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SUMMARY 

Solvent extraction and distillation of Posidonomia shales from Dottemhausen 
formation (G.F.R.) delivered various hydrocarbon fractions which were analyzed by 
means of gass-liquid chromatograghy in combination with mass spectrometry. Main 
components founds were n-alkanes ranging from Cl,, to C, (maximum between C15 
and C,,). Isoprenoid compounds identified were 2,6,10-trimethyltridecane, 2,6,10,14- 
tetramethylpentadecane, 2,6,10-trimethylpentadecane and 2,6,10,14_tetramethylhex- 
adecane. Numerous cyclic low-molecular-weight hydrocarbons, mainly derivatives 
of cyclohexane, were present. Several alkylbenzene derivatives as well as alkylnaph- 
thalene derivatives were identified. In addition, thin-layer chromatography of extracts 
showed presence of anthracene, phenanthrene and pyrene. Results are discussed as 
regards to straining of sediments by temperature and pressure. 

INTRODUCTION 

Investigations were made of the contents and compositions of hydrocarbons 
in samples of Posidonomia Shales @as epsilon (Toarcien)] obtained from the Dot- 
ternhausen formation (G.F.R.). The impetus for this work was the observation that 
Dottemhausen oil shales contain relatively large amounts of low-molecular-weight 
hydrocarbons, and in this respect they differ from other sediments of the same 
geological age found at Reutlingen and Metzingen (G-F-R.). In general, the total 
organic matter content varies between 10% and 17% at the sites mentioned, as 
determined by combustion analysis I_ The aim of the investigation was to study the 
composition of different hydrocarbon fractions and to find a possible correlation 
between the contents and geological history of these sediments. 

EXP-NTAL 

Material was collected from freshly exposed surfaces revealed by explosives 
(performed at a local cement works for the production of oil shale cement). 
Samples were crushed to small chips with a hammer and ground to analytical grade 
by ball milling in water-cooled steel beakers. To obtain the organic material, solvent 
extraction was used, as this is the preferred method for obtaining low-mdecuhu- 
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weight compounds. A degreased;pre-extzxted Soxhlet apparahxs was used, and the 
don time was reduced to 48 and 72 h in order to minimize the thermal stmin 
0~ the matetia.k Longer extra&x2 times szdame the risk of resin formation in the 
oil shale extracts. The solvent used was dichEoromethane_ The extracts were evap- 
orated in a rotary :.vaporator under normal pressure to a final volume of about 2 ml. 
The solutions were analysed without further pre-fmctionation. 

In order to exducle ‘he possibility of contamination, the samples of oil 
shaks were d&i&d in vacua in a closed ah-g&s apparatus, which consisted of a 
250-d round-bottomed tiask containing about 50 g of material and connected to two 

wide-mouthed cooling traps. Reiatively mild conditions were chosen: the shales were 
heated for 5 h at 90” (ca_ 133 Pa) and the vapour was frozen out with liquid nitrogen. 
Subsequently, the distillate was washed out with 2 ml of dichIoromethane and used 
directly for analysis. 

Survey gas-liquid chromatographic (GLC) runs were performed with an 
HP 5830 A instrument. For GLC-mass spectrometric (MS) analysis an HP 5710 A 
gas chromatograph coupkd to an HP 5980 A mass spectrometer was used. 

__ 
RESULTS 

The extraction technique proved to be superior to distillation. Distillation gave 
the same qualitative analysis as extraction, but had the disadvantage of poor yiekls 
and a high water content of the distillates. Typical gas-liquid chromatograms of oil 
shale extracts are shown in Figs. 1 and 2. Dichloromethane proved to be the best 
solvent for the range of compounds studied, 

Four groups of hydrocxbon compounds were found in all stratifications of the 
Dottemhausen oil shales investigated: n-alkanes, isoprenoid hydrocarbons, cycIo- 
aIkanes and aromatic compounds. n-Ahcanes were identified according to their 
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Fig. 2. GLC of Dottemhausen oil shale extract. Extra&on wi*& dichlorometbaue for 48 h. column: 
6 ft. x 2 mm I.D. stee!, packed with OV-I. Temperature programme: 4 min at 7O0, then up to 270” 
at 6O/min and.freld there for 22 min. For ickntikation of peaks, see Table L 



_cbaracteristic fragmentation pettcrns. Molecular ions of higher n-aikanes (e.g.; n-Cr9 
to n-C& however, could not be iden~aed unambiguously because of the background 
caused by temperature pro gramming of the GLC column. Ln case of nncertainti~ 
chemical ionization (methane) helped to establish the position of the mokdar 

ior?. Also, if n-hexane was *used as the solvent for extraction, the background was 
lower than that with the more polar dichloromethane_ The range of n-alkanes 
started at n-nonane and extended to n-nonacosane (see Table a). Qualitative analysis 
showed a maximum distribution between n-C, and n-c+ No preferential distribution 
towards odd-carbon-numbered alkanes was found. Isoprenoid compounds gave highly 
characteristic peaks at the branching points. Four members of this class of com- 
pound were identitied: 2,6,10-trimethyltridecane (C&i&, 2,6,lO-trimethylpent 
ane (CteHse), 56,iO,lete~e~yipn~d~e (pristane) (C,H,) and 2,6,10,14- 
tetramethylhexadecane (phytane) ((&H,J_ In this instance too, identification of the 
molecuhu ion was much easier if chemical ionization was used. The separations 
of pris*&nee-rr-C,, and of phytane-+C18 were incomplete on columns packed with 
OV-1 or UCCW, but could be enhanced by using SE-30 instead. 

Numerous alkylcyclohexanes could be identified by comparison with published 
spectra. The series started with dimethylcyclohexane immediately after the solvent 
peak and consisted of trimethyIcyclohexane (presumably with 1,1,3-positioning of 
the side-groups) (Fig. 3, spectrum 1), methylethylcyclohexane, isopropyicyclohexzne 
and methylpropylcyclohexane. Methylethylcyclope could also be identi&d_ 

Two alkylbenzene derivatives were found. A low-boiling alkylbenzene wzs 
observed between n-nonane and n&cane in the chromatogram. The structure could 
not be derived from mass spectral data, except for the formula CgH12. Positioned 
between n-deczne and n-undecane, I-methyl4isopropylbenzcne was identified by 
compzrison with published spectra (Fig. 3, spectrum 2). Separate solvent extraction 
of fossilized wood (gagat) found in Dotternhausen oil shales with dichloromethzne 
and GLC-MS analysis showed the presence of further alkylbenzenes. In this materizl, 
the presence of huge amounts of aromatic compounds as compared with n-alkanes 
was established, including ethylbenzene, propylbeuzene, methylethylbenzene and tert.- 
butyibenzene. 

Higher-molecu!ar-weight aromatic compounds identified in Dotternhausen 
oil shales extmcts were I-methylnaphthalene, 2-methylnaphthalene, dimethylnaphtha- 
lene and partly reduced derivatives, e.g., dimethyltetrahydronaphthalene (Fig. 3, 
spectrum 3). As we presumed the presence of condensed ring aromatic compounds 
also, the extraction time for some samples was extended to 7 days, and the dichlo- 
rometie extracts were analysed by two-dimensional thin-layer chromatography on 
alumina using the method of Hellmann3_ By comparison with reference substances, 
anthracene, phenanthrene and pyrene were identied. The thin-layer chromatograms 
also showed the presence of naphthalece derivatives, giving fluorescent spots which 
subhmed rapidly after the chromatograms had been dried. 

The distribution of n-alkanes and the qualititive analysis of oil shale extracts 
clearly confirm that the Dottemhausen sediments arc of marine origin. As remds 
Ir-alkanes in the range CIl to & there is no difference in the quizlitative analytical 
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Fig. 3. Sekcred mass sg?wra, ob’ained by GLC-MS. Spectrum I : trirnethyfcycfohexane (corresponds 
to pak No. 4, Fig l), M+ 126. Spe&rum 2: I-methy~4isopropylbenzene (corresponds to peak No. 
17, Fig_ I), M+ 134. Speckum 3: dimethyItetr&ydmnapbthakne (corresponds to peak No. 23, Fig. 
l), M+ 160. GLC column: 6 ft. glass, packed with 3% UCCW. Temperature: programmed from 
50” to 26OO” at 4”/min and held &exe for 8 min. Cxrier gas (helium) fiow-rate: 30 ml/min. Mass 
spectral data: 70 eV; a.m.u. span 40-300; scan speed 100-340 a_m.u./sec; registered at maximum of 
GLC peak. 
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TABLE I 

SUBSTANCESID~ IN DoTTERNHAusEN OIL SHALE ExTIL4cI=s 

Peak S&smnce Peak skbstame 
NO.’ _WO_ - 

0 Gmtamimnt = diethyhnethylsilane 23 DimethyxtetRhy&onaphtblesze 
1 Dimethylcydohexane 24 1-Methylixphthakse 
2 Methykthykydo_pentane 25 2-Methylnaphthalene 
3 Corkuaimnt in solvent = tetrachloroethene 26 Tridecane 
4 Triaethykydokxae 17 DimethyIuaphthakne 
5 MethykthykydoJxxane 2s Tetra~e 
7 l-Methyk&ethykydohexane 29 2,6&STrkxethyltridecane (C&& 
8 Nonam 30 PentizIecme 

10 Isopropykyc~okxane 31 Hexadecane 
11 iukyl~(~13 32 2,6,lO-Trkethylpent (C&I& 
12 Methy1prcpyiqdohexane (C&&J 33 Frktane 
14 Deane 34 Heptakane 
17 1-Methyl4isopropylbenzene 35 Phytvle 
19 Unckcane 36 uctadecse 
21 Contaminant = sib derivative 37 Noazdecaae 
22 DadeCane 38 Eicusane 

3947 n-&-n-c, 

‘SeeF&.land2 

res-ults compared with the analysis of oil shales from Reutlingen or Metzingen*. 
Extensive cliagenetic processes have taken pizce 2s no preferentkl occurrence of odd- 
carbon-numbered hydrocarbon compounds was found. In contrast, sediments of more 
recent origin, e.g., Green River Shales (Colorado, age 70 million years), contain larger 
amounzs of odd-carbon-numbered hydrocarbons. Also, the maturation of the sed- 
iments is shown by the abundant presence of C,& isoprenoid hydrocarbons, 
in this respect agreeing with the analysis of Crcveney (France) oil shales which are 
similar in age (180 million years). 

The high contents of low-molecular-weight cyclic hydrocarbons also suggest 
extensive diagenetic processes. As the oil shale deposits at Reutlingen and Metzingen 
do not contain this fraction in corresponding amounts, although they are of the 
same age, the presence of large amounts of low-moiecular-weight cyclic allcanes found 
in the Dottemhausen sediments may be indicative of tertiary volcanic activity at the 
latter location. Small dislocations within shale formations might support this 
hypothesis. The ‘Jermal strain thus being applied to the sediments presumably 
enhanced the production of cyclic and aromatic compounds from precursors such as 
squalene and carotene. 

Also, the presence of large amounts of low-molecular-weight cycloalkanes 
might be taken as a direct consequence of currents in the ocean during the period 
of formation of sediments leading to local concentrations of material from higher 
terrestrial plants. Terpenes are known to be precursors of cyclic and aromatic com- 
pounds. Interestingly, oil shales obtained from the location of Holzmaden also 
contain larger amounts of low-molecular-weight hydrocarbons than the oil shales at 
Reu’&ngen and Metzingen. This agreement with the Dotternhausen oil shales also 
extends to large amounts of fossil woods found and fossil content in general. 
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CONCLUSIONS 

Investig;rtions were made ofthe contents and compositions of hydrocarbons in 
samples belonging to Lias epsilon (Toarcien) obtained from the Dottemhausen for- 
mation (G.ER_). The shales are 150 million years old_ The total organic matter 
determined by combustion analysis varies between 10 % and 17 %. Extracts were 
prepared using a degreased pre-extracted Soxhlet apparatus; samples of powdered oil 
shales were distilled under reduced pressure in a closed all-glass apparatus. The 
compositions of the extracts and distillates were investigated using gas-liquid chro- 
matography in combination with mass spcctrometry- 

The main components were n-alkanes ranging from Cl0 to Ct5, with a 
maximum between C,, and C,,. Isoprenoid hydrocarbons such as 2,6,lO_trimethyl- 
tridecane, 2,6, IO-trimethylpentadecane, 2,6, IO, 1Metramethylpentadecane and 2,6,19,- 
14_tetramethy!hexadecane were present. Numerous cyclic low-molecular-weight 
hydrocarbons such as dimethylcyclohexane, methylethylcyclopentane, trimethylcyclo- 
hexane and L-methyl4ethylcyclohexane could be identified- Aromatic compounds 
present included several alkylbcnzene defivatives, several alkylnaphthaiene derivatives 
and dimethyltetrahydronaphthalene. Results obtained with the distillates and extracts 
agreed in qualitative composition. In addition, thin-layer chromatography of the 
extracts showed the presence of anthracenc, phenanthrene and pyrcne. 

The presence of n-alkanes in the range from C,, to C,, without the prefcrcntial 
occurrence of odd-carbon-numbered hydrocarbons clearly established the fact that the 
oil shale deposits at Dottemhausen are mature sediments where extensive diagenesis 
of hydrocarbons from long-chain fatty acids and waxes has taken place. In contrast, 
immature sediments such as Green River Shales (Colorado, age 70 million years) show 
a higher content of odd- than even-carbon-numbered hydrocarbons. Also, maturation 
of the sediments is shown by the abundant presence of CI,C2, isoprenoid 
hydrocarbons, and in this respect is in agreement with the analysis of Creveney 
(France) oil shales, which are similar in age (180 million years)_ 

Strikingly high contents of low-molecular-weight cyclic hydrocarbons suggest 
straining of sediments by pressure and tempel=ture, thus causing extensive diagenetic 
processes. The precursors of cyclic alkanes and aromatic hydrocarbons compounds 
are terpenes from higher plants and unsaturated compounds such as squalene or 
carotene. 
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