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Studies on the Characteristics of Bottom Sediments, with Special
Reference to the Nature of the so-called Hedoro in Japan

(1) Types of Oxidizable Sulfur Compounds in Muddy Sediments

Shigeo YonEDA and Tomomichi KoucHi

Sea and lake muds are frequently observed to contain an appreciable amount of
oxidizable sulfur in various forms and to have a strong potential acidity. In order
to clarify the characteristics of the so-called Hedoro in Japan, first, forms and
quantities of oxidizable sulfur compounds contained in muddy sediments collected
from various locations in Japan were investigated. Comparison was made between
the contents and forms of oxidizable sulfur compounds in clayey and in sandy bottom
sediments, and following results were obtained.

The reaction of fresh muddy sediments was neutral or slightly alkaline but after
hydrogen peroxide treatment, pH values were more or less lowered, ranging from
pH 3.5 to 6.7. One half of muddy sediments became extremely acid after oxidation
with hydrogen peroxide and showed a strong potential acidity.

Easily oxidizable sulfur was determined from the difference made out between
water-soluble SO; of H.0O:treated soil and that of the original soil. It was found
that the easily oxidizable sulfur content of muddy sediments varied from 337.0 to
2,200.5 mg' S per 100 g soil, while that of sandy bottom sediments of the river
Imakiri varied from 14.0 to 78.0 mg S per 100 g soil. A close relationship was
found between the content of oxidizable sulfur and the texture of bottom sediments.

The slightly modified versions of the method of SMITTENBERG et al for determining
total oxidizable sulfur, monosulfidic sulfur and acetone extractable sulfur (free and
organically bound) was used in this experiments. A considerable difference of the
content of monosulfidic sulfur and of acetone extractable sulfur was found among
different bottom sediments, and it was discovered that sulfur compounds of these
types accumulated in muds which contained organic matter in abundance.

The formation of free hydrogen sulfide and monosulfidic sulfur compounds in the
bottom sediments having higher contents of organic matter were assumed to be one
of the main causes of the environmental pollution of bottom sediments for fish and
shellfish growth.

S/Fe (mg atoms) ratios of acetone insoluble sulfur, which constituted a greater part
of oxidizable sulfur were scattered from 1.7 to 2.2. Accordingly, it was assumed
that the main part of the oxidizable sulfur present in the muddy sediments was in
the form FeS., <o
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MEERFO—PREK E S, FHll [KECEBOE/N]! 3AFOERITEMIN, K
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REBEL : REHAD A@), BAL), CQ0), DGB) 04ird, RBOEREAEAR
TWlt. B8 () NOBFREHEAES Ths.

M, BARE, AHBBEL SETHEBIXUEBETHETEHOEELE, EBWLT
BE»S, ENFNHEH L.

BH, WFIRE, HBETROOUERRE « MILEEH THRLoBEKEOHERE, BRERENT
FHOEAEZO TREOHERER XU RBEFRET RO NIBUKHM OHERREZ R L /.

g, HEEH, ANEBEOHER : BEREEETHRHOEN FOhEERE, BREESEHO
HMELBICKBEABEOTHRFEMOHEBEOEBL 5 HAE 2RI L.

FEOZFERT, 1960~1962FDHICERBR LcdDTH 5.

RCHBEORMBE LT, EETHEOIEIC RZEIN TS SNEIEMEFIC #95 LRET O
A, B, CO3HMAEMND, 1966FICERL-AEOCERS - ERICH Uz, RERNZ, 71
OHBEBORLOBERE THLDICH LT, — 2R AESBERET, BEZ~NFay
HREZLBVEETS 3. B8, 49IELIOREE, MrRkEozHR, BEHY 0BT
H5.

2. R B F &

R AR EED T T EEES LT, pH DHRES ZUEEER & I BB T EER LY
(FeS) OAETIZ - 7.

BEELArABRERSETT, EMCEE BRELLZBEEENT, pH 31U H0, BEES
T BBLHEEA A v L BENBEAMIERZRE L.

BlICELIEA A o D HERSHBERE LT, BELIZEZLSBLT, LEKERELR
%, BERBEANTBEEFOr—2—hTEICBESGEL, 2B 12y, ZHlsk
(FeSy), Bk« FREI T vAELRD .

3. BMLEAF D OREERNSITE
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EEPOBLES 4 v OERSHTE L LT, SMITTENBERG bY DIRET 2 V4 FviE+
WERFXEFTHEBLTCVEERES, DILEELTROXLICED K.

(1) ®mifeEE—& (FeS) HIUSBMEMIEHOEERR

EEGOERTEER/IIOAET L, TWILE—8 (FeS) XVKALIHEEZINZIODOT, K
BECBOTIE, ek FeS & LTRLE. DIREBEDOAZER Fig. 1LITRTEBVTH 3.

BEto—wEBEIy VA -V T 323 AED,
SEOMKENZT, XBAETE. CERIIM
KEAN, ZHEDEECEEEY FIva—ES
BR (B A FIvab ¢, BREER209 BIUK
Bel 250mf ZBA L, MKEMZCTLLETB) %
ENENS0m BIO 26w ZNZTHBL. a—+G
iR (1:1) 2IZTsL.

FT3IHav /HERKZBUTERF ZEHD,
BROBGERAR L%, HEE (1:1) 20m%E T
Th. ZQHT7 T AT ADARYEN 1 BHEHRT
5. DTSR, CERICHER LRKkEE &
DHNEWERS SEEH L TREL, zokzgsep Fe L f:rin ?ﬁf:;aﬁfﬁiitfotry:;
LEQBIRERAEL, THIC0.1N 2 9RERI0 af of sulfur compounds
A, BB (D 20 EMA, REIED
IUHEE0.IN FAREF M) U ABEETHERE LT, B4E LLRIKEEEREL, BRRE
H1009 %D DSHYTEDT. :

GRS EERT 558413, o~ GICpH2BHK 100 WA THE, 752aA
Z65°CIKIMRE LIS ORBERER T L, RBET AMMKEENTLOBRIECL - TERT 3.
2) 2B EEAFDIDEERE

SRO—EE (HEELT0.2~0.59) 22 XBELICRD, ChIKEAT I IRAIARLE
L, SOICHRAXI0GZMAZ. ERFAEBRALCENOELKEEZE LK, 0— G
LiEE: (HEIID0MEHETL, 753 X 20NEYER05ME, BricEiEd s BUER
10w MA, 2055 MEEHE Lictk, X SICERBm 2INZ, 20~300 &M EHT, BELE
{bk T2 BRENCHEEL TS, DBROBMEROEE LRAKICTE - T, 2 vRBEETHRLK
XEERT 5. : '

(8) T&bUBMBEAFIOERK

BELE BREBEANCEET Yy — 24— TRERRLLE Z010%52=HA7 52
WD, TR Fr30mENZ, BaRES LTIBERETS. EBREEL o ETHD7 5
ZaRB LR, WL TR v30mEMAis. COMBBRIELZTEREL, 7 vEHEE
DOEETHOABYEA A v EFTRIOFETERL, T b VHIBHBROLBEA £ v D%
bHoT, TPy 4 45 E9 3. SMITTENBERG HP I3, AEEMEE S - T, A
AU EERESAFVOEREE LTSRS, EELIE, T vihiEPic, BERhicEEL
Tz FeS OBLIC L - T, WIEHBHICE U BEBAFT (S INTVE T EEERD L
720T, BIBEZBRLPOEBRTRESA A VYEAEREL, BREEHEE/I I VOARER, KR
THEMH L.
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BEAAT+EREAALY = T2 b vEREA 4 Y - ((BELPOEBRIEEA 4 )

—(BEZREhOBEREES 4 V)

SMITTENBERG 5% SIEFEL TVBE X HIC, EHA 4T EBEBEA A T2, T2 yHBIC
$-T, EENICHEINIDELE OV TREMDBD D, - TEALSIER, BE - FHE
A ZVBRBEO—SOEEEZ B DD TELEELLDERESTEHES .

ik, T rEEBEO £BEA A YO HER, BETAEIIK, FELTIRMAS
(FeS2) LOHBEMEIND NG, ABETHE, T2V REEAAT% FeS: &£LT
~L7.

I. RBRERBKUBE

1. pH & KUCEIEEAF D

(1) EE® pH 0%k
HRERR 12 Aok, @ELE, AREBIU H.0. UELO pH i L BLEA 4 U257
rL7ckERIE Table LIT/RT EBDTH 5.

Table 1. Changes in the pH and contents of oxidizable sulfur in bottom muds

Oxidizable sulfur

pH value
Samples Depth T S m9/1009. . Remarks
Wet Air- | HOx— . Easily Soil color and texture
(em) soil | dry|treated | Active | oxidi-
soil soil zable

T

Lake Kojima A| 0~20|8.19 |8 11| 4.59 67.4 408.9 | Grayish black, sandy clay loam
Lake Kojima B| 0~20|8.00|8.21 | 4.08 62.7 341.8 | Grayish black, sandy clay loam
Lake Kojima C| 0~20|7.64|7.10| 3.81 269. 2 587.4 | Black, sandy clay

Lake Kojima D| 0~20|7.90 | 8.23 | 4.73 43.9 344. 8 | Black-blueish green, light clay

Kasaoka Bay 1 | 0~20| — |7.92| 6.72 0 371.0 | Black-blueish green, light clay

Kasaoka Bay 2 | 100 — 1827 | 6.45 0 337.0 | Black-blueish green, sandy clay
Hinase Bay 1 0~2017.9817.15| 4.62 317.5 556. 2 | Black-blueish green, light clay

Hinase Bay 2 50 7.90 1 7.10 | 4.20 396.8 867.7 | Black-blueish green, light clay

Kukui Bay 1 0~20|7.65|6.82| 3.70 351.9 723.1 | Light grayish green, sandy clay

Kukui Bay 2 50 7.70 1 7.00 | 3.55 342.0 755.6 | Light grayish green, sandy clay
Nakaumi 0~20 /813 /6.35| 3.60 | 1317.6 | 2200.5 | Dark greenish gray, sandy clay
Lake Togd 0~207.25505| 4.00 952.5 | 1343.7 | Dark greenish gray, light clay

HachirG-gata 0~20|8.05|6.10 | 3.50 576.5 853.3 | Greenish black, light clay
Fukuda Polder | 0~20|8.33|7.40 | 4.66 103.3 569.0 | Dark greenish gray, loam
Haneko Polder 50 7.72 7.8 3.22 084.3 | 1520.3 | Greenish gray, sandy clay
Isahaya Polder | 0~20 | 8.50 | 8.50 | 5.50 63.5 590. 6 | Dark greenish gray, sandy clay

EBBITORGE, pH 7.3~8.5 DERICH D, #OTNTHRERLONLUET VA UHEERL
fo. BELD pH Mid, BELEAEDVESE, pH @OHELHICET LIKEAZELR
5, BER, SREEPICEBEA T 0—BEBIL L EREELB.

BENBEAER BT B4 4 v, FENSETTCRLLT EFSBMELT
FBE0FEEEY, QRICHET 2 HEE LT, Bkl% 30% H.0, TUE L%, EBD pH
MAERET 2HED 2R, Z0OE, Table 1 ITRLALSE, H0, BT DORIGIE,
pH 3.22~6.72 DHFHE AR L, 2 SR, F<THpH 6 LLTIRIETL, »2pH 4 L
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TORBEICE U2k bR BIcE L,

Table 2. Electric eonductivity, pH and oxidizable sulfur content of bottom
sediments of the river Imakiri

Electric* pH value Oxidizable sulfur

Samples Depth |conducti- S m3/100¢ Remarks
b (em) |vity H:0.~ Easily Soil color and texture
Wet soil| treated | Active oxidi-
mmbos/c soil zable
Imakiri A-1| 0~30 7.78 6.35 5.72 12.7 64.7 | Grayish black, sand
A-2 | 30~60 18.98 5.70 5.42 9.5 53.3 | Grayish black, sand

Imakiri B-1| 0~30 2.49 6.35 4.96 123.1 187.3 | Black, sandy clay loam
B-2 | 30~60 2.43 7.18 4.55 127.9 225.8 | Black, loam
B-3 | 60~90 4.33 7.34 6.20 3.2 34.9 | Dark yellowish gray, sand
Imakiri C-1 | 0~30 6. 50 6.65 4.51 148.5 207.1 | Grayish black, loam

C-2 30~60| 1139 | 610 550 | 221 | 780 |[Parkvellowlsh ety

C-3 60~ | 1300 | 6.02 | 637 | 32 | 140 [{Darkvellowish gray

*Electric conductivity of saturation extracts

SYINEBROSH AR, Table 2RI BT, BELOEMBEREOELREZEEDH
SEEFSH B XD, AL, PROVEEOCSEELRL, AEBRICHALLERZ, B
TR OEEL ST T B AR L.

BEEIC pH 7 DToER 0 N &id, #kLERTDIC, Famio —WrBl i
REFZZLL. $7 HO: WEL D pH i, BELICH~NSZ EENEERRLD, pH 4.5 78
FHEETHZ L, RiIRERBICENT, BIEAZYSREODIIN T EEZREL TN S.
2} EMtEaFOEE

BEERCE, BRICRERDLE, THExFRETIE 4 OEEOBLEA & OB ELET
5. CNOEBLEA A VABORFEAEELE LT, BHOD 30% H.0, LEHREICX - T, H:0.
MBEHOLERIE N/10 kELF MY v ABETHREEL, BEBEIC 480 H.S0.
oL, EEI100F5D DS TRLZEEZS->T, BEEBIEA LY E L. $/2 HO:
HRTROEE D OKEE SO, %4, EHI0F8HOSH TRLLEES-T, HEH
AFoE L.

ERERE DO BB LU BRI LEA 4 o883, Table 1IKRT LI, FNFNL 0~
1317. 6% S/100 ¢ 3 L TF 337.0~2200. 57 S/100 ¢ D#EIFHZR L, kBB TRESE L.

Table 1 KDL EE DI, FEEEEAS 49 EGBIEA v OBHERZIE, KL
WHILIEr ot CODC &R, BEATYOT T, BT LLFSNRETTORRED
pH Z{bic, HEEZE L TVWEADETACEEERLTVS. 2OERELT, tEOSE
HEEDEEEIUBERICEDH L CEERAD Dic. t-T, EEELEAFYOERMEC
7, ERCHERMBOBEACES LABLEA A YOBEE®RLTHS.

T, SUNEBOBEA A vEEL A5, Table 21T/ L7EBD, Loam L
Sandy clay loam ICET 3 SEEOHELMEA 4 i 1871 S/1004 LI ED EERT DICH
LT, Sand 7% L Loamy coarse sand B9 3 55kHZ 78.0m S/1004 21 F D 1 % 7R
L, EECKREMEREE B+ oailofic, BETEROERTICENH-%. »
D, GEEA A vERIT 226m S/10048 BEETH 201K LT, HIEHEMED 5k
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337.0m¢ S/1009 BREETH S LD, ERNED SWIEETROBLEA A vEaEE, %
WEOHERMBICHNTE LD T EAHH L .
2. BREMEA O DR
HRBHOBLMEA £ v OREISHIGRIL Table 3ICRT EBDTH 5.

Table 3. Types of sulfur compounds in bottom muds

Sulfur compounds! Sulfur compounds in soil dried in |Fe in soil dried
in wet soil vacuum desiccator in vacuum
L
soruble| TeS |tavie” | FeSs | FeS ganically lin squa 17y
Lake Kojima A | 15.1 93.4 146.7 | 403.6 4.7 58.0 2.833 | 2.450 1.9
Lake Kojima B 0.3 38.0 4.7 310.7 1.1 7.8 2.545 | 2.227 1.7
Lake Kojima C| 14.5 132.8 161.9 | 558.1 5.5 34.6 2.805 | 2.310 2.0
Lake Kojima D 0.4 38.2 82.2 | 457.8 1.6 45.6 2.942 | 2.475 1.7
Hinase Bay 1 0.23 8.7 21.6 | 684.3 0.3 13.2 2.043 | 2.349 2.0
Kukui Bay 1 0.24 3.7 5.9| 670.8 2.3 4.5 2.107 | 1.478 1.9
Nakaumi 0.68 2.1 3.2 1996.0 2.1 3.2 3.368 | 1.811 2.2
Lake Togo6 0.42 1.9 13.0 | 1070.4 1.3 12.4 3.339 | 2.321 1.8
Hachiro-gata 0.92 25.3 52.1| 898.4 1.9 28.4 3.056 | 2.236 1.9
Fukuda Polder 0.20 2.8 9.7| 624.6 1.5 8.4 2.532 | 1.960 1.9
Haneko Polder 0.37 1.3 2.8 | 2009.6 0.8 2.3 3.449 | 1.577 1.9
Isahaya Polder 0.50 6.6 24.7 | 646.8 1.0 19.1 3.024 | 2.464 2.0

*Q..-Oxidizable S mg atoms after acetone extraction
Fe---Oxidizable Fe mg atoms

FTRELPOGEME BXURLE—S (FeS) 22X AT 3ERTAERIBOEELSL
3, #NFN 0.2~15.17 S/1004 BL U 1.3~132.8m S/1004 @ {ExER L, HEFEMT
ELWEEZR L. SICBRER, REHEREOEASE, FNTH38. 01 S/1004 LI E
O, fEDE  ORENCERTHIEDEOEERLEY, Z0BHO—2E LT, BEHEIE, T
&R BALEME T 2 RET, HRECHFLRD, ELEHT LI LT, MoEED
%R, BNPIC—E»SE(LL, FeSHEEA A vICE Lt LbiEHTES. 1L, C
DEE, BETBIOK, TebryHtlA 4+ o R L TEET B EEEINSY, HE
B, HETHRBIOCTUNED 3EELIANE, T b B A v 13.0% S/100F LT T
BB rrb, TNOHERERD FeS S8, ARICADBTH-wbDEHEETES.

WICT 2+ VHERESA A vE&EEL2 &, BEHO 4B ENBERL, ToMfichrT
PELEWEEZRLE. LHLT, INLOBREERRRTD FeS 812, T 5.5%
S/1004 LT T, BELICHATELIDEL, WIKLANDERY ®© ZUur® 2EH LT3 X
51, EEPo FeS i, BEREPICEL LT, B4 ICEMLLDDOEHEEINS.
COEEZBELT, EHELET Y ALY SFELS, BELEBREERLD
FeS BAAVOEZHRLILEZS->T, BR -FREA A VDO EBEELTRLE. Z0FE
BB 2.3~58.0% S/1004 T, BELHD FeS 2ROZVHERERBILBNT, REBEDA 4
TLERENTEERD.. cOT LT, MBETLHEOERICE > T, BT FeS DERKERK
PETPORET TR, #O—OBILICE - THEMEA Z o BHERBRICAERT 3—F, Gk
POMBEEL, K-> THREA AV ZDOODBELELEL TV B D EHEINS.
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T b Y REE(ESE 310. 7~2009. 6" S/1004 &, T EAHEREBHTAEEZLE D K.

WIET 2 b YARBEEA 4o &, TKTBEESDCIEBTRES SR L 2BESREORT
hERH B E, S/Fe OEIRL.7~2.2 DEE%ERL, T b vy REERMSEL, TELUTTHR
1bgk (FeS.) X DMEREINTNE T EasHEAL /2.

FeS: #BOEFEK L i JUCHERBO HEERD FeS BXU T by #MbHES 4 ¥
EROANG, OO TENWEERTT C &, TNOHEBRPTRE, BELSRICERL:
FeS i3, BHETRZER FeS: KL LT FEREEZ - T3 —F, REBELPTHE,
FeS DfBEA & U R TD FeSe ~Dinfbds, BMEBRICETPTHEEERELTNS.

WICSENEE P OBLEEA & v O BASITIEEZRT &, Table 4 DEBDTH 3.

Table 4. Types of sulfur compounds in bottom sediments
of the river Imakiri

Sulfur compounds in soil dried in
vacuum desiccator
Samples FeS* S mg/100 ¢
S /1004 mes. | Free and organically
Imakiri A-1 3.6 35.3 15.6
A-2 2.8 22.1 18.7
Imakiri B-1 33.6 124.8 34.9
B-2 43.3 135.6 16.8
B-3 0.4 19.3 2.5
Imakiri C-1 39.3 174.3 28.0
C-2 0.6 70.7 7.1
C-3 0.2 14.2 1.4

*HCl-soluble sulfide in wet soils

Loam 73> L Sandy clay loam iC/& 9 % 3EE D FeS 24 4 v & Bid, 33.6~43.3%
S/100¢ OFEIFEAERL, BHTHERP TS, SEOZVHHEKBL TV A, it UTER
BOEBTHE, 028134 S/1007 ITOEWEEZ/RL, FeS ElRE L E8E DHIC
FEETBROGET 2 AR, K - BRE/A VAR 1.4~34.9% S/1004 ©
HWEEZRL, EHREOEALER, FeS 2BOZ VW EHIKINE L ZEET 2EAERL
fz.

£HBE S FeS: i, BLEA AU D 50% LlLEa R Licds, ZOKER, WEiER
BiCl~T, BLIDBOCEMHPL 7.

M. AFQEFEEMEDBR

BESE, KEE « BB IUTHO MELIES BRECHET, & - Boillo BEEORBEIC
Fo-T, B VIRERET 2HERRES, ~Full3BETEATH . ~ FoiR32RER,
HHERFOREOEBELEL T, BETHEETTREEZEL, BWERERD/ Y ROY
BABHLUAHRELTRVLNTVS., E-HFOHEOEEL, BHRTHO VT ERIC
BT BT EMD, NUTEROERYE S - T Fo2RELTESMERSELTED, ~
FogRubhbAENEERETV D [BESBEOEREDEOBERICL > TELEEAEDE
BEANNol] OBRCANONTO2ESESD 5.
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PlLERANIZESIE, ~FuoDEREZOLDONTR AR SAREFICEZNOT, TOM
BT AETORELEAS.

~Frid, BERESOAPS, SREN Fe tBRE~Foi 2 RElTas. @€k ~Fok
BLTORIEEZD KBS RIET, 294 P12 —EE D ESET 28MR 7 TRER
D, TNTETOEBYBBET 2EERE Lo, CRICHLT, SAVTEEDLIKEE
OEBMEWKECHEET S, DEOEREGTHREHRZEAEMNA FaltikD 308, BREMH
THOLEEBRE~NFoREL LT 3.

FES LGB EryE) o F S P XOEENY FF A PEKRTHESESEE, TE LN
Foled AROBRISIEBEELS. cOcLR, ~FafiRicg LT, tEoRESR
B, WIEHOEE BLU BREEEOHELT SN, ERRFREENILEEREL T
B. 2L, XY PFA POBEE, EPOERIZABET, £ BREFUC TN
HERO~ Foid, BEIERD S, BATO LEREEY, BHRIESIEOREBEELT
W3, BRI, ~NFeRICERTAERY, S50~ FodickR Uit £&
LT FeS CHRZT 2, TRREZOWMED BEMRELTRETE. - T~ FaolR
L, FIEFHHOEE L SEOMICIE, SHODOTEETERREELTHS.

—RIICD - T, BAPHIMEDOER, BRAVOEAPERTOERETICL, MBEIC
MAZT, SEOA XV EUNER L THARERE0. INoEFRPDI4 7, 8254
WOBEETEET 3 EMERNS. TROBWMLY, & LUTHLE—#% FeS) &ML
# (FeSy), ZHnibiy, BHEEE, FARBE, WBE B804+ v BIUEEREA L V(LA
B, FOMTH3. L0449 LEHOPT, BHICEZNDE HLET, WIKLANDER
5% &, hydrotroilitl, melnikovite, pyrite B XU’ marcasite K EET 5 D LB TH
3.

KLOCKMANN (WIKLANDER, et al 1950) i, hydrotroilite (FeS+nH.Q) R IEEHILESHT,
HELCHEE S CREOER T2 a4 FIRIC KRBT 2 &80, Braconnot? (MELLOR,
1935) %, BEKEOEHMOEERIC, KFMED FeS BNELET 2 RTINS, AHREICE
NWTD Table3 BLT LR LAEDIC, EEPICIEENICEIID 50 FeS DEET 2L &,
TRBHAEOKR, REHCEMTHRTENOERRBHRCEDOEREDENTE, PD2IND
WO EE E L TEEOBRADEZ N T &2z, Melnikovite (FeS:) BARS VTH
A, RBCHIEAHARCTIEEE LAMICEMRL, BECHROEE LS I ZEEHD
RS 5 &0 D, Melnikovite 1, LIELIEETD FeS &L, »oRZICEILIN,
WEIRD pyrite (FeSs) ~DOHEEEZEZ SN TIN5,

EEOA A TEEBORERIC DN T D, HHRVBBEIN TS, Zuur? &, BXHALET
REKHZERADT, RBETHZEXKHTOMBIVY D 403200 T, EETOEEY
FEAL, L CHEBERELINTHIMERD, CNBEETOS%EFIST 245, RKicE
Byt CH.O THRT &, ROBUSKTEDEND LBRT 3.

4 Fe(OH)s + 4 CaS0O;s + 9CH.0 = 4 FeS + 4 Ca(HCO3): + COz + HzQ-vvevveveo (1)

BT D& ST WIKLANDER B¥ 3, EEFDE E 14 v D 4& % & LT melnikovite,
pyrite B XY marcasite BELKIWCEBETHETELEHBLTOED, AP EILBNTD
Table 3 B XU 4 IR LickHic, EEFORHE LT FeSe BEERTH D LE2BD
Zuur® &, VA FNEOEERIC EELTOREAED FeS OKESIL, %41 FeS: I
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EL, ChEFABICERESN T OBERT LY, 20REELEEBECEEICKAL, HOEHEL
TEONMLORBOHEER, TEANTOHFSKHIRED BZLRTROIEETH S LML, Fes
DEELEIG R TR L.

4 FeS + 6H,O + 3 O2 =28, + 4Fe(OH)3 ................................................... (2)
HarMSENY [, pyrite 1ZRFUCTRT L 51 FeS DEE(LIC X » THERKT B LB TW 5.
FeS + HuS 4 O = FeSy + Ha( «orrreererrmermrmetsiniianiiiii i (3)

F 72 FELp® (MELLOR, 1935) i3, FeS @ hydrogel 24 A% D FEHET 3 5 4&, KRR
X - T FeS, Dhydrogel ikt d 5 &0 5.

FeS'HzO + S = FESZ 4+ Hzo ..................................................................... (4)

HarwMseN]iE, FeS OEE{LITE » T FeS, 28ERT 5 LiB_ T 545, HEREHOD FeS: @
ERRiCiE, Feup ORTRIER D —2 &#EESN . THHOE, HENEET T RIC
Lo THER LA FeS I, EMEBEBYOSEB—IEHKD, ZEASLICL > TEETICEND
BLEPERINIBED PPEKHREBICELDSE, 2T RRNOSIKE > TA A UdE
BEL, COXIMMREBEREINDE, AL VRBELTONS FeS RIS LT FeS, kil
THEAEDEEINS.

WIKLANDER 5% &, LK EERIC, Fitdd o O A A o OERISEN ICHETY
BEBUTNAED, 0, HEHD OXSWWERPRD FeS i3, BEEREDICZDORIEHLS
HEHEA A Db T A SRS IT L.

WricHT? (MELLOR, 1935) 1%, /KFIEEOB(LE &I TLKESERT 5L, KOED
BALE 28 (Fe:S: nH0) ZAEKT AT &, E7 Ropr? (MeLLor, 1935) BZE&4E KR
BT, cBILICHbKECES&NE L, FeS & FeS: DRAYIC BT EEHL T
5.

FeyS; = FeS + FeS;

PE, BSMEHETICBOTOEAP TORYOERERIER, WA %L mud clay
DEFRBIEIC DV TEZE LS, mud clay RIFKNABETICBOLTE, BiEA 4 v il
Ik - T cat clay &9 2B BICENT 5.

J. Vax DEr Spek (MoORMANN, 1983) i, mud clay & cat clay @ £EEE, kD
LORHM LTV, 1) HKHAHET TOMBELHICL 2MBEORELFM. COSIK
3, MEOEEICKELT LTS ROERAOEESLETH S, 2) HAKRETERD
A E DRI X BHALS DA S K URBIICIZ FeS: OERIER. COBRBLSEDS
ROEAR, RIS COBEBTEIET 24, BILBSED, »OLBERCRBA VY Y LEKL
L, RIBRELIROLIETT S, 3) BRFEOBRICLBHMELOBEILE, TNITHED
SHBE S EWBOERER. 4 HBE_SOBBRIUIKGHEE, TO#HRE L TORE
BOREERBE & LmBOAERIER.

EFRD mud clay BEU cat clay OAEFREBEELT, ~Fe st WEOHMELBRE T
B, BECEYZBEDCHBEDEOHEROBRL LTELAERE~ Vol OLA, R
POEBEREBELE VER, MBELE XS FLKROERD fulfih> ZRiCET S
O, EHOWMAKESEERB LN EET AKPIERL, COCLREREOBEREE
Lbi, BEBOATRELBEICE/MAL, ISP THREADRESCREROHRBO—
RERTCELRFEATHB.
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Bt ORIER, EEEKADATEERIDPAICE S E DI, BEMORESRE, F&L
TEEDEME, ZONERIAMP S, BEEHFEO—DELT, LDBTLNTNS. #IE
MOREBMOERE LT, EORKRE, SOl JCBEEEOEE~NDOERICXL->TAELDL
FBEELEORD, BEWE, SKMIKEORERENEBEEINTNE FEKL-T
b, ~FeEElo BES, EREORELHE AT HEERTTHACLIIHDTS
3. :

WICEE DX ZA FaLEETRE 28BS, LEZFEESEEREB LA T, FRHE
HTT cat clay &FRT 28T ICENT 20 &id, ~FoDBTEROELL D THKE
BT a0ERHS. CETd, BENBELCEADOREY mud clay 24 ¥ FRY 7 TKHE
EALT, BERBEFELED, KRCKEBBEELECLACELAT &R, BHD
DEBDTHS.

v. = #J

KEDEHE, LKA Fooiikz FiHd 5 BT, IPFRPECENTE, BEH, &
#, TPEBICHLETOEFNEBRCOBROER LY, SHOBMNEOHEREAHRL
T, FFeBbtEA A 0GB ERBREALZBNT, TOEELZEHE L. BEhBOREE L
T, BETARZHELZ4UWNOBNETOERLHRA L T, fiERELOEBRERS, RO
BAzZ .

1. H:0: T X - T, HERED pH MIIEFITET L, pH4 LITO®REMEICEZU R
Bk L. chic LT, AYNEEOHEGIE, H0. AKX ? pH HOET
i, BiEICEANTAED - .

2. HERSIEREO B4 A v e L, 337.0~2200.5% S/1004 &, HERCAEAL
Lichs, &8ss, PRVZEOBEA AT v EEET 3T LM, 2L LTAY
JEEIL, 14.0~225.8% S/100¢ OHEFICH D, FIBICHRTHEHLLICDITL, Bhik4
vOERBEEEBOREME, A CKEIERLOMICEERTHROELET 22 &9 7.

3. HERE, SYINETREbIE, BEAAYE LT FeS: BREEHLSEBRT 2 &,
R REHsOMBECER TR, IR DDOED FeS OEET I EE2ED L. chick
LTELHEA 4o DI BEERICZVIC b 5T FeS BLUBEK - HEES 4 vLE
EExbdTHIEL, TORESD FeS: LVBAMEBRBOLEL L.

4. BE(LMEA Ao OEERISIRER, S, REWHO ERDL TR, Y0 tabsEsgins
W, BEBETEOMERIKXS FeS O&RK, 2 5ICRERSIC HRES F 958 TD Fes,
OEBRPSRELBERICGET L TCNEC &, cnEH L THhESIUCEEIOER ICB T,
BEICESBICER Ui FeS 35, BAETREER FeS: KE(L LT, TFHERELZREBEL TS
T EBERIN .

CNAEBET BRI, BERNAGETLCEE~ Fodidid, S04 A 9{ba#, & LTHRiY
PERERL, TOETBRBESICERYEEODTEETHD, 3 5IHIEPOER TR
HEETToELD, BEMNBICENOETEAOBRERRE LTETL, »r3REE
NHENEEORERTEZEFRTIEERTTH S C E¥HIE L7z,
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P ED#RICESE, RECENTO ERABLROA n=XsL 1T 1) TEHRKDICEE
NBEXEZYICHRT 2 BEESLES XU PCB, BHC X DS HEEDED EFHER
2) N TEIESEIRICE ) ARERICHK T IBERO FREVEOERER, 70 BHE
BE~NFoO&R. DEO2fEAIKIMAT 3) B8~ FufTo, FEEHEOTSsEOH
BICERT 25 0BEMOREEREALZERTACENTE S,

PO, INOOERRERNT R ABNOIMEEIC X - T, BIGETT 25484 B
STEROWT N 2 DL LOREERE LTETT 3560850, BROAH=XLITEST
ERT3EEA~NFoOBESBOTHOENS. o TAFuDELET 245K, T
ZDERE, LARBELEOA N =RLZPLPITEINERD 5.
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