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able. Table 6.30 summaritts data on the annuall>CCumulalion of sulphate in
thc various morphological zone. of lhe ocean floor. Accumulalion is most
closely related 10 sedimem mass although pelagi( sediment. are n:latis..ly
enriched in sulphate. This is probably due 10 lhe higher contribution of
pore_water sulphale 10 the total ,u1phur of oxidized pelagic sedimems.

Accumulation of reduced Sulphur in Ottani<: sedimenls generally correlates
with lhe l>CCumulation of organic carbon ucep! in lhe case of pelagic sedi­
ments where re<:luced ,ulphur le,..I, are extremely low. lt has already been
noled lhat. w'h~e oxidized pelagic sediments occupy aboot 1()l1j, of tilt- area of
lhe world ocean.. lhey conlain only aoom I ()lIj, of the IOlal sediment accumu_
lated (see Table 6.30). Thus. in quanlitali"" lerms. dia~"",i, of sulphur is
mainly confIned to lhe~ of reduced Ottani<: ...diments of lhe cominental
shelf. slope. and rise.

Con<:luoons rellarding lhe sulphur balall« in the World Ottan can be
draw'n from dala given in Table' 6,1. 6,29. and 6.30. Table 6.1 shows that
339.2 TgS is 'upplied annually to Ottans. basically in lhe form of sulphate,.
Ths flux i. composed of nearly equal amounls of natural (169.2 TgS) and
anlhropogenic (aooul 110 TgS) sulphur. The natural inpm of sulphur 10 thc
OttanS is almosl balanced by the 126.1 TgS removed each year. mainly in the
form of reduced ·,ulphur.

The anlhropogenic nux lhu. repre"'nts a net l>CCUmUlalion of sulphur in the
ocean'. How'es·er. as this annual flux i. ""all .. hen compared to the tOial
sulphate in the oceanic n:... rvoir (1 ,3 x 10' TgS) neither lhe concentration of
sulphate_sulphur. nor the propenies of the octani<: ,,'aler on the whole. "'iIl
he markedly affected in lhe foreseeable fUlure.

Part 11 THE MASS-ISOTOPIC BALANCE OF
SULPHUR IN OCEANIC SEDIMENTS

A. Yu LEIN. V. A, GRl~'ESKO. and A. A. MIGDlSOV

6.g FR;ACTIONATION OF SULPHUR ISOTOPES IN' SEA SEDL\lEl\'TS

[n modem scdimenl$ tilt- iSOlOpes ofsulphur an: frac1iona«:d during bacler­
ialsulphale reduction with sulphide becoming enriellt-d in »S. lnterprctations
of sulphur iSOIOPic patlem, an: generally based on data from experiments
wilh pure culturc, of ,ulphale_n:during bacteria. The.. §how lhat therc is a
general «:ndency towards inrreasing fractionalion .. ilh derrea,;ng spccifl<
actn'ity (i.e. rate of reduction per cell) of lhe barteri. (Ch.ambers and
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Trudinger. 1979). Furthermore. the degree of i$olopk differentiation be­
('.;cen sulphate and sulphide depends on "'hether a system is open (unlimited
,wphale ...ppl)·) Of dosed (limited sulphate supply). In the lanu Case sul·
phate become. enriched in >os during the course of redl>C1ion (due 10 1"""­
f.",nlial metabolism of "SOi-) so Il1al sulphides produced carly in!he ",,,,,.
tion will be highly enliened in "5 relative 10 the sulphate remaining towards
the end. MOl'eQw:r, lale~lage sulphides ,,'ill be enriched in "'S compared wilh
t"",," formed early in the rcaetion.

These considerations also apply to sulphate reduction in sedim.ms, but
here a further variable ;s introduced by differentIal diffusion of isotopically
different sulphate ions from overlying waters into sulphate-deflCiont POIl'­
waters. Various 31lempiS have been made to expres. io mathematical form
the effects of tho.. factors on isotope fractionation (J0rgensen, 1978;
Goldbaber and Kaplan. 19S0).

1lIe distribution of sulphur ioolOpeS in sea and ocean sediments bas been
studied by a number of inV('stisalOrs {e·s T1>odt e' al., t %0; Vinogradovel
1>1,.1962; Hanmann and N,elsen. 1969; Berner. 1964. 1972, 1974; Kaplan
(' al.. 1963; Sweeney and Kaplan, 1973; Migdisov e' al .. 1974; Goldhaber and
Kaplan. 1974; Lein n al.• 1976), All of these authors regald bacterial sul.
pbare reduction as imponant in sulphur i"'tope seocbemistry.

1lIe wide range of 6"$ val""s in oxidized and reduced forms of sulphur in
sediment. ;"the re.ult of complex interacting geological, hydrodynamic. litho­
logical, pbysical, physicochemical, and biological factors. mosl of whicb have
not been $l.ud"d in dollliL MoreoV('r. the amount of iootopic information is
limited both in tho number of analyses and lhe number of sites .tud..d.

6.S.1 lloklplc Composition of Sulphur Compound. in Reduced Sediments or
Inland So...

Table 6.31 summarizes data on the 6"$ "alues of pyrite and .ulphate
.ulphur in Upper Holocene sediments of the Black Sea. Baltic Sea. and the
Sea of Azov, Only isotopic compositions of ,ulphate in pore-waters ""Cre
measured since tho cbange, in iSOlOpO;: composition during diagenesis mainly
apply to the sulphate of pore.water and not that in lhe solid phase of sediments.
1lIe concentrations and isotopic compositions of tho other forms of reduced
sulphur (organic. elemental, h)'drogen sulphide and dissolV('d ,ulphide) were
not e'timated in all caseS. but a, their contribution to the tOllll amount of
reduc¢d sulphur is <l~. they can be neglected in iootopic·mass balance
cakulation•. 1lIe distribution of sulphur isotopes in Black Sea sediments is
discussed by Vinogradov el ~I.{l962), Grinenko and Grinenko (1974). and
Migdisov el al. (1974). 1lIe latter authors also stooied tho distribution of
sulphur iootopes in the: sediments of tho Sea of Azov. Similar stoo.., on the
Baltic Sea are described by Migdisov el al. (I974). Lein., ~i. (l982). and
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Hanrnann and Nielsoen (1969). As discu!.Kd in section 6.5,1. all of these
~rvoirs a", ,IuIracttrittd by hip rat« of sulphate rWlICtion.

A. l'bo 8bdF; Sa

Table 6.31 $hQoo'S the I\~~ isowp;c compmltion of ml_d svIpbu. ar.l
suJpha~ in the lCdimcotS of the b)"dmp:n s>.dpbide zone of the Black Se••
On/} tbl: 0-10 em Ial~rof the wrobic,.,... t-~n ~uditd (VulOIiloovn
111•• 1962) and the multS all' no( cbsnIssoed here. Pl'rite svlphw III tbI: Ilyd­
tOF" sulphide zone • .IIl aYe", 6"s,~ of -D.9"/'....-tUk the sulpbale
sulphur is enridllrd III >os by 5.6'1'.rom~ W "".W1ller.

II. nt' BaIti< Sa

nus te5(1'WJf is frnher Illan lhe Black Sea.. Tk a""..., 6"5 vallie of
MIlphale lor Kil:l 8lo)' IS • ~2. .. and somcnmes "'ac:ba +60'1_ in lhe uPP:'
40 aD of the oedimool (H.n......." and Nielwn. 1%9).

lAin n lII. (1982) uamllled the ix>topic composition of sulphur compounds
in 15 m co",s ohedirmms It e'lht sites in the ceot"" and south''''ffiCm pans
of the BoJtic Sea II "'-"11" depths ""&in. from 46 10 240 m. Some of 1hI: dal.
a", summniud in Fia.6.35. The sulphate """""Dln.lm d«ruse<l "";Ib
lkplh and Wl$ usenll.lt) uro at 1.5 m. Accompan~inilihis d«n!ne "'·as ...
incre .... in >os content (If both sulphate and p)'rite.

C. The Sea of "wv

This;s the most 5h311o..' and the f,c,l>es! .... ofl~ under consideralion.
lbe salinily and sulphate concenlration of lhe water decrease dramalically
from the Gulf of Ke~h to'\o'ards lhe sea. lbe isotopic composilion of $Ulphale
near lhe Gulf of Ke~h is limil.r 10 that of lhe Black Sea pore·...ler (Table
6.31). Over lhe remainder of lhe se.!he 6"5 values for sulphale are more
Degat;'" and appro~imale those lor sulphale in lhe "·.ler of !he Sea of~v
(Rabin<Mch and Ve$\o'"$I:y. 1974). lbe 6"5 '"alue fo, pyrite sulphur is
po<.il"" (Table 6.31).

D. s.tpbw liooIlantt in~ of tIor.and _ cr'" 01)

'Tho balance ". <:ak\IIaled from dauo on lbe raID of acaamul.tion of
sulphur (see .....-tioa 6.6) and !he ""i;gllled ""TalC" of !he 1"5 '"aI,," lor
pyrite. sulphate. and lOUl wlphur buned in HoIoc:eDe oedimeno (Table
6.31).

\lo'hile lbere are only rnlflOr dlffereocn in !he ""rile and sulphale COfll'Cft­

tnlbom in !he oedlfDenlJ of the lhree seas lbere are Iar... differenoes IfI the
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fi,.6.33 Red"",,,,,,,. C<>IIttntr.tioo, and iso­
topic <:<Imposition <>1 ",Iphole in pore- ....". and
io<>t<>pic cornpositi<>n <>1 ~rit< ,n ..dunen" from
,lie Arwn Trench irJ tile B.llie Se. (lite 26S6,
depth 49 OJ; Lein, unpubh""d). D------O, .ul_
pha.. redueti<>n rate; __. sulph.te, 6"'5.
0---------0. ouJphote; _. pynte

isolOpic compositions of tlte'" compound, (Table 6.32). TIt< 100al sulphur
buried in tlte "'dimen" of lite Black Sea is isotopically lighl~r than ",a-wale,
sulphate by 41.30j",,"..hile. in tlte "'diments oftlte Sea of Amv. lhe difference
is only 10"/<». This may he due I<> the different intensities of sulphale reduc­
lion in the succeSllion of ""dimen.. from lite Black Sea Ihrough lhe Baltic Sea
to the Sea of Arov. II is in lhe Black Sea wltere lhe lowest rales of reduction
and. lherdore. the highest fraclionation of sulphu, isol<>pes Ottur (Table
6.17).

Th"" the results obtained in ,he", natu,al systems are in good agreement
,,-ilh the re'ults of IaboralOI)' experiments on the fractionalion 01 ,ulphu'
isotopes by bacterial sulpha.. reduction.

In lhe"" inland "''"' aleurile-day and day ",diments wilh a similar COm-
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Table 6.32 Sulphu, bal.""" ;0 ",din",,,.. 01'00 ;nland ....

Conceo",,",n' and ;""'opic
COt"1""';'''''' 1'1", or '0'" .ulp"ur in'"""<I;',,,,,,, .,><1 it, ;""101""

con'l""ition

Sulphur ~"'

ROll""""
",ll'h". Sulpha«S"II'''.'eKcdoc"d ,,,Iphu,Scdi"'o""'h"n

."(Tg y... ')

1.35 -26.9

1.J7 -17.2

Bloc~ .'iN
Sedimen"" <krill' >200 m 75.2

Balli< ......
Rc(tuccd ..dimenl' uver til<: 32.4

10,.1 "' • ....

&;, ofA",.
S«Jm..:nl' of ,I>.: 1",lk of 27.5

rresll<:""d walnr .... (<lt1'11o
11-12m)(e.c<:pt Kerch r.J·
ion)

'" , 9.0

0.124' +26.6

0.050" .24.3

0.056 113,6

"
0.44

0.27

0,(193

0.016

(1.015

1.093

0,4S6

O.2S5

-22JS

-IS.74

.9.24

Total 1.71 0.124 -15110

'()')' """Sh' "'....
'101"""-""'"
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positioon show a gradual decrease in pore-water sulphate and enrichment in
"'s with depth. Correspondingly. pyrites become SOmewhal heavier Wilh
depth. This is explained by a Ilmlt~d sulphale supply ...·hich is associated with;
(I) the 'eservoirs being freshened; (2) high sedimentation ral~S which
hampor the diffusive exchange betvo'een po",-wat~r and ov~rl)"ingwa",,: (3) a
high rat~ of sulphat~ redUC1ion.

Parand determinatioon' of the isotopic sulphur compositioon. sedimenlation
rate. and sulphate redllClion ral.s in sediments of lhe Bailic Sea suggest that
diagenetic processes in the Holocene sedim~nlS of Inland seas occur in a
s}'st~m closed to sulphat~ but nearly opon for hydrogen sulphide. because
only pan of lhe hydrogen sulphide (15-25"') is fi~~d In sediments. Tbt tOlal
sulphur 11"" in sedimen" of these inland seas is charatteri.zed by a '"<''Y small
contribulion of ,ulphate sulphur compared ...·ith reduced sulphur
(Table 6.32).

6.S.2 Isoropic Composition or Sulphur Compounds in Sedimmts or the Gulf
of Callfornbl

Of aUlhe marginal seas the Gulf of California i' lhe only one for ...·hich
isotopic dala are avallable (Table 6.33). The conco:ntralion of organic maltor
and sedimentation and sulphale reduction rates in lhis basin differ markedly
from those of other oUllyins seas. lberdore. data on the distribulion of

Table 6.33 tsotopic compos;'ion of ,ulphur In !e<limen" of the Gulf of California

Sulphat. Pore-.... ler ~"S ("I~)

~". Horiu>n "'d<>ClK>n ...le ",Ipllat.
Site 1m) 1-) (~g kg-! lu,-'j ('!loS) Pyri'. Sulphate

." "'" 15-30 ,., 0.097 -26,S • 19.4
as--l-6 U 0.087 j -30.7

24S-260 0.091 -37.0 ~23.8

~ 1170 SS-70 19.2 -3~,0 ·24,9
120-135 U O.OSI J.
320-340 0.077 -34,0 ~30.7

'M "'" 3S_~0 37.2 0.0841 -23.8 +2$,7
120-135 19.2 0.061 -10.8 -356
'W H 0.036 -~.S ".3.2

'" '"'" '"'" •• -280 ·20.4
9S-1l5 ... 0.093 I ·24.'

190-210 0.078 -24.0 ·25.3
240-2S0 0.074 -24.3 +2g,0

A'.....S" fo' 'he..,,,,, of S1lbilitation 01 di1eenc:tic proces<e. 24.3 +29.0
indicaled by arro'"',
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.ulphur ;o;otopc. in "'dimeot' of til< Gulf of California should not be eXIra·
polated to all outlying sen.
~veral analyse. of the iSOlOpic composition Qf sulphur in sediments of the

Gulf of Califomia "'cre made by Be""" (1970), and a detailed mid)' of
sediment sections at four location' ha' b«n undena~enby Ldn (r ol. (l976).
In many sediment' sulphalc-->uJphur lended (0 beoorne hea,-ie, "'jlh
depth. although 10 a ~ariable ckgree depcnding on til<: sulphate rootent
(Table 6.33). For uample in sedimenlli at sile 665. which exhibit a high rale
of sulphate r«luclion and an appr<:ciable sulphate depletion with depth, 6"S
(sulphate) ,uche, -43.2'" {Fig. 6.36). Accordingly. pyrite in these sedi·
menlS lxcornel heaviu with depth (Fig. 6,36). A similar. though less pr0­

nounced. 6"'s pattern "'as obl;erved in sediment. of site 667.
At (wo OIM' sites (663. 664, Tabl~ 6.33. Fig. 6.37) lbc concentration of

po,..,.waler sulphat~ ,..,mained more or Ie", conslanl ...·ilh deplh although lts
6"'5 increa""d b)' 1-3°/",. Tbe ""dimems at the"" sites exhibil relatively 10""

S"lp~.'. ,.d.,,,,,,, '.,. {",~S ~f'~or-'l
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FiI.6.3<> Col>Ol:nnahon and ""'''l'''' <:om-
pol""'" 01 wlpbate '" pore-' '. and i"'lOpi<"
compoli,;"n of pyrite in ..di nl, of the Gulf of
California (.It, MS, dtplh 3260 m; l.<:in ~ ./..
1976). 6--6. sulplla.. red""hon ,att,
• __•. sulpha,.. .Y'S. _. wlpbat.,
0---0. pyhte
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F... 6.37 C<>nccn,ra,ion and i>o'opic com!"";,;.,.,
or 'ulpba'c in porc·..·atcr. lnd 1')"';" in sed~n"

from lbe Gulf of Colifomi> (Loin", M.. 1976)

",'e. of $ulpha'e redt><lion. bUI contain on a...,rage 1~ or more pyrite (Table
6.27). Al low .ulphate redt><lion rales 'here is high isotopic fractionation, A.
a re.uh there is a generallrend to,,-ard. "s en~hmenl in pyrite with depth
(Table 6.33. Fig. 6.37).

A. Sulpbur lNIla~ in ~nlS of 1M Gulf of Califomilt

lbe lNIlanee (Table 6.34) is lNIsed on lhe data pre""nted in section 6.6.4
and Table$ 6.27 and 6.33. From lhe dala pre""nted in Table, 633 and 6.34 it

Table 6,34 Sulphur balance in sediments of the Gulf of California

Sulphur flu. into ..dime"l<
~,,'nt;"" in
""dime,,' ("S)

Reduced
,ulphur Sulpha"

Reduced
wlp~u, Sulph.le

TOlal
,ulphur

(6"5. .,..)

Reduce<!
wlphu' Sulpbale

,~,

wlphu,

0.911' 0.09 2.66 0.30 '" -2•.3' +29.0' -18.9

'F""", Tobie 6.1'1
'I'''''''' Tobl< 6-33.
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follows 'ha' the isotopic composi'ion of ,he to,al sulphur (-18.90"/"') buri~d

;n 'h~.., ..,dim~n'S. is largely dct~rmined b)' ,he isotopic composi,ion of fl)'rit~

which contains 92" of the total sulphur fu~d.

6.8.3 '-""oplr Composition or Sulphur In Ocnn Sfdi_nU

Da,a on the isotopic composition of sulphur in <.)ttan sedim~nts a"" sum·
marized in Tables 6.3~-6.37, Mos' studies have be~n carried ou, in the
PacifIC Ottan and ,hu. conclusion. concerning ,he dinribution of .ulphur
isotopes can only apply to PacifIC Ottan ..,dim~nu, and ~ven then ,,·ith
""..,rv~. beeau'" of the limited numher and uneven dis,ribution of sampling
,it~._

Tobk 6.n oo,op;e composi,ion of sulpllur in ocean 'helf ..dIme","

Region Sit<
~.,

'm'
Reduced
•u.Ipllur Sulpllate Reference•

Avnoge

A'kwk Ocean
Region of ,be 15

Orioooo i.....
(Vene.uela)

103$-1 260 1

-281 h'ano>' and Le,n
(1980)

-24,6 +30.6 Leuw 01, (1976)
-1].8 Mi&di"'" e, 01.

(1914)
-28.0 +32.3

-23.6 +31.4

-d.2 Thode e, 01
(1960)

,,'",,.

A. Shelf sedlmtnlS

Four of tbe ft,.. inve"igated "'C1ion, of al~uropelitie ..,dimen'S had a high
roncentra,ion of reduced sulphur ~nriched in "5 by an average of 23,6'/",
(Table 6.35). In a ""latively homogeneous s¢dimen, ron: from ,ill: 668
{Fig. 6.38). 6"'5 values of sulph.at~ increas¢d "'ith depth as ,be sulphate
concentration decrus¢d. To a lesser ex,ent the 6"'5 value, of pyrite also
inereas¢d wi'h depth. l1te.., '''''nds "'ere no, so pronounced in o'her co , for
example ,Itose from sediments a,.i'e 6159 (Fig. 6.39), tha' had a 010 mixed
li,hologieal composition wi'h sandy and sandy-aleuri,ie layers. Shelf sedi­
ments are characterized by a lower sulphate coo'en' in pore-wa,er than in ,he
<.)ttan and by enriclunent in "'S in sulphate by an " ..rage 1S.(}'yoocompared to
sea·"'a'u ,ulpha,~_
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Tlbk 6.36 hotopi<" compo<ition of sulphur in ronti".,utll <lop<" "'dimen!>

6"S (0/00)
Number

~.. "' Ikd"""d
Region Si", 'm' .."'pi... .utphu, Sulph>t< Rde,.ncn

Focifk Ck<an
Japln rol,. 6158 ,~ , -23.7 ~3{).9 I..nov and J..,in

(1980)
Me.iro roost ." ""'"

, ~34.7 -22.5 Lein ...>t.(1976)
on '"'"

, ~36,5 -2(1.2
Peru roo" 1039 1072 , -29.6
Ctlifomi. roo" 6248 '" , -20.8 -21.7 Autllo,,' do,.

7131 '"
, -18,6 Autllo'" data

,,~ ,.. , -31.7 ~ 19,4 Autho'" data

A"e'qe -280 -22.9 Authors'data

lrulian Ocean
Hindustou roo" "., 'W -11.0 A",OO,,' da,a

"" HIS -43.6 Au,ho,,' dati

Tlble 6,37 Isotopic ""mpo'i'ion of ,ulphu, in ..,dimenrs of ,..., con'inent.1 "'"

d'"S ('00)
l"umbe,

~". "' Redu=l
Region Si,e ,m' ..mple. .ulphur Sulphate Rderence'

Focifk Ck<an

""" 61624110 , -20.8 1.1""" Ind J..,in
(1980)

Cilifornil 7870 4280 , -36.4 +19.8 Autho'" data
Rep>n nu, Ha",a;i 681 4730 , -33.7 Lein.,aI. (1976)
H... d<~..ion ,.. -4S.! Autho'" datI
Peru and Plnlma 1041 2410 , -48.7 Autho,,' dati

Treocbe. 1046 2710 , -49.3 "20.0 Autbn,,' dall
1043 2800 , -493 A",bn",' d,"
lOll 3200 , -49.6 Autbn ..· d.1I

A~..8" -41.6 "20.0

Jntlitut Ocean
So",ali T,ench 19115012 • -41.0 "21-3 Autho'" data

1923 $100 • -44.5 +20.8 Autbnrs'datl

•• SedirMnu of the ronllMnuJ slopt

11IC di~,ribulion of ,u1phur i"",ol'''1 in s<:diments of the Californian oon!et-
land was reponed in detaU hy Kap/ane/aJ. (1963) and Goldhabc,and Kaplan
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(1980). TIIo$e 6"S values which ""em «,liable suggest thai, in ..dimenl.

where the sulphate ronlent decruses markedly with depth (e.g.•ite 6248.
Fig. 6.40), tbe J"S valuesof sulphate in po"".wal.r and of pyrite increase with
depth. Where (be iKltopic composition of sulphate Il:mains COnStant with
depth, pyrite becomes enriched in "s (see section 6.8.3l. The distribution and
isotopic composition of sulphur in sediments of tbe Ma.. tlan region (Mexico)
is illustrated ;n Fig. 6.41. Tbe sulphate ron""ntration in pore-wain remained
ronstanl and thell: was only a sJight inc,ca!l: in 6"'s (sulphate) with depth; 6"S
(pyrite) also i""Teased i.lightly with depth, On average. sediments of the
Pacific Ocean continental slo"" contain sulphate 111;01 is only 3'" heavier than
ocean sulphate (Table 6.36): the "s content of pyrite sulphur is higher lhan in
shelf sediments (sec Table 6.35).

C. Sfdl_nu or the cootiMntal riso

The concentration and isolOpic composition of sulphate in pore-";ater of
sediments of tbis oceanic: rone did not change wilb deptb, tho ,,>OS val... of tile
pore-water sulphate was the SlIme as that for sea·water sulphate (+20"(",). see
site 1046 (Fig. 6.42).

Reduced sulpbur. "'hich represents only a small fraction of tho IOtal sulphur
in the.. sediment~ is bigbly enriched in "s (see Fig. 6.42 and Table 6,37).

D. Ocean bed

As discussed in section 6.6. ocean bed sediments contain sulpbale. butl>O
signifICant amounts of reduced sulphur compound., lbe ,,>OS val...s of ,ul·
phate of the PacifIC Ocean red dayuange from +19,6'/", to +20.7"100. with an
average 01 +20,3°/.. (Conetti. 197~).

6.8.4 Prlndpal F...lura of !he Sulphur iJoIo~ DlsIrlbulion in Sea and
0caD Sedimmu

In an e~amination of llIe sulphur isolOpic compositions of Sulphides in
sediments of Californian offobore basin. Goldbabe. and Kaplan (1980) found
no rdationships between ,,>OS val ...s and tile quantity of sulphur in sediments.
tile concentration of organic carbon. sedimentation rale, or di.tan<:e from tho
shore, Nevenlle1ess. lhoy did note tbat tbe most negative val""s lor pyrite
("><S - -48.0"(..) were in sediments of Ille Long Basin which is funllesl from
Ille .bore. while tile most po.itive val .... (,,>OS - - 7.(1'1",j were in sediments
neare.t to tile .bore (Marina del Rey. Los Angelesj.

6.8.S Sulphuc 8.alanft In Parillc Ocean Sediments

TIle mass-isotopic balance of sulphur in Pacific Ocean sediments is pre·
sented in Table 6.38. Areas of morphological zoneS are laken from tile
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richment of "S in sulphate (.I"S - "'21 .6"/..) buried in PacifIC Ocean "'di­
ments; (4) a dependence of the isotopic composition of IOlal buried sulphur
On the sulphate concentration in ",diment; the grealer the concentration, the
""a"ier the i,;otopic coml""ition of total sulphur; (5) total .ulphur buried in
PacifIC Ocean "'diments ;,; enriched in "s (.I"S - - 15.4,,/"')'

6.8.6 Sulphur 8ala""" in Scdimwf!l oftbt World ~ans

A tentative mass-isotope balance for .ulphur in the world ~eans has Ixen
cakulated by extending the resuhs obtained for Pacific Ocean "'diments. The
PacifIC Ocean mak.s up a half of th. area of the world ocean. and in it are
buried about on.-fifth of the reduced sulphur and Over one-third of the sui_
pilate sulphur deposited annualll in "'diments (",e Tables 6.29. 6.30. and
6,39). NO''''lhele... il should Ix ""ted that the sedimentation conditions in
the PacifIC Ocean ha\'l: a numlxr of features tllat al"<' unique to this basin.

Ba"'d on the data of Tables 6.39 and 6.40. the weighted a,.."age 6"S "al""
for reduced sulphur in sediments of the world """ans was estimated to ""
-n.3·/... The nux of pore-water sulphate to the world ocean sediments
equal. 8,4 TgS )'ear- I (Table 6.8), and the flux of ""lid pha", sulphate i.

T.ble 6.39 Isotopic roml""n"", of ...d~d ...lphu' in ..,d'ments wi'h diff....nt
,ulph:>'....d"",ion rale.

M;,\O, medi,."""",. se..
Gulf of California
Pacif., 00<"" obelf
PacifIC 00<"" continental oIop<
De.p-..·.ter ..,d,m.n" 01 Somali T...nch

and PacifIC Ocean

Sulphate red""t"'" rate"
(~gS g-' da~,-L)

064S_L80
0.047
0,043
001 t
0.001

-17{)'
~24,~

-23.6"
-280'
-41.&'

'D... t,,,,,, T.l>!< 6.]7.

'-fD". f.-om r.ble, 6.ll. 6.33, 6.3', 6.36. 6.J1 """"<l;;~ll'

Table 6.40 lsoIDpoc comp""lion of red..xd ,ulphu, '"
..,dim.nlS of the ..mid oce.n,

Sulph.r Ou.
Morpho""lic>1 ro",,, (T,S ~~.,-') 6"$("")

Shelf 10,4 -n6
Continenral >lope .nd rise 88.0 -280

Total reduced sulphu, 98.• -21.5
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Table 6.41 '''''"p''' rompos""'" of ,ulph", .ulphur In

~dimenttof tbe \i'mid ~~n!

PO...·~'.,e' sulpha"
Shelf
Con'inental <lop< and n5<
Ocean btd

Soiid-phaH 'wpM"
Tot., <><e'n

"From T.~. 6,8 ond 6.9
·w'ifb..d ....... from Tob!< 6 lS

Sulph31" 0""
(T~S ,~"' - 'J

""2.0

•••

19.

+31.4
+11.5
+20.0

-20.0

19.4 TgS )'.or-' (Table 6.9). The tOlal flux of sulphal( ~ulphur from OOl10m
water 10 ,he "'orld ocean ",dimenl' is 27.8 TgS yea,-' (Table 6.9). From
iSOtOp,C data on pore_water sulphat. in sediments of (be diffe«:nt morpho­
logical zone. of the PacifIC Ocean the calculated ,.,.,ighlcd a'-.rage for (he

$)lopic composition of ,ulpllat. in po«:.".-atrr of lhe ....orld oaan sedimenl~

is -22.4"/... If lhe i<Otopic composition of ,uJphate sulphur in tho '!Olid ph.s<:
of "'dimen" is equal to 'hal of sea·Wale, sulphat. (i.e. +20"{",). then 111(,
"-eighted average for the isolopic composition of lotal buried ,ulphale i,
+20,7"/00 (Table 6.41). From these dala il Can be calculated Ihat the isotopic
composition of lhe total sulphur buried in the world o::uan sediments is
-16.901.. This "alue is comparable "ith lhe average isotopic composition of
the IOtal sulphur Ln da) rocks of the litl>osphere (Chapler 2).
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