
Contents

FO~,,·ord-J. W. M. La Ri"ib"t .

....,~
Authors and P..rtiocipanls in the SCOP£/liil>IiP WOTk>hop (If} the Glob"t

BIogt<>ebomkaJ Sulpbur C)'ole .. , " ", "...... xx,

Cbapl,T I Prindpal R'a<tions of tbe Global Biog"""b.mkaJ Cyd. of
Sulpbur-V, A. GriNnko and M, V. h'anov ,....... I
I.l Introduction. . .. ,............................. I
1.2 Low-temperawI't' <I'emil:al I't'a<tions of the global

sulphurc)"de , , " "...... I
1.3 H,gb_lCmpcraturc reactiom of the biogeochemical

cycle of ,ulphur 4
1.4 Biological processes for the formation and decompo-

sition of sulphur«:>ntaining organil: oompounds 5
1.5 Oxidation of sulphur o;ompounds by micro-organism, 7
1.6 Oxidation of red"""d sulpbur under anaerobic

conditions 8
1.7 RedU<"\ion ofsulpbate by micro-organi,m. ,...... 9
1.8 Fra<tionation of the stable isotopes of sulpbur III

Chapur 2 Tbe Sulphur Cycle in tM Ut!>osp/>l're
Pan I RESERVOIRS-A A Migdisol'. A. B. ROflOvtmd
V. A Grllltnko 25
2.1 Introduction 25
2.2 Sulphur in the sedimentary envelope of continents 28

2.2.1 Sulphur reservoi.. in the sedimemary envelope
of platform•.... , 28

2.2.2 Sulphur in sedimentary rocks of geosynclinal
ron ,............. 67

2.2.3 Sulphur in sedimentary rocks of continents SO

"



Contents

os
9S

>0,

'"

'"
'"

""""

,m

'"

,m

,os

'"

2.2.4 Sulphur in the sedimentary layer of l~ oceanic
part of the earlh'~ erust (seismic layer l) gg

2.2,5 Entire sedimenlary envelope of lhe earth ..... 89
2.3 Sulphur in lnt 'granite' en"elope of continenl'. 89
2.4 Sulphur in the 'basal!' layer of lhe continental crusl. 93
2,5 Sulphur in rocks of the oceanic cro,l 93

2,5.1 Sei,miclayerll " "" .. 93
2,5.2 Seismic layer 1ll .. , ,..... 94
2.5.3 Sulphur in the oceanic crust a, a whole 94

2.6 Sulphur in rocb of lhe enlire earlh', crosl , , 94

""96

"

Pari Il CYCLING-A. Yu, Ltin ....
2.7 Introduction ...
2,8 Distribuhon of sulphur in the eanh's crust ., , , ....
2.9 Sulphur flux from lhe mantle
2.10 Sulphur flux due 10 volcanism in cont,"enlS and island

arcs ., , , , , , , , , .
2 10.1 Assessment of lhe "oleanic sulphur flux
2,10,2 Sulphur emission during fumarole acti"ity of

volcanoes .
2.10.3 Emission of sulphur gases during volcanic

eruplions .
2, I 1 Sulphur fluxes in lhe natural weathering of <oolioent,

2.11.1 Weathering of mineral maHer from the
earth'scrust " ", .

2.11.2 Flux of sulphur due to natural "'ealhering of
continents ... , , , ...

2.11.3 Sulphur flux to the surface of continents
2.12 Flu' of sulphur from continent' by anlhropogenic

wealhering .. , , , .
2,12, I Anthropogenic weathering of the continenlal

lithosphere ,...... ., , .
2,12,2 Magnitude of anlhropogenic weathering of

lhe conl;nentallilhosphere ., .
2.12.3 Contribution of lhe anthropogenic flUJIto the

weathering of the lithosphere " .
2.i2.4 Emission of sulphur during fuel oombustion

and metallurgical processes .... , , , , ..
2.13 The anthropogenic and 10Iai sulphur flux from

weathering processes ' , , , .
2.14 Sulphur flu, from t~ litho,phere during lhe com-

bUllion of liquid and gaseous fuels , , .
2.15 Balance ofsulphur in lhe lithosphere ."" .



ConttntJ "
Clulllkr J n.e SulpllurClC~ In SoU_J. R. Ft"t~)'ond C. H. WilIio"" 129

3,] Introduction .. , , 129
3.2 The natur.1 C)-clc of sulphur in soil .. " 129

3.2.1 Form' of soil sulphur 129
3.2.2 Geographical dislribution of sulphur in lhe ..,ils

of the world .... ,.. .."....... 139
3.2,3 Transformation' of sulphur compounds in soil. 143
3.2.4 Leach,"g. runoff. and erosion of sulphur com-

pounds from unamended soil 157
3.3 The cffeCl of man on lhe sulphur cyde in ..,il ... ISS

3.3,1 Agricultural praclices and lhe C)'e1inS of soil
sulphur .. 158

3.3.2 Acid rain .. ".... 175
3.3.3 Effect of coal and mineral mining on soils 177

3.4 Sulphur budget far lhe pedosphet"t 179

Chaptrr 4 n.e Aunosphrrir Sulphur C)de-A. G, Ryab05hapko 203
4.1 Introduction 203
4.2 Concentration and mass of sulphur compound. in the

3tmospl>ere ,..... 203
4.2.1 Conccntration af reduced sulphur rompounds 203
4.2.2 Concenlralion of sulphur dioxide 210
4.2.3 Concentralionofsulphate .,.............. 217
4.2.4 Toral 'ulphur contcnt ohhe aunosphere .. 224
4.2,5 Strat05pheric sulphate laye, 227

4.3 Sources of atmospheric sulphur .. , "...... 230
4.3.1 Biogenic cmission from co.Slal regions and lhe

open ocean , . . . . . 231
4.3.2 Biogenic emission from land , "....... 233
4.3.3 Aeolian ".-eathering of sulphales from thc

conlinental surface 234
4.3.4 Emission of "'. salt sulphate from lhe ocean 239
4.3.5 Anthropogenic emission .... 242

4.4 Procc.""s of sulphur removal from lhe atmosphere .. 247
4.4.1 Oxidation of red"""d sulphur compounds in the

atmosphere 247
4.4.2 Sulphur dioxide oxidation in the almosphere .. 248
4,4.3 Remo"al af,ulphurcompounds b)' precipitalion 252
4.4.4 Sulphur concentration ,n precipitalion-

A. G. Ryaboshapko and A, G, Rozanov ..... 255
4.4.5 Uplake af sulphur dioxide by underlying

surfaccs , 263
4.4.6 Dry dcposilion of sulphate, 266



'" CO"'~"I'

4,5 AtmospheriC' balan~ of sulphur ,...... 268
4.5.1 Sulphur balance in lilt atmcsv""re of industrial

rt~lons ".... 268
4.5.2 Sulphur balance in the dusty continental

atmosphere ,...... 269
4,5.3 Sulphur balance lor lhe clean continental

.tmosphere ,...... 270
4,5.4 Sulphur balance in the oceanic atmosphe,.., nl
45.5 Global atmosph<:ric sulphur budget ... , 272
45.6 The global sulphur balance ,n the pre-industrial

era .. 275
4.6 The isolOpic comJlO'ition of sulphur in the alrnosphere

-A. G. Grincnko , , ., " 278

Chaptn 5 l1>c Sulphur CJcle in ClHIliDental Restnoirs ,....... 297
Part I THE SULPHUR CYCLE 1'1 LAKES AND

CO~'TIN"ENTALRESERVOIRS_.\{. v. !l'an,," 297
5.1 lntroducri<m , , ., " 297
5.2 The sulphur cyde in lake. . , ,..... 299

5.2.1 The sulphur C)'de in f...,<hI'·ator monomictic
lakes , "...... 299

5,2.2 The sulphur cycle in meromictic lake. 310
5.3 Man', contribution to the sulphur C)'de in continental

"'aler rese"-oirs ... ,...... 315
5.3.1 Sulphate and hydrogen sulphide in lake·"'ater 315
5,3.2 Accumulation of reduced sulphur in lacumine

sediment , ,......... 318
5.3.3 The >nlphnr C)'de in "ater reservoirs 321
5 ,3.4 Increa'" in sulphate content and acidification of

lake-""ater due to atmospheric deposition 323
5,4 Estimate. of sulphur fCmo,'Cd from the global qde by

biogeochemical processes In continental water
fC",rvOU--' 328
5.4.1 Sulphur flux to the sediment. of freshwater

lakes and water reserwirs "... 328
5.4.2 The sulphur flux to inland drainage basin' 330

Part Il SULPHUR FLUX FROM CONTINENTS TO
OCEANS_.\-(. V. hmtoy. V. A. GriMnko and
A. P. Rabi1Uwich " ".... 331

5,5 Sulphurfluxinrivcrrunoff ,............... 331
5.5.1 Natnralsulphur flux m d"er runoff 332
5.5,2 Sulphur flux to the ocean, in ground waters 337
5.5.3 Man-made contribution 331



COn/tn'S ""
5.5.4 The 10t.l.ulphur flux in rh·e nd underground

,,'ale... . ,. 340
5.6 Sulphur i"'IOpic comP"'ilion of ri.·er.....ttr ,ulphale 340

5.6,1 V.ri'lion in i"'topic oomp""ition along rive... 341
5.6.2 TemJXIral .,.ri.tion in amount .nd ;"'lOpic

oomp""ilion of sulph'le .,..... 346
5.6,3 Char.cleml"" of lhe .u1phate flux from lhe

"
USSR

Condu.'ions '"m
Chapter 6 'The Sulphur C,,,1e In (kuns ... ,...... 357

P.rt I RESERVOIRS A,'1D FLUXES-I I V"'kov aNi
A.G.Rozano" .", , 357

6.1 Sulphur fluxe.lo lhe oce.n , 357
6.2 Sulphur in oce.n .nd ....·,,·.t.... 358

6.2.1 Sulphatt-sulphur ... "..... 358
6.2.2 Di.",I,ed ,ulphide ... ,..... 359
6.2,3 Biogenic sulphur cycle in aters of the ...orld

oceans 359
6.3 Condilions of <alphur f\ow inlO diment' 360

6.3.1 Form. of .ulphur flo... into diment. ,....... 360
6.3.2 Sedim.nt ma.se. and di",ihulion over lhe

Ottan IIoor . , ,..... 361
6,3.3 Moistur. content ofoonom sediment. 362
6.3.4 Organic mailer di.lribution in sedIment' 363

6.4 Sulphale flux from Ottan water 10 bonom sediment. 365
6.4,1 Sulphate in JXlre·watef , , 365
6.4.2 Sulphate. in lhe ",lid phase of !otdiments 367
6.4.3 Sulphate in biogenic marine carbonate 371
6.4.4 Barite.ulphuf , , , 375
6.4,5 Sulphate fill. to bollom sediments 376

6.5 Formation and burial of reduced form. of sulphur 377
6.5.1 Di.lribUlion and geochemical aeli"ity of

sulphate-reducing bacteria-).1. V. Ivanov 377
6.5.2 Basic fealure. of reduced ,ulphur dimibution

in sediments ,.............. 388
6.5,3 TOlal reduced sulphur in modem sedlmenl' 396
6.5.4 Relationship belv.'(:en reducc:d sulphur and

organic maller in ,.dimenb .... ,..... 398
6.5,5 Relation.hip bet"'een inilial .ulphate in JXlre-

"·aler and reduced sulphur in sediments ..... 404
6.5.6 Accumulalion of reduced .ulphur in ",diment.

a. a funclion of ,.dimtntalion rate ;IOli



COMtrl'S

6.5,1 Iron and lilt a<:<:umulation of reduced sulphur in
sediments ... ,..................... .t07

6,5.8 Imemal sulphur c)"cle in bollom sediment' 410
6.5.9 Annual accumulation of reduced sulphur In

ocean sediments ., ,....... 412
6.6 Reduced sulphur accumulation in sedimems of marine

basins" ilh high rales of sulphare reduction-A. Yu.
l.ein and M. V. Ivanov .. , 413
6.6.1 The Black Sea 413
6.62 The Sea of Awv .. " " " 416
6.6.3 The Baltic Sea 416
6.6,4 The GulfofCalifomia , , 419
6,6.5 Sulphur flux inlO sedimenrs of inland seas 420

6.1 Total flux of sulphur inro ocean sediments and tilt
sulphur bud~r of the world oceans ", ".... 420

Part 11 THE MASS-ISOTOPIC BALANCE OF
SULPHUR IN OCEANIC SEDlMENTS-
A. Yu. Lein. V. A. Grinenko and A. A. MigdislW 423

6.8 Fractionation of sulphur isotopes in sea sediments 423
6,8.1 Isotopic composition of sulphur compounds in

reduced sediments of inland seas 424
6,8.2 Isotopic composition of sulphur compounds in

sediments of the Gulf of California 429
6.8.3 Isotopic composition of sulphur in OCUn sedi.

mentS.. .",..... 432
6.8,4 PrinCIpal feature' of the sulphur isotope

distribution in sea and ocean sediments 436
6.8,5 Sulphur balance in Pacific Ocean sediments 436
0.8.6 Sulphur balance in sediments of the ""orld

oceans , , 439

Chapter 7 MM,jor fluxes or the Global Biogeochemical C)de 01
Sulpbur-J/. V. Ivanov , 449
7.1 Nature of the problem and objecti"", .. ,...... 449
7.2 Fluxe,ofanthropo~nicorigin 454
7.3 Natural ,ulphur in river runoff " .... 454
7.4 Atmospheric cycling of sulphur .,...... 456
7.S The sulphur cycle in the ocean 456
7.6 Use of isotopic data for source identification 4S8
7.7 Future trends 459

Ind"" , , .. ,os


