Specific molecular organic compounds
(biomarkers) for restoration of

Paleoceanography in western Arctic Sea
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Summary

[ . Title

Specific molecular organic compounds (biomarkers) for restoration of
Paleoceanography in western Arctic Sea

II. Significance and Objectives of the Study

- To determine organic molecular bio—proxies to reconstruct
paleoenvironment.

— To reconstruct the paleotemperature changes and primary
productivity in the past Arctic Ocean.

. Scope and Content of the Study

- Analysis and interpretation of Proboscia diols and
alkenones in Arctic multi core sediments.

IV. Results and discussion of the Study

— |dentification of Changing Primary productivity for using
Proboscia diol index and 1,14-diol index.

— Average water temperature was increased during last 30
years, through the DI temperature.

- E. huxleyi seems to be introduced into the western Arctic
Ocean.

V.Suggestions for Applications
— In this study, analyzed 1,14-diols of proboscia, and 1,13-
and 1,15-diols in Eustigmatophytes can use in study area of
the index of paleoenvironment.
- UK’37 using alkenone from E£. hux/eyi, can be sued for
reconstruction of paleoenvironment in the western Arctic
Ocean.
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Fig 1. Molecular Structure of 1.14, 1.15 diols of C28, C30, C32.
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Fig 9. Core location map of the norther Chukchi Sea

Fraction2 1004£2] Ethly acetate® 22 $ GC-MSE ©]&3}9 diol compounds®]
A AN BAE AA g

2. Alkencne A ®}H

Azxd §F E2294HA A5 6 g9 HHES A5&WF27] (Automated Solvent
Extractor, ASE 200, Dionex)E ©]-&3t A ¥l F&3F 5 Z1zte] & 92 &
evaporator® &% AlZlth, F&5o] FF¥E total lipide AlOs chromatography
columng A}&3te] fraction 1 : n-hexane (Hydrocarbon), fraction 2
n-haxane/dichloromethane (1:1) mixture (aromatic and ketone) 7712 AAXEZ
a3} fraction 29 X3+¥ alkenone< bis(trimethylsilyDtrifluoroacetamide =
derivatization AlZ1t}. alkenone A& A3 ZA7IAE ALt 5% H gas
chromatography (Shimadzu GCMS)E &4 & 4334 ).



Extraction
DCM/MeCH (9:1)

ASE(Accelerated Solvent Extractor)
(DCM/MeOH, 9:1, 100°C, 1.5x10)

Remove H20
(Sodium Sulfate)

Sodium Sulfate column
(with DCM)

Separate extraction Activated by heating at least for 2 hours
(Al203 Column)

in an oven at 150°C

|Hexane/DCM (9:1) | | DCM/MeOH (1:1)

‘ Apolar Fraction

‘ Polar Fraction (Diol)

Silylate
25p0of Pyridine and BSTFA
Heating 20min,60°C

Cool down and add Ethly acetate 100uf
GC/MS analyze with SIM mode
m/z 299,313,327,341,355

Fig 10. Analytical procedure of diols

Sediment (7 ~ 10g)

Extraction ||
DCM/MeQH(99:1, viv)

Internal standard : 5a-cholestane for n-alkane
2-nonadecanone for alkenone
Lipids were extracted using automated solvent extractor (ASE)

The extracted were fractionated into two parts using
— column chromatography with 16g pre-combusted (6h at 500°C)

Al203 column
chromatography A203 deactivated with 5wi% H20.
| fraction 1 | | fraction 2 |

hexane/DCM (9:1)

hexane/DCM (1:1)

| 80ul of BSTFA was added and

| Hydrocarbon

| | aromatics and ketones li the tube were then sealed and

placed in a desiccator overnight.

The dry extracts were diluted
with 150ul of DCM

GC-MS analysis

Fig 11. Analytical procedure of Alkenones
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Table. 1. The data of Pb 210 for each sediment depth and calculated year
based on Pb 210
Station 5t—03 St-21
Depth Pb210 A o Pb210 d o
(cm) (mBa/g) (yr.B.P) (mBa/g) (yr.B.P)
0-2 72 0 121 0
2 -4 59 4.44 34 28.31
4-6 56 5.60 34 28.31
6 -8 40 13.11 38 25.83
8 - 10 32 18.08 34 28.31
10 - 12 33 17.40 34 28.31
12 - 14 32 18.08 37 26.42
14 - 16 28 21.06 33 2897
16 - 18 24 2450
18 - 20 24 24.50
20 - 22 % 23.59
22 - 24
24 - 26
26 - 28




Depth {cm)

Fig

St- 03 St-21
051013 20 25 30 0 5 101520 5 3

20

12. Calculated year(B.P.) for using Pb—210.



2. 55 3o FHHEY diols 5F

Fig. 132 GC-MSE %3 #4349 C28%H C3271A]¢] unsaturated =+ saturated
" 1,12-, 1,13-, 1,14-, 1,15-diol®] I ZEES YEeEINY Z} 3329 intensityol T3
Rampen et al. (2009, 2011)& ©] &3} diol indexE<S AAFsIE ). (Table 2, 3, 4)

e _ (C301,14)
Probosciadiolindex = (ME301,14+ HME281, 14)

1.14 — Diolindex = (281,14 + C301,14)

(C28:11,14+ C281,14+ C30:11,14+ C301, 14)
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Fig 13. Partial capillary gas chromatograms showing the distribution of

long—chain diols.

a - (C28 1,14 unsaturated diol (C28:1 1,14)
b - (C28 1,14 saturated diol (C28 1,14 )
- (28 1,13 saturated diol (C28 1,13)

d - C28 1,12 unsaturated diol (C28:1 1,12)

e - C28 1,12 saturated diol (C28 1,12)

f - C30 1,15 saturated diol (C28 1,15)
g - C30 1,14 unsaturated diol (C30:1 1,14)
h - C30 1,14 saturated diol (C30 1,14 )
i - C30 1,13 saturated diol (C30 1,13)

j - (€32 1,15 saturated diol (C32 1,15)



Table. 2. Calculated diol index at St—03

Depth yrBP. ' PD 1,.14—diol 1,13 ' 1,15 | | DI DIT
index index -upwelling -upwelling index
St-03

0 0 0.62 091 0.73 0.94 0.15 2.70
2 444 0.68 0.85 0.71 0.92 0.17 211
4 5.60 0.67 0.88 0.71 0.92 0.17 2.20
6 1311 0.65 0.88 0.71 0.93 0.16 1.80
8 18.08 0.67 0.85 0.67 0.91 0.16 1.94
10 1740 0.64 0.87 0.71 0.92 0.17 2.13
12 18.08 0.65 0.87 0.72 0.92 0.18 2.34
14 21.06 0.67 0.89 0.69 0.92 0.17 2.05
16 2450 068 0.90 0.70 091 0.19 2.76
18 2450 0.71 091 0.69 0.91 0.19 2.86
20 2359 0.68 091 0.70 0.92 0.18 2.39
Max 0.71 091 0.73 0.94 0.19 2.86
MlIn 0.62 0.85 0.67 091 0.15 1.52
Mean 0.66 0.88 0.71 0.92 0.17 2.23

Table. 3. Calculated diol index at St—05, St—13



PD 1,14-diol 1,13 1,15 DI

Depth yxBP. index index -upwelling -upwelling index DIt
St-05

0 - 0.25 0.80 0.56 0.92 0.10 1.01

2 - 0.52 0.74 0.36 0.89 0.06 0.66

4 - 0.48 0.75 0.39 0.87 0.09 0.87

6 - 0.36 0.70 0.48 0.84 0.15 1.52

8 - 0.64 0.85 0.34 0.85 0.08 0.86

10 - 0.67 0.85 0.33 0.95 0.02 0.24
12 - - - - - - -

14 - 0.55 0.72 0.36 0.83 0.11 1.08

16 - 0.66 0.70 0.32 0.85 0.08 0.79
18 - - - - - - -
20 - - - - - - -

22 - 0.60 0.80 0.34 0.90 0.05 0.52

24 - 0.79 0.78 0.26 0.85 0.06 0.58

Max 0.79 0.85 0.56 0.95 0.11 1.08

Min 0.25 0.70 0.26 0.83 0.02 0.24

Mean 0.55 0.77 0.37 0.88 0.08 0.81

St-13

0 0 0.73 0.59 0.33 0.77 0.13 131

2 7.95 0.54 0.55 0.38 0.71 0.20 2.01

4 9.04 0.63 0.49 0.36 0.70 0.19 1.96

6 9.61 0.69 0.4 0.31 0.76 0.13 1.28

8 5.45 0.63 0.58 0.34 0.76 0.14 1.42

10 7.95 0.57 0.47 0.41 0.70 0.23 2.32

12 10.78 0.82 1.00 0.25 0.86 0.05 0.51

14 0.37 0.18 0.76 0.63 0.90 0.15 157

16 0.37 0.70 0.64 0.32 0.81 0.10 1.05

Max 0.82 1.00 0.63 0.90 0.23 2.32

Min 0.18 0.47 0.25 0.71 0.05 0.51

Mean 0.61 0.62 0.37 0.77 0.15 1.49

Table. 4. Calculated diol index at St—21, St—27



PD 1,14-diol 1,13 1,15 DI

Depth - yrB.P. index index -upwelling -upwelling  index DIt
St-21
0 - 0.72 0.72 0.30 0.87 0.06 0.64
2 - 0.71 0.71 0.30 0.85 0.07 0.73
4 - 0.77 0.72 0.28 0.85 0.06 0.65
6 - 0.52 0.45 0.43 0.68 0.26 2.62
8 - 0.50 0.52 0.21 0.71 0.10 1.00
10 - 0.80 0.77 0.29 0.88 0.05 0.55
12 - 0.75 0.72 0.30 0.86 0.06 0.64
14 - 0.44 0.49 0.20 1.00 0.00 0.00
Max 0.80 0.77 0.43 0.68 0.26 2.62
Min 0.50 0.45 0.21 1.00 0.00 0.00
Mean 0.65 0.64 0.29 0.84 0.08 0.86
St-27
0 - 0.29 0.83 0.48 0.90 0.09 0.93
2 - 0.35 0.77 0.45 0.86 0.11 1.17
4 - 0.14 0.71 0.40 0.85 0.11 1.09
6 - 0.30 0.74 0.46 0.87 0.11 1.17
8 - 0.55 0.73 0.33 0.87 0.07 0.69
10 - 0.35 0.75 0.43 0.85 0.12 1.19
12 - 0.38 0.75 0.45 0.86 0.12 1.25
14 - 0.63 0.46 0.33 0.67 0.19 1.96
16 - 0.60 0.45 0.18 0.63 0.12 1.17
18 - - - - - - -
20 - 0.88 0.67 0.27 0.80 0.08 0.86
22 - - - - - - -
24 - 0.78 0.62 0.29 0.78 0.10 1.03
26 - - - - - - -
Max 0.88 0.45 0.18 0.63 0.08 0.86
Min 0.14 0.83 0.48 0.90 0.19 1.96
Mean 0.48 0.68 0.37 0.81 0.11 1.14

Diol index & 713 H&o 2 &# % PD index$ ¥ 9| Proboscia diatom ©]9] ¢



Dyctiochophyceae® Apedinellad) A= 1,14-diols®] A RTE A+ AHRe A4
B H 1,14-diol indexE depthel] wa} ¥ BA F dlojg 7} Zdo|HE H|3F
FdE& Boli 9oyt 1,14-diol index7} U1 W3 W E Holx A& 2

t} (Figl4, 15). St-03, 05, 273 St-13, 21°] A& B3 A4S Bol= AS &9
g o Aok SEAIFE St-03, 05, 27 FAojollA T F Yxo] HAE ZHolrt 2o
el wtA PD index®t 1,14-diol index®] gkol A& F7tete & A & +
AT ol Zol7t Ao wat 1, 14diol®] Fol BolF & Yudtar o]=HA o] A
719l Proboscia®} Apendinella®] o] BtheE AES st Ao EZH o] A]7]9
AL O] S gt AlgsE & Y
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Fig 14. The index of Proboscia diol.
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Fig 15. The index of 1,14—diols index.

9= Eustigmatophyteoll /] AA =+ 1,13-, 1,15-diolsE& ] &%
E 94 1,15 upwelling index® XM, Rampen et al. (2011)¢] A 23}
Zo] 09 o] #ES Hole AL &2AdF 4 v}l Rampen et al.o] A3



2 2 A3} 22 Chukchi Sea ¥°] o}d Greenland, Barents Sea, Norwegian

Sea FO AW T do BF BIse] dFL B FW Ao §AY AR
e Aoz AzdY.

St-03 St-05 ST-13 5t-21 St-27
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] e —

E ]

Fig 16. The upwelling index of 1,14 diols and 1,15 diols.

IMOGAI A Rampen(2011)9] ATFZA A9} 22 wHo=x (C28 1,13-diol, C30
1,13-diol, C30 1,15-diol& ©]&3}l Diol Index TemperatureE AAH3At+ (Fig.
16). 2= Ao=vt g B oA AFIE AT FASHA Holst HoAS
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Fig 17. Calculated temperature for using DI index.

St - 039 Di temperatureE ¥ &3 HWEAQl indexo] #EC] HFHozE T»E
AAE H& HE 22 #E veEhe A& St - 039 AL Bering Straigts
T HEYSZREH F¢ @ FHY JFE AR E FHFEL olEHT F29]
O @2 E5AFH Aldgel At dlFy HEE 79 JFS o Bo| 7]
i Zolet AR E T
w3 Pb-210& F3 HAUS depthd HAAI7I9 vlus] B%s W St - 03 BA
576d /\}°]°ﬂ 05CAHES F2o] F73le AL FAFLEZHN AT &
2 29 WEE g 4 gy v St - 212 Zolo] wE EHAA
7} 1= AF Aol DI temperature® 3 S Al F depthE A3 i
AbetAl U2 A A ES £ 0] dojuts Aolgta At E T

3. 52 o] EAHEL alkanones &



X3 H4E9 7t~ AZvtEIHFE 2W alkenones¥ alkenoates’t 4% 7
¢S B 4 Y. C37 compounds= C374 ¢ dWE AE (methyl ketone
(C37:4Me)), C37:3Me, C37:2Mel.2 FAEHol 93 C38 compoundst= C38:3Me,
C38:2Me¥ #2 (C38:3Et, C38:2EtS AE 33},

o i ———

60.0

Fig 18. Partial capillary gas chromatograms showing the
distribution of long-chain lipids (alkenones and alkenoates).

a — 37:4Me heptatriaconta-8E,15E,22E, 29E-tetraen—2-one
b - 37:3Me heptatriaconta-8E,15E,22E-trien-2-one

¢ — 37:2Me heptatriaconta-15E,22E-dien-2-one

d - 383Et octatriaconta-9E,16E,23E-trien—-3-one

e - 38:3Me octatriaconta-9E,16E,23E—-trien—-2-one

f - 38:2Et octatriaconta—16E,23E—-dien—-3-one

g — 38:Me octatriaconta—16E,23E—-dien-2-one

alkyl akenoates :

I - 36:20Me  methyl hexatriaconta-14E,21E-dienoate



Alkenone SST(Sea Surface Temperature)s UX3=Caro/(Cara+Cars)el Bl &3}
UX5,=0.034T+0.0392) calibration equationol] 28} AAt=t} (Prahl et al 1988).

St 03 St St

.\T
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e (gim)
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|
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e

Fig 19. The concentration (ug/g) of 37:2, 37:3 and 37:2 + 37:3 alkenone from the
core sediments in the northern Chukchi Sea.

2 7HF & dLE9 7192 Bering Straitg E3 F¢=HE A
olty. IEl L FX = HFFeolA BarEo] 7HF F s Hol A
alkenone %9 SST(Sea Surface Temperature)®] A#AAANA HH 1
Z 2 4 gt} alkenone FEolA 2 & HEAL HAAHHAE HelA e
B3 34 183 haptophyte algeal] 23 AAA I o] 3t} alkenone?)
=24 L alkenone AR 03 &% I EE JIg9HF 2L IAFXAHN 9
A e wkgo 94 Fo 9 AAFHAXT (Graimalt et al 2000).

St - 03, St - 219} St - 13949 Csx(C37:2+C37:3)2] A A alkenone TE=E5 ¥l
stH, alkenoned HW F=+ EFAA UeUHE A& AT & U (St - 03
and St - 21). wtA] St - 13914 alkenone H %< FHUge 12-14cm Z o]l A
BAHHY.  Alkenone< haptophytes microalgaeol Al A= 7] W& alkenone®]
=7 HoiQl ZHolt o] & £ Aol HUE dojd A7l B & UTh
A %ol A coccolithophorid algea®l E. huxleyi ¢} Gephyrocapsa oceanica®l
T Z9 93 alkenonee] BAETH=E AL olv] FHEA &#HA QT (Volkman et
al 1995). X3} HHEZHE FE29 EX3} ketones? FE£Y ©3}549 7tz

o off o o



ZotEa YA &<lH+= alkenone E=FA 2 alkenones XA SlE Gephyrocapsa
oceanicar= 12°C ©]3}9 A7} FH oAM= TSR &7 W&o Ehuxieyiol <
3 AAdHEJAGT AFE 5 Qv (Okada and Mclntyre 1979).

B o F99 "G JYEL 24879 JFgS AFPFoR w3y gloH
(Artic Science Workshop Steering committee, 1990), 5= & Y1 Y= H3=
718 Z79 indicator2 ARt} (Chapman and Walsh 1993). & B3+ o

719 &% A5 gE9 e 93 Candian 322 F%F F719} CAA(Canadian
Arctic Archipelago) 3@l A 9] ice freeZ T3 &3 FolETEloA 9 E+F<Y
F d FFd F ¥t doun JdeE& ¢ F Yth(Canadian Ice Service;
httn://ice—oaces ec oc.ca )

st olf+ Wal AFAY 94&S st=dl, Wt APAHY 40%%te] di7]e €
fluxell gvtE HZ A7) WE2W S €9 AEH EBe 5449 E fluxd
7kl o #AFY fluxd FLAE FAFE F AP (Rigor and Wallace 2004,
Francis et al 2005, Shimada et al 2006, Maslowski et al 2006).

Z A oA F=EXE= Bering Strait?®} Beaufort Gyre$®} Transpolar Drift Stream
o guS W=t A 8kme Z3 50me Z oS ZE Bering Straite E33 =
9 #-d93% E 20|t} (Woodgate et al 2006). H] = Bering Strait® %< (0.8Sv
o| AWk, FFFe]l FTHT FHE EAINE T HI 139 I¥EE TFF
t}.(Roach et al 1995), (Walsh et al 1989, Woodgate et al 2005a, Woodgate and
Aagaard 2005). Beaufort Gyre®} Transpolar Drift Stream< North poleZ%H A
ARFor s £F ;7o uddd 93l &2 ol= ice cover: EEdE 9
< %o
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Fig 20. Calculated temperature by UK’37 from the
core sediments from Chukchi Sea.

St-039] HAHEAA C377% C389 alkenoned alkenoatesS ©]-83te] alkenone

SSTE AALe Azolt} (Fig 20). 7| 2H oz AHEZE & EXE  North Poleol
X A& Beaufort Gyre®t Transpolar Drift Streamol] ¢]3F W 3le] o] o] Autd
g3 A JFES w3 YE Aol &EA Joy B AT MY St - 03449

alkenone SSTE 1914 1.7CA}lololA WHEsE=d ol X3 ZHI FH St
- 039 Bering Straitg 3 FHdE I &2 FAZE QA3 XA ZFo] Folxl A
Hgtxr E & Yo AAE St - 039 alkenone SST+ Canadian lake<}
Greenland lake sediment®] 2 % F3 FA8IY (Toney et al 2011, Andrea
et al 2005).



A 48 A7 =82 Edx & H2A7HE

E Ao A= Proboscia diatom¥} Apendinella dyctiochophyceaeo]l 4] &5-3F diol
2 d& PD, 1,14-diol index® 7 %% o}yl Eustigmatophyteol A XA FH+=
1,13-, 1,15-diol& ©]&3}9 DI indexE T3l oS &83}9 DI temperatured =&
QAR AFeArt T3 E huxleyi2HE AAEHE alkenoned AL E3)
coccolithophorid®] A4+FS F=4HE 4 93, T3 alkenone} alkenoateZ ©] &3}t
o alkenone SSTE ZA Y &

A AARCRZ HId £4 78 2 &8 7tsAe] &85 7Ha e dioll df
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A b5 & A+ 219 237

ol

A+ FAE B AN EF LY HAE AE tHE Probosciad]
1,14-diols ¥ Eustigmatophytes®] 1,13-, 1,15-diols®] #2433 PD index® £<%7
T 2 35 ANEEANY &8 7M5AEE AFHHem, alkenone TAZAIAE o] &
3t E. huxleyi 9xA3AF 4 2 alkenone SSTE A4S Fx=2 Al: 39t ¢
g B ATE FAZCE AEH FFEolgdta #  3lon, B AFE F3 49
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2#F Aoz e



N 6&

1l

rar

Lo =2

Brassell, S. G., Eglinton, G., Malowe, 1. T., Pflaumann, U., & Sarnthein,
M. 1986. Molecular stratigraphy: a new tool for climate
assessment. Nature, 320, 129—-133.

Brown, J.W., Sorhannus, U., 2010. A molecular genetic timescale for the
diversification of autotrophic stramenopiles (Ochrophyta):
substantive underestimation of putative fossil ages. PLoS
ONE 5, e12759.

Conte, M.H., Thompson, A., Lesley, D., Harris, R.P., 1998. Genetic and
physiological influences on the alkenone/alkenoate versus growth
temperature relationship in Emiliania huxleyi and Gephyrocapsa

oceanica. Geochimica et Cosmochimica Acta 62, 51-8.

Francis, J. A., E. Hunter, J. R. Key, and X. Wang (2005), Clues to variability
in Arctic minimum sea ice extent, Geophys. Res. Lett., 32,
21501, doi:10.1029/2005GL024376.

Jaime L. Toney., Peter R. Leavitt.,, Yongsong Huang. Alkenones are common
n prairie lakes of interior Canada. Organic Geochemistry 42
2011) 707-712.

Koning, E., Van Iperen, J.M., Van Raaphorst, W., Helder, W., Brummer,
G.—J.A., Van Weering, T.C.E., 2001. Selective preservation of
upwelling—indicating diatoms in sediments off Somalia, NW Indian
Ocean. Deep—Sea Res. I 48, 2473-2495.

Lawrence, D.M., A.G. Slater, R.A. Tomas, M.M. Holland, and C. Deser. 2008.
Accelerated Arctic land warming and permafrost degradation
during rapid sea ice loss. Geophysical Research Letters 35
Rampen, S.W., Schouten, S., Wakeham, S.G., Sinninghe Damste, J.S., 2007.

Seasonal and spatial variationin the sources andfluxes of



longchaindiols andmid—chainhydroxy methyl alkanoates in the
Arabian Sea. Organic Geochemistry 38, 165-179.

Maslowski, W., Clement J.K., Walczowski,J.S., Dixon,J., Jakacki., and
McNamara, T.P (2006), Oceanic Forcing of Arctic Sea Ice at

Gateways and Margins of Pacific and Atlantic Water inflow, EOS
Trans., AGU,87 (36), Ocean Sci Meet.

Prahl, F.G., Wakeham, S.G., 1987. Calibration of unsaturation patterns in
long—chain ketone compositions for palaeotemperature
assessment. Nature 330, 367-369.

Rampen, S.W., Schouten, S., Koning, E., Brummer, G.—J.A., Sinninghe
Damste, J.S., 2008. A 90 kyr upwelling record from the
northwestern Indian Ocean using a novel long—chain diol index.
Earth and Planetary Science Letters 276, 207-13.

Rampen, S.W., Stefan Schouten, Enno Scheful3, Jaap S. Sinninghe Damste,
2009. Impact of temperature on long chain diol and mid—chain
hydroxy methyl alkanoate composition in Proboscia diatoms:
Results from culture and field studies. Organic Geochemistry 40,
1124-131.

Rampen, S.W., Sebastiaan W. Rampen T, Stefan Schouten, Jaap S.
Sinninghe Damste. 2011 Occurrence of long chain 1,14—diols in

Apedinella radians. Organic geochmestry.

Rigor, I. G., and J. M. Wallace (2004), Variations in the age of Arctic
sea—ice and summer sea—ice extent, Geophys. Res. Lett., 31,
09401—-09401, doi:10.1029/2004G1L019492.

Roach, A. T., K. Aagaard, C. H. Pease, S. A. Salo, T. Weingartner, V.
Pavlov, and M. Kulakov (1995), Direct measurements of transport
and water properties through the Bering Strait, J. Geophys. Res.,

100, 18443—18457.

Shimada, K., T. Kamoshida, M. Itoh, S. Nishino, E. Carmack, F.



McLaughlin, S. Zimmermann, and A. Proshutinsky (2006), Pacific
Ocean inflow: Influence on catastrophic reduction of sea ice
cover in the Arctic Ocean, Geophys. Res. Lett., 33, L08605,
d0i:10.1029/2005GL025624.

Sinninghe Damste, J.S., Rampen, S., Rijpstra, W.I.C., Abbas, B., Muyzer, G.,
Schouten, S., 2003. A diatomaceous origin for long—chain diols
and mid—chain hydroxy methyl alkanoates widely occurring in
quaternary marine sediments: indicators for high nutrient
conditions. Geochimica et Cosmochimica Acta 67, 1339-1348.

Versteegh, G.J.M., Bosch, H.J., de Leeuw, J.W., 1997. Potential
palaeoenvironmental information of C24 to C36 mid—chain diols,
keto—ols and mid—chain hydroxy fatty acids; a critical review.

Organic Geochemistry 27, 1-13.

Volkman, J.K., Barrett, S.M., Blackburn, S.I., Sikes, E.L., 1995. Alkenones in
Gephyrocapsa oceanica: implications for studies of paleoclimate.
Geochimica et Cosmochimica Acta 59, 513-.520.

William J. D Andrea, Yongsong Huang, Long chain alkenones in Greenland
lake sediments: Low d13C values and exceptional abundance.
Organic Geochemistry 36 (2005)

Willmott, V., Rampen, S.W., Sinninghe Damsté, J.S., Schouten, S. 2008.
Application of novel geochemical proxies to estimate sea ice
cover and sea surface temperatures. XXX SCAR TASC Meeting, St
Petersburg.

Willmott, V., Rampen, S.W., E. Domack, M. Canals, J.S. Sinninghe Damsté,
and Schouten, S. 2010. Holocene changes in Proboscia diatom
productivity in shelf waters of the north—western Antarctic
Peninsula. Antarctic Science 22(1), 3-0

Woodgate, R. A., and K. Aagaard (2005), Revising the Bering Strait
freshwater flux into the Arctic Ocean, Geophys. Res. Lett., 32,



L02602, doi:10.1029/2004GL021747.

Woodgate, R. A., K. Aagaard, J. H. Swift, K. K. Falkner, and W. M. Smethie
(2005a), Pacific ventilation of the Arctic Ocean's lower halocline
by upwelling and diapycnal mixing over the continental margin,
Geophys. Res. Lett., 32, L18609, doi:10.1029/2005GL023999. 1234~
1241



