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An inventory for sulfur isotopic characterization
of the hydrogen sulfide-dependent, marine benthic
biological community

Chitoshi MIZOTA*2

Existing data for sulfur isotopic composition (53, %) of soft tissues from marine vent com-
munity, of which the major chemical energy derives from the biochemical oxidation of associat-
ed hydrogen sulfide are compiled and reviewed. Major conclusions obtained from the overall,

historical review can be summarized as follows.
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1. Prerequisite for sulfur isotope studies on marine animals is a positive removal of sea-

water-sulfates prior to analysis. Excess seawater sulfates remaining in the dry-soft tissues dis-

turb the real isotopic signature, resulting in invalid evaluation of food web among vent animal

communities.

2. %8 values of soft tissues from common marine animals, of which their sole sulfur

source is a dissolved seawater sulfates range from +16 to +20%. The observed lower &3S

values (up to 3 %) relative to seawater sulfates (6%S=+20.2%) during the assimilatory

reduction of seawater-sulfates result from the kinetic isotopic fractionation.

3. %8 values of soft tissues from hydrogen sulfide-dependent, marine vent communities

show two distinct trends. §3S values of sulfur derived from magmatic source range around 0

%, whereas those associated with biological hydrogen sulfide tend to deplete down to —25 to

—30%;.

4. Marine biological vent communities around continental North America are character-

1zed by unique %S values around 0 %. On the contrary, hydrogen sulfide with biological origin

1s quite common in both warm and cold seep communities off Japan. 6%S values provide a

direct evidence for food web prevailing around hydrogen sulfide issuing vent communities.

Key words : Sulfur isotope composition, hydrogen sulfide-dependent marine benthic Com-

munity, giant clam, tube worm

1. & L &®I(C

1977 %, EREOBKBAEM 7L E VB IBEKX
FHEOBETOHN 52 AMEEIZ I\ T, TREDH
NEDDIHR D BROBKILEIC - fLE TR T
WIgh o B L BRBBEAEYHENBEI NI, &
ETERBM S WIcBk D k2o oS R, BEOBSE
Pt L OGRS 4R, BEREOHILKENER
WHISRIEZ LR X - TEBIm A2 2 Bhet, BokiE
HALORE D ICREAT 2 Zh b AHBEEL, BERIEAE
wE DAL CTEERTKE, & AREE S S5 iIFiE~ & @B
L, COBERTA{L¥E=FcA ¥ —2F - THEWY
BT AHMERBIIAREC L > TE 2 6h T3 2 E8
Do T\ B, ZOEIEKFEL=FA¥—FETH58LD
TR L, TOBICKFEOBKEHILCER ST, dt
7 AV NKER, HorEOEBEEY Y, ROTE
7 78 IBIKAC BT h i WKL 535 2 & AVA
Db L5 ic-te (—BMABE L LTk, KH,
1988 RUMEA, 1996 # 2B I f-L),
MEIBTHECE L, SEHYOLBLED—>TH
Do L&, AUBLFTHIEABDEKIEE & &
By LIBRED RBlIC 1857 ¢ /B S-S &S ME
LT, Wi B %2 Cv5, LihisT, B/EBKAE
VR DRMT 2 e s\ Cig, H88H LEEE X h D

712

Witk 32, £HESL T2 L= AL F—DFE
LE, WhilEaE L EYBE OB OMNREYIE > T3
EEBRINB,

CD/heRD BN, ERORILAFCIKTT S, BE
BIKAEMFEHE O R E R AR BET 5 BEAED 547
PRz RE, ML, SEEESLELCHRARC S
TRIATDZ LThD, RETERMAEBRILIZ S
THERBTE NI EATFIF IR BEHERUORA,
1997), LosLichih, AMpiEShcBIE L A5 o Rk
BHRICFICBIE T 2 HR EPERO TEERCH 3
Dh, BEEALERINGEA LR LIV LAt
T NaRTIR, ¥, MEBORERMAE L L, £
ROREDORANR OB L ERAMAEARE, BEHc
LED IS LTHETBDM, &\ e KRR EER
DHEDAEZ Lt s,

2. RRLCKTIHELAMOFE LFHEAR K
DL EH
RARCET HHBLEHPOFME L, KR, ERRO
VDX 5T RERBETTED 5 bR b EFREES O X
VLR THDH, RBCALATVA LK, MEE,
=21 (7 2/ 8, £BFity), 0 (CERHEE),
+4 i (SOp, “EALHRE) RO +61f (SOs HRER)

JAMSTEC J. Deep Sea Res., 13 (1997)



D 4 S>OLRERY £ 5, ZOELCEUEBRLIRED,
i ah XA RMEEROEEFHOFRAEAD—2x/s LT
%o
R, BEFESMN16 ThHD, RARCETHHAC
3. 5otk (T4 Y F—7 : RFEFOBFOR
dELTH BN, PHFORNBRLIMERT) »H
e FHHEDH B, MEORKERAAED B RFFEHLIL,
328 95.029%, 33S 0.75%, 34S 4.21% K0 36S 0.02% TH
5o BSIHHETH B, BE, MADOKERLMEL,
BEEORLEIS O, KOWTHEFEEDORWV IS RT
DEDOHE E-T, UTFDX 53RN TERINLGTHR
TE) (%) TERINID,
5348:[ (345/328) Bk
(345/325) HFiE
MBI, GRET Y VOB AAL hERIREI R
Canon Diablo 8B kg A @ Troilite (FeS, BAXF 3
& - TCCDT LBEHRT B) THSo
X1k, RRIZCBT AHE/LEWORER AL AFERR
oW T, BEL-LD (EARCEH, 1983) TH
5, M1 Xhd, REOLERAMMAERDEBEH
i3, 160 2— i (%) LR, Btk BEFVAD
WRBIZ L » CTHORERMAERYE TE 5 TRT S
4., BEFEEIRC, KEMLSGRET TELS) OPTER
LA X, HERRUHIR I BFROERLFE D ANLEDL
- KREBEESACESThamELAY (& LTHILER

— 1:| x 1000

63%s 90

+30 +20 +10 0

), ROZHhLERNLGK hH I hAcBuk-Bukitsik
YO DFTERM AL 025 %D R\ -EEcEFRL T
5o WRPDEELFHEDAEIREETSH v, HIEIL
HHNC, BRIARERYVFAA-—FBHLTV%, BEOH
ROBEFRBECHERMEITE L {H—T, +20.2%
TH%. Evaporite (FRREE) X, #8KD 5\ iLHKDL
MIRBIE T CARKEE-T FERTHIER LI -T) £
F 518, EFINTWREKBRUREKEEOREEA A v
O ERMGEE Z MR LT, +10 25 +20% DHEIHA
hHbH, ZORDOFT, #ESE (KELEILARTIL
BRxcWEERTFKREC) MHELLKXKELAMEERD
FExrT LRERBCET 5, ZoHFEMRAEOW
THEIh 3K EAMCEEREESORR L, ARG
Fe BT, ESTFERILAWLETHREGEXET
5, BiEEA A v bOBRETO5 &HE SO0&FG
OB, HRBETHIC X5, Vb5 HEHFER TR
£) OEOBMFRMNES IR LB 0L LT, &M
ERTChb, ERGE, bEIEKHETH-THD
L, MBERE THh - HEBESBHPERIFHAZE L TP S
NBEHDTH%, TOMBERMLEER L, HEESADH
AR Y REEL T, KA LHERSDRIEFTRIOED
HECH 5,

EACKIN S N RERAMAEARE, FRILKFEF A &
LT ENAHREC YR I NS, R, HE@ERCH
XN BRILKEN, =700 THIITIIZIEO

-10 -20 —-30

e

]
1

+ meteoritic troilite
|

} basaltic rocks

ocean ridge basalt

ﬁ: granitic rocks

SRS hydrothermal and magmatic ore sulfides
e I e t A morphic rocks

+100

® sea water 503-

ST ¢ VA porite

rr T T T T T 1 LN - g

T =

-60
sedimentary rocks

lunar rocks

basalt
breccia

—fines

+30 +20 +10

=}

-10 —290 -30

K 1 RKAROBWHEILEWHD IS {HE

Fig. 1 Sulfur isotopic variation in nature.
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Table 1 Sulfur isotope composition of common marine animals.

Locaticn Species Soft tissues analysed s {per mil) Reference
Southem California Chaetopterus varioptedatus Whole body * + 7.6 Kaplan et al. (1963)
Chlamys latiaurata ditto * +17.7 ditto
Haliotis crackerodii ditto * +20.9 ditto
South Atlantic Chenocephalus rugosus Insoluble organic-sulfur +15.7 Mekhtiyeva etal. (1976)
White Sea Melanogrammus aeglefinus ditto +16.3 ditto
White Sea Gadus morua ditto +17.3 ditto
Gulf of Peter the Great |Tehyum rotetzi ditto +16.4 ditto
ditto Aphelasterias japonica ditto +16.9 ditto
ditto Mutilus edule ditto +17.7 ditto
ditto Pecten yessoensis ditto +17.0 ditto
ditto Pandalus latirostris ditto +15.6 ditto
ditto Goby ditto +16.6 ditto
Gulf of Mexico **
Southern Texas Shrimp Whole body +7to+14(n=11) | Fry (1983)
Florida Shrimp ditto +7 to +13 (n=9) ditto
North Texas Shrimp ditto +101t0 +13 {n=6) ditto
Off Hatsushima, Japan | Meretrix lusoria Gill * +18.1 Sakai etal. {19873, b)
Mantle * +19.5
Foot * +19.9
Throughout Japan Marine fish from sea-food market Whole body * +16.6 1o +20.9 Kuwana et al. {(1994)

*). Anzlysed samples contain excess sea-water sulfate,

**). Excess sea-water sulfate was removed before isotopic analysis.
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Table 2 Sulfur isotope compositon of marine animals associated with symbiotic sulfur-oxidizing bacteria from USA and

neighbouring areas.

Long. Lat. Water
Location {N) (W) depth (m}  Species

Analysed tissue

Removal of sea- Type of issuing

577 {per mil) water sulfate water Reference

Northern California, 40°33 124°30 450t0 600 Calfyptogena pacifica Whole (7}

continental slope

-5.0t0 +9.8 Mot described Cold seep Kennicutt Il et al. (1989)

Florida Escarpment  26°02 84955 3300 Escarpia laminata Trophosome -11.2+2.4 Not described Cold seep Cary et al. {1989)
Vestimentum -10.0+0.6
Undiscribed Mytilidae Gill +9.8+1.6
Mantle +8.2+1.6
Luisiana slope ? ? 400 to 220 Undescribed Mytilidae Whale +13.5,+7.5 Not described Cold seep Brooks et al. (1987)
Calyptogena ponderosa Whole 0.1to 421
Pseudomiftha sp. Whole -11.5t0 +1.3
Escarpia- like Whole -3.5
Lamellibrachia sp. Whole 2.7
East Pacific Rise * 21 7 T Riftia pachyptile Tube Dto+4.7 Yes Hydrothermal Fry et al. (1983)
Vestimentumn -4.7 to-2.1
Trophosome -38t0-1.5
Calyptogena magnifica Gill +1.5
Foot -1.7 to +0.4
Bythogracea thermydron  Muscle -0.1 to-0.1
Cape Cod, ? 7 ? Sofemya velum Gill -28.2,-26.7 Mot clear Anoxic sediment Conway et al. (1989)
Massachusetts Foot -31.1,-29.2
Free amino acids -17.2 Mot clear Conway and Capuzzo (1392)
Buzzards Bay, 41°29' 70%°53" 7 Sofemya borealis Gill -15.7 Mot described Anoxic sediment Conway et al. (1992)
Massachusetts ** Foot -32.6

*). Sufur isotope composition of metal suifides: +1.3 to +4.1 per mil.
**). Sulfur isotope composition of hydrogen sulfide in sediment: -25.1 to -24.5 per mil.

716

JAMSTEC J. Deep Sea Res., 13 (1997)



AR LT, FX5|E B TCDFEATOMDILED ~D
ZRICEL T, RERMAS N ETHEIRS,

Pz fe#k Ui 3 IR, db7 2 Y » KEBEAE
MO O INAEEKERILOFITHS, & RS
nicEMFAE OMERAMGELIL, £ORIOFRICHN
T, BELLERWZEAERIRE, ZZTHU, LK
IR E LTHEHR LicuE e bic i, SR {AH
DG - T, BEICE T h 5 EKREBEOKRE
DHEEZTbRihE SIS OWTThb, =D A
3 HL R b OMBERAMABIEFREHC Ok, KRR
BelRELT, MERMEGEBRTYEE LicrE 55, #
HEOFERML ROV, 2T, BBKCETH
HHAEKF I Lix, ZOBR{bKRE L HFT 5 & TTHEH
D& % EIBHRAL OFRERCLABB A E T Tuiey
b, =FAF-JRCHEHEKFEL N EFIRATLE
Y & DR DLW ERCLAS Bl D TOERLE
Lhis, L Lighs, BESARSWThED, Zh
O OWERMAERIIIES B, BIRILKRL bR
RITRICL AL ONEELBEFETHAS I EXFREL T
%o % 7z, Florida Escarpment X O Luisiana slope ©
2HEOPT, 44 ofpf] (Mytilidae) A3ilt D AT
TN, AL EGRETHEE SO LS,
INDA T OMFENL, » & vEBESFELT=3LF
— 2B 5BEREMLYES T LALLM INR TV
(Brooks %, 1987), ULiopi» T, BALKFESHHLAL
CEET A ML T, o4 FA4 OFREIE, &
IKBURRE 2 RIRFE(L LT\ 5 E BRI N5,

Fry (1983) »\$f4 L /- AT I 21 B O @R
SOG I ARERNL, CsClEBme &L 54 iR LOERLNK
EIRIFC L b, WBKRBE IR R T b, ~F Y A
DERRFARVEENR (—4.7051.5%) ¥BRIX, 18
ORI EHRB OB R AERE, 30T 0 %AIRIC
BHATE, oo shigdepaRes, - ZslH
Shi-HAbHae (FRERGAER BN DEREUES
ER—HE 5 A, Fry OFE#a S8 620 TR,
M5 OFE RN AE BT TR TH 5 & fiam OV T
H LW THAHH5,

FRE VA DR (Solemya) W FALAE
Py, KBEHE»L 2 HBHME Sh w5, AER, =7
BRI 4 X, EREREERYPCE-
THIEL TS, B SR S h B LKEORE
PSR L, 31T —25% THH0 5, BREKOMHER
hEFMBO L 5B % B, Solemya DFENL, 7 3
) ANT 4 vEETHB ETY AT B ELTE

JAMSTEC J. Deep Sea Res., 13 (1997}

L ZEBICEL, Cape CodARHC DWW THEEI R~
7 —RBED ELEHET I 7 BRESEO R OIEORGE
Gl +10% L Eic b T % 26, Conway XK O
Capuzzo (1992) ¥, Thux £ v V) vOE(FHEHE
B ToRRIBMESHEFERL TS, Lirl, 22
THICI-OEETHILERD L Z X, ERMMEHD
S INCHERET 2 2 BESCE, EVCEBASESAS X
i, EDZ v Y vOFRERMGERAE I - CalgetEs
THCELONDZI ETH D,

BT, — ORI LEE I BHRIEKFEIEIT
BRDRAENRTE, 17%CdET 5EMERNCRLMLES
Bl (Cape Cod & Uf Buzzards bay @ 2 ff|) ##&& =+ =
ik, MERADH > TWSEHAOHBTITIFRITE e
W LT, BEZ2HIKROBERECEEZIRSD R
T OEBERRALES Y, SRAEKFELAOHREER (&
D QWIKEERT A v) REML LTV 5% Z & X B aTREM
DB B,

5.3 W{bAKFEBHILEMBEOTHERFHEMR
(H HE KU BEHb s O B i)

HRIEHLER A 5 DAL KR OB, BuKH B\ IxEK
B8 hisl, 77 b =7 AR IEERN IR IA L
HHONLHMEENREDO —2>THB, HAEIL, X<H
BRTWAB IS IC=2—5 7, 749 vEBRUOKEE
TV - FOBEREMEBE LTV 5109, BURO%<
DR T, TR~ 7-6] & BHUloEHREEN 1987 FH
LARER\VVH I TRTV-5 (G 3),

£33, BRVSATLD S5 >0, HILAKEBREY
HFROMBRAMAHERIC OWT, BEHEERADOEF VD
DHLH LWGIRCESILI-boCchs, “hbHRHRE
L1987 FithE b, 1990 ECER L, URBRFEECE
5 CHEBREME Y = 5 Milgrc b4 X e oA miEsE
DI E AR DT ORI IT AT oL,

RICIhE, e v %L otiSicowT, BilkK
FIKFROREBYORBERMMAEERC L T, HET
DB B DBALKR /- Lt S BHEILEY OFE R
UAEEBRORBRSIRINTE b, gkt AmEEOE
D5 ZE LRI 2WT, £D 5.2 8icH~NT, X hif
MMIsRBATE D, LUF, F=RIBI & 2 oFsetutic
\ T OBRERIA AR O DTSR 2S5 LT L 5,

£9, RIFTATEMNCER IhkiFIulcdbiu
Z L, T HAEMBEROGRERAEA R —25% L
Té&wvs, MBETHEREROE L BLWHENEEN
FECI->TEBESOORTWBE W3 EChHB, R
T EBRVCEEE, MEBETEC X 5 RREREO&TE

717



R 3 AEMEMMEC & > TH 2 b BEBORMBRMAEER (hr ER OB EHIR)

Table 3 Sulfur isotope composition of marine animal associated with symbiotic sulfur-oxidizing bacteria from Japan and

neighbouring areas.

Lat. Long.  Water Tissue Total Tissue Sulfides 'S (per mil)
Location {N) {E} depth {m) Species analysed S (96) &**S (per mil) H.S Metals Reference Dive No.##
Qff Hatsushima 139%14' 35%0" 1170 Calyptogena soyoae  Gill 34% -28.7 -22.71t0-20.2 Sakaietal (19873, b) D 225
Adductor 02# -16.2
Mantle 0.2# -1.9
Foot 03¥% +0.7
Minami Ensei- 28%a 127939 712 Tube worm -1 Vestimentum 0.9 -24.3 -21.3 Kimet al. (1989) D357
Knoli Covex B site Trophosome 2.6 -25.4
Tube worm -2 Vestimentum 0.9 -24.7
Vestimentum 2.8 -25.2
Tube 0-5cm 2.4 -26.7
Tube 85-20 cm 0.3 -23.2
Convex Csite 28%39" 127939’ 670-710  Calyptogena soyoae Gl +1.6 +3.5 +1to +2 Kim et al. (1990) D428
Foot -3.4
Bathymodiolus Gill +9.8
Rest +10.3 Kimetal (1920) D428
Neptunea Whole -9.4
Iheya Ridge ? ? 1400 Calyptogena Soypae  Gill 38 9.0 -0.3to +3.0 Kim et al. (1989) Sonne leg. 56
Adductor 0.6 -11.5
Mantle 0.5 -5.0
Foot 0.5 -6.0
CLAMsite  27933' 126%S8' 1395 - 1425 Calytptogena soyoae Gill -26.5 Kimetal. (19590) D409
Foot -25.5
Tube worm Whole -6.1 -0.3t0+3.0 Kimetal (1990) D416
Bathymodiclus Whole +5.5
Alvinocaris Whole -3.3
Izena Cauldron 27%15' 127°04' 1340-1395 Bathymodiolus Gill +10.2 +4.3 - +10.7 Kimet 2. {1990) D413
" Rest +8.6
Kaikata Caldera 26°42' 141905 432-762 Bathymodiolus Gill 16 -21.9 -22.5 Kim et al. {1989) D 340
Adductor 0.5 -25.5
Mantle 0.6 -24.3
Viscera 0.3 -23.4

#). Wet matter basis.
##). RV Shinkai 2000 except for Sonne.
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