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SUMMARY

This is the second-year project to investigate the origin of authigenic carbonates
discovered from the pelagic sediments in Arctic Ocean. Carbonate minerals were
discovered from the giant box core (PS72/410-1) of the pelagic sediments recovered
from the Canadian Arctic across the central Mendeleev Ridge (Station location = Lat.
80°30.37"N, Long. 175°44,38"W) during the Arctic cruise by Polarstem in 2008. The
core was 39 cm in depth and was collected from the water depth of 1802 meters.

The sediments show various colors from grey to brown as previously reported in
other Arctic pelagic sediments. The sediments include planktonic foraminifers together
with authigenic carbonate minerals. The contents of planktonic foraminifers and
carbonate minerals vary with core depth, however these carbonate minerals are
present through the whole sequence except for a few centimeters. After wet sieving,
coarse fractions were texturally examined with binocular microscope and SEM, and
stable isotope compositions were obtained.

Mineralogy of carbonate minerals < were determined using crystal shapes and
qualitative Sr contents by EDAX. The carbonates are composed of calcite, aragonite
or a combination of both. Aragonite crystals show radiating fibrous, spherulitic
fibrous, randomly oriented fibrous, and bladed texture, and calcite crystals show
foliated texture, equant texture, and bladed texture. Various shapes of aragonite and
calcite crystals are randomly distributed throughout the core. Also, noticeable is the
etched surfaces of both aragonite and calcite crystals.

Highly enriched carbon isotope compositions (6C = 0 ~ +5%, vs. PDB) strongly
indicate that they formed in and host sediments induced by methanogenic bacteria.
However, a wide rage of oxygen isotope values (60 = -5 7 +5%, vs. PDB) are still
problematic. Various shapes of carbonate crystals together with highly positive carbon
isotope values indicate that these carbonates are authigenic in origin. Based on stable
1sotope variations, four types of stable isotopic patterns can be identified. In addition,
different stable isotope and elemental compositions of authigenic carbonates take place
within the same core intervals. More stable isotopic and elemental data of authigenic
carbonates together with elemental compositions host sediments are necessary to

understand this complicated diagenetic products.
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2007 Minimum Sea Ice Extent
. % z 8 & &

& & 3 E 8 %,
AMSR-E ASI 2007-09-17 (PR ——) %

ornge: Sep 1979-1983 SMMR Bootstrap S0% ice conc” 25 50 7B 100

reck Sep 2002-2006 AMSR-E ASI 50% ie cone. lce Concentration

Fig . The dnft frock of foe Staton Tara foem Sepember 2006 o September 2007 and tie doify
trencks o the Fram (1894=-1896) ave seprsented The Boatom topography is shous togetfhier wid
Y RO SLOTIINEE PG exdent i 005 and 2007

Figure 1. Retreat of Recent Arctic sea ice (EOS, 2010).
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WOE“* Oﬂ?(ﬂé‘_@h 171538 F)Ho gtk 53], AESse oA ,
Fyatd oz HI o 7] wWFEo LAAFE HIMA A @A AF7} A FAF A
7R A &3t o] X9 AAdE] B o Wt FolEe dA s A

H3ls YeEl 2 i (Comiso et al, 2008; Stroeve et al., 2008).
1950t ejAlole= =8 T4l HAEIZAE AFASAH. o] HAEIAAE F=
Wetel sl Wsdt FA RbEA Q] kA ShAQl AR, W AlEE o (microfauna) @] W s}
o

£ H o F31(Belov and Lapina, 1961, 1970), Eurasia 5%l 47] ®W3s}28 =oto] A&
ds Yi Hgoz2 HEF3 HAAES du5AS vk T Ericson et al. (1964)-: 7]
FRstATE e AT A HEHS o] &t HIEAT 1 o] % 1960 HF-E 1980
7hA] B = (US ice camp T-3)2 A&E=3 HAE 3FoE T+, A58 98
IAA7] AAME ARE g5kt o] aAAY] AR = vse ARt dAgg Wt
< BoFAn

AMEE SAEAQ A5 E Lomonosoved®d oA E A& 39(0den96/12-1PC)

A 33 H(Jakobsson et al,, 2000). o] Al&& oo AFEH AREHT} HAZ9
Wt o EFstar, s aAA7] AHIE 7)1 EEo] glal sojo] F7]A<] AH
sto} AbsbgiHmanganese oxide)®l $EFWistE thu]gk A A3 Mn §Eol =2 F
of ZHZI WA opxt 7] A7) 9F dA| ekt I I AE o] &3 FAS FI ARE

it

¢+st A th(Jakobsson etal., 2001; Backman et al, 2004). ©] A¥}= old AR G
Astel 175 olwEC} EAES A F3F T Lomonosovall H O 2 EE H 3 EHAHEH
o] AEES o] gdle] MEL dBHRIS wE 1 (Backman et al, 2004; Polyak et
, 2004; Spielhagen et al, 2004), #:* o] AARA} FIFFozie HHAF Ay
Az a0l A A dAFE HoAFA(ACEX; O'Regan et al, 2008). —1&u
HAztg0] 2 Adx Agaor W xdi= Axsx ZFdtieg, Sellen et al,

O]:

Al

N
F

2008). H AMEFS =x4¢ 13| o] T+ 200599 HOTRAX(Healy-Oden
TransArctic Expedition)oll 2]8f w24 Z 3= 11 th(Darby et al., 2005). Northwind,
of
_?,4

Mendeleev, Alpha, Lomonosov 3] ® 3} Zo] H=alo] T35 sl ndoA HAHE 79
= #} o] HAE Ame] BAL B 1y Bus oF sy sl
= W ARG HHES o] g3te] FAE Ad F4 A ko] AfE FIE

SABRAE GG B LEE R0, AL HAS Anols WA ¢
2 5 4 9 Ao
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A 1A AE

AL ol AAFELS FA7F olssts s B3 A9 Fs s {83 AR
A&tk (e.g. Bjorlykke, 1993, 1994). F&E3std FA¢ 7Y 4484, 5L x

ATAnE E3] 2T = AUti(eg. Tilley and Longstaffe, 1989; Longstaffe et al.,
1992). webA A B 3w Yol s d 3 Ee] AHdE o HAE ol EAlstE &
=59 =84, Al AEIE 7EHo Jdow, oYg ¥EFY A& HFATY
AR QR TuEHe =4, 283 HAE AA AR % B 7 3

AN FES S FHAITAA T2 AFH7IE A A TH(Chilingar et al., 1971;
Kholodov, 1987, 1991, 1999; Taft, 1971), | F3tH oA = YA ol cold methane seeps
FHAANAE BE AF7t o] Fo]Ht(Ivanov et al.,1991; Von Rad et al., 1996; Suess et
al, 1993). BAtdd=9 HHdL2 a9 =334 54 (pH, ¥&, alkalinity, CO,*~
/Ca’" ¢} Mg?'/Ca?'y], 25, #7]8 &4 o&FEd= Aoz d¥A i, F2 F71&
o] 3l (organic matter decay), Hre|glo} A4 29 (bacterial sulfate reduction), &

A3} 2F-8-(methane oxidation) &<Qtel] A H BAFZgo]o o3& A7 H)
=

ok

o

ZHA B A g2 o] 71 1950 ] =Rk S HAE o] A ek edel £ %
go= Q3 AMAEAUTL Strakjov (1951)2 34 8 v} 1, 1960l o] S0 &) %E

AE U A4 dBitdFE 71do] wgikst gy #AAVE v B s tH(Fuex,
1977; Hathaway and Degens, 1968; Nissenbaum, 1984).

19790, BUd A5AGo] TP A AL o] A WA @
7H(CH,, €O, $)9) M3t A4 BagdgEe] 4ol od F22 wgh J49 @

b A% (buildup) =& dFA-8ol oaf AFEHIAT. ol d vk ol

Ca’ &= dse dF8doz iy Yy Zola, olld e A eitd3 =% As

B ¥ At (Kelley et al., 2001; Lein et al., 2002a).

ol ¢} o] g 7|Ho A BAAFES A u

o ATt o] HiA= o]l AA B EES] Al
m !

fr ooz &2 2 2
+—
~
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Akt el =wE(Western and Eastern Hemispheres)ol]l X8t B Faje & R o=
U= & Ut &3] AEF3% sEFoled £oE ALE3tal, LomonosovalHell <3|

Amerasia®} Eurasia &4 2 YHAT 55 SUA ST sy wirz Sdsia, A

552 FXESF(Beaufort Gyre;, dlgf &= 80%, AH150% A M-S FHOZ XA3F]
A AFo R 2 ek= Z)9F Lomonosoval B ol o8] A A gfstd oz 1gEo] 9]
LA AR EoE A ESE olef g Al~F Wil WelE 4 9 i, AEe TRV
thFetAl al o= EXE =T fASHA vEbd T gk BhA 7] EF S A A 8HH
A7 o] Fol A Sl Eatetal e s FA I Hlaste] A R7F BA dvh 1 ol
So EHAE A A Sk, AR 2P FAES FAF, 174 ATE °H
S =g i, 53etA vHE7] gl

Mendeleeve 3% East Siberian W& & oA 5E 5= (North Pole)7Hx] WA 33
A E 0 2 (9% 80°30.37“N, %= 175°44.38”) 1948 o] A wo| 9] Eghabu] vt
A% A }H(Fig. 2). Alpha-Mendeleeve 3% 2 Lomonosov 3% ¥} Canada A Alo]o] o}
Agef= WA s Atk Yol 200~800kmE  Lomonosov  SlEHHETE Y
Mendeleevedl & o] 7|92 ot & ZAm7F FEstA 7] #jwol g = s SAH
A], Alphad® ¥ #H&Ho] =A== Bt =4 Fol dth

Chunkchi Borderland(Chukchi Plateau and Northwind Ridge)ol <173 Mendeleeval
Fol &R AT HETo2FH HAE] olFsta, A5 AF Wkt =7
o Amerasia A WHEETY HHEo] EZ=tH(Poore et al, 1993; Phillips and Grantz,
1997). A< {45 =443 0.2-0.3 mm/kyr ©]H(Cranston, 1997; Huh eta al., 1997).

B9 sl BE dEo] YA u(Aagarde et al, 1985), A&+ Fram @S &
3] Norwegian-Greenland 3159} A= nF3}al, 5 5o WAl o8] 2%=7} vrar,
AES FFeka v E 553+ Lomonosove 3% 22 Amerasia =49} Eurasia®™ A
2 URA A7 el &%, d& 2ga AFALke] Zol7t Wk Amerasia 1A 9 A
s Addez mEesha(-0.5°C), A9 1000d A x=e] A#S =t (Macdonald and
Carmack, 1991). 5+ AST4H ESTd vld] 4o S

Bl th Bering i@ o2 5E S0 HEY dFE et slow, 9%
3t ]

aL
94 A4S B A Yat a8,
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~ East Siberian Sea

,.I_'I rait

..Chukchi Sea

Canada Basin

Figure 2. Location of Mendeleyev Ridg hr ic 'd?ean.
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East Siberian Sea

']

Figure 3. Map showing the study area and core sampling sites.
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A 3 A7

o] AFE 93] 20089 =Y Alfred-Wegener =A|-sfddA Ao Al
“Polarstern”& ©]-&3sto] A&HE=3] wdezasd i< (H9 805°)A 3 Ao =HFE 1)
2505 AHFAH(Fig. 3, Table 1). o] A=(PS72/410-1, PS72/422-3, , PS72/396-3)
A3 AZs T4 1,802m, 2,546m, 2,731molA 2 FH s tH(Table 1). o] AFolA = =
ol FolA PS72/410-1 ®rxsiobs ARESERITE o] Aol =4l 1802mell A A F 8kl e
o] 7ol 39cmeolt}.

AHE HAES wet sievings ol&3to] AL o]d AVIE ZstAL(Table 2 &
Table 3), #2l¥ ALAEAENA pickinge &3 A4 @l93E2S ey a8
A et F =S dHdE ek th(Figs. 4, 5 & 6).

A BAEAFES FARYHS ol &kl WA (calcite) 9t ofeFilit}ho] E(aragonite)
2 B9 HFig. 7). THZEHAA HlF R HlFo] 31g/cm*el SPT(Sodium poly
Tungstate) Al %3 SRTE EFete] Azttt a2 o H|F o] 2.85g/cm®e]aL, ot}

2

ol

=%

JyelES] HFE  293g/cm’olth. wEbA  SPTA| ijﬂr zZrpr2 533l H]F
2.89g/cm’Ql H]|F s A Ztste] WAt otgtaryolEE EeElstth(Fig. 7). BT
2.80g/cm?®*2l HlF o 100mlE THE7] Y= SPTAlF 454gJJr =22 10lml7} =23
th SPTA ¢k Flukaol A Al2be 7H-& o3 AH&SAtHFig. 8). Wall A3 otgtaiyolE

2 FeE A SAgEEY 245 #Eey] 98 AAdn A FARd A AR A (SEM;
Scanning Electron Microscope; S-3500N) .2 #&3lgct & FHEZH S o] &dle] &
st welAy olgtavelEE glstr] 9sl EDAX(Energy Dispersive X-ray
microanalysis) #2415 3ttt EDAX #A4eA #alAl> Mg sh&Fo] =& s e
31, ofgfayo] E Sro| =2 S UERdL

gejel 244 SAow PRE Yo olgiele A4 edREe] 7143

O eAkEgES] BEUE asgE el ot onE FEAE 4] f8 B sHdA

TS sk WA FQsk Ae, AN vAdEEe mwWe 2o e oy olEd ¥

F715S AAS7] Y8, Ultrasonic vibratorE o] &3le] TH-S 7]3to] A x3}a, 10%

kst A (H,0,)00 2o 24A17F st WhEAIA F7]=S AASAH. s dr &

e AHAZ vAgE JFAEH A 380°CE 60% F<t 71dste] BEo] AAALol9r A
[e]

4 el EAstes F71ES AASAT. AAIE 2 wA Rl thste] ZRFEAY
(Finnigan MAT 252; automated carbonate preparation device (KIEL-II) coupled to a
gas-ratio mass spectrometer)& ©]&3lo] Ao} B4 A FALA RS BN
H ol= "= o8] &Y thste] Environmental Isotope Laboratory©ll A <=3} 3}
AlEE NBS-18, NBS-19& Al&styom, AbAiet esAs9d4a &4 @Y x¥es
77t <£010%, <:0.08% 0™, %S VPDB w92 ek A4 g
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Station Date Latitude Longitude | Water depth (m) Device
PS72/396-3 Giant box
- 2008.09.20 80,5866 -162,3607 -2731
(0739cm) corer
PS72/410-1 Giant box
- 2008.09.23 80,5096 -175,7408 -1801
(0739cm) corer
PS72/422-3 Giant box
-~ 2008.09.25 80,55 175,7464 -2546
(0740cm) corer

Table 1. Information on the core samples in this study. The PS72/410-1 core was

also analyzed for the research in 2011.

Methods Flow chart

Mineral separation
For fine fractions

Textural analysis

Mineral Analysis

Geochemical
analysis

Analysis of
surrounding
sediments

Interpretation

Picking and density
separation
using sodium
polytungstate

Binocular

-
=

microscope & SEM

-

Stable isotopes,
trace elements
875r /865y initial ratio

Mineralogy by XRD
and geochemical
analysis

Reference
search

X-ray
diffractometer

Figure 4. The flow chart showing the

analytical procedure.
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Wet sieving of bulk sample

I

Size <0.63um l

l' Size =0.63pm

mud fraction

L 1

Density separation by SPT solution

Sand fraction identified and picked
by binocularmicroscope

|

MNon-carbonates

XRD analysos

1

Density separation by SPT
(sodium polytungstate) solution

carbonates

¥

+*

Chemical

analysis

]
Aragonite

Calcite
T

_!l

Ultrastructure (SEM

with EDAX) Stableisotope analyses

Traceelement &

875/ 865y
Initial ratio

Figure 5. Schematic flowchart showing the detailed analytical research method.

Bulk sample

<0.63um

"“' al -I'I'If

Ready to wet analysis

e ¢

>0.63um

Washing sample

Figure 6. Wet Sieving process of bulk core sediment samples.
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Density separation

Calcite
(2.71 g/cm?)

SPT Solution
+ distilled water

(2.89 g/cm?)

Aragonite
(2.93 g/em?)

Figure 7. Density separation showing separated calcite and

aragonite crystals.

_26_



Figure 8. Density separation of clay particles with SPT solution.

_27_



Percent
Percent | Percent

Total Taken Washed age of Sample
Depth S ! S ) >0.63um | <0.63pm age age Washed Left
m awa ashe e
(cm) ampie: | Sampie (gm) (gm) Y of>0.63n | 0f<0.63u
(gm) (gm) (gm) away (gm)

% %
m (%) m (%) %)

0-1 cm 13.09 6.00 0.62 5.03 0.35 10.33 83.83 5.83 7.09
1-2 cm 13.05 6.00 0.53 5.09 0.38 8.83 34.83 6.33 7.05
2-3 cm 13.82 6.00 0.47 5.13 0.40 7.33 85.50 6.67 7.82
3-4 cm 14.49 6.00 0.61 5.01 0.38 10.17 83.50 6.33 8.49
4-5 cm 13.40 7.00 0.78 5.81 0.41 11.14 83.00 5.86 6.40
5-6 cm 14.76 8.00 0.82 6.58 0.60 10.25 82.25 7.50 6.76
6-7 cm 14.13 7.00 0.67 5.82 0.51 9.57 83.14 7.29 713
7-8 cm 1541 8.00 0.65 6.80 0.55 8.13 85.00 6.88 7.41
8-9 cm 17.56 8.00 0.55 6.883 0.57 6.88 86.00 7.13 9.56
9-10 cm | 14.89 7.00 0.70 5.82 0.48 10.00 83.14 6.86 7.89
10-11 ecm | 16.72 8.00 0.65 6.82 0.53 8.13 85.25 6.63 8.72
11-12 cm | 17.76 9.00 0.53 8.01 0.46 5.89 89.00 5.11 8.76
12-13 cm | 18.95 9.00 0.92 7.65 0.43 10.22 85.00 4.78 9.95
13-14 cm | 17.13 8.00 0.96 6.62 0.42 12.00 82.75 5.25 9.13
14-15 cm | 1831 9.00 1.29 7.09 0.62 14.33 78.78 6.89 9.31
15-16 cm | 15.26 8.00 1.21 6.41 0.38 15.13 80.13 4.75 7.26
16-17 cm | 16.25 8.00 1.39 6.25 0.36 17.38 78.13 4.50 8.25
17-18 cm | 13.30 7.00 1.38 5.31 0.31 19.71 75.86 4.43 6.30
18-19 cm | 13.10 7.00 1.25 9.35 0.40 17.86 76.43 5.71 6.10
19-20 cm | 14.34 7.00 1.76 4.78 0.46 25.14 68.29 6.57 7.34
20-21 ecm | 15.67 6.00 1.64 4.08 0.28 27.33 63.00 4.67 9.67
21-22 cm | 16.29 6.00 1.56 441 0.03 26.00 73.50 0.50 10.29
22-23 cm | 15.72 6.00 1.50 4.27 0.23 25.00 71.17 3.83 9.72
23-24 cm | 18.62 6.00 1.34 4.46 0.20 22.33 74.33 3.33 12.62
24-25 cm | 1517 6.00 0.44 5.26 0.30 7.33 87.67 5.00 9.17
25-26 cm | 16.34 6.00 0.45 5.13 0.42 7.50 85.50 7.00 10.34
26-27 cm | 17.74 6.00 0.56 5.12 0.32 9.33 85.33 5.33 11.74
27-28 cm | 13.81 6.00 0.46 0.27 0.27 7.67 87.83 4.50 7.81
28-29 cm | 17.19 6.00 0.48 5.24 0.28 8.00 87.33 4.67 11.19
29-30 cm | 15.70 6.00 0.41 5.31 0.28 6.83 88.50 4.67 9.70
30-31 cm | 14.67 6.00 0.42 5.27 0.31 7.00 87.83 5.17 8.67
31-32 ecm | 17.56 6.00 0.87 4.90 0.23 14.50 81.67 3.83 11.56
32-33 cm | 15.69 6.00 1.30 4.50 0.20 21.67 75.00 3.33 9.69
33-34 cm | 1491 6.00 1.23 4.55 0.22 20.50 75.83 3.67 8.91
34-35 cm | 14.40 6.00 0.46 5.28 0.26 .67 88.00 4.33 3.40
35-36 cm | 17.06 6.00 0.50 5.19 0.31 8.33 86.50 5.17 11.06
36-37 cm | 15.67 6.00 0.61 5.07 0.32 10.17 84.50 5.33 9.67
37-38 em | 15.21 6.00 0.55 5.16 0.29 9.17 86.00 4.83 9.21
38-39 cm | 15.75 6.00 0.50 5.18 0.32 8.33 86.33 5.33 9.75

Table 2. Bulk sample analysis result of the core sample (PS72/410-1) by wet

sieving.

_28_



Percent
Percent | Percent

Total Taken Washed age of Sample
Depth S ! S ) >0.63um | <0.63pm age age Washed Left
m| m awa ashe e
(cm) ampie: | Sampie (gm) (gm) Y of>0.63n | 0f<0.63u
(gm) (gm) (gm) away (gm)

% %
m (%) m (%) %)

0-1 cm 12.39 6.00 0.53 4.97 0.50 3.83 32.83 8.33 6.39
1-2 cm 13.53 6.00 0.55 4.98 0.47 9.17 83.00 7.83 7.53
2-3 cm 11.07 6.00 0.46 5.10 0.44 7.67 85.00 7.33 5.07
3-4 cm 13.74 6.00 0.52 5.07 0.41 8.67 84.50 6.83 7.74
4-5 cm 14.65 6.00 0.47 5.13 0.40 7.33 85.50 6.67 8.65
5-6 cm 12.70 6.00 0.42 5.16 0.42 7.00 86.00 7.00 6.70
6-7 cm 13.03 6.00 0.37 5.21 0.42 6.17 86.83 7.00 7.03
7-8 cm 10.71 6.00 0.39 5.18 0.43 6.50 86.33 7.17 4.71
8-9 cm 16.23 6.00 0.55 4.99 0.46 9.17 83.17 7.67 10.23
9-10 cm | 1351 6.00 0.54 5.21 0.25 9.00 86.83 4.17 7.51
10-11 cm | 16.46 6.00 0.44 5.26 0.30 7.33 87.67 5.00 10.46
11-12 cm | 14.68 6.00 0.34 5.48 0.18 5.67 91.33 3.00 8.68
12-13 cm | 14.82 6.00 0.08 5.67 0.25 1.33 94.50 4.17 8.82
13-14 cm | 16.74 6.00 0.12 5.61 0.27 2.00 93.50 4.50 10.74
14-15 cm | 14.09 6.00 0.08 5.66 0.26 1.33 94.33 4.33 8.09
15-16 cm | 12.30 6.00 0.11 5.65 0.24 1.83 94.17 4.00 6.30
16-17 cm | 15.21 6.00 0.28 5.55 0.17 4.67 92.50 2.83 9.21
17-18 cm | 13.17 6.00 0.09 5.60 0.31 1.50 93.33 5.17 717
18-19 cm | 14.67 6.00 0.20 5.49 0.31 3.33 91.50 5.17 8.67
19-20 cm | 13.93 6.00 0.11 5.63 0.26 1.83 93.83 4.33 793
20-21 em | 15.59 6.00 0.15 9.99 0.26 2.50 93.17 4.33 9.59
21-22 cm | 1356 6.00 0.29 5.44 0.27 4.83 90.67 4.50 7.56
22-23 cm | 16.99 6.00 0.42 5.35 0.23 7.00 89.17 3.83 10.99
23-24 cm | 13.85 6.00 0.49 5.26 0.25 817 87.67 4.17 7.85
24-25 cm | 17.49 6.00 0.36 5.36 0.28 6.00 89.33 4.67 11.49
25-26 cm | 13.94 6.00 0.21 5.56 0.23 3.50 92.67 3.83 7.94
26-27 cm | 15.75 6.00 0.22 5.54 0.24 3.67 92.33 4.00 9.75
27-28 cm | 16.62 6.00 0.24 0.47 0.29 4.00 91.17 4.83 10.62
28-29 cm | 16.28 6.00 0.54 5.17 0.29 9.00 86.17 4.83 10.28
29-30 cm | 13.66 6.00 0.43 5.31 0.26 717 88.50 4.33 7.66
30-31 em | 12.67 6.00 0.29 5.45 0.26 4.83 90.83 4.33 6.67
31-32 cm | 16.38 6.00 0.10 5.59 0.31 1.67 93.17 5.17 10.38
32-33 cm | 17.98 6.00 0.07 5.63 0.30 1.17 93.83 5.00 11.98
33-34 cm | 13.23 6.00 0.05 .66 0.29 0.83 94.33 4.83 7.23
34-35 cm | 15.05 6.00 0.21 5.47 0.32 3.50 91.17 5.33 9.05
35-36 cm | 12.89 6.00 0.45 9.25 0.30 7.50 87.50 5.00 6.89
36-37 cm | 12.82 6.00 0.43 5.26 0.31 717 87.67 5.17 6.82
37-38 cm | 13.26 6.00 0.40 5.31 0.29 6.67 88.50 4.83 7.26
38-39 cm | 13.82 6.00 0.34 5.33 0.33 5.67 38.83 5.50 7.82

Table 3, Bulk sample analysis result of the core sample (PS72/422-3) by wet

sieving.

_29_



B8] 7oA (Canada Basin)oll o] Al &(PS72/410-1)¢] & Z o] 39cmel i, F
ure | Ala A Y1 gaAe] AEA HE(silty clay; HES O] 50% o|A)E T

=

o] Ak F 71" (TOC; total oranic carbon) ke o] oA FH=2 &
245 F7ksked 53] 2ol 10em ZololA s TR 7FHA 54;(1 Al S7tek= A
& wal. ol 200] 10 cm o) Aol AR oF 02.9% el = e Feld walv) gloi), =
o zlo] °F 10cm HF-oll A Fl3 S7kE Holw Fof A2 7puAM AHHow F7t
ot ¥ Btk & A2 E(CaCo,) deFe AotEAE o e dibdge] o
S YEHG & @z Ee] 2 Aok md EH U= FFA 2 S (planktonic

foraminfer)®} A4 €A FES] #
=o S moltpr} Fo}l zlo] 33 cm7bAl A& A

ThA = ok 5% o]stE w9 w2 eSS Btk SFA|WE Fof o] 22 emFE 9F 15
cmZbA F23] S7FebAA oF 35% AEe =L S ekt ?5‘}1]“} ;’OP o] 15
cmZoll A 10 cmZ7hA] v Al FASHA B

FrASEAL Aok M= P2 2719 A gHakd FE
Alstdet Al e Ao THF e gl g e el 577PX1 s
A, A FES AASAY. Zole] AR (4~13cm)9t T3 (24~33cm)ol A w2 §
FFHA A 3 Ko, @itz FEde AR Wiy = Aol dEEY. 59
Fo} Zle] 21-22 cm, 32-33 cm TRt = AAEARGFE] AE YElYA = A
Solstth, f7lE s ds gH(EPC,,)2 —235~-245% BERA ot Zo]d
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Figure 9. Content (%) of calcium carbonate (CaCQOs), total organic carbon (TOC), and
authigenic carbonates contents, and &“C,,, values of the sediment core PS72/410-1.
These data are provided by KOPRI. Red arrow indicates the interval of high CaCOj3
contents, and blue arrows indicate the intervals of high concentrations of authigenic

carbonates. Four age dating results are included.
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Figure 10. Coarse carbonate fractions after wet sieving composed of authigenic
carbonate minerals and planktonic foraminifera. The arrows indicate authigenic

carbonate crystals. Circular shapes in the back are planktonic foraminifera.
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PS72/396-3 (Core depth: 26~27cm)

Figure. 11. Coarse carbonate fractions after wet sieving composed of authigenic
carbonate minerals and planktonic foraminifera. The arrows indicate authigenic
carbonate crystals. Delicate fine fibrous shapes indicate that they are aughigenic in
origin. The square—-ended terminations in the lower photos (arrow) strongly indciate

aragonite mineralogy.
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Figure 12. Foliated calcite crystalline texture.
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Figure 13. Bladed calcite crystalline texture.
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Figure 14. Equant calcite crystalline texture.
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Figure 15. Fibrous aragonite texture.



Figure 16. Randomly oriented, fibrous aragonite texture.
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Figure 17. Bladed aragonite texture.
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Figure 18. Etched surface of authigenic calcite crystals.
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Figure 19. Formation of aragonite (A) after calcite (C).
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Table 4.

The EDAX data for calcite crystals.
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Table 5. The EDAX data for aragonite crystals.
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Calcite, Core Depth = 0-1 em, Equant Microcrystalline Texture
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Figure 20. Equant microcrystalline calcite texture with EDAX data.
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Calcite, Core Depth = 5-6 cm, Equant Micro Crystalline Texture
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Figure. 21. Equant microcrystalline calcite texture with EDAX data.
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Calcite, Core Depth = 2-3 ¢cm, SpheruliticEquant Texture
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Figure 22. Spherulitic equant calcite texture with EDAX data.
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Calcite, Core Depth = 4-5 cm, SpheruliticEquant Texture
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Figure 23. Spherulitic equant calcite texture with EDAX data.
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Calcite, Care Depth = 7-8 cm, Spherulitic Equant Texture
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Figure 24. Spherulitic equant calcite texture with EDAX data.
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Calcite, Core Depth = 8-9 cm, Spherulitic Equant Texture
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Figure 25. Spherulitic equant calcite texture with EDAX data.




Calcite, Core Depth = 7-8 cm, Foliated Texture
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Figure 26. Foliated calcite texture with EDAX data.
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Calcite, Core Depth = 12-13 cm, Foliated Texture
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Figure 27. Foliated calcite texture with EDAX data.
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Calcite, Core Depth = 17-18 cm, Foliated Texture
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Figure 28. Foliated calcite texture with EDAX data.

_54_



Calcite, Care Depth = 13-14 cm, Spirally stacked foliated texture
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Figure 29. Spirally stacked foliated calcite texture with EDAX data.
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Calcite, Core Depth = 14-15 cm, Spirally stacked foliated texture
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Figure 30. Spirally stacked foliated calcite texture with EDAX data.
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Calcite, Core Depth = 30-31 cm, Spirallystacked foliated texture
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Figure 31. Spirally stacked foliated calcite texture with EDAX data.
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Calcite, Care Depth = 37-38 cm, Spirally stacked foliated texture
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Figure 32. Spirally stacked foliated calcite texture with EDAX data.
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Calcite, Core Depth = 0-1 cm, Randomly bladed texture
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Figure 33. Randomly oriented bladed calcite texture with EDAX data.
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Calcite, Depth= 11-12 cm, Bladed texture with etched surface
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Figure. 34. Bladed calcite texture with etched surface with EDAX data.
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Table 6. The occurrence of calcite

texture types with core depth.

Calcite
Serial Depth Foliated Randomly Spherulitic Equant‘t-o Etched
no bladed fibrous Spherulitic
texture surface
texture texture equant
1 0-1 cm X X X X
2 1-2 cm X X X
3 2-3 cm X X
4 3-4 cm X X
5 4-5 cm X X
6 5-6 cm X X
7 6-7 cm X
8 7-8 cm X X
9 8-9 cm X
10 9-10 cm
11 10-11 cm X
12 11-12 cm X
13 12-13 cm X
14 13-14 cm X
15 14-15 cm X
16 15-16 cm
17 16-17 cm
18 17-18 cm X
19 18-19 cm
20 19-20 cm
21 20-21 cm
22 21-22 cm
23 22-23 cm
24 23-24 cm X
25 24-25 cm
26 25-26 cm
27 26-27 cm X
28 27-28 cm
29 28-29 cm X
30 29-30 cm X
31 30-31 cm X
32 31-32 cm
33 32-33 cm
34 33-34 cm
35 34-35 cm X
36 35-36 cm
37 36-37 cm
38 37-38 cm X
39 38-39 cm
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Aragonite, Core Depth = 26-27 cm, Radiating fibrous texture
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Figure 35. Fibrous aragonite texture with EDAX data.
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Aragonite, Core Depth = 26-27 cm, Radiating fibrous texture
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Figure 36. Fibrous aragonite texture with EDAX data.
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Aragonite, Core Depth = 15-16 cm, Randomly oriented fibrous texture
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Figure 37. Fibrous aragonite texture with EDAX data.
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Aragonite, Core Depth = 2-3 ¢cm, Spherulitic fibrous texture

C B | C Ato -:l. Ervew 1 11 Sigma)
petl | fans] | ] et |
521 | o041 | | &7
| .'-':I.';.r l - ] - 2 2 |
2015 mar | 532
[ 2a7 | oss | [ oss
359 | oas | | a3
ps32 | o028 | | @33
- 1 .'fl ] 1 ]
10 o]

Figure 38. Spherulitic fibrous aragonite texture with EDAX data.
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Aragonite, Core Depth = 15-16 ¢m, Spherulitic fibrous texture
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Figure 39. Spherulitic fibrous aragonite texture with EDAX data.
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Aragonite, Core Depth = 25-26 cm, Bladed texture
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Figure 40. bladed aragonite texture with EDAX data.
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Aragonite, Core Depth = 28-29 cm, Bladed texture

Element Weightss Atomici
CK 12.41 18.79
0K 61.00 69.32
Ma K 0.07 0.05
Mg K -0.10 -0.08
Cak 25,95 11.77
SrL 0.68 0.14
* Totals 100.00

Figure 41. Bladed aragonite texture with EDAX data.
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Aragonite, Core Depth = 28-29 ¢cm, Bladed with etched surface texture

Element Weight%% Atomick
OK 47.53 68.00
Mg K 0.37 0.35
AlK 2.74 2.32
Si K 3.15 2.7
Cak 47.41 27.08
5ri -1.20 -0.31
Totals 100.00

Figure 42. Bladed aragonite texture with EDAX data.
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Table 7. The occurrence of aragonite texture types with core depth.

Aragonite
Serial no Depth Randomly Sphpruhtm Bladed Etched
oriented fibrous
) texture Surface
fibrous texture texture
1 0-1 cm
2 1-2 cm X X X
3 2-3 cm X
4 3-4 cm
5 4-5 cm
6 5-6 cm
7 6-7 cm X
8 7-8 cm
9 8-9 cm
10 9-10 cm
11 10-11 cm X
12 11-12 cm
13 12-13 cm
14 13-14 cm
15 14-15 cm
16 15-16 cm X X
17 16-17 cm
18 17-18 cm
19 18-19 cm
20 19-20 cm
21 20-21 cm
22 21-22 cm
23 22-23 cm
24 23-24 cm X
25 24-25 cm
26 25-26 cm
27 26-27 cm X X
28 27-28 cm
29 28-29 cm X
30 29-30 cm
31 30-31 cm
32 31-32 cm
33 32-33 cm
34 33-34 cm
35 34-35 cm
36 35-36 cm
37 36-37 cm
38 37-38 cm
39 38-39 cm
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Formation of Aragonite after calcite, Core Depth = 26-27 cm

Calcite

Aragonite

Figure 43. Spherulitic aragonite growth over the columnar calcite crystals with EDAX
data.
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Farmation of Aragonite after calcite, Core Depth =28-29cm

Element Weightis Atomick
CK 14.80 22.34
OK 57.25 64.88
MNa K 0.43 0.24 i
Mg K 0.10 0.07 Calcite
CakK 27.28 12.34
SriL (.14 0.03
Totals 100.00
Element Weight# Atomic¥
CK 8.31 14.94
OK 42.69 57.66
MNa K 0.08 0.08
E‘.EK 0.97 0.87 Aragonite
Al K 0.70 0.56
S5iK 2.31 1.78
Cak _ 44.58 24.03
SrL 0.35 0.09
__Totals 100.00

Figure 44. Spherulitic aragonite growth over the columnar calcite crystals with EDAX

data.
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Figure 45. Scatter diagram of oxygen vs. carbon isotope values for the authigenic

carbonates analyzed in 2011. Red points = aragonite, blue points = calcite.
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SAMPLE ID | Composition | Core depth 8'°0(VPDB) &'°C(VPDB)
1-1/HEO/K460 calcite 7-8cm 4.48 3.47
1-2/HEO/K460 calcite 7-8cm -3.24 3.49
1-3/HEOQ/K460 calcite 7-8cm 2.52 2.99
2-1/HEO/K460 aragonite 12-13cm 3.74 3.51
2-2/HEO/K460 aragonite 12-13cm 3.65 3.35
2—-3/HEO/K460 aragonite 12-13cm 3.61 3.51
3-2/HEO/K460 aragonite 12-13cm 1.22 3.04
3-3/HEO/K460 aragonite 12-13cm 2.78 1.91
4-1/HEO/K460 aragonite 12-13cm 1.71 1.76
5-1/HEO/K460 aragonite 26-27cm -1.81 1.99
5-2/HEO/K460 aragonite 26-27cm -2.13 5.21
6-1/HEO/K460 aragonite 26-27cm -1.47 2.68
6-2/HEO/K460 aragonite 26-27cm -1.80 2.51
6-3/HEOQ/K460 aragonite 26-27cm -0.83 2.63
7-1/HEO/K460 calcite 26-27cm 3.11 2.89
7-2/HEO/K460 calcite 26-27cm 2.78 3.07
8-1/HEO/K460 calcite 29-30cm 0.44 1.46
8-2/HEO/K460 calcite 29-30cm 0.61 1.67
8-3/HEO/K460 calcite 29-30cm 0.86 1.88
9-1/HEO/K460 calcite 1-2cm 5.40 3.083
9-2/HEO/K460 calcite 1-2cm 0.07 2.59
9-3/HEO/K460 calcite 1=2cm 4.44 3.22
10-1/HEO/K460 calcite 4-5cm 5.08 3.16
10-2/HEO/K460 calcite 4-5¢cm 3.36 3.69
10-3/HEO/K460 calcite 4-5cm 4.92 3.05
11-2/HEO/K460 calcite 4-5cm 0.36 3.583
11-3/HEO/K460 calcite 4-5cm 1.97 3.32
12—-1/HEO/K460 calcite 23-24cm -3.16 2.08
12-2/HEO/K460 calcite 23-24cm -3.00 2.14
12-3/HEO/K460 calcite 23-24cm -4.70 2.69
13-1/HEO/K460 aragonite 28-29cm 1.19 0.73
13-2/HEO/K460 aragonite 28-29cm 1.28 0.64
13-3/HEO/K460 aragonite 28-29cm 1.05 0.59

Table 8. Stable isotope (§°C, §%0) compositions of authigenic

carbonates analyzed in 2011.
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Figure 46. Scatter diagram of oxygen vs. carbon isotope values for the authigenic
carbonates analyzed in 2012. Red points = aragonite, blue points = calcite. All the

analyzed data are included.
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Figure 47. Scatter diagram of oxygen vs. carbon isotope values for the authigenic

carbonates analyzed in 2012. Red points = aragonite, blue points = calcite. Very

depleted oxygen isotope data points are excluded.
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Table 9. Additional stable isotope (613C, §%0) compositions of authigenic carbonates

analyzed in 2012.

Sample
Depth o d13C_mean d180O_mean
0-1 cm 1 Calcite 3.388 5.064
2 Aragonite 1.018 -17.117
1-2 cm 3 Calcite 8.729 -43.205
4 Aragonite 6.919 -9.895
2-3 cm 5 Calcite 0.519 -0.168
6 Aragonite 3.358 4.034
3-4 cm 7 Calcite 2.910 2.587
8 Aragonite 3.414 1.367
5-6 cm 9 Calcite 2.676 0.329
10 Aragonite 2.549 -1.322
7-8 cm 11 Calcite 3.192 -10.132
9-10 cm 12 Calcite 3.201 6.177
13 Aragonite 3.217 7.005
11-12 cm 14 Calcite 8.399 -44.198
36-37 cm 15 Calcite 4977 -0.622
14-15 cm 16 Calcite 2.022 -0.307
17 Aragonite 1.709 2.107
17-18 cm 18 Calcite 3.153 4.641
19 Aragonite 1.320 1.852
20-21 cm 20 Calcite 3.127 1.933
23-24 cm 21 Calcite 3.153 4.781
22 Aragonite 2.745 -2.676
26-27 cm 23 Calcite 3.632 -3.129
24 Aragonite 0.887 -0.495
28-29 cm 25 Calcite 3.133 1.340
26 Aragonite 1.068 1.279
31-32 cm 27 Calcite 2.951 -2.930
35-36 cm 28 Calcite 3.009 0.511
37 38 cm 29 Calcite 2.950 1.688
38 39 cm 30 Calcite 2.899 0.227
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Table 10. Trace elemental compositions of authigenic carbonates in this study. (unit :

ppm)
Sample Depth
Ba Fe Mg Mn Sr
no. (cm)

AC-1 0-1 83 1755 12840 173.3 1260
AC-2 1-2 30 2553 19880 116.4 1423
AC-3 2-3 30 2125 21100 91.75 1636
AC-4 3-4 30 1732 20820 89.59 1566
AC-5 4-5 30 2097 21640 66.38 1589
AC-6 5-6 30 2270 20510 176.5 1549
AC-7 6-7 30 1790 21280 68.67 1660
AC-8 7-8 30 855.9 16780 30 1584
AC-9 8-9 30 1874 20460 83.41 1515
AC-10 9-10 30 1811 26600 30 1448
AC-11 10 11 173.23 307.2 8247 68.42 1339
AC-12 11-12 30 839.9 5706 30 1267
AC-13 12-13 30 2624 7619 412.4 778.7
AC-14 18-19 30 4821 32410 191.9 473.1
AC-15 23-24 30 676.0 2604 30 343.5
AC-16 23-24 30 785.9 580.6 30 4350
AC-17 24-25 30 316.8 2248 30 306.5
AC-18 24-25 30 30 140.3 30 2700
AC-19 25-26 30 304.7 2896 30 271.1
AC-20 26-27 30 881.9 3292 30 549.7
AC-21 27-28 30 662.2 1951 101.3 363.1
AC-22 27-28 30 364.5 441.3 147.8 6217
AC-23 28-29 30 906.5 5474 30 291.0
AC-24 28-29 30 54.62 937.6 30 3649
AC-25 29-30 30 22.99 1584 30 229.1
AC-26 29-30 30 818.2 415.4 102.0 4634
AC-27 30-31 30 567.7 3192 30 301.7
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Figure 48. Scatter diagram of oxygen isotope vs. MgCOs; (mole %) values for the
authigenic carbonates in this study. Filled squares = aragonite, open squares =

calcite. All the numbers on each value denote the corresponding core depths.
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Figure 49. Scatter diagram of carbon isotope vs. Mg compositions for the
authigenic carbonates in this study. Filled squares = aragonite, open squares =

calcite. All the numbers on each value denote the corresponding core depths.
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Figure 50. Scatter diagram of oxygen isotope vs. Mg compositions for the authigenic
carbonates in this study. Filled squares = aragonite, open squares = calcite. All the

numbers on each value denote the corresponding core depths.
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Figure 51. Scatter diagram of carbon isotope vs. Sr compositions for the authigenic
carbonates in this study. Filled squares = aragonite, open squares = calcite. All the

numbers on each value denote the corresponding core depths.
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Figure 52. Scatter diagram of oxygen isotope vs. Sr compositions for the authigenic
carbonates in this study. Filled squares = aragonite, open squares = calcite. All the

numbers on each value denote the corresponding core depths.
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Figure 53. Scatter diagram of carbon isotope vs. Fe compositions for the authigenic
carbonates in this study. Filled squares = aragonite, open squares = calcite. All the

numbers on each value denote the corresponding core depths.
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Figure 54. Scatter diagram of oxygen isotope vs. Fe compositions for the authigenic

carbonates in this study. Filled squares = aragonite, open squares = calcite. All the

numbers on each value denote the corresponding core depths.
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Figure 55. Scatter diagram of carbon isotope vs. Mn compositions for the authigenic
carbonates in this study. Filled squares = aragonite, open squares = calcite. All the

numbers on each value denote the corresponding core depths.

_88_



Mn vs. 8180 (%o, VPDB)

200

10

180
160
1404

120

Mn

100 +

m:

O
O+

80 -

O

[m]

60 -
40
5 a TLE

Oee

dha

[m =]

T T T J T v T
2 0 2

5180 (%-.. VPDB)

Calcite o
Aragonite =
Sﬂ::‘oplﬂ Depth
1 D-1cm
2 1-2cm
3 2-3cm
4 3-4cm
5 4-5cm
G 5-6cm
7 7-8cm
8 B-9¢cm
9 9-10cm
10 18-1%9cm
11 23-24cm
12 23-24¢cm
13 24-25cm
14 24-25¢cm
15 25-26cm
16 26-27cm
17 27-28cm
18 27-28cm
19 28-29cm
20 28-29cm
21 29-30cm
22 29-30cm
23 30-31cm

Figure 56. Scatter diagram of oxygen isotope vs.-Mn compositions for the authigenic

carbonates in this study. Filled squares

aragonite, open squares

numbers on each value denote the corresponding core depths.

_89_

calcite.

All the




o

oX,

)

—O|L

r

% BN rlo >
N
m
i
:_
é
;
AT
L
On:
of
X,

S r

O- _m

Nk
o
ogh
o,
it
o

7F w9 vkt O}X]UP o] AA3 =
M o] A wAe] 2ol HAAM YEU=
foliate texture)o|th. ]/ Z24 (foliate texture) FTAME 71 RAH
G el = stacked foliated textureZA] |52 foliated FE|7} ol Ho=
ot o] HH= oA = %’&OS‘QEIQPJ ool 4 AUfEA S FEHEA 1
of o7} w9 =t} 31| vk stacked foliated texture AHA= thFst FEH 2 UER =
g]lell igh ajAo] AR wi- ofelE Aoty 2xd oA o] 3 g
H 2o A8 ta #23 A3 dert el 288 34 F 7HA FH
Cotue e Ao R AAHA YUeue 24 olH(Fig. 26, 27 & 28),
tE sy e 2Ho] HAEs wakow AAdA 2ebe sl %4 o) th(Figs.
29, 30, 31 & 32). o] F A Aol& EHolA= FAR ofnfE AAsHA FFF9
stebd o] WEe Afolel o3k Ao BZHEG. AN o] i i A= o B
¥ AHfibrous), ZH2(bladed), 5 H 4 (equant) %=
ro & XAHE Ao= Agﬂg]r,}
sade A9t v xEET 3
A2 HMCQ‘r LMC7} % u}E}urc}

o
rlo
s,
rlo
ojfl
I
i
é

—~

o

20 oo AR [
o
fuj
il

ok ©orfr N2 oA 49

oy
oW fo Y l‘l[‘

RN

fu
Lt
v}

»

o

k) :10
"

' ,ﬁ

1

Mo Ao
M
4

oy
i
o
2
-
A
12
o
S
%
O

r:i 4

o2 K O Lo

op i

L e
=y

oty
o
=
=2
N
)
~N
ki
_O‘L
k1
tz
K
o
ox -
ood
o
=2
o
il
N
2
O
rlr
o
o o
lo,
d
r$£
)
o
<o
0%'3
o

_90_



oqmww mﬁmﬂrﬂ ST R NBETE KWy T EDT oMo WA AT R
< Ll s g e ME XN < Wogs o~ N oo R — oL, e
L EsmE B = XX 0 ~ N = N N o o - -
<° oy = Qo= = ey ﬂl.go — B - Ho
Ho %) =) or o =N 3 b 9 T pT o B LT R T
w2 T B % TR W %o D T o B
P = o < B oo m o o K = P T 50 F - o o
PEYar g¥rereseT mRWL  OFF STwme  Bowl
— =0 WK T o = o N — OTCH =~ Ko
e S LR ge g AR L REES
—_— . rvd ) —_— X T —
T Nl RE LN TREEET THLSE BT 2T g o
Tol T m AN LU TR L WT agSew gtk TG
- ]HMLE ~ o —_ ~ K o O . 0
SUHTEs ST ¥len o, ceaTarLEgEdw
= — o0 - o~ =~ J ! oﬁ::ﬂmx_ ORf =o
0 o o) Y ok o mr — B 7 o) T = :.;L = — =™ S 4 X
R I 50 — — 5 9 Kz & oo @ X B &
AL S R . A R N A R AR O
N3 ) " SC _ ‘D.Ijlﬁo ]‘Urﬂl o] o w N H R J N 0 ok T T
~ T 2o T oW o x X L o = E| — A o = O Wow o | —
<o LR ooy~ N = o T0 ) RE RO — o o ol BN
oWHEﬂﬂqxﬂoMﬂLoﬁoMqﬂo mam_]xrmm%]WOMvmmdnﬁoﬂﬁe%aoﬂ
o M e W Lo B2 R A | ~ o 2 ﬂAl]u;LEL]u
- ol K 0 ol OT/l\.e R o i ™00 &
MWHQ%%?W%E@@@@Q mewmn@.__u%d;mﬁmwmm%t?ﬂr.ﬂwmﬂﬂ%w_
R T paid = < -~ T
?mﬁﬂﬁmﬁ%%mﬂiﬁmﬂo iyr frﬂEﬂoc%oﬂ%@oEﬁxﬁﬁ
X = @&%W%%ﬂ%%@% E_moﬁoﬂwwwbzo%.&amolﬂwvﬁﬂu
oS P ooy e \m_w,._ ﬂi 5 ‘_.FO L_W o) & A ,_yr_._ X o Zl ”7,|A ) o o
= 3T p 2 i R R W o5 d.éﬂ%,q]aﬂ S PR
5 (=) < — = ° T o N g < X S
TaE e CIRT S e AR e QI I A )
B Al o M MM N T MVMH w oy W) O o alo] W JJ | ‘ﬂmrm /w W = Ho Wﬂa N o iy l 3
e o N - my ol I o _ o
R R R T ) TR xR W
xo o B X o)) = ™ Bog B o= PR X oy = T Bn Sy
Ho@_.ﬁwrloﬁonuﬂwze%uxﬂ.aﬂ ﬂﬂmﬂuuﬂo_L/I..mc MﬁﬁLﬂLHﬁDmonPLu|ﬂa
X T ° Mu_IJ. — T o o B or < " o= 8 ‘Ol“w%gd_ﬂﬂjll.oA ™ 50
G O - N R T S
BT L AT T 88 e TG R T
N BT LTI % I R A S - o
sl e ?  EFF ¥V T oyt Tou  Pew T
—_— ) Iy ! ~r
mo%m._@ﬂmﬂ gmomo_@_@ﬂ.%E%Wnﬁwﬁ%nﬂ:ﬁﬂﬁmq@.ﬂ_mbiiéulh;hfr
0 0 I- — . o —
Eli1@oﬁﬂ%E_LﬂﬂomthwuLWuﬂAﬂwumemuw@mWmqwﬁwuu%m#%oxwoomn_:m
= Nk o T g o 20 B W] e = ~ =< o~ ok 7 R T o iy
T T T R T AN R R T S gy T o
B3 e EXPe gy TRR TRl LR, T LRG0 N w T @Y
4ﬂ%ﬂavhmﬂéﬂiﬂﬂ_oﬂhmﬂﬂu%mo;_.ﬂqﬁoTELJ_MJl ]avga_o%ﬂo
KA N TR o X0 =~ e ~ . —_ — iy _ Mo ~X T B o m= 5 TO
s e — O NCT NGO G X% wowR B R ogT
ol X0 X o o M o ® WX o B o W o R Mo W W R O oD oo B OH

_91_



REOT m K mo B
iy d il TN T

=

=} —_

2 i= X B o oF T do o 2 —
PITNTTIISLTEL grisigsiiroprecy
,_tqo,ﬂmg_ﬂ;lk X Uﬂ_plmﬂ jo| 1o 2o ® o O E oy O & K o Ay

m P T e e _ PSR T i T R L RN G o
iuﬂo,ﬂvoxmﬂo o & o ™ ) MLWQ&omﬂomﬂ. o S gn
__ﬂ&mmﬂu{ﬂqﬂ%(mwﬂoo_ﬁ o M TS o WE T g oa Ay T oy
L SRR ET o MZ o 8o RO, s
T 5T % B X o R o W o & i
m_mﬁ%%@ﬂ%ﬂ_ﬂﬁﬂé% %oﬂﬁmmAme%@mr,_aTl.Eweﬁﬁﬂﬂ
= P - N TS RET  ®w L = & H T
— o] © ECI ) T mh N o .ﬂn.ﬂ]rL M oo W W o = - =
R T il N - 5 M ﬂr.ﬂﬂrbtmr}_#ﬁod
e e B P UT ey TTFRT LT L G0 X g™
T o m T o E A o FERL T IRg R g
o 1H o e RO Mo oy X7 o= W H e o o T 1) o o~ =7
1 ~n oF :.L HT.C 3 ﬂAl - 0 dﬂ _nFo ﬂ BR AT [y T <P oo Lt K = E.e _,:l
oo T oo T T o M om I R e o A I TRCIE N S
g o| o) = o 2 N T %o R ur Hoe oo WK ®K DM
7 AR = o o AR o g < no— W o TR =
BT T P PEN W m o TE e ]
o &3 = T = T o P ~ MR e T
S X + T e W m T AN [ W ® e A 57
% %mbarx54maw,&mﬁ@n%% Ths_ 8 3Bl o °
ik HATWEH_WﬂO AR B H g u_gﬂo%%.&m&ﬂmmﬂmwi%
70 o KB T o B pig m N e W e O o %
] < w2 = o o o) o = o 5] T X
=0 ‘l.z..# — - xR0 — AT ‘WUE o, dﬁdﬂ E,l_/r o
- A,mlmﬂwdﬁi%ﬂ%ﬁo?%wﬁo I WﬂmmmE@ﬁﬁﬂﬂ__%Uryﬂ
h ﬂ%ﬂﬂ&ﬂ@u%%ﬂwﬂm oﬁ_ﬂﬁﬁowwﬂmua%ﬂﬂm%ﬂcmbﬂ
T < N n NG 0 LO
o0 W@}%ﬂ,_im_%mﬂ]mﬁ]g]a% émﬂanmru,nﬁ7mwumﬂ§a_nlﬂxlmﬂlmﬁ
Ay I - T Sl P pE2 A _Hom $w g
i e R ﬁmnmdr.mﬁ E%ﬂ%ofﬂm%%w@%@%W%Q
f 0 = N 0 —~ GO~ = . —
mm %E%%W}m_L%ﬂ%ﬂﬂ .mﬁ.%%ﬂm]w%nﬂﬁﬂﬂ?ﬁ@%%
%o zo ) ) XO®T .ml MNJ L]o,_ < Wm 4 MH 1% ol B = T — ) [E R~ @ 1 mﬁ T O o.
> A I - T S T L SxxPITOE 2T _ T H T
= L Em g 5 T KT OH T ne T T <
T e P g R g M2 ET I | R
= B e T gl X0 EXR LT P U g ® g o s Y
mhy = Oy o o% Yo mR — = o qr N X o olo ! RGN = N T
o T o © hin ul o e ny o T o X = <! =0 o R ) G
L I A T ooz g %H#ﬂ%ﬂwg%%éﬂﬂ;ﬂﬂ
3 g mwi_ia'ﬂ o T %_hnfjlmﬂ%mu_ﬂ = & o 9 g
o L% o 0| o] T o —~ = (e ~ T " J) Mo = 2 s
o T =
=0 ﬂuﬂuﬂﬁ,_ﬂwjlﬂwiﬂr\m%ﬁ;_..HMm%?X %Eﬂomﬁmﬂme:ﬁmaﬂ
% @mﬂ%ﬂ.ﬂWHﬁnm%%%wWﬂwﬁ@mfty@%igm&ﬂw
. = 5 A Wom X g — <
&N 5 0 % o T KoL B~ s H 2 moor W oo 2 ]
5 o T WO 5N TN EOMﬂq%om_m_utmﬂEEanEMMrm]}bf

o
—

}

R4

1,800~2,800mel A1 =l =
— 92 —

ok

=

Al
™

O

oA A



al

e

24 e

o

Sl =]
)= = gt

-
X

7ol
2ol

=

[}

ol HAE

0

=

1) A4 (productivity)
2

&f <]

9

A =

A g=

J

A
pul

o] Wz}

T
o

0

4r
cn
ﬁo
)

A

o

°
T
H

=
R

A

3

d4

2

11%0 9]

Helth, ek

ok
2

=

CE I R
=

9

-

¢}
H
=

Fol =2l o] = o}

=
T

°©

H W (Fig. 47), ©4%9]

piel 72

[<]

=

A= <F 11%9

2 3}

gHEA H
E:

T

ksl
il

o

o
& F -5~+6% (PDB) W% =

:'

= o] el
/}1

RS

%= -4~+7%,(PDB)

=]
LN
5

=
T

w71 ol Wi vyl wiel (De] 7t

ZARYD A
=

3

=
i

guol QoiA o wWEtst
dl, 2}

-

1

o}
1 o]

kel

1Adxe] Ay (Fig. 45)e o] o]

A2(6"0) 9 BAaEHA4(670)

=

=

]

g 1A =

7}t2=7}
Hl] ]
s}

o

e e of 44°C
Az g @A A elg 2 4 np

B

ol

—

0
N

o

]

N
_

=i
=

at7] wigol H4

44

“1°C A% A9

oo

o]
°](0~30Cm)2] a2l &

g

]

<H

T

)

T o]

]
yul

o). whebd olels

PN
T

Ho

o
‘.mo
iz

A

i

)

I
-

[e]

HA4z el 3t

[e)

of o, gatet 7]

R
o A

)

I
R

o

e A &k

ael e #AG Ak AR

e A u AR S

1

T

571

4 $-(Fig. 60), 3) A%<
— 93 —

gk o] 2

]

T
T

dz Aol nEHYGT A7t
JRw Az FHS olFe A(Fig 57, 2) BAEY

A PR ET
O olfe AHES

-

R

o

1

]_

T
)

B
o



I= 74 $-olth(Fig. 62).
o Aol el (4)
Folth, wheba] w

at7] ole® 4

S

3

o

o2 o

&

Go

A

1
o

28] Apol7k A ] 10% 0] B

]

I
=

o

A

HH

. olel o

0
o}
it

Nlo

o] AejolA WA A4

G

Ho

bed ol

nitrate reducing zone, Mn-Fe reducing zone, sulfate

°

A el M F7=9

1

0
yul

o]

[e)

olo] u}g} oxic zone, suboxic zone, anoxic zonel. Z W

)

bal

2% 9]

o] #

995 FoA anoxic zone
reducing zone, “L2]3l methanogenic zone® & LU} 2t}

)

)

ol
;OO
yase]
o
N

)
T

e

K
e

°]-&

=
=

I

22 7F gl7]

g2l o7t 4F2(0,)

& o] Ak3}ErA(CO,)7F A H AL,

5

3

5

1=

LN

atol {17120l

o

o)

i)

o
==

]

7

[e)
T

o] § 3ol

=
=

Eﬂy

o] =
AR -

gele] obglo] EAGE T

O

A
L 7] wEel o] Ay &EE

o, webd 7t B

FA]
v €+ 7} 4~ A A ) (methanogenic  zone) 7}

<]

H o

[e)

A Ao

1
o

°

i
o} 7]

=

—

8

R4

o]

WS wshE g

72k A 7} vl

1

O~

uf ol Nitrate(NO,*~ ), Mn-Fe, Sulfate(SO,), methan(CH,)

7] wf ol
H g7k

o)

ojt}. (2)9

do]E7F YA 7] wiitel o]
— 94 —

=

Aot Wg7r=gd ) Apolel o] 7

3¢
sfo]

S

Ea

7}

-

R

e,

gas hydrate”} SlojAl W7} 2~7) of g 2 5

SEERSER

of el



=

Sulfate reduction ......................... e e e . (1)
2CH,0O + SO, % — 2HCO; + HS + H'

Anaerobic methane oxidation =« =« + = + = <+ = o+ s e e e e e e e e - (2)
CH; + SO, % — HCO; + HS + H,0

Carbonate precipitation ......................... . (3)
Ca®’ + Mg® + 2HCO; — CaMg(CO3), + 2H"
Ca®’ + 2HCO; — CaCOs; + 2H

Methane Production (Biogenic methane; 6§°C < ~45%) « « = + + « « « « - < - (4)
CO; + 4Hy — CHy + 2H2O (COq reduction; in marine sediments)
CHsCOOH — CH4 + CO2 (Acetate fermentation; in terrestrial freshwater, march)

FatEl A B g = BAhE9da AW (Figs. 45 & 47)2 ol 5] AUEA =]
HAdE & mart=Addols BAEASS AAstL v shARE So]d whek AR
A A SRR sl AFHE FotE AT FolA ofF ®EIF (o] 0~1ecm)FH YE
U, o]59] BAhEelda Aol EF Hlssd wejelA FslEo] vk Abdelth =
At o 2 AYGE AT e Akt dizl A yERA @3 2FFE W e}
2AZH7E vrEolA vk ARdolth olel g A2 AA 7 7EA 9 el AUtk e
= Y AR AATE AT ulg AgE 2do] e AFolth o& £W Black Sea
oF & 374 o2 A Black Seat™ A HYE 3 AA|o| Sulfate Reducing Zoneo] &A3}7]
] o] ¥ A &9 ¥ZFo| methanogenic zone®] YEHTH T2 A= HAE T F7&
o] gteko] wig- Eo} HAEZo] HAWAwiA} vig AT AP E WA A

= A5

fex]
=
ot ATAL Ag, A BAABE] YHBA

gol e ofelgol mET o A9E ATAA AT AFAREL o] A9 3
F7h RARBAE obUm, HAZ ol f/18e] FUE A Brks Aotk Wik 2
Y A PEY BAENUs YR At 293 oFo] WustigAi Y

A vhep #Zo] 22 slof zlo] WellM M2 vsd 23E 7HA AL = AR
Hd=e dgEsAdE: e BAT Ay dFE 248 dEe Ro=rk(Fig. 57). °]
= AdEtdd = AdEFd o G E Fa v S, AAgAIdR =S e
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Type I: Well clustered isotope data

13
S513C (%0, VPDB) +Cal-1 (4-5¢cm)

BB -
X Cal-2{4-5 cm)
mCal (5-6cmy)

6.0 4
MArg(5-6cm)

54 - Ocal (9-10cm)
WArg(9-10cm)

48 - #Arg-1(12-13cm)
#Arg-2(12-13cm)

4.2
Cical (14-15cm)
WArg(14-15cmj

O Cal (23-24cm)
AAre-2(26-27cm)
AArg-3(26-27 cm)
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132 -

b 4 5180 (%o. VPDB)

0.0

-740 6.0 5.0 4.0 -3.0 -20 -1.0 00 1.0 20 30 4.0 50 60 7.0

Figure 57. Scatter diagram of carbon vs. oxygen isotope values showing well
clustered data. It is very common for calcite and aragonite crystals with the same

type of texture show similar isotopic compositions.
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Type | at the core depth of 4-5 cm

+ Cal-1 (4-5cm)

5.0 -
x Cal-2(4-5cm)
50 -

20 -

10 -

520 (%o. VPDB)

ol
740 -6.0 -5.0 -40 -30 -20 -10 0.0 10 20 3.0 4.0 50 6.0 T0
6¢0 (%o, VPDB)

Figure 58. Scatter diagram of carbon vs. oxygen isotope values for the calcite
crystals with the core depth of 4-5 cm. Note the completely different two sets of
data indicating two separate diageneic environments of the formaiton of authigenic

carbonates.
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Type | at the core depth of 12-13 cm

6.0

613C (%o, VPDB) © Arg-1(12-13 cm)

B Arg-2 (12-13 cm)

50
40 -
30
20

1.0

580 (%e. VPDB)

00

50 so 40 =0 20 40 oo 10 20 30 40 50 &0
Figure 59. Scatter diagram of carbon vs. oxygen isotope values for the aragonite
crystals with the core depth of 12-13 cm. Note the completely different two sets of
data indicating two separate diageneic environments of the formaiton of authigenic

carbonates.
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Type |l: Similar 623C but variable 6180 isotope data

50 1 §%3C (%o, VPDB) A Cal (1-2 cm)
o Cal (7-8 cm)
o Cal (23-24cm)
m Arg(23-24cm)

520 (%o. VPDB)

T T T T T T T T T T T
-6.00 -5.00 -4.00 -3.00 -2.00 -1.00 0.00 1.00 200 3.00 4.00 5.00 6.00

Figure 60. Scatter diagram of carbon vs. oxygen isotope values showing Type II
trend which is consistent carbon isotope compositions with variable oxygen isotope

values.
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Type llI: Similar 6180 but variable §3C isotope data

60 -

813C (%o, VPDB)

5.0
A Arg-1(26-27cm)

— P

O Cal{28-29 cm)
40 -

ol o)

W Arg(28-28 cm)

>

20

o Y

an
B

-6.0 -5.0 -4.0 -3.0 -2.0 20 0.0 1.0 z0 3.0 4.0 5.0 6.0
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Figure 61. Scatter diagram of carbon vs. oxygen isotope values showing Type III
trend which is consistent oxygen isotope compositions with variable carbon isotope

values.
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Type IV: Variable 613C and 680 isotope data
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Figure 62. Scatter diagram of carbon vs. oxygen isotope values showing Type IV

trend which is variable carbon and oxygen isotope compositions.
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Calcite isotope datawith
increasing core depth
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Figure 63. Carbon and oxygen isotope variations with core depth.
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