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BROBEBEE TR RBBFHOZLE p 2 RACEBHRY DS ApF g Bk 2
EiRATREMF PO BB > FR- B3 (FHi) TRRBRE R ERN
BTN 2T 3 o V- A9 R EPFF AU o FREGd B0 68
FRPMFP e ir F2IHE o d N ET g G MR VL s A AR R
FARME AT MR AL T aNER S AT R R P o AR FR RN
AERRPOT IR RIERF AR TERIO3IFTHE o
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e (CHy) REZERHIRAS - Pl R HREOKEY) - B ERAVRBEFRFLTZ
£-10°C Z+15°C £2 200 m % 1200 m e RVEEEAN - RIL F 2R
VI FCR @ g o RIRFKEVI AT DAEREE - (S ATRK - 1 AT RAARAKEY)
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l% TR R IAARKEYTS [REEAT B TAZ S E - S BIHEERARKEY
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al., 1991 ; Chi et al.,, 1998) - f | #E— PRI IE RAARKEVIRRFEIVERE - &0
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[&7Z B AHIRATE © 1ERLRARER T A1 BRI 6 5 A R I NIt -
BRI - TREE T SE R BFEEERYT VBT —98(OR1) | KJARHT" Marion
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HBRA LR I B R
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TR EUEE - KDEE - WHBEEEAEEE (B—) » BEMEAESE
RS (BI52¥E > 2015) o {FiEter iy Em Tt > bR TIREEE SR ~ RS
Her B AR IPRiI%% (deformation front) fZGERATEH] - FREEREE —hilifE — BiES
Aol - AEHERER A GRS BT /EA (Liu et al., 1997 ; Lin et al.,

22°30]
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TR AR ERRABG TR R M Feh kT R 2

7

Fig. 1 Map showing the locations of 120 cores retrieved from 12 cruises in areas offshore of
southwestern Taiwan. Major tectonic structures include deformation front,
Taiwan-Luzon out-of-sequence thrust, and mud diapirs. Detailed core locations are
presented in Figs. 13-16.
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2008) - JERGETZHTIEEBUEH - BN XA —8Ei 28 B = R AR A 29
Enfgsy (HREE - BRETES) ERARES RE -~ A @ A7 FERER AR
DAEIFL R E AR ek (Chow et al., 2000 ; Chiu et al., 2006 ; Chen et al.,
2014) - MfirAEIPRTGAYPEM - RIREE LA R R — 2O HE - EER
RS RN SR » BRIEEES RS AN » RE T EEIZEEFEHE » DUE

REETERSNEAIATCENENIE R » BURIBIRTHEE R N A ey 4%
WS REZ  MEFERRE — i — W ERE - EER e S KR —
R o JHIR NAYZEERE 100 m & 550 m B8 - LHETYEE N A EAN
(Liuetal., 2006) - [EF25a 0 om KAt ERA LA o i IR TR BORK R &
MRy - BFLRK YRR IREE T (SOL°) 5 Hter B F fF F H s g
B — B 5E (sulfate-methane interface, SMI ; Borowski et al., 1996 ) #&4=4F &0
HYRRERR - BURREN K ey — B - SRR RER FER 2R
R E 2 A KR (Chuang et al., 2006 ; Linetal., 2006 ; Yang et al., 2006 ) -

P2 AR R8RS (authigenic iron sulfide minerals) £35S E R I
A it (Goldhaber and Kaplan, 1974 ; Berner, 1984 ; Canfield and Berner, 1987 ;
Wilkin and Barnes, 1996) - 3% 55 IRV ISR EHRHETE - 12 i il s
( magnetite, FesO, ) 1Rl a IF Y1) A7 18 2 A 1) B0 H Jod SR e 7Y A2 St AL AR
(biogeochemical processes ) » R/ kYA S 2 BRI R i S L REHZ SR 2 0 7
TR ESEE T (F®) - MBI KIREEIREE TLOBR R AR L& (HS)
& e RN EREAYEY B AR L EEEY) - ErP eI R iR (mackinawite, FeS)
hizz g (pyrrhotite, Fe;Sg) ~ TRi#EH#HE (greigite, FesS,) LUK Z#kEE (pyrite, FeS, )
(EZ) - mEtaEER LRy e g2 2 F5RBUEFRE AR HEFEEE
7 AR LR E AR > AP UREI N S R I T i S50 ~ Wh e s ~ TR es -
AR B B B - RIS SR B A R RIRIHEER R 1 - R EMHEITEY)
HRHH R LA IS e A T 7A I BAEHT (Housen and Musgrave, 1996 ;
Garming et al., 2005 ; Larrasoafia et al., 2007 ; Kars and Kodama, 2015) -

W HZETEFEINGERIGA - K LFE ~ A ENy 15 a0 » BIgwi
A EY) & R [ R BN [S] EL AR R S8 e B AR IR A S50 ~ S
G0 e AR SRR 55 B e B 2= Y 2 5ARA (Horng and Chen, 2006) A3
RSB A2 #0E - $+% 2003 4% 2015 F AR SIS LT B AR 21
DURYIREER M EIRTT - FEe) R R TR RS e BT - LR B AR M
SYHVEM > BRSSO YUY v I R B B AR R & SR ) i o0 AR B R 2R 14
g RERHG & e W E R RS T AR T HEFAVRRE - Wt R EE sy
W P O AT 2 R SRR P B Ao 5 P e SR A 2 2 R sz HL el 2 St S e BT L RR E
HIRHI o LN SR 22 7Y o S [ b b g o iy 8 S B R 4R ke - B S fE
HREFGERE RO BRI EEA -
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S0,” in sediment pore water CH, methane released from hydrates

SO,>+CH,=—Jp H,S+HCO,’

Bacteria

Detrital iron-mineralsin sediments
e.g., Fe,0, (magnetite) i i% &

2/ Dissolution of detrital magnetic iron oxides
Fe*

\ / H,S+Fe,0,+H’ === Fe*'+S,0," +H,0

FeS FeS (mackinawite) /1 75 i 5 5&

+
H.S
Fe,S,(pyrrhotite) ti = &% Formation of authigenic
l > magnetic or non-magnetic
iron sulfides

Fe,S, (greigite) ti 8 i#H

FeS, ¢
+

= FeS, (pyrite) = ##& -~

Bl= Py edd 29 2B8T ) LRACEBFHF S ERT LE -
Fig. 2 Schematic diagram showing how authigenic iron sulfide minerals form in sediments
under methane anoxic environments.
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- BT e BB ECPRARATR
Table 1 Basic information of sediment cores retrieved from areas offshore of
southwestern Taiwan.

e (2 e R TR E |E<fA] 2o
CREE (20 ) L4 (°N) CE) | m) | (m) | w3
Gl 222745 | 1201057 | 724 | 225 | PC

G2 221013 | 1200783 | 718 | 056 | PC

G3 221428 | 1200258 | 1363 | 308 | PC

G5 221537 | 1190877 | 1132 | 295 | PC

ORLG67 G6 222262 | 1199512 | 567 | 057 | PC

;i G10 222637 | 1109582 | 767 | 097 | PC
(2003/10/9 3 2003/10/13) Gi5 223120 | 119.9770 | 970 | 1.80 | PC
Gi7 223302 | 1109273 | 1013 | 114 | PC

G19 222890 | 1198750 | 1178 | 229 | PC

G2l 222548 | 1198813 | 1276 | 349 | PC

G23 223528 | 1108145 | 1227 | 345 | PC

Ga 221477 | 119.9950 | 1058 | 529 | PC

OR1-718 G24 223580 | 110.8085 | 1098 | 3.10 | PC
(2004/05/11 % 2004/05/16) NG 222063 | 1108868 | 1164 | 436 | PC
NO 222833 | 1200135 | 966 | 351 | PC

2011 222603 | 119.8513 | 1076 | 23.89 | GPC

MD147 2012 223583 | 119.8083 | 1093 | 30.44 | GPC
(2005/05/30 = 2005/06/01) | 2913 221526 | 119.0881 | 1095 | 12.68 | GPC
2014 220327 | 119.8497 | 1635 | 3514 | PC

GH2 222627 | 1198212 | 1422 | 383 | PC

GH3 222802 | 119.8097 | 1670 | 380 | PC

GHG 223403 | 1198077 | 1316 | 410 | PC

GH7 224745 | 1108330 | 927 | 235 | PC

GH8 225310 | 1198602 | 1088 | 415 | PC

GH10 222447 | 1198423 | 1216 | 345 | PC

OR1-758 GH1s | 25085 | 1107505 | ises | 420 | pC
(2005/07/06 & 2005/07/14) |—( 7 220320 | 1108495 | 1648 | 420 | PC
GHI5 220072 | 1108648 | 1353 | 435 | PC

GH16 221115 | 119.9853 | 1019 | 260 | PC

GH18 218375 | 1201230 | 1762 | 450 | PC

GHI9 218323 | 1201283 | 1756 | 430 | PC

GH20 222193 | 1201707 | 1020 | 447 | PC

GH22 223688 | 1200382 | 639 | 118 | PC

Gsi 222338 | 1192807 | 1058 | 3.63 | PC

GS2 221040 | 1193038 | 939 | 386 | PC

GS3 221537 | 1103258 | 1444 | 359 | PC

GS6 221468 | 1192700 | 1104 | 450 | PC

OR1-792 GS7 222265 | 1192238 | 953 | 2.6 | PC
(2006/04/17 % 2006/04/21) | GS9A | 221692 | 119.1987 | 960 | 430 | PC
GSI0A | 221017 | 119900 | 1252 | 3.86 | PC

GSI1 220328 | 1102317 | 1618 | 443 | PC

GSIIA | 220370 | 1192352 | 1648 | 1075 | PC

GS12 220325 | 110.8493 | 1648 | 680 | PC

OR1-828 STeA | alodos | iz0ass | o8t | i2s
(2007/04/06 & 2007/04/09) | ——G37 221875 | 1202643 | 825 | 1.55 | GC
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Table 1 (continued)

of southwestern Taiwan.
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Basic information of sediment cores retrieved from area offshore
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P ey TR A FE [EcEfA| 2o
cEpE () o4 C°N) CE) | (m) | (m) | s
GT4 21.8203 120.4432 631 1.67 PC
GT5 21.8990 120.4880 877 4.90 PC
GT6 21.9405 120.4788 720 2.92 PC
OR1-834 GT22 21.9183 120.5215 1024 3.68 PC
(2007/06/14 % 2007/06/18) GT24 21.9893 120.5000 283 4.67 PC
GT-M2B 22.2718 120.5343 60 4.90 PC
GT-S1 22.0422 120.4590 843 4.58 PC
GT-S4 22.0488 120.3963 751 4.58 PC
3261 22.4305 119.6337 1520 19.53 GPC
3262 22.1067 119.2907 1200 29.20 GPC
3263C 21.5415 119.3273 2819 8.52 CASQ
3264 21.5415 119.3272 2820 21.84 GPC
3265C 21.7327 119.7947 2850 5.40 CASQ
3266 21.7328 119.7940 2890 22.66 GPC
3267 21.6080 119.6655 3203 7.20 GPC
3274 22.2408 119.8928 1327 24.70 GPC
3275 22.2468 119.8300 1442 33.87 GPC
MD178 3276 22.2438 119.8650 1171 25.58 GPC
3277 22.2410 119.9037 1395 25.68 GPC
(2010/05/29 3 2010/06/07 ) 3278C 22.2415 119.8928 1325 8.70 CASQ
3279 22.2830 119.8712 1123 24.30 GPC
3280C 22.2408 119.9038 1395 5.00 CASQ
3287 22.4872 119.6960 1050 24.65 GPC
3288 22.4433 119.7507 1300 31.26 GPC
3289 21.8908 120.3543 1284 17.60 GPC
3290 21.8832 120.3372 1272 15.65 GPC
3291 21.6915 120.2318 2070 38.65 GPC
3292 22.1590 119.9793 1027 11.32 GPC
3293 22.2772 120.0257 1004 22.72 GPC
C1-D 21.8127 120.6489 861 3.22 PC
C2 21.7320 120.4795 1196 1.65 PC
C3 21.6810 120.4912 962 0.74 PC
C4 21.6117 120.4888 1515 0.99 PC
C5-D 21.6335 120.2661 2072 459 PC
C11-D 21.6467 120.0132 2803 2.22 GC
OR1-1029 C12 21.7383 120.2018 1985 1.00 PC
(2013/03/11 z 2013/03/17) L2 21.5394 120.1900 2772 1.00 GC
L3 21.6748 119.9884 3092 1.20 GC
EN1 21.7855 119.7118 2502 2.52 GC
EN2-D 21.7927 119.7075 2431 2.92 GC
EN3 21.8035 119.7022 2496 2.52 GC
EN4 21.8479 119.6781 2251 2.87 GC
ES2-D 21.5093 120.5447 1810 5.00 PC
10G 21.8643 119.6977 2440 2.25 GC
OR1-1049 11G 21.8574 119.6849 2369 2.36 GC
(2013/09/10 % 2013/09/17) 12G 21.8492 119.6657 2323 2.30 GC
13G 21.8259 119.6188 2755 2.90 GC
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- (F) ZBesdhmfgrgomiiFao
Table 1 (continued) Basic information of sediment cores retrieved from area offshore
of southwestern Taiwan.

P i R R | kR [BeERR| Be
cEmE (£ L4 C°N) CE) | (m) | (m) | %
14G 21.8112 119.5880 2886 0.67 GC

16G 20.8207 119.9675 3618 0.37 GC

OR1-1049 17G 20.8742 120.0768 3560 1.77 GC
(2013/09/10 & 2013/09/17) 19G 20.9872 120.2983 2809 2.70 GC
21G 21.0090 120.3415 2732 2.72 GC

25G 21.1095 120.5395 1408 0.30 GC

C2 21.0925 120.5052 1647 1.57 PC

C3 21.0677 120.4573 1835 4.15 PC

C4 21.0283 120.3742 2988 4.24 PC

C8-D 21.0550 120.2313 2964 3.44 PC

C9-D 21.1147 120.1647 2811 1.86 PC

C10 21.4605 120.6360 742 1.45 PC

OR1-1070 C11-D 21.4261 120.5706 1408 1.89 PC
(2014/04/15 % 2014/04/20) C12 21.3520 120.4300 2851 1.60 PC
C13-D 215784 120.6749 848 3.86 PC

Cl14 21.5422 120.6093 1079 1.03 PC

C15 21.2658 120.0855 3089 1.35 PC

C17 21.2154 119.9782 3098 1.47 PC

C19-D 21.2685 120.6391 977 2.97 PC

Cc20 21.2373 120.5793 1597 2.94 PC

Al-D 21.8136 120.6490 864 0.95 GC

MV-12-1-D 21.8278 120.5550 363 0.57 GC

OR1-1107 MV12-A-D 21.8242 120.5543 414 0.75 GC
(2015/05/20 = 2015/05/26) | MV12-D-D 21.8257 120.5592 380 0.61 GC
MV13-D 21.7820 120.4057 585 0.74 GC

96V2 22.1845 120.4110 406 1.80 GC

% 3L : PC: piston core; GC: gravity core; GPC: giant piston core; CASQ: CASQ gravity core

JUEY) U BVERIREEEHIE 2 LA ASC Scientific /&) H 2RV 4 = E LR
R AWFEST AR U RERAE!T 1 om EERENEMN - 2280
RIZ B SR BT EREMEREY) (BRI R MR B A AR R - (R R ERY
R E AR FREMERRY) o RARERY A N MY TR A L M R Y 2 B 2 B R AR
L - SLERT E R EEETAIN = WAMERR( LRy ol R A LA SRR (K T3 -
HVEREEN > BB EsEE — B 3 A A ST A eh s ig e LS R
FrEn R FE M A S5 - IS A RN (R R A I i &
HREE AWM LEEERYIR ) (R R o RIERERCRIE = OIS AVE L » vTDAA
REFAD RN R BB RAVIEE -

&) Y 2 Wb h & e FLDOElRg 280 Ms ~ Mir ~ He ~ Her 2L Lake Shore
Cryotronics /& H 7Y PMC Micromag 3900 HREl =5 A T8 Ry~ o Hoi /I3 A
Y EZERAuaT (E=)
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(a) Hysteresis loop (b) Remanence curv
0:F 05 A . - .

Ms Mr

Mr.

He He

Magnetization (Am?)
o
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o
o
1
z

0.7 — T T T —T— T -0.5 — T T T T T
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Applied field (T) Applied field (T)

(c) (d) Day plot

Magnetic domains .7

064 SD
PSD MD

DHME 13

0.2

Mr/Ms

0.1 4

0.0 —T

Hcr/He

Bl= () @Fd @2 glitsdi: eforait (Ms) ~&feig (Mr) ~ 54 (He) -
(b) Aed M2 B 28R4 (Ho) ~ma 4 (Her) o (c) Bt ¥
B (SD)~ BHE R (PSD)- 2% (MD) - (d) E® s BERE - &
¥ 2 BRI & Day plot ¥ chg= (Dayetal., 1977) -

Fig. 3 (a) Hysteresis loop and magnetic parameters of saturation magnetization (Ms),
remanent magnetization (Mr), and coercivity (Hc). (b) Remanence curve and
magnetic parameters of coercivity (Hc) and remanent coercivity (Hcr). (c) Magnetic
domains: single domain (SD), pseudo-single domain (PSD), and multi-domain (MD).
(d) Regions of SD, PSD, and MD in the Day plot (Mr/Ms vs. Hcr/Hc) for magnetite
particles (Day et al., 1977).

REEE A HEZER - FRAFER (300-500 mg) ~ 4 ABE 7)) IBYIE N IREI=UE
ARSI LRI —SRATIE RIS CRBTFEREEA+0.5 T) SR ARIEE WA U7 (A&
BEAL G 2 BB RIAR G > BEE W AV A b B9 2 Ry s fiii (& (saturation
magnetization, Ms) -~ BE{&RHIEISH+0.5 T ZIURKEZ - [EEHEAR MR AL
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= (BDATsEAvEsHL - HERRETIE 2 HRR » BRI REIEY) 4 St
{b&) - HE—{ER . FefAI5EME (saturation remanence, Mr) o S5 3E— DR A A1
— 2 1) HL G 2 05355 - HIE A IR S IE R SR & B R kA 2B % Iﬁtﬁﬂﬁﬁﬁﬁzﬂﬂﬂ@
S [e1hgE5 R NS T IR AR ATA M JIRVARRNE - BIFENERZ T (coercive force, He) - &
2 IR B IG NN - AR SRR FEREA L > MR L DT IRICUR R T © B35 +0.5 T
HEOT FHIEE-05T  HH-05T & 0T FHEF+0.5 T 2 ladiE KA AR ERHY
B2 LE (Ms~ Mr) Biigifg )7 (He ) 7RIAE = a» PRl e s i Rstdl i th 4% ( hysteresis
loop) - # Ms K Mr {H53BIFRDIEARE R - R0 B EE (i S8 MR R MY
&

FERE 4R A S0P > fEAESE] Ms~Mr~Hc ={#}1{E » 55— & Her( coercivity
of remanence, JE¥ENLS) ) FRAEIREN=ERAME JIE S — 1R EEia U N ET » T2 RbEsH
450 (remanence curve, [E=b) - B2Jchtifl—+0.5 T AV A EIFIL(E
% - FERDRAPANZS - AEZHGHIRN T » SHIE ARV (Mr) > IEDUHME
VE RyCansl - BRI — 2 1m) EUWgREsS o (H BRI MG R E 2 B R A R A
REE - EWESEARFFTER A LEAE = b Z dRFTR - kSR Pk P
HIENH AR AAIE = b ZHHARFTR o WfRIIARIE/K Al b5 A —EEEE 7 A
Ky He Kz Her < JRB > He K& Her 73 B TEMESENE T R ARRESAE N AR L2
EZERIETIE -

2 B H SRR S B R N T S BRI P TP A REESEK ( magnetic domain )
HRE o THEMERERYIRTRIZR (grain size) SUZERMMSIFAR F 2R  MEEEYIHY
sk — Ry R =28 ¢ BRRSE, (single domain, SD ) ~ {EiEEfii4iEk ( pseudo-single domain,
PSD) ~ Z i35k (multi-domain, MD) (&= ¢) - FEZWEMEERYIRAS AT AR/ N - WA
HFEH ORI ~ R BRI A\ BRI - B2 RSk L Hoer B2 Mr {E28 5 R BE GIEK
FH RN BRI E I N ATREEGRE (domain wall) PR YRR S B Rl B
RS HRERE By )N - Day et al. (1977) WSt TATRIS (WA AURZSRIR AL THE
CRSETHIE > 45 TSR BRI R . Mr/Ms IYERAERHA 0.5 > Her/He AR (BN
A 1.5 5 2R L Mr/Ms BIEE{E /NP 0.05 > Her/He FIEL(EATY 4 5 R EEHE
1Y Mr/Ms Jz Her/He FYELAE Rl 7A _E2IUE 2> [ - Mr/Ms $f Her/He 9 [E] &7 £y Day
plot (&= d) - bR AT A AR Bk (AR P A sk Y 88 > IR ] S i B 5 ~
T S ~ SEERRAVREER R (BRI 30 » BRI AT AR ZRBH A R B b EGE R HY

B R 4RI VOB M 28 Ms ~ Mr ~ He ~ Her FHIITE RS Syl ] DU DA
S/ NERER IR - ERFI—TNABERYEEEVEN - BIEEZ I EEH A
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TEMLEEYIFTERR - RIFRIE— PR (RN R < e LB RS - Rk - &
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Fig. 4 (a-l) X-ray diffraction patterns of magnetic extracts separated from different cores and
depths. M: magnetite, Mk: mackinawite, G: greigite, Po: pyrrhotite, Py: pyrite, Q:
quartz, N/A: not available.
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Fig. 5 Images of scanning electron microscope for magnetic minerals separated from
different cores and depths. (a) titanomagnetite, (b) coarse-grain magnetite particles,
(c) fine-grained magnetite particles, (d) greigite aggregates, (e) greigite aggregates,
(f) pyrrhotite nodule, (g) pyrrhotite aggregates, (h) framboidal pyrite aggregates, (i)
euhedral pyrite aggregates.

DRV S AR

TR - AR - R - SRR Y PTREUN S S E TR
ARl > PR N R AR S LS BETE R R 2 A2 B - [N a Ryt
W) AR S5y £ YR S ARG B 4R - ER P RS el > ORI 7
WOk LI L (BT a-c) » (15 He JfE (R ] - iR 2IR417 8 - H 28 28
ERRZ 8 MEIRR KR RPN E D - 5 8 RE R FHZ
eh > B EIERRE Ms ~ Mr B RK o [B75 b RiE MR DURUE 0 & LAY UREYIRT
A HIERER - S B AR SR RIRAE) (RS AR - 85 ROk



102 SRR e A AR =L 5L

SR/ (BT d-e) - PRI ACReh s IR L8R N - 50 He [EfRA - i s 23R R
Eif’*” - HAEZFRERRFE®ET - B EYTa g2 A g% H Ms - Mr
=fE o BN ¢ RyEMERRY) ARG s Ry LA (IR S AYRE &R - AT LU
ﬁix R SR B S Ry RSB He (Et 8K > HAE+0.5 T k-0.5 T BFATHI{GHY
HIE EMCRZETEIRIIRGE (Bl W R (G oRAEE S ) - BN d By
Dlsasti Ry EEN 2 A MEMERY) 2 I UEYIRIHE RS - Nl s~ B - Mo
PR E ALY (E L R AR TR WSS - EEUE(EHY Ms ~ Mr 82 He JIl{E » JN{E =
(TP

Ge-6 ' L ' L L L L L s L L L L L Ge-6
(@) (b) Ms{
< i Ms P
E magnetite greigite e
E Mr,
= Hef Hc
1 __’// 0
N
@
c
o
L] F
= MD178-3261:06 m OR1-718-G24:2.82m |
-6e-6 . B . ' | . . . = = ' v B i B + -6e-6
0.5 0.0 05 -05 0.0 05
Be-5 L n L . . " " " ! Ge-B6
(c) (d)

Ms L
pyrrhotite Mff pyrite
Mr Ms|
Hc
J HC |
MD178-3276:12.0m OR1-697-G5:0.14m

-Be-5 T T T r - - T T T T T r T - -He-b
-05 0.0 05 -0.5 0.0 0.5

Applied Field (T) Applied Field (T)

Magnetization (Amz)
o

W= 773 () 2#d (b) mAfssh () Z #dF% (d) a2 & 2w
AR e
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pyrrhotite, (d) pyrite.
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Fig. 7 Six types of point distribution for magnetite-, greigite-, pyrrhotite-, pyrite-bearing
sediments in the Day plot. SD: single domain, PSD: pseudo-single domain, MD:
multi-domain.
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Fig. 8 Down-core variations of rock magnetic properties (Hc, Hcr, Mr, Ms, magnetic
susceptibility, and Day plot) and magnetic mineral components (M: magnetite) of
cores OR1-697-G21 and MD178-3261. The magnetic characteristics of these two
cores indicate that sediments are in an oxidizing environment (denoted by green
bars).
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Fig. 9 Down-core variations of rock magnetic properties (Hc, Hcr, Mr, Ms, magnetic

susceptibility, and Day plot) and magnetic mineral components (Po: pyrrhotite; G:
greigite; Py: pyrite) of cores OR1-758-GH7 and OR1-834-GT24. The magnetic
characteristics of these two cores indicate that sediments had undergone moderately
reducing processes (denoted by pink bars).
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Fig. 10 Down-core variations of rock magnetic properties (Hc, Hcr, Mr, Ms, magnetic

susceptibility, and Day plot) and magnetic mineral components (M: magnetite; m:
small amounts of magnetite; Po: pyrrhotite; G: greigite; Py: pyrite) of cores
OR1-758-GH11 and OR1-1049-13G. The magnetic characteristics of these two
cores indicate that the lower interval of sediments (280-455 cm and 150-290 cm,
respectively) had undergone moderately reducing processes (denoted by pink bars),
while the upper one (0-280 cm and 0-150 cm, respectively) is still in an oxidizing
environment (denoted by green bars).
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Fig. 11 Down-core variations of rock magnetic properties (Hc, Hecr, Mr, Ms, magnetic
susceptibility, and Day plot) and magnetic mineral components (N/A: not available)
of cores OR1-1107-MV12-1-D and OR1-1107-MV13-D. The magnetic
characteristics of these two cores indicate that sediments had undergone intensively
reducing processes (denoted by red bars).
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Fig. 12 Down-core variations of rock magnetic properties (Hc, Hcr, Mr, Ms, magnetic

susceptibility, and Day plot) and magnetic mineral components (M: magnetite; m:
small amounts of magnetite; G: greigite; Py: pyrite) of cores MD147-2914 and
MD178-3262. The magnetic characteristics of these two cores indicate that the
lowest (21.30-35.14 m and 9.90-29.20 m, respectively) and middle (19.00-21.30 m
and 3.00-9.90 m, respectively) intervals of sediments had undergone slightly
(denoted with light blue bars) and intensively/moderately reducing processes
(denoted by red/pink bars), while the top one (0-19.00 m and 0-3.00 m,
respectively) is still present in oxidizing environment (denoted by green bars).
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Canyon. Green, light blue, pink, and red horizontal bars represent that sediment
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intensively reducing processes, respectively. Figures indicate depths or lengths (m)
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processes, respectively. Figures indicate depths or lengths (m) of cores.
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Fig. 16 Locations and redox profiles for cores in regions of the Good Weather, the Yungan,
and the Four-Way Closure Ridges. Green, light blue, pink, and red horizontal bars
represent that sediment intervals are in an oxidizing environment or had undergone
slightly, moderately, intensively reducing processes, respectively. Figures indicate
depths or lengths (m) of cores.
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A conceptual model illustrating how tectonic structures such as folds and faults
control methane flux and affect magnetic mineral occurrence in sediments. Fractures
by folding or faulting provide conduits for methane migration upward, which leads
to dissolution of detrital magnetite and formation of iron sulfide minerals. The
dissolution extent and mineral occurrence depend on methane flux. (a) Detrital
magnetite (M) can be preserved in sediments where fractures are not developed and
methane gas is not accessible. Such sediments are usually located at topographic
lows like basins or deep-sea plains. (b) Fine- or coarse-grained magnetite survives in
sediments that are permeated by methane gas through weak diffusion. (c) Authigenic
iron sulfide minerals (Mk: mackinawite, G: greigite, Po: pyrrhotite, Py: pyrite) form
in different proportions in sediments that are permeated by methane gas through
moderate diffusion. (d) Pyrite becomes the dominant iron sulfide mineral in
sediments that are permeated by methane gas through venting, which leads to nearly
complete dissolution of magnetite and transformation of authigenic
mackinawite/greigite/pyrrhotite to pyrite. Such sediments are mainly located at
topographic highs, like ridges or mud volcanoes.
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Rock Magnetic Properties of Sediments in Gas
Hydrate-bearing Potential Areas Offshore of Southwestern
Taiwan
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Chung-Yi Tseng*, Yunshuen Wang?, Li-Yuan Fei?, San-Hsiung Chung?,
Song-Chuen Chen?, Po-Chun Chen?, Cheng-Yueh Wei? and Chin-Chang Wang?

ABSTRACT

Studies of rock magnetism and magnetic mineralogy have been conducted on 120
sediment cores recovered from gas hydrate-bearing potential areas offshore of
southwestern Taiwan. The results indicate that intervals in each core may have different
magnetic mineral components and rock magnetic properties (susceptibility, Ms, Mr, Hc,
Hcr), revealing that they had undergone various extents of reducing processes during
early diagenesis in methane anoxic environment. In general, the intervals can be
categorized into one of four types: (1) non-reduced, (2) slightly-reduced, (3)
moderately-reduced, and (4) intensively-reduced. For the non-reduced interval, magnetic
mineral component is dominated by detrital magnetite with normal grain size distribution,
and the points of magnetic parameter ratio (Mr/Ms vs. Hcr/Hc) are mostly gathered in the
central lower region of the Day plot. For the slightly-reduced intervals, although
authigenic magnetic iron sulfides may occasionally form in certain layers, magnetic
mineral is still mainly composed of survived magnetite in coarse-grained or fine-grained
sizes, and the Day plot points are shifted to the bottom right or upper left regions
compared to that of non-reduced sediments. For the moderately-reduced interval,
authigenic greigite or pyrrhotite accompanied by pyrite become the dominant magnetic
minerals, and the Day plot points are mainly focused on the upper left region. For the

intensively-reduced interval, it has a very low concentration of magnetic minerals because
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magnetite, greigite and pyrrhotite have been transformed into non-magnetic pyrite, which
results in a rather scattering distribution of the Day plot points. Our results show that
moderately- and intensively-reduced sediment intervals usually occur at shallow depths
for cores recovered from submarine topographic highs, such as ridges and mud volcanoes,
while non-reduced sediment interval can persist down to a deeper depth for cores
recovered from topographic lows, like basins and deep-sea plains. This discrepancy
resulted from methane flux which is controlled by tectonic structures. Faults and folds not
only push sediments upward to form topographic highs but also provide fracture conduits
for easier methane migration. Thus, sediments near the ridges and mud volcanoes
generally have high methane flux, leading to a more reducing (venting) environment for
dissolution of detrital magnetite and formation of magnetic iron sulfides. In contrast, very
few conduits are present in basins and deep-sea plains for methane migration, resulting in
a less reducing (diffusion) environment and high abundance of survived detrital magnetite.
Another factor that controls methane flux is sedimentation processes, particularly through
turbidity currents, which greatly affect sediment grain size distribution and porosity. Since
methane-related mud volcanoes, cold-seep carbonates, mud diapirs, and greigite also
occur in the early Pliocene sedimentary formations onshore of southwestern Taiwan, the
activities of methane gas diffusion and venting prevailing in modern marine sediments

can be traced back to 5.3 Ma.

Key words: rock magnetism, methane gas flux, reducing processes, authigenic iron sulfide

minerals
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