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hydrothermal petrolenm 4 5L S 8RO AT Tiadh o,
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Geochemical studies of the hydrothermal system in Wakamiko Caldera,
nothern Kagoshima Bay
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A currently forming hydrothermal petroleum is identified during “Dolphin 367 dive studies in Wakamike Caldera, northern Kagoshima Bay. This
petrolenm is considered (o be derived from present sediment in the ¢aldera Noor. This is the Grst report on 4 significant content of hydrothermal
petroleum related with a hydrothermal activity of island-arc, To ¢lucidate fluid ehemisiry of the caldera in more detail, we report chemical composi-
tion of 810, NH, and CI. As measurement of the seeping fuid and bottom water obtained from the caldera floor show high Si0, contents, supponing
present hydeothermal activity, However o the fumarale site located on the castern rim of the caldera, where ch.cmcpaumm::phic COmMMuUnily are
abserved, the boltom shimmeriog water can nol be distnguished. Sedimentary organic componems at this site has also immatured,
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HEVE B b SR D [ 1T L 2 7 ST I A P B 22 ek
HUABTERUEDNS kmOBFHIILTI2ED (R
#1984), KE00MD ZDANT ZERENLT O
T HEIZE & S K EEI0m O HE & TE A & T

HCME T=FD) ZIRENTLSMEIENS OEE,

Mol EELNS e ET AHEENTNHS (I
WS, 1976 BEVRERUL 1078 : AR S 1992 BRA 5 1993)
(F1), HAOM|MILCO, EEMAE L, CH, N, H,
HSEZHKUEH R THE D EMREEINTHS (h
5, 1992) . HSANGERPIZHEAS 2 N D B {ER &
B OERITH L ARBTH 0, EE TRILT 1 >
3K b2 4 B KEER) 90 m o0 I b A R S A O AR I
&= T T A U A AR AEE BLE NP (Hashimoto er
al, 1003 : S | 1993), ZOEMIBEREECIES SR
fifiEm o s " EEBEEAKR (#1610 Loz
~15CHE <, pHE 5.1~ 69 2L ZRL (Hashimoto
erol, 1993 ; BB &, 19930, #MaAOmih &5 < mele L7,
HEVE i b S RIS B0 S T RV o 23K MRS
O, EHaALT FEM ST ENE, Elio
i = S oA T e TRIR & s, MR & il
L=l s, fyinl i HERCE il o kit -1
oz L THEMT S hydrothermal petroleum T2 & = - A¢
= (Yamanaks et ol | in press), 78843008710
hydrothermal petrolenm &9 5K, Filok A 2Tk
fo<, waterfrock EOBIGREEGE TR D, Mo
AAEELTHWA I EHTERNSEZ o ha, BIREK
s ko TiThh B BEEOTFEmE, o, Fuh
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e ST R TIEE 80 m i B e DI S
HEMo TS EEFEERTS (BRI, 1987). B0k
EAEI o Twakoid AR I o S BEER
LTnaEEA5hS, R ANFIEORERH ST
HBAETIC LS 24 2 5h 5 REER O EER
HEPHEENTWS GRS 10m), Bl 312, kil
TG REE L A2 EHEE, hydrothermal
petroleum, S5{EEM@ 3 DoHSMEHEI D Mok
=

LinLiehi s, HLF 5 K Tl ko (b et
EEMICEEMERE N D A< iRy
71 A L BRI T DR I B T8 pH BRIt IE i — o i
HMTHL. BREROZL F—= IR Lo o
S O IR S I & T, hydrothermal petroleum 4258
g iR b e, & & Iz kS nk e
GBI T MRS N A Ll ah e, B2
7, Wb QAT & & BT, AR U R 1R
WL, FAKOHERIEF AR &2,

2. EREIICMFZINETOHARR

B S LV S b LT i & e o B i e —
MR LTS (@R, 1969), #NICIZBE SR L <%
)= He SRR LSRR T 2048 0T, BBICL -
THikiaI shignis L vlRmlicehEh e o
DANF ZHEET S (Masumoto, 1943). SOk
Uikl Bl T H 20T, TOD, BRI
AR AR DR T B R T S REERE e, S ied B F
MMz - a8z o h s,

M&E 0 HAOWREILE AN T 2 MO MEE R
FIURIUEBT 2GR M LIZS< 00T 2mne,
HLF S MR A S 1 R G L ER DU R Lo = T h
FTinoitgans S RENTLS (R, 1987, 35k
ANFsoEEl Ty v a2kl Tha v
HFTRIE D OFEEANESNTSEY (Ono o al, 1975),
IS TR E DA RSN IS LT hE &
#HAEALNEA,

A T T ORI R I I MINE 1k  - Bk
FElAREREL TS EL ISR EN SNSRIt AEn
IR R & AT S, Bk o EEEsS L
ETHELT = ETHS (Kitazato, 1979 : Yamanaka
et al., in press),

3. HHEEUSWR

HWAHILFFRDOREREEELSE2: 1 1259,
HEE200m DANFT K (Site 2; 31°39.544° N,
130°46.4327 Eb #r o FE I & N 20 R a B A a6V 1)
FERERL., YT e s ZRICIIMA RS S s
A, AHEO0m D [r L (Site 1: 31930519 N,130°48.1 60"
E) offla N R et s Ra e
Ao iz, HHEEEE G O AHTIT I 1997417 Site 2 M 5 0 341
HALTIEFR L - TRIEI NI (K341 & Site 1 5
SEMABIT Y v 227 (Hffdom) 0k - THE
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i AF 27—l (3:1 by volume) iR SIS E B L Thli
L, ASZAFOT Y770 —ick o ThElibRR ek
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Zrdl b (SR, BN BT 24 TP ITEE  asphalic
HC) 2 2 D@Dz, i 2 2t 2w THA S
Ov 75 70— (GOMS) HBICTERSOF
i BRETo .

AR ORI AME S (1992) AT ZIRMUZ AL
FEIREELD, FAROEFF - ErRO A s
FEAKERE LT 19984 B TR 19994F 12T - 7=, Site 1 ThE,
oG ) L S BER O IR A T A A TR ERR I
BT, Sie 2 TH, O e S0 L g iz ko
WEENRCRASHNET, e EABTBILITEK
OEMELTREHERZ{T o/, L5 50H1 Mo
TH, HEREOREARIIEISHHEHERE HDHET, F
T o oD BT T RN e 1A RS

ICEBERAOERLTo .

Wk e DR KD pH, Si0, NH, BB ETHIRL
oo pHIEREAEBICEL S pH B L 5REE
frofz. Si0,. NH, BARLEZECABLEKBENE
MTEREL, CORBEEHWTHBETHRICE 0 ThH
BAFET oL BEERSICOWTE, SE8HHER
BEICRBW - THRES SRS E (HPEt- I1C
PRESNLE) ChopHeiTok,

4. EBRRUER
4. 1 HRFHESOBEENTE
SWHRER1ICELDE, 3K RUIKSMA NG
s & U7z aliphatic HC @TICY 07 R &S AEE 217,
aromatic HC DTICA 0w RS LEEI SRS, oS
OED S, HEREOTBERICASELMS S T e
%, RO #4552 Yamanaka et ol (in
press) g &N,
EF, Site 2 TERILE A5 K034 D4 SR, HERY

Fr
IK#341 |Pr
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Fig2 GOMS TIC wraces of aliphatic fractions from bitumen in the sediment samples: Sample 3KA341, obwained from Site 2. Sample 3K4344,
obtained from Site 1. Solid and open circles indicate straight-chain alkanes and mono- and di-unsateraied alkenes, respectively, Mumbers
gpecify the carbon number of molecules, Pro pristane, Ph phytane, [s: internal standards, UCM: unresolved complex misiure.
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#1 EFESEASH BLOKAM Qb ek & TR
Table 1 Analytical results of bulk and molecular parameters for sedimentary organic matter from Samples SE#341 and 3KA344

Aromatic’nophthenic

Total bitumen extrzcl Aliphatic Asphaltic (N50)
Sample Flunrescenos Todal yicld bydrocarbons hydrocarkons comprands
vy (peg/e drv weight) {eeg'g) (% of towl bitemen) {ugfe] (% of toal bitumen) fpglel (% of wial bilumen)
IS Doark blus 5220 1083 2l 3019 =3 1119 21
IRIF4g= Sky b 27y 28 17 i 2 ] 55
Elesnental analyses®
Snmple o-Alkames lsoprenoids Extrected sulfur TOC M
range Cmax CPI (™™ Pristane/Phytans (g Sig) 1) (%%}
e | Coas s (monomodal) 054 .26, 078 LEied
IREH4 Caias Cys, Cos (himadal) 1.43 11.42 044 005

*The sedimeot samples were freezeadried, treated with 1M HCE e remave Ca00,y, and dried down under vacuum prior to elemental apalyses, Maostof the

volatile compounds were bost by this process.

F¥CP(C i carbon preference index, cateuluied as 2Eodd Oy Zeven T ~Cuk Boven C, i n}
=870 wi % of total bitumen can Bot threuzh out the column cromatography, it must be quite polar componests.

3K#341

o
=4
O
T | 3K#344
c
LJ‘)JI .G'JL-J..A--., il"HLf"
i
= |L ¥ T T T T T
A an 31 10 20

Retentlon Time {min.}

B3 HWREREAEFEOTICYOZ RS S LA, BEH KNG Sie2 »S, BEIKEE I Sie 1 Mo BERENELO, P—v b
DEFARIOELDPARITHE, &« REREACS, © @ B RoE

Fig.3 GCMS TIC traces of the aromatic fraction in the sediment samples. Sample 3K#341, obtained from Site 2. Sample 3KI344, obtained from
Site 1. Mumbers indicite major PAHs in Table 3. ® unknown peaks, € contamination fron the laboratory,

eh i k4 Y hydrothermal petroleum T 5 & & 255
TR e B % R L A, Aliphatic HC S0 850 i
{bak3E (n-alkane) #FAFIZE L, UCM (unresolved com-
plex mixture) & NS GCTIIBRHC T E /0
HELBHELRESNy 7 V39 RNy FE LTHER
Thyd, UCM O &S s o sHa s
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NT&, Ef, nealkane %00 55 B o0 P aE e Bs b
T&H % CPIE (R D n-alkane & M5 58 @ n-
alkane & @FTER. WIEH 1 OFERSBE) Hom s 110
BT TH - =, BRSO S S b ik 2203
AT S O n-alkane AT CPUMATR 2, HERY
oA A AT e o BEL, Thch B a i Ak -
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;2 HMHIT SRR E3) TR @A T —
F— B TR PAH O R R

Table 2 Dearces of maturation represented by the indices of biomarkers
and PAHs in pewoleum-like hvdrocarbons from the Wakamiko
Caldera {Sample 3K#341) and two other hydrothermal sites.

el Wakareibo Caifirs Daavmar Buist iE'I-I:MI- Tweath®
Corz bogone 215 25+ T2 (T3] 247 [T
[=]3 M 135 GT5- 1R U_S_B_ .53 0.5
T.T, 525 &4 &
33 Hogaes
AT E b Hy b 10 218 HY 2 ILER EY
3 Hopsa
3R a3 Cnd Higusst 2B
23 Fopamc
(23R 10} Cotmals Hoese o5
Sitonae |ndices
Gort camcrane SEEE SO0 s [ A8
Copatoranc 335 30+ 20R) (] 1] 213
e 1t wimane Ll Lar
PAIL infces
i b 035 35T 3
[T T ———
MHIT LA 1 [k ]
MFLZH [rd] 135 QuEl
MED# [ L5

D i Wh} Sasmawti| (| 90T) e K bk el Sepeitit (15590 The Amspde wid ool eined by BEV
Alei kg BI5T,

Dot e Fverveits sid Sesiea L (L9000, Theizspl onloptod by D5V Lra Ve A

=e® Snnerane A0 1O N e Coi e PO Gl oo A b o

tFames. & dofd by Hadks srad, [ 199431

PR, ap dafind by Charri prcs <2 21 (138

23 OEHAIF I EEE 384 D PAH B
Table 3 Concentrations of polynuctear aromatic hydrocarhons. in
Sammple 3K#341 obtained from the Wakamika Caldera,

Compounds Mo¥ | pele dev weight | pg/me-bitumen
Methvlnaphihilene 5.6 1.3
Dimeth¥inaphthalens T4 1.5
Ruoeene 0.4 LN |
Fhenanthrens 1 0.5 30
Methylphenanthrenes 00 0.0
Anthracene 2 157 3.0
Flucrarmhene 3 35 0.7
Pyrene 4 406 78
Benzanthracene 3 54 1.0
Chrysene{+Tophenylene) | & 6.7 1.3
Benzolb, k}flvomnthenes | 7 1.7 0.3
Benzo{aelpyrenes ! 25 0.5
Pervlenc o 21 0.4
Indenopyrens nz 0.0
Benze{philperylene 0.6 0.1
*5ee Fig. 3.

V123D < (Cooper and Bray, 1963 : Simaneit, 1978) , Aro-
matic HC IZ DWW T H UCM@OFENRAS T (B 3), &
SrRE@ £ RA N FikDHE KB (PAH) THS pyrene,
benzofluoranthene, indeopyrene, benzoperylene /i & % il
HETHH AN (#2), coronene B ENE, TODL
DT H D pyrene OFEHE (7800 ngfp-bitumen) L. Guaymas
i 4% @ hydrothermal petroleum o & [ B A3 R (91~ 1400
ng/me-bitumen : Kawka and Simoneit, 1990) 282 540
TH=le, Elonad F7—h— RN RMEEERIZD
3T H LD hydrothermal petroleum Ol & VL4 5 &0
T#HE (#3). n-alkane IFMERIZLDHREZITST
B IOE—2HEFCEDeNSE I MG, kb
HEOMEDTHEVEFOERAGERL TS EHAS
A, S ORMRA S BT THE L ERHL
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Tk,

AL T Site 1 TS U 3K#344 AR R
b, MR OF B VRBET Y, MAEDORE
STz L l# A0 < b, Aliphatic HC RIS
Efo @bl (alkene) A% n-alkane & 0
Ay & L THEE f, CPIE1.43 & FeERRIE L%, UCM
HHYhTEHE S, Alkene FEIBEERERICH L TSR
T, BHSOEETRECRITIRATES I &G
{Johnson and Calder, 1973}, £ O TIEHT S ESIZHE
THREERE, £ Aromatic HC i Figth0HT
2% LivEENT, WM THPAHR B L—Z1-~ULT
&0, S hitt PAH X, ME— phenanthrens (<2 80 ngfe-
bitumen} EEpIEHEREAS T,

B E@EEMNE, Site2 ChF ZE) TOX hydro-
thermal petroleum AT45E LT 0, Site 1 T3 Wdhatsk
MEETH oM. TOT LS, hydrothermal petroleam (3
AT I EICHER L B iR 2 R S L TS alE
thAth o 2584, Site 1 T hydrothermal petroleum @4
MR eRMro BB LTE, hESLRE0T
Site 2 17 He~CHERTH A4 0 T hydrothermal petrolenm 42
RIZE= Tz, H L {HRBEREZNZE02D
AL SNS,

4. 2 kBB ROMBIREZENTR

HERRBLERSOSHEREO—-HER4IIRELE.
T 7 OMENTIREKRES & LT SI0BEEL ST
B, SO, BREEFOREICE > TERICEEN SR
KPIZHRTAEIEMS, BARGOEENHELT
(friciR ik nBais) B<RnENS, Siel (KE
100 m) HSFERENLKRED S0, B (P +ED) &
WD 25-30 1 mol/L DIBEIZH D, ORI
DA Sio, BE (HheH) LEHHTERZN, In
2t LT Site 2 (RFEE200 m) Ok FLD & IS 132°C
O AR E AL, R A EHI R 300 1 mol/L
i< ORGS0, ET LTS, Sie2 TRADD
HELIR-FORATED, SOLEERLEMANDS
SN TILHBHREMSTHEL TS I EAERans,

ESICE4ERLEME ML SII, Site2 SR
Fn ikl 3KE4 12 K7 T RSN 3 Si0,iRED
5L pH D {E T4 NH, BEE® 1R & ORI LB
RERLTWS, JOBRE BiSMEOHRIzIL
THEHREINEDOES LTI VLR THEEER
BESECHATES, BnitAEECE S bS
#HEE, BAAkllAKEOBESHBTHS. Siel O
FHOBIL T3 = B s 19", Ritss Tk
LTS &S S et sh i,

CORGEHBE AR, fkORSESIT RN
HEHE RN HAE T E 5. A SO D lENS
KO CUREDER X O I EAHEE 3 . R
THMEE L TWa I LR ENS, £2S50,-80, 08
PR SRR L N B R R T T AR A R, B
FGROBECHEMPOEEHEIRLEZBOERD
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