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SUMMARY

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 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 texture(RFC),
Spherulitic fibrous texture, Randomly oriented fibrous texture, Bladed texture, etched
surface texture, and calcite crystals show Foliated texture, Equant texture, Bladed
texture. Various shapes of aragonite and calcite crystals are randomly distributed
throughout the core.

Highly enriched carbon isotope compositions (6°C = 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 ~ +5%, vs. PDB) still
need more scrutiny. Various shapes of carbonate crystals together with highly
positive carbon isotope values indicate that these carbonates are authigenic in origin.
Because the host sediments including these carbonates are not
organic-rich,ogetheresence of gethauthigenic carbonates may be related to
paleoceanographic conditions of the Arctic Ocean which resulted in anoxic pore water

conditions just a few centimeters below the sediment/water interface.
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East Siberian Sea

Figure 2. Map showing the study area and core sampling sites.
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A2 AAST vAEE JFAEAA 380°CE 602 &< 7IEstd FE9 AAAols A
A el EAste F71EE AASAY. AAY7E Ed mAlRe dhiete ZFEA]
(Finnigan MAT 252; automated carbonate preparation device (KIEL-IM) coupled to a
gas-ratio mass spectrometer)E ©]&3lo] k49 A AAFTALL HAES B4s9 e
H, o]= "= ofglxzy} t]sld Environmental Isotope Laboratoryoll A $~33Ht. X5
Al&E NBS-18, NBS-19& AR&3stfion, Airst @4sdAds 4 e xyde
247} <+0.10%, <+0.08%°1™, =4 g2 VPDB @92 et
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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
(073%cm) 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
(0”40cm) corer

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

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/85Sr initial ratio

Mineralogy by XRD
and geocchemical
analysis

Reference

diffractometer

X-ray

Figure 3. The flow chart showing the

analytical procedure.




Density separation

Calcite
(2.71 g/cm?)

SPT Solution
+ distilled water
(2.89 g/em?)

Aragonite
(2.93 g/emd)

Figure 4. Density separation showing separated calcite and

aragonite crystals.
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Core Sediment Characteristics
Lithology TOC (%) cacor)  TIEHRENE T #amm
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S
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35 —
|||.:s.l:'lv<ldl‘; ...... t
39 ) .. M
O:risre, Lowery rane, 3 rare, 1. isemrmie
4: abusdinl, 5! SO

Figure 5. Content (%) of calcium carbonate (CaCQO;), total organic carbon (TOC),
authigenic carbonates. and 6"°C... values of the sediment core PS72/410-1
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Fol HAE A AAv]o] e A EAE AAS 27 HAHE Y= B 49
S AFE] TAHNT dutHoE RHA FEFY FHE 2 FEHUE FEHol7] Wi
o AA AX7}F 7HE3t(Fig. 6). 2AHE FEHE ALY AAFo=RE HY gy 2
Aol JFAZAY AAFHE Hole AT HAHATY T L AL olgst AA o v
T O3 FEHE vedode AR e gdd FHE ZAdoe Aot (Fig. 6)

olE AA Ui FAHAEAN RS o] &3t AAH FHE FY ILuLE FFAI L
o9 Sri} Mg A¥<& EDAXE o]&3led FAAQA £4E s

EAES 7RSS 2 23, AFsior el 23H e
7HA BER TR o5 BN F ojftuyelER o] FoA Tt
Fajd e mATRE F2 A4Y BEe gfe BYe RS HAM AFsE I
9

Bl (Foliated texture)(Fig. 7)& ©]Fo]#A 9la, o] 9o = Equant E %2
A7ZtEA 443 el (Equant texture)(Fig. 8), ¥§&3lx 71 RFH(ZEEF) AHEC]
FAe] FH(Bladed texture)(Fig. 992 o]Fox 7|E 3o} ofgtartolE9 wmA T2
= T2 7l BYY AAFEo] WA g oz AHAA$ I H(Radiating Fibrous texture (RFC)
(Fig.10)9} 4ol AAo] a4 oz A3 3 el(Spherulitic fibrous texture)Z ©] F 9]
A Qi oo e gk VT RG] AAE] AT wEFd IFAFo] flo] A7 FH
(Randomly oriented fibrous texture) (Fig. 11), @338l EHZEE ) HAAHE]
A e Fej(Bladed texture)(Fig. 12)2 FE T T A7 dsis) ofgtnyolE ZAA
o= Zolr EWo] &3IH EH(etched surface texture)E°] #FEH7|Z= I} (Fig.
13).
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=
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Mg3 Sr g#2 Z}zF 0~1.69 wt%, 0~1.71 wt%< BLoA Yelvds ez EAFQ
3, olgtuyolEx Mgd Sr 3ol 4zt -0.1~0.37 wt%, -1.2~1.37 wt%<9] HHNA
Uetdt E29 A4 84E FE FolA HEA e Sro §FEY Mg §Eel =1,
otgfaivolExE Mg Rt} Sro] 3ol =A JehE Ao dwtARl Ao} 3R ¥
ol gt Aol F3o] BAHZA Yo} F FES FEIVIZVF o3 &Ee AFE IA
tH(Table. 2 and 3).
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Fig 6. Coarse carbonate fractions after wet sieving composed of authigenic

carbonate minerals and planktonic foraminifera



Figure 7. Foliated calcite crystalline texture



Figure 8. Equant calcite crystalline texture
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Figure 9. Bladed calcite crystalline texture
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Figure 10. Fibrous aragonite crystalline texture



3
TEMAG1000m BV 0 ARy Wk B Fmm

———— ———— ey

Figure 11. Randomly oriented fibrous aragonite crystalline texture



Figure 12. Bladed aragonite crystalline texture
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Figure 13. Etched surface texture



Figure 14. Formation of aragonite (A) after calcite (C).



Table 2. The EDAX data for calcite crystals
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Table 3. The EDAX data for aragonite crystals
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A BAEFEY AAhTFHESR FE -5-+5%(VPDB)] H$ ol A
Bolw, A+ 1.17%(VPDB)Y #& ztedh wald A g9 3E9) Adx #
-5~+5%,(VPDB)®] ®¢jolA Wssta, ofgtivtolE (A ©AEF A |
T2 wEA A SEFEY AAFHYL #FY HARY FL -3~+4%(VPDB) 9
A Wt Aoz EAFHAY. ZAAAF1~10ecm)AA = F2 +4~+6%(VPDB)<
2 L2 oA W3, F832023~27cm)ldE -5~0%(VPDB)S HA= *e 3
oA W3zteln, sHE(28~30cm) A E 0~+1.5% (VPDB)Y WHAR |5 AAEAL
T vk ghol A W 3kekoh(Fig. 15, Table 4).
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L oo bbb
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==

4. A SAEBESY ST AdSs A

A

A BAEFEY FAFAAE FE +05-55%(VPDB)Y WA ®EstE AR
Bolw, Wi 265%(VPDB)9 #< zteth LA oigtuvoele A4 BAERES

gasdds S 77z +1~+4%(VPDB), +0.5~+5.5 % (VPDB)2 ®9idlA Wast= A
o2 EHHAY. gLsddLas Ao das 2 w4 olgtayol BT A H]
523 HYolA WEela, = ALEAALET F& WY ¥E3ig. olgtuyolE A
A BAAFE A SAAFAA 2 HHESTE A Aidte AL BAF
ARk, e A gddFEe] B9 AT Ado] YA & dt(Fig. 15, Table 4).



6.00 Red point: Aragonite
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Figure 15. Scatter diagram of oxygen vs. carbon isotope values for the authigenic

carbonates in this study. Red points = aragonite, blue points = calcite.



SAMPLE ID | Composition | Core depth &'°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/HEO/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/HEO/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 3.03
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 4-5cm 3.36 3.69
10-3/HEO/K460 calcite 4-5cm 4.92 3.05
11-2/HEO/K460 calcite 4-5cm 0.36 3.53
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/HEOQ/K460 aragonite 28-29cm 1.28 0.64
13-3/HEO/K460 aragonite 28-29cm 1.05 0.59

Table 4. Stable isotope (SBC, 5%0) compositions compositions of

authigenic carbonates
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Figure 17. Stable isotope ranges of various types of concretions in the Pohang
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= Methanogenic zone for dolomite (After Woo and Khim, 2005). Note that the
stable isotope compositions of the authigenic carbonates in this study are within

the range of methanogenic zone.
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