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1. IZIL®IC

RIGF IR o0 [ 55 AR B C UL AR DR 7 A, BFgE
Lo TZEOTEMPERLIN TS (L © 2016).
NS DOTEMIFERIE - 72, WFFEOETHIZRE
WS — A ERICRES N2 L b H ), FRakyl
ELIFHPHRETHL L, o NICRFLHE Y ERT S
72ODRHBUIRTIEI T ICE > T anZ e 2 EOH
HA2L, BEICBWTEOE LIZL2REI M INT

5 (MHHHERES 2014) . BRIZBVWTEDOMR
FEHL72DI21%, ZOHLHPIH S 2 HUEER T &
ORLICE > THHATIULENH L, 20720121, £
TR OB TINS5 BB 2 BIR T 2 AT
RCTHbD, BRENITCEMPHEERET ICHHZ LT
BEEOMEDO KSR SN TE T L2 ERT L L,
Y OHAIZ T T HEIIR OB MG 52 L T,
ZOHHH SN ) DEBWERAPILEB SN DL EEZ S
N5,

TCEM E R T B $RET 7 & OSEEY O AIKTE
RS L > THFICRLR LI LML TS, Bz
(E, RICH R USRS CIIE RS & L CEESRL, R
PR A E N D L DD (Sahebetal: 2010), EE1L
1) 7% BRIBE LIS EREE, BESREL G EDAEL D E LB

WEREEERY Z EAHE SN TWS (=Y H:2015).
T72, BRBGEY & RELEW AL L 72 IRGE TR AR K
P& LTtk e S 1% 7 & (Fors and Sandstrom:
2005), BEEVOBEIIHEHE T 2BV OLEL T 5

Babdb. TOL) LHEREWMOBEOERIZIZ, &
B, BHFERFZREE (DO), M{LZEICEAM (ORP), pH 7%
LUNZCL, SO REDEAF v OFEH L BE R EHE
WCRHBERIZL TR EEZ OGN, THUIBKTOHKE

BYOBEIIH L TLHEKETH 5,

DLEoBERDS, BEROWIZ T I8 B Rk 2 i &
ik L CHBBEYOBAREORMAEL LB I WHS -
2011), #K® pH, ORP, DO K% L0 EHRAEL B
kv, ENLOFMEENE L ORI OEEIZ L SR
fb@BICKEE R EoEREZHRA L 72 (WHS 12017). €D
R, HREBR IS E IR 2B 2R L, AW
SHIBRBCBATT S L) WL FEHIZB 2R L7z
F7:, WY CTIIERREDSEEFEMT ZIoNTA
BUSRTTREABIT T 2 2 L BR S h e, SRELEIC
AU BHBEARY, ZORAHEEIXORP 2L - T
THZEMS, BREEYWOMBEEICL > TLZORA
IBEE ISR L DU RESEAR SNz, 72720, FIEIREEDS
AREH 7 0 SR BLER Y O I RIRRE B L O REE OO
A5 FEEY ORI 2 BEERE O 2 HE T

VOB ATBUEA B XL RRXXCREAZET T 620-8577 HR\RFRTKE] 2-9-1

D ORBRAES SEEAEE T 903-0213  ShABEhEEERAEE AT TR 1
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A LIIREETH L, £ I TEMRTIIHERDPORL
B URHE R & MM & S A Bl
L, SEEREDS SO AN L TRITTHEIZD

W THRE L 72
2. BN GIRROBEE

AR BRI E T 2 S MR TH 2
(KD RETERBIINETL2EEDEHA )
384,000 m*7 & B Al & i o LR EHFA CTH Do EE
HALE S B TS B TSR AY 3 T O A D FSTE DI
WEBTH Y, ShlEE DO AKSSHAHE L2 wE v Fitk
AHLTWA (85K - FHH :2008), 7, #EIZMES £
A DHEIZL > T, BAPEREBILL TS Z DR
I Twd (85K - FHH : 2008).

& St BB S 138 %  OFEEE (o) (B
TLEMHPHELTBY, TEMEBR L T oA
Y, STRRE% EOSIBEG % Uik 4 MO &Y H
EL7: MHTHBERES 12014), F7z, T4, WHE
BB L UOKRPZHFICL 2 FELmE S/ FEM 5
ERINTBY, TOHRE L T2012FIZEEFHICH
WOTTEMDSFER S (Gl 2013), & 5122015 412 2
EHOLEMPER SN/ (GBH 1 2016). ThH5DTTE
IR OMENEBSN-H%, HORLEB I v,
B TORBESH S TWS Gt : 2016) .
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Fig. 1 Location of Takashima-Kozaki archaeological site,

Nagasaki prefecture
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3. WA B KO

3.1 F&EMH

HERIIEE OO Nol O TIZB W TERmL 72
(2), b, AEHEOEEIIN2m THY, #AEH
M 2012 SR IBER SN TTEMA OB Tm OEIS
H7:%. Nol TIIHFN 2 BKOREREZ EMHL T
By, KB#EKOEE, DO, %6 WIZHEMHORE,
ORP, pH, M=, FRIEZFEUERILY (AVS), fLFEARR
FHEE (COD) DEESAAPEIB SN TND (WIS ¢
2016). 735, FAH O RFH TIIEM 28 U CHEME

PEINTBY, 77 OBBENISEEFBISN TN,

32 HHMEEDHRE

PEGEM AL CheFEM (LU, RFEMaH & KAL)
EHRW DL A 5 PREE 2.5, 20, 60 3 X U° 100 cm DL
BEICEXET 5 & & b1, RELEY) & SREGRY AT 5
RIEBEL T, A & e 2 el L 7230BE (LUF, A
MrEfb IR & KiD) % FREOERICEREBELS (M3),

FHIZI1Z 50 x 50 X 5mm 1Y) h H L 72 SS400 % v,

(2 HEROFERM &
Fig. 2 The position of deterioration test



Carbon steel

Carbon steel Wood
Bottom seawater

B3 HALEF OB IRE

Fig. 3 Schematic diagram of installed samples in sediment

T X)) —#K #800 F THAFEICTH LT, AW AKB XL
U7t by CBEEESR L% RBRICHLA, 72,
AW BEmEETIZ 50 x 50 X 10mm (2Y)h) L7z~
W& RFEMORTHEICEE SERETHBRIZH L2,
NSDREZ ¢ 10 cm OIFL Y = VEITEE T L IZE
ELL ORI EAL I LT, HEKEOR
FL2 RIS O 72 IRAE TR E L 720 30K % 2013 4F 10
H 20 HIZ#&E L7z, 201449 H 29 HIZEXL, #
115 Bizbz53Br% E L 7z. Y BT3B
#b & OBLERER & & b I L 7 IRAE CREERE 12 Hix
L, it L7z,

3.3 EBRIKE

EERREIZ OV TIER B O REIREZ AIRTEIR L2
%, SSICHMEOREEZ T INIYAsD AT =T
(HIROX #t% KH-7700) # HWTHEHIE L7z, 612X
WA (XRD : Xeray diffraction analysis) (2 & 2/
B OFE, EXEETFHEHESE (SEM : scanning
electron microscope), LT b F — 4 A X #4506

(EDS : electron dispersive X-ray spectroscopy) & HV»

RRRESYY TR EML 7. XRD I3 # 7 48
SmartLab z vy, HIEICBE L C, BEA K % itk
SR FHEIHEGHIHE L 720 WIEIZIE CuK a M % A
W, EROEERE, EBMIEIZAZNAOKY BLO
100mA, T=4 A2 —% —OFEEEEIT 10° /min, ELAH
PHIE 5~80° & L 72c SEM-EDS (21 H A% T+ # JSM-
5400LV, JED-2100 # i\ 720 TR F UBHRICEA L 72
AEL I B L O L, Z ol % SEM-EDS 12X %
Bigz, ool

34 BEEE

T ER P I3 R R ORBRI RO ERE R 2 £ DK
RS & OB TR L TR L7z 3B % Swt% 2
I KBRS 30 rHREL, 77 v EHWTERL
B A SE 4\ ChRE L CEE R HE LERORDE Z H
L7z EEEIL 3 RORBOFIHEE L,

4. #wR

41 FHABOBRIRE

117 &8 L 72 H CORB OB EREZ X 4 128
Fo REFHAFLIEE 25cm TlIEH, BEOEVHE
AW, HE 20 cm IZBWTEAPSREDECEEYIZE
bNTWE I EPBDLNT, T2, HE 60, 100 cm
(2% E L REHIEIERICEEEREALTBY, B
AR OER RO SN Aol —HT, AMHEM
HETIETRTOEEIZB W TRBOME 2 EEWHE
MENTWS Z ENBgEINI,

RURRE kB L 7B S S R B A O —
BEA#E1IRT. HE25em IZFkE L7 R EH AT
12818585 (goethite: a -FeOOH) DA S 7z, £
7o, WEHEE20em ICFRE L 2R B A S BRI (Fe,Ou
magnetite), fougerite (Fe(OH).(OH) oz (H.0)0s) 23t
ENszo —HT, AMEMBEETIIERE 25cm 2BV
THiEkRSE, fougerite 7 & O AR M S, RE
20 cm (2 BV TIdRESKSE, fougerite IZMA TV v ¥—/
#i, (mackinawite: FeS) 25t &7z, 72, HRE 60,
100cm ICEB LR TR~y F— /HOARDPHEH S
N7zo RFEHFETIET X TORE TEICFRILHD TN
XN, AR TR SR WL EIZ BV TIERIL
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Carbon steel .v

K4 117 A#GE L 72k R CORFMHE (LB) B X UARMEAER

formed during the drying process.)

#1 Kkl oM S8 A s
Table 1 Corrosion products detected from each samples
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‘ 2.5 | a-FeOOH (goethite) | Fe;04 (gocthite) |

Depth |

| (cm)

Carbon steel Carbon steel + Wood

‘ FC(OH)z(()H)ggﬁ(Hzo)os (fOUgCI’itC) ‘

Fe;O,4 (magnetite) : o
FeS ki t
Fe(OH):(OH)y25(H:0) - E—
20 R . Fe;0, (magnetite)
(fougerite)

| Fe(OH),(OH)o25(H2O) 5 (fougerite) |

\

60 - ‘ FeS (mackinawite) ‘

]

100 FeS (mackinawite) ‘

]

BAROHEND OO, FE 20 cm LU Tlaitfbekrs T
WS N BMEMER L7z,

WREE 2.5, 20 cm (ZF%TE L 72 BERSAEL, AMEEAlHUR
DM EIEE > 515 5 N7z SEM %7 & I Z D (0)
TA% (S, wiw (S), HFE (CD, #riva (Ca),
# (Fe) OtH#E~ v 7% K5 I1RT . KFETFHTRL
72 SEM fRIETCHEFETAKREL, BEOLETHER SN
BEZTOBEEPHL CFKREIND, HRE 25cm |
L 72 i R GR Tl R R A — (I L 72 IRRE AT B2

:um
EiE
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(FB) OIS EIREE
(FFE60cm B L0100 cm FEORFZIMAE TII5| & LITEZIEBEREELTHH, M4 THE
R TER SN DTH5,)
Fig. 4 Corrosion state of carbon steel and carbon steel with wood set in sediment during 11 months
(Carbon steel sample set in 60 and 100 cm depth had metallic luster immediately after taking it up. Black matter observed in fig.4 was

ENBBEEWEIIEY LIFkoi

SN, Fo BEABEWIZ1I~-3mm OEREZH L,
DOHNFINTFEE DR CEHF AR LIRIZEEO bz, ZD
HIHE S, O DGAA—HLTHBY, HEWFOHIKE,
RAEVRAEERYE I AT T AIREIBIE S
N7ze £72, Fe, SIIBELERWEDORE KT T
BHARIHSFED b7z HEFE 20cm (2R IE L 72k HE
FCIIBEEEYBOEMIF 2mm 2H L, REHMH
RIS EL, A L TV A IRESBIR I N2, 72,
BEAERM RO Fe, S O5AHEBIL—KT 5 @M% R
L, CHUIWA L7 kRFEFOEGE AT D EHFED S
N7z EE 25 20em ICREL-RZEMABCIZED

EVCBEEBRPESTEREINTWS 500, 20cm (12
RKE L A0 PRENICEET S L LB, ClAYk

FWMOEBEICEFE T A EMER L. £72, XRD T
H S A7 A O 3R B & U fugerite DA TdH 5
bOD, JLFEY v T TIE Fe & S O5Hi$ 5 A3
LTWB I LA EETLLE, BROMEILEWHIDTHIC
S LT B WTREME DRI S 72,

— 5T, AR CILRE 25cm IC&EL 2D

T 80~100 u m DIEADJE LKW A RO Sz,

REFYIBHEEEZ AL, ZONBIZBVLTIHEEIE
WIS AYBIEE S 7z, Fe (38 BA I RE O 21k 5 A
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Fig. 5 Backscattered electron and element distribution images of samples (a-1: carbon steel set in

2.5 cm depth, a-2: carbon steel set in 20 cm
depth, b-1: carbon steel with wood set in 2.5 cm depth, b-2: carbon steel with wood set in 2.5

2
2.5 cm depth)

49



LTwaEEdbiz, O RBEAEBWEONM, SIELD
AMEIOFEIRIC A L TV A Z LR LNz, Fe, SO
SRRSO TE—HTHILE2ZEETHL, XRD
Tl EN TV ARV S OORILERAE U T\ 2 i EedE
DRI S N7, B 20 cm (ZFRE L 22 KMl R T
1% 100~120 u m DB AL B RO bz, BEA
B EERE 25cm D b O L AR, BIROEELZH L
THBY, REMOITEE & FREAITIZHEEE ORI
PEAETHIEDVHESNR, ZOBEOEHVEBILS O
GRE—HTHIENROLN, 72, O DGR
FHOEEIZEPLTWAIENED LNz, HE 25,
20 cm (2B L 7o AR AR O S ARG Tl &k
IZFe 3545 & & 12, REMOIEEIZ O 23554 L
ZOMINZSHBGALTWABE I E, %5 XRD &9
KEE(LEE, WALk S -2 L2 EETHL, BE
HE R RS O AN K ERIL SR AT S L, 2 oSl B L
BHER L TWLEEZ NS,

42 EBERREPBEEEICKITTR

R AR O A B L OGS O HEFREY @ ORP
DEHELLE X6 IR T WAMEIZEE 25cm 128
WTH0.05mm/y /R L, EOHMILELL->TA
BUARTT L, B 60 cm LUETIEH 0.006 mm/y F T
TTaHIENROOLNI, 72, ORP bEEOHEMIC

ORP(mV vs SHE)
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Fig. 6 Change in corrosion rate and ORP in sediment
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PEVE T ¥ 2B 2% L7z ORP B HRPICHLET 5
ILFRmOBALES L ORITCAEORER L ZOHFIZL T
EFHMHTHY, BEOBLES L OETCHEE R IRER
LEND, LeAto T, HEREW b O kB ISR R
BN, BICEREICBITTAICONTABIIET T A
Z AR ENT,

5. B8

51 FEICLZBEBRIXEOEA
511 REMABOBRIRE

3§, SEBEYMOBEREORE L OZERIINT 5
HEBRBEOEEIIOWTHRE T 2, FE25 20cm (2
FXE L 7o kR A CIEEERE I BV EE AT S
N, BEAKYE L CEE 25cm TIXEHkEL, HEE 20
cm CIIEERELATER S 7z, MBSO R T ZEET
B L, BEE25cm TRREFMOWMANI—IZEL TS
D, EEWEEIIBNT, SREBMEOHTAL—HL TV
HOIZHL, EE20cm I2BWTIE, REROBADNE
FTICAE LT, EERYE LT, BRIL$TH 28
SRELB L OSSN TB Y, ToRIL, Bk
TR L 72 R O BIBRAK To pH, ORP OFEMIME & #%
DFEN - pH K HHEE SN CORELRIEE
R EEST S (WIHS :2016) . HMEREFED S
WY OMER TOAR DO BHFAET S EHBEINTH
D (WIHE S : 2016), #E 25cm IZFEE SNHFTIE
BB T CORENPELLZ ETRAEARWE L
THBBEOTER SN EEZONE, —HATHG6IZRL
72ORP DZEAL* ZEET 5 &, HE20cm TIEEBIZK
NCETTEATROCERIGIIRBAT LoRER, WARERWE L
THESRILDSTER SN2 L EF 2 b D WEERELII S8k 2
EOBAWIZHRTRELREERD TH ), FEER
e LCIERT 2 (AR &S  1993a), — 4 THEAk
WA G v 2 ECRETICBW AR S 172
B, ZO—HrEHEI N, REBENA LS, Lzo-o
T, VREL 20 cm (ZEXTE L 72 R CIRBTIIZ R A A%
HEULZERNE LT, MR SNERE L TIERL
2T ENBITONG, T/, RESHIESNEINLT
J—FELTEESN, ERWPEEGT-01285E L
WA A HWATBIZ BN THER L LHfBINL, FE



BN ERE T bR I3E 08 () (FeCl) B
£ UHEEMIREALS: (B -Fe:(OH).C) THh b T & A <
NTWw5 (Régueret et al. : 2007) o FEALEkIL 25
RERETICEINHECHMML TURAEZI Xk
T 612 %ﬁ@ﬁﬁtﬁw%ﬁﬁ(ﬂFdXM)ﬁi
LA ZETRPOHIHFI X 2D (Watkinson
1983) o HALRAERD & HLEIRAE I & b 7 ) BRAL& oIk AE
DERIZED Lo THEERPORE L L TOWEHIE
b4 52 LT, WERERWHNBOEFZOEFREIREHIZL
T HUREMEAVR S 7z HEBRSEIC & o TERELEW N ER
DIBEDOTARENRL D &) R, RERICBIT
LBV ORFEEBE T L7200 BEELRMBLE25
Nbo 72, HE 60 cm LRIZBWTIIEEABRY O
BARES Y, ) LIF-ERICBW ISR BR%E
BLTWDZEDPBESIN, iU, HERE I
THIZONTEENRIBICR 772D EEZHN, FE
TLOBEREOEILL BEETLHRTH 5,
512 BEREOEICKIFTIEHREDR

WA SR O F R EE |2 [ | B3 MR BRI O B IC D
WTIRET S %o AZEH TR K A BRI 7 BREE ST
WENLEHIZBWTHHMW 2 5 20 cm EOKRE
#EAKH D DO 13 4 mg/L 7R L, IR 2B RAT
TAHLAHTIE8mg/L 2HMFFT 2 Z LRI TS
TEHS (MHS 1 2016), EEHEKHIZBITLEEDOE
A1V — FRISIE DO OFEITLEE R b Do HPEKE
TS B U B bk 8 O B EE LV O DO REEIS
RE$ 570 (BERERS 0 2002), KE#HEKH TR
A I — ey 2 K ERE T L RS0 0.1 mm/y 12# S
brigsng (BEDEWS 1 1993b). —HT, 46
TR L7z o ORP 2 3 % &, DO (3HER&E
DILEBOHIBWTHFEL, THLETIE DO i3t
BLTWDEEZLNS (WIHS 12016). HEFBRBEO &
) eI BV T, BRI (1) TREND
7/ —-FRIgE, X (2 BLOK Q) TRENSDOD

B — KRS, KOH Y — KRB 1252 ETAHL
5o

Fe — Fe' " + 2 (1)
0, + 2H.0 + 4e — 40H (2)

2H.0+ 2¢" — H,+ 20H" (3)

L7223 T, HEREW v C o B 13 R L3#I T A 2 DO
R EDRIBMB LU Fe*', OH % E DL W E R E
KXo TEREND, 2B, HEWPOLS 25ILER
WEP O FWEOIEINIZF DEBRO BB, S}
(William and Robert : 2004), ZEMERAME L 2512201
TEDWHIIRBIZ % 5 HEYWDO T ERBIZBWT
i, X ©2) PELHV-FRIETHY, HEWT D DO
DIFUZ & B AR DS B EN O EEE L T D L
ZAONb, HEWOERBTIIDOVEETIL L LD
IZZEBRFECIKETH 5 720 £#E 1F 0.05 mm/y
DOHEBEMEWHEARLZEEZ LN S, EE 20cm |2
BULTIE, DOEMELTwAEEZ LR, Fizk (3)
DAV — FRUG & % ) $RELEY O AT 3 5 LS
END, BEVHELIEETICBVWIUEEDOH Y —F
FOSAR (3) \2RAT L7236, I EMM O M I A
L2 B B L 02D BN TORHIC L % H.O
DR S IR E LTHEL S Fe'' % OH D%
WMOEEEH S OBREICHEIND (SEHS 1 2013), FEEAS
BINT AICONTEREMET T4 EPHRINTS
D (MIHE :2017), Fe’' % OH 7% EOWEF B L &
BICR DB AREIEFL-EELOND,

5.2 AM A OERIKE

AH b R TR EE 20 cm DURIZ B W T fbgk ©
HHLI Y F =PI N, T2, FE 25cem 12
BT MR 2 THRALSRATER S LT 2 T hENE
NEWEHEINL, FE25BL020cm ICHRELZ
AE OB EIEE 2 & 8 AR R O NN KIRILs:, FH
NIRRT SN T WD Z EDPEEINTEY), 2
OYFBUIIERIE R TR AN AE T 2 EY B EOR# L —
95 (F b aEiai - 2004) 0

B OB L OKEEE L -EMpH KA X 7127 F,
B, ”7ICI3HEREYO ORP B & U pH OEHMHE D /R
L7z. ORP, pH DEillfEi2 & HRYH TIE T TOFE
FEIZBWTHILSALETH L EEZ LML, HYTh
THEEEWE LTy F— VPR ENE &ML L
Tid, AMEAGE O ELAE IO ERBEI TS
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1.5
0.5 Fe,0;(hematite)

E (V vs SHE)
=)
o

o
W

—
(=]

Fe

15 L

pH
7 Fe-S-H,O ZDEM-pH M7 & CIZHKEE D ORP B L U
pHFig. 7 Potential-pH diagram of Fe-S-H.O system
LWEDH D

HEREY DOBRALER TTIRAE (X ERALA O R & £ D fbfa 3
EWMAEMEEIC L A F NS DOBEBOINEIZE > TEK S
NBo ABF&Hefil L7z R FE 80 TIEAM HIR OH B 23
AW OREE LY, MEYORBHEBRETHHAS S Z L
TH 4 OFLH ORITTOHEA R, BYELOADR
ATHNCRICRBEICBAT T A 2 L T, BERUMAY TH 2
TRERIRRITCHE A EINTET A B EE L7 L3
BIND, fE, FEOMEIERITESMNME L CTREM
DIFEDVECI25E, BERENEEIZLATLI LN
i ENTw% (Enning and Garrelfs: 2014) . 34 o
ATHRBELZABTITEE 60cm LLEICBWTHEE
HATERD b N o 2 DIZH LT, AR T
IHALSATER SN2 L2 ZEET 5 &, L#EHICBY
T SRBLEY I IARM 2 &AL L 7556 TS EAMRE
ShbLEZLNE,

T7:, TEMO LD AR, B % LEWIIHERE
ICAEBICE N AHILEROmRLIC L Y, Fhaodyoy
A + (NaFes;(S0.).(OH).), #%% (FeSO. - 7TH.0) AR
SNBZETHIT LI EVHOLNTWS (Sandstrém
et al : 2002) o ARFEIZBVTARM & gAML 23546
WAL SND 2 EARBDHENTBY, TTEMT
Gl& EiF7:1%, itSkoBILISER S 25 LOFED
Hanb,
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53 HETHILEYMOBEIRE DR

Fak LR oA L B R St LR
EBYOBEIRES BT 5. TN T TIUEEEE&N )
St L - S ELEY O IR IO W THADED H 1
THH (K% 11996, K% : 2005 HIHS @ 2011), A
2 SEREERICH 1 km OFECTH L LS BE&W T
TEE AR & L T4 Ek#L (goethite: a -FeOOH), sk
#. (magnetiteFe;0,) 7 EDEALEATEBR I NL b D,
AL TH A EHENELTVLLOPHFEL, kb
BREREOBYOFAEARENTVD (HIHS : 2011)0
I/, BEEVMOS IABPREEMLLTB), &R
BABEIZLYVITRTHEHLTVWB EINTWS (WH
5 1 2011),

At gkhst it S N5 SRR OB 20 5 13 5 E O KRR
BT S L LB, ZOREEYMOTREIIAM D
FELTCVDLZEPBEINTVS, 72, BILEI R
HE N7 HRBEEY TEIAMOMFFIZRED SN TRV,
A7 L 728k 5LE Y COARALSATER S b L »
I KERIT, RFEFAE TERABSRO LN LN 00D,
RAM BRI B THALSKDSTER S 5 & ) KRB
ROMELEET 5,

Iz, INLOHKEBYIIAROZRICHEEL TWE L
ENTHY, BEIIKHIB0EIIDIzo THELTWZ
Ell Do REMTIZEEDBEETHE ALK ORI
AELDZETHEEREIEA KT 5, SEESN:
B O j F R O I B FE & SMF L CHRELEY O F
HEREZEHLGE BAESPBKRIGGHISNE Z L
*ER LT, HRYOEBIHE LS EYORE A8
BERET 2. HONTBEEEDSHEBMOERETIE
930 4FH T#9 93.5 mm, ¥REE 20 cm (2B T H 930 4
TH) 26.2 mm DFHBY OWANEL 5, FEH O
Y OHERREE 134 095 mm/y &L S THBH (HE:
2016), BRMBYWOMBFIFEED 20cm 1I2FET 512134
200 FOREM A ET DL EZOND, L7zhoT, $il
BYIHERBROB TRAICBEEEZE LT HOD,
BELTHO2% ) OMMIEEVEEEEZHERFL T
etEZOND, ZO70, BELTHOHELVHIH
BT OHBEBBMOEBEII T NTHEBLZEEZS
Nb. Mt L7248 < OHEBY TRIBEAEL L 72IRE



PEBIN TR LB L -BROSEREEL O
o 72721, HEE60~100cm Tid, %< RFED > T 930
FHRTHATMm OMADTE LB EEZSNL 2 Ep
5, HRERIZHEE 60 cm LRI Sk BB A E L 725
BCREBRBDVERFTLWRESDLEEZZ NS,

6. $&B

TV B RIS S D IS U2 B\ CHEREM v D 7 B R RE 12
RFH & RFIAM 2 RS- AR 2B L, R
TEOHEBYOBEIRES L OBEEEIZOWT, B
WOMBEBEFRMHEOMR LB T 2 2 OHE L7

HWREMOERBMITIZB VT, REMICIZS L, Bk
#.7%% EOBALSRDTEB S, R 60 cm LUEIZB W T
B EAERY OIEATED SN orz, B S HEREY
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Two shipwrecks related to the 13th-century Mongol invasions of Japan have been discovered at the
Takashima Kozaki underwater site. Because it is difficult to raise these shipwrecks immediately and
conduct conservation treatments on all objects, we are attempting to preserve them i sitx. Thus, the
effect of the environment on the deterioration of these artifacts in sediments must be studied for i situ
preservation. In this paper, to investigate the corrosion of iron artifacts buried at different sediment depths
in the underwater archaeological site, samples of carbon steel and carbon steel with wood were placed in
various depths of sediment for 1 year at the Takashima Kozaki archaeological site. The samples were
analyzed by digital microscope, scanning electron microscopy-energy dispersive spectroscopy, and X-ray
diffraction, and the corrosion rate was calculated from the weight change. The corrosion rate of carbon
steel decreased dramatically with increasing depth. The corrosion rate of the carbon steel in the sediment
surface was approximately 12 times faster than the carbon steel at a depth of 60 cm. Although a thick
corrosion layer composed of iron oxides, such as goethite or magnetite, was detected at a depth of 2.5-20
cm, corrosion products were not observed at a depth of 40-100 cm. Field surveys have shown that oxidation
reduction potential (ORP) and porosity decrease with increasing depth and the vertical change of
corrosion rate is correlated with that of ORP. This indicates that dissolved oxygen (DO) supply and mass
transfer are important for corrosion in sediments. The carbon steel with wood samples at a depth of 20-100
c¢m had a thin corrosion layer consisting of iron sulfide and ferrous hydroxide. Thus, carbon steel with wood
was corroded by sulfate-reducing bacteria (SRB) that grow under anaerobic conditions. Wood provides a
food source for microorganisms; thus, in the carbon steel with wood samples, the microorganism activity
increased and changed the environment around the samples to reducing conditions. Consequently, carbon
steel with wood was deteriorated by microbiologically induced corrosion (MIC). The results suggest that it
is important for preservation that iron artifacts buried in sea sediment are covered with materials that
control the DO supply. In addition, MIC may occur when iron artifacts are in contact with organic material

such as wooden objects.
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