERIR & FIAKLUKBS I OBAERE) 2L
TREBBHD b DY TIcELES,

BB T & BRI R R RS 5 PR TEIcE, Text-fig.2 1, 13 SERIRAL, B
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° COLUMNAR SECTION ONLY
) o RECORD OF DEPTH AND LITHOLOGY OF

THE BASEMENT ROCKS ONLY

2. @——® GEOLOGICAL CROSS SECTION LINE
km

Text-fig. 2. FERETHIRICE T3 K—Y v 7 fEK (Map showing the position of wells and of the
geological cross section lines).
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2) EFRHILIES o KIIEEE, ZhicBEcHs - T 2HBER: Sh
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Table 1. mEREHALEMHEICE T 2 HEHEBF KoK - FiK, 1970]
(Stratigraphic sequence in the northern part of
Kagoshima City [Oki and Hayasaka, 19707).

Age Formation Name n::;c(;) Lithology
R Younger Volcanic Ash and Pumice yellowish brown volcanic ash bed
L8 Bed 5 brown volcanic ash bed
2o be thinly laminated volcanic ash and pumice bed
(FIXILIKS & UBER) pumice fall bed
Saka?lg%é%n%é; Flow 100+ | grayish white, pumiceous breecia tuff
Nagaida Pumice Flow 50+ reddish orange, pumiceous tuff
(BHEERT) pumice bed (diameter lcm+)
Kamo(ygu&mﬁlg%i;l)ow 10 | massive black tuff
Tatsuo Formation pumiceous tuff .
25 | tuffaceous sand (very coarse-very fine grained)
(ERME) and tuffaceous silt
siltstone
. unconsolidated coarse grained sand
Shiroyama Formation X 50+ gravel (angular and cobble to boulder sized)
(HIWLE) tuffaceous sand (coarse-very fine grained) and
@ tuffaceous silt
§ rounded pebble gravel
2 |Inuzako Pumice Flow
'E' FSE BT ) 40 | gray-coloured welded tuff
& | Oyamada Formation tuffaceous sand (very coarse-very fine grained)
(@NIT]::);:)) X and tu]f.f;ce:lus silt
Ishiide Sand and Gravel | 40 unconsolidated coarse  [ynconsolidated coarse
Member 20+ grained sand grained sand, rounded
(AHFHHERE) pebble gravel
Shimzk;#ﬁoﬁ%:;xg)ce Flow. 10+ | dark gray coloured ‘welded tuff
K hira Formation bl;xfish gray si}its'zoni ; d) and
ogashira tuffaceous sand (medium-very fine grained) an
(FISEE) X 164! “tuffaceous silt
rounded pebble—granule gravel
TeraynmualzBaﬁs%a‘;l)t dark- gray coloured olivine basalt
Yoshirggg%% Flow 80+ | grayish brown coloured welded tuff
Iso Tuffaceous Sand Member 50 grayish white tuffaceous sand
H (BOIR ARG ) reddish orange tuffaceous sand
§ pumiceous breccia tuff
% | Kekura Formation X 110 tuff breccia, pumice bed, breccia tuff
‘s (TE&8) tuffaceous sand (fine-very fine grained) and
I tuffaceous silt
'E' Murég;;t:%r&eji%e) dark gray coloured two-pyroxene andesite
o -
(3] -
!g Sh"a(hg!&a-ﬁ%g;)“ dark gray coloured olivine basalt
R
.E Hln?ﬁ?}a&%@élf black coloured compact basalt
= " —
© tuffaceous sand (coarse-very fine grained) and
+ | Mifuné_Formation 20+ tuffaceous silt with thin (about 10cm) pumice bed
- =) angular pebble gravel
pumiceous breccia. tuff
éz Mifuné Rhyolite.g R‘Kgg::'iié“ ;H;“lt:minated tuf| Eray-grayish white coloured
£9 (ZHRHALE) | (7 kEWE) obsidian, spherulite| tWo-Pyroxene andesite

3) BUAEAH VT TR s 5 KPR 38 X OF 2 ot RAE S 5 BLRE:

(XMarine molluscan fossils)

(FHE

B, FEE, TREAW, MUERE, KEREWR, wuE, BREE mAeREGAN RARER

A, FOTEAG)

4)  FEIKIUKRS & OBRAE
M, EKRIBONTRYTotzr—Y v 7EROMEBIZ, ZOREBHBVIHETE 38X HR
EETOWBARBIZIIT A D™ Chh, B kicisiy 3 b 0id &L AEF** icd £zu,

* i 5~7, 10~13, 15~18, 20~22, 24~36, 38, 39, 41~47, 49~51.

R 1~3, 14.

Wk R4, 8, 9, 19, 23, 40, 48.
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NEAFTCI 5 K—Y v 7&Kk (Text-
fig. 2; Fig. 1) %%@Tﬁﬁbﬁ%%,
Fig.2; Table 2 it/ & 5 st THIE
DS DI ¥, Z DRBFFMX S
BRDEY TH 5,
s (WD H)IEE)
=RRUEECE
REEAT
TERB
T BRI
HEFEER T
WILE
BEREE, RHHBER,
y =R
9. REEWEEE
UTFHWE b HEZE - T35,

® NS e W
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L. EH#E (UA+)IEEH)

K=V v Tk TELN I EBRE
1%, EEL BERENE OB 254
STWAET+EHO b LHEiah
LEE - HATHD, BifickoTid
ZDHEFH m B3 hEAINTE
h, X, BULIHHEORKELIZHSD
Aoht, EBEEOREIR, 2#&
UTHEE»S LEANEL 2 s HA %2 b
b, EA=EHRECE BEERK,
TEBEBsECREFTHEDOA TS
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Table 2. FERETHHIROME LHT LICE T 5 BFOL
# (Comparison between the surface and the sub-
surface stratigraphic sequences in the Kagoshima

City area).
AR T O H o= MM
(Age) (Subsurface) (Surface)
- WM oKWK B & v BRAEF
i S (Younger Volcanic Ash and Pumice Bed)

w2
g

oF ERETHERG

# H
(Pleistocene)

53

Unconsolidated
Sand and Gravel

— ) v 7EHE TR,
nuk?l RAThE % By, —15
LCHk 9.

(Undifferentiated)

A A A A A AAAAAAANAAAAAAAANAA
oW

(Shiroyama Formation)
F B LR
(Yoshino Pumice Flow)

e O R
(Arata Pumice Flow)

i
Ry

SAEEE - EREE
(Late P]io. -Early Pleist.)

it & B

(Kekura Formation)

e E ¥

Terukum Pumice Flow)

(T

(Baéement Rocks)

MHMINNV\»AANVVV\NMVWAN

(Nagaida Pumice Flow)

(Shiroyama Formation)

B
ML

A (/\A,\.vv.ﬁ,\.-\,vv,\,\_mvmh

SR
I TT A

(Sakamoto Pumice Flow)

B INBA R

w2 OR B
(Tatsuo Formation)
oo g

FH B AT
(Yoshino Pumice Flow)

VI S
(Kekura Formation)

2R B2

(Murégaoka Andesite)
=R A s

(Mifuné Rhyolite)

Z DBRENEIZ, Text-fig.3icALNS LI ICXbD THRESEBZRL T 5,

2. =mFERDE (RIR, 1956)

FREEEUBEONIoR—Y

vI7ERc X B L, HERIZRLNAMESE - RESEOERIZ, =

iy (b 1) 1238 T2 —500 mfffmic T, 168 (i 2) 123y Tid—300m MARICHFTET 5
CEBFMOENTVS, =S 1) ok, ETiIc W TEREABRSRBEL, ARHRA, HEE

Al oMmPEH, MEOCERKLEFRETH S, =TI,
¥ INHDR—=Y YL, ZTOMWKLE BHEOME L  KREFKBEEICOWT

RIZSROMEE LTEEINL T3,
o ZOFMICOWTIIE VESR,

C oWECE & OEEDOFERIZTH
BREGRDSALSFT, TO
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-5 DEPTH BELOW SEA LEVEL IN HUNDRED METERS

@) DISTRIBUTION AREA OF THE EXPOSED
BASEMENT ROCKS

© WELL LOCATION

Text-fig. 3. g2 (WH)IERE) ELRREOZ&REE (Map showing the configuration of the
basement rock surface [the Shimantogawa group]).

EH3, ZOTRIC, FEELIHUBERZET S RIEREDLDS 5 5 AEEEIKEH —700 m fHiTic
HAoNb, IHWZDOTLICIIAERUEERIAGEET S, ABRMICE, BEROEHILH
PIBORESEMSEET 505, ETIRI-T, AREREVSEENS 2, WA ARE, MERED
I ARIEMBE L ALDEND, COREZIEBRRIKEZ, HRRAR (Ghsg 14) s Ts,
EME L, —600m DB ALN, =Moo tFA—FhEELLND, TRRAL (s 14)
DHEEZIEERKEIZ, S5mm LTONRER2EPICEATN S, ETIKBNT, FR
WORLZBEINTEELICLWDD, FEH5ULTEHEINTOAEREEINTESD b
HHRL T, Z2oRFIANRETHS S LEMIN 2, ZMECEICHEMT 35613, WEF
BT OBRHCIZBBD SN/ VDT, ZOHMOERIIHIRAL (s 14) & Hlians,

3. WEERR ()

CHIZBEARE (1970) OHBERERROFICEHREKEEL TEBEIN T2 D Ths, 4§
BEELSOERENIRFOBRTEH, ZTHOVERBRKETH S EVHERIN, 361, H
REHHATINTNOBERINE bEE - BEZPRICTLIIDOTHE L EVHL LT L ST, Z
CCHIBEBRERE AL, a7RBORG IEEIN TS RERT (i 26) 2
Re 33,

KERTIE, BEXHcIsT 5 BERN 130m T, FIC OB 2»MET 5, oS T3
RTHICOBE2H S CENDY, INHMET I L0 IEBLEI TR SBLEVRD LN
B bHb. ABIREMEE ETHIHIENE, ERMoOBHERKE X, BEKESHL
BEPEL, MIRIKINKRER 28R, 2—F %V T 49 7BEPREEL T 5, FFCBNT,
FEDOKTIIIBEEI S 2, HRRBFARADATEAIEMIZAED LI, ZHiCKL,
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TEOEERIKE IR, KAR~KEZEL, RAE 3cm BEDO/HKRER 22 EATNS,
N2~ XV T 4w 7BEPELU (REL TS, ETIRIBNT, AEDOKIBIITEEDL S
0, MAEOKRERIFELATDH S, RERCIIT AL b, I—VA Ay WAL OREE
BEBRDEN, ZNOVHEECHAEDLISTWAEH DL kW, ZoMoBEEE L Tid,
TRER, SRERSEDLINS,

TERRB% 1256 U It RICE DABR AR O FERIE, EREOBAEDRRICHEE B
B boTHh, Lol tid, EERBERMOBERERPERTEIDOENEFLPY L
ZoTWA* FHABRETIZ, SEELU2HAICINT, —H Tk hBELFEEL TS
DT, A TIRELRIML, ZCTRIEABVEEEBREICEL T3 L0 LIEILIEA
EHbh (HHE 24, 32, 39) TEABE PMICIFZBUOAREABAMVBEEINS, s ULABRA
WMok EFCRBALHIZIZEAEALNT, B2 BL THEHFEHETDH 5,

C RIEAMIO L OBEERIKA L, BREBRIMIRICIT 2 KB ON TRED DT
& % FTREMEDS TR VEE,

4. Tt B B (LD, 1937)

ERBRETAHAEIOF—Y v 7ick » T, REKEWEBEO T, RILA, B LE2E
L YERUE (B, VB&: FBE 100m Hi) OFLENIK L Mo T b, Zh 5 HHIZRIK T
5 RILER (TEA. TEE, /MMUEH, BUDEBE) offiucHl 35 D Th B30T
TATCH o1, GEED BolcBRHC X B &, OB S It EFFERRICHE b T
50T, WEBFIKBI ST 7REABRERDHO T2 5D 2TEABD, #Ticist)
BIERTTH S L EMBHLPICE oI, 12E AW, HFHEMFEROWREHBICONTALEE,
FHBRAWE T OEATEY, WKETIBRLESHI D 500m FEIcfiE T 2HMBRAL (A
14) Ti3, HEH»S—30m EDOIL FHFERMD Tic, EEBOEREELLNIER/LA
BHi—480m DRI T THEFET 5¥H*,

ABI3V v IRCRET A@BKE, BELERPBRIE, BTy LB, B3R
TREINS, (LARZFECTHOV L B LEHRT 5, Fig.2 itAabhs X5, KEIZE
OB AT UGS, YU B, BEOEHERGIIIES DICERC ETX, KEH
BROBEEHELSOWBOFELE 2HET S EI3IRETH 5,

$12, EREBREL LHBRETALN I AR, BKARSE, BIKAVBRKERZ LD TED,
FHAMOMBEBREM T HMT 2 AKBIC BBKEVEBL THE 2 E»S, TEEBRREFEHEH
BRMAE 25U T, XK b > TEEVRILLE TS b LHRING,

KA - B (1970) »RIEABOFic, BRIKERDIE2HBIL T35, £—Y v 78T
BIEEBAKTHZWBEDRXFMBDITIC NG, BEELT—FELTH 3,

5 FHE&ERER CHr)

B TR b IZETTET (Ghs 4), THREE (M&H38) oX—Y v 7 - a7»b, WILHT
RIEERE E FHRAWE Ofic, I TREE CRIEERB 2B EEEDBB b THI

* ORI oOWTIIE VESRE,
HOEAMICBW T, 1EyRABRRE BN 2 BHRIKEDEER, BRERHAKESMBRCIAMOA T
%0
Bk HITHEBRCB ) ARBORKEBREIZ, HER27T1TBE I3 DT, 580m+ Ths,
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RBIEAERICEV R INTIZ, MHEZABRNIC S TIETIRBIZBENS I o2 A—FH
DHDEEWING, BHERED THEET, 22— 3V 7 4 v 7HEENREL, BHREZW
UBRBATEEENED. T T AR EAEEELL ), HRIAEAVR S
, A%, £EL, AN SHEERE R, INEITHAVEBER RDOINS, F

BAMEOMIZIRES 40m BOFEBERE BONIABAERKE 2L, IAEZEET,
EETCESIZL, AECHEBELND b 020k ) ELEFFERAR L 12, SHENICHBRICXFT
X50TC, FlRERARRE AL, B\ % THREE (b5 38) &35, BEERMIC
BOTH 20m Th b, RKBERIIIR EERO 25N 5 DAT, ZOoNMIREIR S 12T
BV, TEABHREBROBRATOMBLED 52 X5 W THBELILbDEEL LN S (Fig.
2),

6. FHERLOHE CKEfh, 1967)

ABEAWI, WRTREFTEROACHMAL T 553, T TREMEALOMEFET Ticd
TEFETHEMAHEDLNS (M5 11, 16, 27, 32), FEHAMTINIT E A BRI L,
ARERKO EEIZIZIEFS T, BLBEREAFRNMERIL T3 0L T, WEPEZRLEH T
EROEEIZR T 2D, TRAEEBOREEMOMMcDAEL FEL T b, T, WEME
DHBIETIX, BAEERIKAEDT, TERH 88m BRI ANEET S, ChiZaENIcE
BEAROLERRMEELLN S,

7. W B GRK - B, 1970)

WlfEi, HFHEMEIRD < X5, THRARDL SN, FEMATICHHEL, WEFEIC
22 DBBEIZ L Ao/, KB, WETPE 2K T AMBRBEES OB &1 (g
TEARE Y 5) 0B IcBEHT 5130, BHBIITIGEEL LR T2 9 7 T o X —
UV TERTZOEENIIU»DEN TS, ZALNDHMEEEE T Tid 4 L FEL 20,

8. BER RIEEGR KRTERRK (K- Fi, 1970)

BERE, BHHERN, BETBEARoEHZZOEN, BIKED~Y L E, BRERKE,
BAEEAMRIKETH ) UL T2, BORE LD, £—Y v 7ilkliconTz
NZNZHENTACELIRETH S, o TARLTII—FEL THHHo T b, KB HE
SEFTIicABNS DI, WEPHGEIED 2 7t 23 Th s, 12, KB HZFECEN
UTCHhAMETOR—Y v 7HETIR, ZOTROERIZH 80m Thotz,

9. RENEWERE ()

ER0FERZEL RAEL THEULRRAE O kic, REFEDEEENE CHBEL Thb, T
DREMMOEE X, BN X AT U, RIE 220m EL, ENMMHE O W
FTic—icatdbnsg, —100~—130m OEEAEE (Wirm KRR HEY) &
NTEULSBORBERET 2%, HLUES AMIRTIT s bz E—Y v 7 DRI,

* bR 11, 19, 20, 22, 25, 26, 33, 47, 48

** s 20, 25

ok BB &~ TRNROTOKTRIL, RSO IMIGE T, #ET 200~300m OXRE 3
T RERHERBGESDTC2LDILETH 2L, LTRRFHBRICE T 2R E —FKT 5.




BER IS THHMRD F — VU v T ERHC § & 3 B S 23

500~800m EE % HIETHEH P TH 312, BRMTRIAAROWEVT2bN, REKSDE
BIOWTREVORAR ORIV EETDH 5 & A, BINTHEd —Bicxbd TS
Thd, o THREBICEAL Tz, TEDOERE & SHEOBELSMTIERM 2L, KFTII,
ZNUBEDFHUWERFBERZDNB C EIZTEEL,

V. BRE L (IEERMETOHSE(COWT

WTHBEORF 2R THL MR SEE LTI, MEMEOME (KK - B, 1970)
TRAEDCHEAT L ENTE o1, EBBOHEEERVBES itk S22 8, B,
FIEEHD CoMIBOME 2§ ELFLLODBBLNIZCEDTDOTH B, HIFICDIOWVWTIZ
et TRFREHOBEICRNTHBEDT, T s TRREBEBCDNTOEERITEI,

Text-fig. 3 IWRL Tz &k Sz, HMEE (WHHIEH) EEOEEHMICIZ—2DFE L WER
BAEDONG, x%ﬁﬁﬁ%cmfﬂﬁmﬁﬁbmw%%&bfmégﬁaﬁu,EE%W
i LR ) Ao TEIRDHRE 2 KL T 3%, B e
Eid sE AR R2ED, # 2km OBENICBLT, HE 100m A 0RKR 2 L HREL,
AR L b BN D BRI T BB RED AL T LAY ALHbh 5 (Text-
fig.3, Fig.2), LDk 5 sEBOBRORIIE, HIGEBELIIE—Y v 7EROKKIC X3 &,
i) B b0 LHEIN, TBEROBIZND, BEEEBLUE MM B EBE D
SBuHELAAIL, Fig.2 TABNBXHRELVWEDTH S, LDXdErS, ik
BB % doeh b oifgfRiz, Eiton {2 oliBichEkd %, NEESHE, gD
EEBEELDICLENRYTHY, ToMBEEL, ABOERICY » THEBERURICHEE S
N5 KRB ™ oFEflgImicHY T 0eELbNS,

F12, ThS OBBBROERBMRICDONTIE, Rk MBHOFKERAM» S KDL i
HmaIns, Bhicah~tz X Hic, #TicabhAERIEERTIE, B Hoto&rhicEIdT %
By, BiBcEAZEMLL X 03B OENT, 6o TEBRRPYZMEHOLRRNIT, 8
BHEBMERINXTHS, ECAHT, EEBOTHIICELVORELSEIRS & o T HAAT
BIERERIKE (REBRAR) oXERREIER, BEEFERoBERICHL T—Eodit2 xR THh
5, $0bL, BEEOEEDOKRINE LA TIRERBRIKEIIEL, BEDO/NINWE AT
N EWVSBIRY, ERicblzoTaEDENS, &LiC, BRFRUEICNT, EEHEO
BESETICH LT, BERKEDCEIVEML TV AHE (s 45) 13, BEHEBRIKEHER
RRICIs 2EBREORRICHIEL It—RIBIEI DB L 3E LI L, L BBEERIK EH
BHoW B X 3 E(ctEs 5B (Fig.2, F-G) U THMBTRXDOTHS 5,

DX I INTI X Z OB 2% 12 THIEFRIC—FL i 503, TEERBL
BICEC TN T 7 ofEPZzC e S BEROMEI L 2L 12, £{BRPEILT3
boTHh, LB, ML - BRIEDINT T8 %2 OMIRITERT LD 5 I1CT - 2By
RELTELALNDEINREBDTH 5,

2L DL D RHECTEEIR, BREBRIICAMLEKEMBHBRVEBESETH 12, %

¥ FhLICHHBBORT, BAEEEORAD D2 T80m IKEL, WIh b RIIAE (48, 10, 11,

17) BB LT3, Textig. 31TR/T X Hic, 700m EEigizdt Eai~fm-> TEWTWYWL k5 TH

5h3, BHRHBICOCTIIERD 2L, FRIIRETS 5.
OZORBIL, ARBERBCAHT AT HIBHERSIC L > TESNS bDEEX 5,
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