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Introduction: The Arctic Ocean is an unique area of environmental conditions because of its ice cover, limited water exchange Samples and Methods: A set of surface samples and two sediment cores (PS2458, PS 2725), obtained during the Transdrift |
with the surrounding oceans, the dominance of marginal seas and the influence of large river discharge. Although known as an Expedition (Kassens and Karpiy, 1994), the RV “Polarstern“ Expeditions ARK-1X/4 (FUtterer’ 1994) and ARK-XI/1 (Rachor
area of low primary product|V|ty, recent calculations on the organic carbon budget of the Arctic Ocean indicate its importance for 1997), were investigated. The locations of the samples are given in Fig. 1. ’ ’
the global organic carbon cycle (Macdonald et al., 1998; Anderson et al., 1998, Stein and Fahl, 1998). From a compository point Kerogen isolates, admixed with an internal standard where weighted directly into small quartz tubes. The quartz tubes where
of view, bulk parameters and biomarker studies c_IearIy revealed that most of the organic carbon_ buried in the sediments of the then inserted into the platinum coil of the pyrolysator head (CDS 2000 Pyroprobe). Sample pyrolysates effluenting with the
Arctic Ocean and its marginal seas Is of terrestrial origin (Stein et al., 1994; Schubert and Stein, 1997; Fahl and Stein 1997, carrier gas (He) were directly refocused on the capillary column at -20°C by a nitrogen-cooled kryofocussing unit prior to GC
1998, Knies and Stein, 1998). By far the greatest part of sedimentary organic matter (>95% by weight, Durand and Nicaise, separation. Identification of the pyrolysis products was based on their mass spectras compared to synthetic references and
1980) Is represented by kerogens. The high molecular weight and the polymeric nature of the kerogens excludes a chemical literature data. Quantification of compounds was done by integrating peak areas of appropriate ion chromatograms selected for
characterization by ,classical® methods, e.g. gaschromatography and gaschromatography-mass spectrometry. Despite its the most prominent compound classes. Product distributions on this poster are presented relative to the sum of identified
quantitative importance, reports on the chemical composition from a molecular point of view and thus information on the sources compounds or normalized to the most abundant component of the respective compound class.
of macromolecular organic constituents are scarce for the Arctic environment. In this study, we report on the macromolecular
inventory of organic compounds as revealed by pyrolysis-gaschromatography/mass spectrometry (Py-GC/MS) on kerogen
isolates from the Laptev Sea and the adjacent continental slope area. Surface sediments as well as core samples (PS 2458,

PS2725) have been analyzed. Furthermore, the carbon isotopic composition and C/N ratios of the sedimentary organic matter in
core PS2725 were used to characterize the origin of the organic carbon.
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Table 1 summarizes the compound classes identified in the pyrolysis products and indi- IK3313 N A@ 16 - 1K9313
cates the carbon atom number range and the range of relative abundance in which these 0
compounds have been observed in the investigated samples. A short overview of Lena 32 - 1K9356
possible sources for the most prominent compounds is given below. q ‘
_ ~ f FJ = 37 - 1K9373
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The dominant species identified in most kerogen pyrolysates are n-alkenes and n- \‘R\S 0'77 ® IK9356 csj 2390 PS2469
alkanes , which thus are ubiquitous constituents of kerogens. However, the carbon atom 7000 S2459 3048 | ps2471
number distribution of these aliphatic hydrocarbons as well as the alkene/alkane ratio
seem to reflect the organic matter type. Terrestrial (higher plant) derived kerogens are Q@ n-alkenes +n-alkanes phenolic compounds fatty acids n-alkyInitriles
knogvn tot produceb malnlé/: oddhdomlnatked alkaneds <_3\ndCI efven-doml_nated alkenes v_vr?g ,190 oP L y
caroon atom numpers >C20 whereas Kerogens derive rom marine organisms yie ; - DNictri : ; ; ; :
mainly aliphatic hydrocarboncs below Cz2o (\(}Jan de Meent et al., 1980). n-,%\lkan—z-oxr/]es & S2469 0 E)Igthglveaﬁg;%uet;)?ﬁ of selected pyrolysis products in surface sediments ordered according
and n-aIkyInitdriIes_ ar_? refpolrted to ocglur_prgf?renti:t:\)lI){hinf pyrr(]JIys{':\tes 001; kerogens that ,bQQ
elle Colmposistt) [alrlmkelilhy o1 el (el RISl 1Ol UL, VISSIIE elnle] el Nilleos The carbon atom number distribution of the fatty acids (data not given here) shows
algae (Largeau et al., 1986; Derenne et al., 1991; Gelin, 1996). Although n-alkylnitriles ; -
migght (be fgormed via secondary reactions of fatty acids with)ammoni%\ upon yheating g M that they most probably are related to marine autochthonous sources, as even-
(Evans et al., 1985), for the samples investigated such an origin is less likely, as the rela- O PS24 2 numbered homologues in the carbon atom number range from Ci2 to Cis
tive amounts of nitriles and fatty acids as well as their carbon atom number distributions % Ky \ﬁ\ predominate. , , , _
differ within the samples. Peulvé et al. (1996) reported on the occurrence of alkylnitriles aia,, Varying proportions of marine vs. terrigenous organic matter preserved in the
in pyrolysates of suspended and sedimentary organic matter in the Lena delta and also O 9a kerogens can also be observed with respect to the carbon atom number distribution of
ascribed them to autochthonous (algal) sources. Fatty acids in pyrolysates are usually 2 the hydrocarbons (Fig. 4a), representing the most abundant fraction of pyrolysis
observed with a strong predominance of even-numbered straight chain compounds with O o products. Whereas the aliphatic hydrocarbon moieties derived from surface kerogens
mgwg\l/% ro?gtlgls,agé}é ;[:lec:rrr?i?]tgt?aldagg (r:narlng glagasc'i (gliafg}nlzogﬁﬂlggk;?g 3§r?siggfé§r'% S 2 » Taimyr of PS2725 are dominated by compounds <Czo, the contrary is found for sample
Howewer, | f Aan, 18 18°€0 D 4 Peninsula 1K9313, showing a strong predominance of odd numbered homologues >Czo. This
indicate autochthonous input of microalgae-derived organic matter (e.g. Taylor et al., a J C Y ’ . . : . : ;
1984) and their preservatitl)on in algaenang has been shogvvn (Derenne_(et gal., 1391; Gelin, f. surface sediments f? Lndlcates afr?l?égféy enhancec(lj prcl):)psi)g[;%r&]3 0_1;_ tefrresr;[rlal (Izlerl\_/ed r(])rganlls: maEer in the
1996). Contrary, even dominated, long chain (C24-C30) fatty acids are related to | i e erogens o compared to . To further classify the surface kerogens,
terrigenous inputs and considered to be derived from the epicuticular waxes of higher e i the ratios of Ci0-C20/C21-Cs1 hydrocarbons and the CPI, which is a measure of the
plants. Phenols , including their C1- to C3-methylated homologues in kerogen pyrolysates Stale:) 1:6380747 at Latitude 90° 3 relative abundance of odd-numbered homologues in the >C20 carbon atom number
can be related to manifold sources, e.g. proteins, seed-coats of higher plants, modified — : - . | range, where calculated (Fig 4b). This plot reveals that the hydrocarbon compositions
lignin (Peulve et al., 1996, and ref. therein) and spore walls from angiosperms and A, 4 OIS O i IYEsiigrlee Sa il e of PS2725 and PS2450 are different from the other surface samples and seems to be
gymnosperms (van Bergen et al., 1993). Usually, phenolic compounds in kerogen controlled by the sample position. Thus, samples receiving their terrestrial proportion
piltelysaies Bl sl ovel 1o el el 1o ieiemlel] Geret meisrsl of organic matter from discharge of the same rivers (Lena, Khatanga) plot in a narrow
range. The terrestrial proportion in the kerogen of PS2725, although less abundant,
) . DISTRIBUTION OF PYROLYSIS PRODUCTS IN SURFACE SEDIMENTS
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The composition and distribution of compounds identified in the pyrolysates of surface sediments @)100 7 (b
IK9373 I from the Laptev Sea and its adjacent areas is shown in Fig. 2 - Fig. 4. The by far most abundant PS279E
W n-alkenes + n-alkanes pyrolysis products are n-alkenes + n-alkanes which, together with fatty acids, account for over 50% 80 > ®PS2725
IK9356 I of the components in all of the investigated surface samples (Fig. 2). Phenolic compounds and n- o ]
[ fatty acids alkylnitriles account for an additional ca. 20% of the pyrolysis products, whereas the remaining &
IK9313 Il proportion of the pyrolysis products are made up by minor amounts of n-alkan-2-ones, n- 40 Tk
W phenolic compounds alkylbenzenes, napthalenes (including methylnapthalenes) and furanes. Concerning the variations g
PS2725 l in the relativ proportions of the most abundant compound classes, significant differences are 9 AT
W n-alkylnitriles observed for the analyzed set of surface samples. In Fig. 3, the relative abundances of these o S
PS2471 I compound classes are shown in dependence of the water depth in which these sediments have 91011121314 151617 181920212223 24252627 28293031 o 3|
O n-alkylbenzenes been deposited. The water depth can be taken as a rough proxy for the distance of the sample 100 G | ekosvz ®PS2471
PS2469 ] location to the coast (cf. also Fig.1). It is well documented that most of the inorganic and organic go| 1K9313 S | ®iesss . 5S2450
O naphthalenes sedimentary matter on the Laptev Sea continental shelf is terrestrial in origin and supplied by the ® orsraso °
PoZEs T Lena river (Stein et al., 1996). Thus, it should be expected that shallow water/near coastal samples 60 - PS2468®
@ n-alkan-2-ones receive an enhanced proportion of terrestrial derived pyrolysis products, even though this riverine . 1 i i i i i
FEZLRE L input also results in a high fluvial nutrient supply, possibly leading to an enhanced marine primary 1.4 RO o L Z
@ furanes production. However, regarding the relative amounts of phenolic compounds in the pyrolysates, a 20 S S
PS2450 HI systematic decrease with increasing water depth is obvious. Contemporary to the relative decrease [] n-alk-1-enes [index (8ray and Evans, 1961):
I I I I . of phenolic compounds an increase in the relative proportions of fatty acids as well as of n- D 1 1 e 15 1o 15 15 20 21 20 25 24 2= 26 27 25 25 2p 31 I n-alkanes (C21+C23+C25+C27+C29+Ca1)
L 0 50 100% ) alkylnitriles is clearly evident from Fig. 3. L carbon atoms (722 24T 20T 28 TR30T8) )
Fig. 2: Relative distribution of identified pyrolysis products in surface sediments of the Fig. 4: Variations of the internal distribution of  n-alkenes and n-alkanes (a) and
Laptev Sea and adjacent areas classification of the surface sediments based on the ratio of short to long chain hydro-
L carbons and the CPI (b)
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: : : : Core 2458-4 contains a sequence of sedi-
Combined informations derived from 013Corg-values, C/N- 12 S . ,
ratios and the composition of selected kerogens as ;nnedntrse pc;gggr?ttsmt%efr%@t tbleS %%rglrg:egta;rsslogg Lo . B et
revealed by Py-GC/MS where used to characterize the 7 (Spielhagen et al., 1996). The relative propor- 270 :[ @ phenolic compounds
organic matter preserved in core PS2725-5. This core, fions of compounds identified in the kerogen —_
located on the eastern outer Laptev Sea shelf, represents vsat P h in Fig. 7. As | gth E -
the last about 10 Cal ka (Stein and Fahl, 1998). pyrolysates are shown in Fg. 7.-AsS 1n the = 310 I B n-alkylnitriles
: : - : " surface samples, hydrocarbons comprise =
The sedimentary organic carbon isotopic composition “50% of the pvrolvsis products. followed b =
displays a high uniformity for most of the samples (Fig. 5), ~50% of heng%ilc c>(/)m gunds Contrary to thg g 350 _I: O n-alkylbenzenes
and the average of -25.4% indicates a terrestrial f oot p | | ﬁ’ Iati y ts of
dominated origin of the organic carbon for the majority of ?Lf[i ace_dsamp elac,,bongl towtr(ej a.ll\r’]e amounts o 390 - I O naphthalenes
the samples. This also becomes obvious in a cross-plot of Y atty acids could be detected. The variance in
- - - ® the macromolecular matter composition
carbon-isotope values vs. the C/N-ratios (Fig. 6). 5 o becomes obvious in the depth profiles of 600 I B n-alkan-2-ones
However, samples from the uppermost (recent) and o selected compound classes (Fig. 8) and
f’naaraglfgo?; <log U LD (Gl el Sty @ BTl I 1% @rgele o? reveals major fluctuations and changes in 700 I O furanes
position which, according to the C/N-ratios and ® relative abundance around 10 Gal ka BP
stable carbon isotopes, is related to an enhanced Prior to thig time. hi he? relative amounts of | | | | .
contribution of marine derived organic carbon. | fiiocabonciare prgserved i lhelkerogens e 0 20 40 60 80 100% )
Eé%%gvl(?f g]: tge SWEes Selmenn Eeysn OF EeE whereas from 10 Cal ka towards the youngest Fig. 7: Relative distribution of identified pyrolysis products in kerogens from core PS2458
. Fig. 4 and related discussion) also revealed a A sample, lower amounts are detected. The
g?grglnr}itlcnagréaégpscgﬂﬁ)cneofaspﬁglcﬁsrﬁe%ggufgtf g;%rpnaergirmg -28 ' -2'6 24 22 chain lengths distribution of the hydrocarbons (Fig. 9) also shows a major change around 10 Cal ka from a preference of long chain
high relative proportioﬁ of hydrocarbons <n-C20. A similar 513Cqrq [©/oo] compounds towards increasing amounts of n-alkenes and alkanes <C2o0. This indicates that the contribution of marine organisms in
distribution of hydrocarbons was detected in T oyroly- org L-oo the upper (0-350cm) core section is higher compared to the deeper part, which also is documented in the extractable biomarker
sates of the PS2725 kerogen sample from 450cm’ core \ J distribution, the maceral composition and by micropaleontological investigations (AGU-Poster Fahl et al., 1998). Thus, comparable to
depth. Fig. 6: Position of PS2725 core samples in a scatter plot of the situation found in the shelf core PS2725, increasing proportions of marine organic matter contemporary to the last major post-
d13Cqrg-values vs. C/N ratios. Values given for the Lena delta glacial sea level rise, are documented for the Laptev Sea continental slope. However, the relative amounts of the other compound
- N POM from Rachold and Hubberten, 1998. classes (e.g. phenolic compounds) indicate a more complicated situation for core PS2458, as they also show an increase in the upper
13 o core section. This might, at least partly, be explained by a contribution of phenolic compounds derived from other than terrestrial
. 6->Corg [%/oo] sources and therefore, further investigations are in progress.
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0 In contrast, the kerogen sample (150cm, see Figs. 5,6) ( rel. abundance [%] ) [ )
chosen to be representative for the “terrestrial“-dominated 40 60 0 4 3 6 0 10 1.4 29
part of core PS2725 revealed increased relative amounts 0 ! ! — 04— 1 1 | 1
of odd-dominated hydrocarbons >C20 upon pyrolysis.
100 g g 498§|aka Results obtained on the extractable biomarker L
( ) composition (see AGU-Poster Fahl et al., 1998; Fahl and
Stein, 1998) fully support the above findings. 200 - - 200 - i
= 873 ka With respect to the paleoenvironmental situation, the
c,200 (9.56 Cal ka) prominent terrestrial signal in core PS2725 started to :
= | establish around 10 Cal ka BP, documented by the transi- —_ 10 Cal ka =
o tion from carbon-13 enriched (-24%) sedimentary organic £ 400 - 2 S, 400 A i
3 matter towards lighter (-26%.) carbon isotopic values = <
300 (Fig.5). At this time, the postglacial sea-level rise flooded 2 - o
the shelf and contemporary, a distinct increase in coastal T ©
erosion and/or river discharge, well documented in 600 - - 600 - ¥
maximum sedimentation rates (cf. AGU-Poster Stein et al.,
400 « 1998) resulted in an enhanced accumulation of terrestrial r
© giggalaka) derived organic material. This period of increased
' terrestrial derived organic matter supply lasted about 2000 800 — . 800
years, and than the “modern® situation began to establish n-alkenes +15 henolic30 fatt 2 n-alkvl- . n-alkan- 2 N-C(10-20) CPI
500 and the terrestrial proportion of organic carbon decreased. R copmpounds acidys nitrilgs D e 2 N-C(21-31)
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Fig. 5: 913Cqrg Vvs. depth, core PS2725. Red dots indicate Fig. 8: Relative abundance of selected pyrolysis products from kerogens of core PS2458 Fig. 9: Molecular parameters for the carbon
kerogen samples analyzed by Py-GC/MS. atom number distribution of hydrocarbons
in pyrolysates of core PS2458
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