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Zusammenfassung

Im Rahmen des Projektes ULG 19 ,Aufsuchung von Alginit
in Osterreich* wurden zahlreiche Vorkommen bitumindser Ge-
steine unterschiedlicher stratigraphischer Stellung geologsich
und in Richtung potentieller agrargeologischer Nutzung unter-
sucht und zum Teil auch einer organisch-geochemischen Ana-
lyse unterzogen. Dieser Bericht vermittelt in aller Kiirze erste
orientierende Untersuchungsergebnisse hinsichtlich Bitumen-
gehalt und in HCl-unldslichem Rickstand aus Probenmaterial
der Seefelder Schichten, des Haringer Bitumenmergels, des
Lias-,Otlschiefers* des Grinbachgrabens am Untersberg,
Salzburg sowie von bitumindsen Kalken aus der Kainacher
Gosau, die allesamt hinsichtlich ihrer hohen Bitumenausbrin-
gung mit guten Erddlmuttergesteinen verglichen werden kén-
nen.

Uber den einzigen zur Zeit in Osterreich im Betrieb befindli-
chen ,Olschiefer“-Abbau (sieht man von der Mitgewinnung bi-
tumingser Mergel bzw. Mergelkalke als Zementrohstoff in Bad
Haring ab) in Bachental im Karwendelgebirge werden detail-
lierte Ergebnisse organisch-geochemischer Untersuchungen
mitgeteilt und — ergénzt durch mikrofazielle Untersuchungen
im Dunnschliff und Raster-Elektronen-Mikroskop - hinsicht-

*} Authors’ addresses: Dr. LYubmiLA A. KODINA, Mrs. M. P. Bo-
GATCHEVA, Academy of Sciences of the USSR, V.l. Vernadsky
Institute of Geochemistry and Analytical Chemistry, Kosygin
Str. 10, USSR-117975 Moscow; Dr. HARALD LoBITZER, Geolo-
gische Bundesanstalt, Rasumofskygasse 23, A-1031 Wien.

lich ihrer faziellen Aussagekraft diskutiert. Neue Ammoniten-
funde lassen ein Einsetzen des anoxischen Events bereits im
Pliensbachien — Hauptphase wohl im Toarcien - als mdglich
erscheinen. Lithofaziell zeigen die im 2-3 dm-Bereich gebank-
ten, dunkel-schokoladebraunen, biomikritischen Bitumenmer-
gel von Béachental meist ein gut ausgepréagtes sedimentires
Parallelgefiige; nicht selten ist auch Druckflaserung zu beob-
achten. Der HCIl-uniésliche Rickstand schwankt von 38-71
Gew.-%. Montmorillonit und lllit dominieren den Schichtsilika-
tanteil; auffallend ist der hohe Pyritgehalt. Die biofazielle Ana-
lyse zeigt auffallende Benthos-Armut bei Dominanz von Ra-
diolarien, Schwammnadeln und gelegentlich Echinodermen-
Detritus. Untergeordnet finden sich noch Ammoniten, kleine
Bivalven, Ostrakoden, Foraminiferen, Filamente, Calcisphiren
sowie Schalendetritus indet. Nannofossilien (Striatomarginis spe-
ciosus) konnten ebenso nur sehr selten beobachtet werden.
Die organisch-geochemische Analyse der Bichentaler Bitu-
menmergel zeigt stark schwankende Bitumenausbringung von
1700-13300 ppm. Die Kohlenstoffisotopen-Untersuchung
weist alle Fraktionen organischer Substanz - Bitumen und Ke-
rogen — als an leichten Kohlenstoff-Isotopen (613C) angereich-
ert aus, was fur Herkunft der organischen Substanz von Lipi-
den einzelligen Phytoplanktons (Griin- oder Blaugriinalgen)
spricht. Auch die Bitumen-Fraktionen sind einander in der
Kohlenstoffisotopen-Zusammensetzung &hnlich, wobei diese
Konfiguration charakteristisch fir organische Substanzen ist,
die unter O,-verarmten Ablagerungsbedingungen bei hohen
Konzentrationen von Phytoplankton-Resten im Sediment ent-
stehen. Die Molekularstruktur der organischen Substanz wur-
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de mit Hilfe spektroskopischer Methoden untersucht. Gesat-
tigte Kohlenwasserstoffe sind in der Hexan-léslichen Fraktion
weit verbreitet. Von besonderem Interesse ist auch der Nach-
weis von Metallporphyrinen, wobei Vanadyl-Porphyrine domi-
nieren. Weiters kann geschlossen werden, daB gemeinsam mit
Etioporphyrinen auch DPEP-Porphyrine vorhanden sind, in
deren Molekilen jener isozyklische Ring nachweisbar ist, der
von einem Chlorophyll-Molekil herleitbar ist. Die Anreiche-
rung von organischen Substanzen in den Porphyrinen gemein-
sam mit hohem Schwefelgehalt kann als Hinweis auf anoxi-
sche Verhéltnisse und reduzierende Diagenesebedingungen
im Sediment angesehen werden. Die Anwesenheit von Perylen
spricht jedoch dafur, daB keine stagnierenden Sedimenta-
tionsbedingungen herrschten. Das Nichtvorhandensein von
Kupfer-Porphyrinen im Bitumen wird als Hinweis gewertet,
daB kein terrigener EinfluB im Sediment nachweisbar ist.

Zusammenfassend kann festgehalten werden, daB die orga-
nisch-geochemische Analyse in Verbindung mit litho- und bio-
faziellen Daten die Aussage zulaBt, daB die Bitumenmergel
von Bachental ihren Bitumenanteil hohen Konzentrationen von
einzelligem Phytoplankton verdanken. Es herrschten saprope-
litische Ablagerungsbedingungen. Ein niedrig-energetischer
Ablagerungsbereich mit geringen O,-Gehalten im Bodenwas-
ser, jedoch nicht stagnierenden Sedimentationsbedingungen
und gleichzeitiger hoher Biomasse-Produktion erscheint eben-
so erforderlich gewesen zu sein. Die biofazielle Analyse deutet
auf einen Ablagerungsraum im auBeren Neritikum bzw. Pelagi-
kum.

Hohe Bitumengehalte, die extrem hohe Konzentrationen
geochemisch reifer Petroporphyrine (Ni- und VO-Komplexe)
zeigen, werden als Zeugen hohen Sedimentreifegrads angese-
hen.

Abstract

The main goal of this study is a detailed organo-geochemi-
cal investigation of the classical locality of the organic-rich
Upper Liassic sediments - the socalled Bachental Schichten
in Tyrol. In addition also data on HCl-insoluble residues and
bitumen yield from various Alpine formations are provided,
namely of the Upper Triassic (Norian) Seefelder Schichten, the
Upper Liassic of Griinbachgraben in Salzburg, the Upper Cre-
taceous bituminous limestones of Kainacher Gosau, Styria,
and the coal-bearing bituminous Ha&ringer Schichten of
Oligocene age. In respect to bitumen content all these or-
ganic-rich sediments are comparable with good oil source
rocks.

The anoxic “event” of the Bachental Schichten seems to
start in the Upper Pliensbachian, as indicated by recent find-
ings of Arieticeras sp. and (?)Leptaleoceras sp. The main stratig-
raphic interval of organic-rich sedimentation, however, most
probably was in the Lower Toarcian stage. The dark choco-
late-brown Béachental Schichten consist of well bedded (2-dm
range) bituminous marls or marly limestones and very often
show well expressed lamination. Radiolarians and sponge
spicules are the dominant biota. The biofacies indicates outer
neritic/pelagic depositional environment.

The carbon isotope composition of the organic matter of
Bachental Schichten is enriched in the light carbon isotope up
to a d13C-value of -32.2 %o, the carbonates up to —2.75 %/oo.
All the fractions of organic-rich matter — bitumen and kerogen
- are enriched in the light carbon isotope. This feature is typi-
cal for organic matter of sapropelic type, originating from
lipids of plankton biomasse residues. The principal source of
organic matter are unicellular, organic-walled green- and
bluegreen algae. The established distribution of carbon
isotopes in the bitumen fractions is charateristic for sap-
ropelic organic matter deposited under O,-depletetd condi-
tions in low-energy environments.

The molecular structure analysis of Bachental organic mat-
ter shows abundant saturated hydrocarbons. An aliphatic na-
ture of organic matter is manifested in all rest bitumen frac-
tions. A further peculiarity in the molecular composition is a
high content of metalporphyrins, especially of vanadyl por-
phyrins. Also etioporphyrins are present together with DPEP-
porphyrins, the latter confirm the inheritage from a bioprecur-
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sor chlorophyll molecule. Enrichment of porpyhrins in organic
matter together with high sulfur content is considered as
proof for anoxic conditions and reductive diagenesis in the
sediment. However, the presence of perylene points to a non-
existence of stagnant sedimentation. The absence of copper
porphyrins in the bitumen can be considered as indication for
the absence or terrigeneous input to the sediment. High yield
of bitumen which is extremely rich in geochemically mature
petroporphyrins — Ni- and VO-complexes — gives evidence of
the high maturation stage of Bachental Schichten.

1. Introduction

The modern level in organic geochemistry allows one
to investigate organic matter of sedimentary rocks at
molecular and isotopic levels. The data obtained bear
information on bioprecursors of the matter, the deposi-
tional environment and some features of diagenesis
and geochemical history of rocks. Therefore organic
geochemistry penetrates thoroughly into sedimentary
geological sciences. Its data are used now to resolve
different problems in stratigraphy, sedimentology, ore
formation as well as oil and gas geochemistry, includ-
ing geochemical correlation and identification of oil-
source rocks.

Isotopy gives a wider chance for research in the
geochemistry of organic matter in which the parent
biomolecules are practically entirely destroyed and dis-
appeared (GaLimMov, 1980). The theory and experimental
approaches of molecular-isotopic geochemistry allows
one to get information on the source of fossil organic
matter and its geochemical transformation on the basis
of organic carbon isotope composition and carbon
.isotope distribution between the fractions of organic
matter (KODINA & GALIMOV, 1985; GALIMOV, 1980, 1984,
1986). Inasmuch as any transformation of biomaterial
to fossil organic matter is accompanied by isotopic ef-
fects, an investigation of preserved individual
molecules and some structural groups is considered to
be essential for reliable interpretation of isotopic data.
In this investigation the chromatographic and spectro-
scopic methods are used.

In the frame of the present study organic matter of
bituminous carbonate rocks from several localities in
Tyrol, Styria, Salzburg and Carinthia was selected for
research. The samples were collected in quarries,
roadcuts and field exposures. Because about 40 % of
the world oil resources are connected with carbonate
rocks - including the giant oil-fields in the Jurassic and
Tertiary of the Near East (CHILINGAR et al., 1967) — the
study of organic matter of Austrian organic-rich rock
samples seems to be of sufficient interest not only
from a regional viewpoint.

2. Bituminous Rocks of Austria -
A Short Review

Only very scarce data relate to organic rich carbo-
nates in Paleozoic sequences of the Carnic Alps. How-
ever, bituminous rocks occur in various stratigraphic
levels of Mesozoic and Cenozoic sedimentary sequ-
ences of the Austrian Alps and their foredeeps. The
most complete review was given by BITTERLI (1962) and
a short but informative summary has been compiled by
HEINRICH (1980). Only very little and scattered informa-




Table 1.

Synopsis of HCl-insoluble residue and bitumen content of selected representative Austrian Mesozoic and Cenozoic organic-

rich sediments.

Formation HCl-insoluble Yield
and Stratigraphic Age Lithology residue of bitumen
Locality {weight-%] [ppm]
Seefelder Schichten Upper Triassic Organic-rich dark grey intercalations in 2-67 1.500-18.800
next to Nordlinger Hutte, {Norian Stage) Hauptdolomite, +sandy-silty shales, often
Tyrol calcareous and/or dolomitic;

basin-edge facies
"Béchental Schichten” Upper Liassic Chocolate-brown marls, marly shales and 38-71 1.700-13.300
of classical locality, (?Upper Pliensbachian) marly limestones, micritic with deeper water
Tyrol - Lower Toarcian fauna (ammonites, radiolarians, sponge

spicules); outer neritic/pelagic environment
"Béchental Schichten”, See above See above 69 10.600
Grunbachgraben, Salzburg
Haringer Schichten, Tertiary Partly coal-bearing bituminous marls and 8-18 630- 4.500
Perimooser Cement Plant Quarry, (Oligocene) marly limestones of brackish to fully marine
Bad Haring, Tyrol environment
Gosau Limestone, Upper Cretaceous Black organic-rich micritic limestone 32 3.900

Geistthal, Kainacher Gosau,
Styria

(probably Santonian/
Campanian)

without ecologically characteristic biota;
most probably fully marine environment

tion exists also on their organic geochemistry (BITTERLI,
1962; GRAF, 1975 [data provided by OMV-AG],
KRATOCHVIL & LADWEIN, 1984). In Austria the most con-
spicuous stratigraphic level of bituminous rocks are the
Seefelder Schichten, an organic-rich member of the
Tethyan Norian Hauptdolomite Formation (e. g. BIT-
TERLI, 1962; BRANDNER & POLESCHINSKI, 1986; CZURDA,
1972; DALLATORRE, 1926; FISCHER, 1957; FRUTH &
SCHERREIKS, 1984; HRADIL, 1929, 1949, HRADIL &
FALSER, 1930; |[SSER, 1888; KLEBELSBERG, 1935;
KRATOCHVIL & LADWEIN, 1984; KURRE, 1935; SANDER,
1921, 1922; TOLLMANN, 1976). The second important
organic-rich sediment type are the Upper Liassic
bituminous marls of Tyrol and Salzburg. Both the Nor-
ian Seefelder Schichten and the (Upper Pliensbach-
ian?)-Toarcian Bachental Schichten achieved local im-
portance for their usage in the cosmetic and phar-
maceutical field. The Liassic oil-bearing marls of
Bachental-type have been treated by ALBRECHT, 1984;
BITTERLI, 1962; GUNTHER & TICHY, 1979; HRADILL &
FALSER, 1930; KLEBELSBERG, 1935; PLOCHINGER &
OBERHAUSER, 1956; SANDER, 1921, 1922 and TOLLMANN,
1976. Quarrying of the Seefelder Schichten has been
terminated as a consequence of uneconomic thicknes-
ses of highly bituminous layers. The Liassic Bachental
Schichten, however, are still mined.

Uneconomic layers of high grade bituminous rocks
are also known from different stratigraphic levels of the
Upper Cretaceous Gosau formation (e.g. BITTERLI,
1962; GRAF, 1975 - with data on organic geochemistry!
HEINRICH, 1975; see also Table 1). Oligocene bitumin-
ous marls and marly limestones are mined as cement
raw material in Bad Haring/Tyrol (SANDER, 1922,
SCHNABEL & DRAXLER, 1976; see also Table 1). Bitumin-
ous “fishshales” of Upper Egerian {“Aquitanian”) age
are known in the Molasse Zone and have been encoun-
tered extensively in hydrocarbon exploration drillholes.

In Austria up to present only uneconomic indications
of “alginite” sensu SOLTI (1985) have been traced in the
Neogene (Badenian [?]) of Weingraben/Burgenland and
in the Pannonian at Fehring (Mataschen clay-pit) in
Styria (SoLm, LoBiTzER et al., 1987). In Hungary “algi-
nite” is used successfully for soil melioration in agricul-
ture (SoLT, 1985).

The term “oil-shale” in Austria is often used incor-
rectly synonymous to bituminous rocks. However, only
very few of the rocks in question in fact are really true
shales. Many of them are bituminous marls, marly
limestones and/or dolomites. The yield of HCI-insolu-
ble residue is representative for the proportion of clay-
and carbonate matter in a rock sample. In Table 1 the
corresponding data of some characteristic bituminous
rock formations of the Austrian Alps are presented to-
gether with the data on bitumen content.

As it follows from the table, all rock samples investi-
gated have high bitumen contents. The organic-rich
marl samples are comparable with good oil source
rocks in respect to bitumen yield. In some cases, as
for example, in at least part of the Seefeld rock sam-
ples, the high bitumen yield is due to surface bitumen
appearances. Samples from other localities of bitumin-
ous smelling Triassic rocks investigated are much
poorer in Cgg-content and predominantly carbonatic
with only small contents of clay material (Seefelder
Schichten intercalations in the Hauptdolomite of Win-
dische Hohe and of Bleiberg-Erlachgraben; Carnian
bituminous dolomite of Rubland section, Carinthia).

3. The Liassic Bituminous Marls
of Bachental
("Bachental-Schichten”)

The (?Upper Pliensbachian)-Toarcian bituminous
marls and marly Limestones of Béchental in the mar-
vellous Karwendel Mountains/Tyrol, are mined in small
scale by Gebriider Albrecht Ltd. (ALBRECHT, 1984)
mainly for the production of cosmetic and pharmaceu-
tic products. The “Bachental Schichten” are under-
stood as a member of the Allgauschichten-Formation.
They constitute a mappable unit and seem to differ
considerably enough from the thin-bedded age-equiva-
lent and also often highly bituminous Sachranger
Schiefer (TOLLMANN, 1976) of the Bavarian Limestone
Alps. The Béachental Schichten can be considered as
Alpine equivalent of the various *epicontinental Toar-
cian “oilshales” of Europe as e.g. of the
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Posidonienschichten in Germany (HALLAM, 1987; JEN-
KYNS, 1985, a. 0.).

3.1. Lithology and Stratigraphy

Lithologically the organic-rich Bachental Schichten
are well bedded in the two-decimeter-range compris-
ing bituminous marls and marly limestones of dark
chocolate-brown colour. The weathered surfaces
mostly show light blueish appearance. The microfabric
very often demonstrates a pronounced parallel texture
which predominantly is of sedimentary origin and much
less frequent flasered due to pressure solution. Ac-
cording to the oilshale-classification of HUTTON (1987)
the Bachental Schichten belong to the group of mari-
nites. As demonstrated in Text-Fig. 1 the carbonate
matrix is truely micritic.

Text-Fig. 1.

SEM-photomicrograph of sample Béchental AL16 showing the nannofossil
Striatomarginis speciosus PRINZ 1969 (det. H. STRADNER) in micritic carbonate ma-
trix and flakes of phyllosilicates.

Scale bar = 4 micron.

Photomicrograph: R. SURENIAN.

In addition to the mineralogical analysis of sample
Bachental AL 16, which is documented in chapter 3.2,
two samples collected also in the Bachental mine are
demonstrated in Table 2 (XRD-analyses courtesy of
Prof. B. SCHWAIGHOFER, University of Agriculture, Vien-
na).

In addition to the mineral phases detected by XRD-
analysis, also some glauconite grains have been ob-
served in thin sections.

In contrast to the bituminous Bachental Schichten, in
the Norian Seefelder Schichten of Nérdlinger Hutte
profile carbonates predominate. The phyllosilicates
(15 % respectively 25 % in the samples analysed) con-
sist about 100 % of illite which shows random widen-
ing of the crystals. Mixed layer clay minerals are pre-
sent only in trace amounts (XRD-data courtesy of Prof.
B. SCHWAIGHOFER).

The fauna of the Bachental Schichten is extremely
poor in benthic organisms. The macrofauna consists in
scarce findings of ammonites. KLEBELSBERG (1935) re-
ports Harpoceras which proves Toarcian age for at least
part of the Bachental Schichten. New findings by the
present authors have been determined by Dr. M. RAKUS
(GUDS Bratislava) as Arieticeras sp. and Arieticeras sp. or
Leplaleoceras sp. (Text-Fig. 2). The recent findings point
to Upper Pliensbachian (Middle to Upper Domerian)
age for part of the Bachental Schichten. Also small and
uncharacteristic pelecypods have been collected. The
microfauna is dominated by radiolarians and sponge
spicules. Echinoderm-debris, foraminifera, ostracods,
calcispheres, filaments and shell debris indet. are pre-
sent only in subordinate quantities. The same ist true
for nannofossils. Prof. H. STRADNER could only identify
one taxon, namely Striatomarginis speciosus PRINZ 1969
which indicates Middle-Upper Liassic age.

Text-Fig. 2.

Arigticeras sp. or Leptaleoceras sp. (det. M. Rakus, GUDS Bratislava) from sample
Béchental No. 5.

This taxon confirms Middle to Upper Domerian Age.

Table 2.
Lithology of two samples of Béachental Schichten.

3 ; Clay mineral distribution

Sample No. Lithology Bulk-Mineralogy e rhicton

Bachental 2 Laminated bituminous marl without macrofauna. Phyllosilicates 35 % lllite ) 48 %
In thin sections abundant radiolarians, scarce echinoderm Quartz 11 % Montmorillonite 52 %
debris. Calcite 49 % Mixed Layer Traces

Pyrite 5 %

Bichental 5 Thin-bedded (cm-range) laminated bituminous marly shale  Phyllosilicates 40 % lllite ot 51 %
with ammonites (Text-Fig. 2). Radiolarians in thin sections  Quartz 15 %  Montmorillonite 40 %
prevailing sponge spicules. Calcite 35 % Kaolinite 9 %

Pyrite 10 % Mixed Layer Traces
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According to the present state of knowledge it
seems, that the anoxic event represented by
the Bachental Schichten started in the
Upper Pliensbachian and persisted through
the Lower Toarcian stage. The fauna points to
an outer neritic/pelagic environment of deposition.

It is also worth mentioning, that all occurrences of
Upper Liassic bituminous rocks in the Northern Lime-
stone Alps show close spatial relationship with man-
ganese shales (socalled Strubbergschichten [cf. BIT-
TERLI, 1962; GUNTHER & TICHY, 1979; HRADIL & FALSER,
1930; KLEBELSBERG, 1935, PLOCHINGER & OBERHAUSER,

1956; TOLLMANN, 1976]). The manganese shales were.

also mined in small scale, however, they prove to be
uneconomic in the present.

In the context of stratigraphy of Austrian bituminous
rocks a paper by GUNTHER & TICHY (1979) has to be
mentioned. Strange enough, these authors attribute the
Bachental Schichten of the classical locality to the
Triassic Hauptdolomite. The bituminous marls of Griin-
bachgraben (Table 1) are considered by them as of
Lower Cretaceous age. Because they do not offer any
new paleontological data to prove this opinion, we still
have to consider both localities as typical representa-
tives of the (Upper Pliensbachian?)-Lower Toarcian
anoxic event.

3.2. Organic Geochemistry

In the following paragraphs the detailed results of or-
gano-geochemical investigations of marl sample
Bachental No. AL 16 are presented. Organic-rich
rocks of Upper Liassic (especially Toarcian) age are
known to be widely distributed in Europe (JENKYNS,
1985; JENKYNS & CLAYTON, 1986; HALLAM, 1987). in
Paris Basin, for example, they are excellent oil source
rocks (T1SsOT & WELTE, 1978).

In the sample Béchental AL 16 C4 -content is 13 per
cent by weight, bitumen yield 13300 ppm, HCI-insolu-
ble residue 50 per cent of the rock. The mineralogical
composition of the sample (per cent): montmorillonite:
16, illite-montmorillonite: 3, illite: 4, kaolinite: 1, quartz:
34, plagioclase: 4, calcite: 24, pyrite: 6, amorphous: 8
(XRD-data courtesy of Dr. G. SoLTl, Budapest; cf.
SoLTl, LOBITZER et al., 1987).

Some inorganic elements were determined (%): Mg:
0.76, Ti: 0.22, P: 0.18, Mn: 0.32, S: 3.07, Cr: 0.003, Ni:
0.0064, V: 0.0165, Cu: 0.007, Zn: 0.0068.

An increased content of some elements, in compari-
son with other sedimentary rocks, was determined in
the samples from Seefeld too, with the highest enrich-
ment in V (0.1), Ni (0.01), Cr (0.01), Mo and Ti (0.1) in
the shales with the highest C,-content.

Determination of the element content in bitumen of
sample Bachental AL 16 showed that about 100 % of
Cr and Ni of the rock, 13 % of V, 3 % of Fe and Mn are
concentrated in the bitumen. It is known that the rocks
enriched in the sapropelic-type organic matter often

have enhanced content of some elements (P, S, Mo, V,
Cu, Ni, Cr, Co, U etc.) as compared with other types of
sedimentary rocks (BRUMSACK, 1980; NERUTCHEV,
1982).

3.2.1. Carbon Isotope Composition

Organic matter of sample Bachental AL 16 was in-
vestigated by UV-, visible-, IR- and ESR-spectroscopy
and gas-liquid chromatography. Carbon isotope com-
position of organic matter in total, bitumen and bitu-
men fractions were determined. Bitumen was Soxlet
extracted with 9:1 benzene-methanol mixture from
crushed rock samples, asphaltenes were precipitated
with pentane and the pentane-soluble fraction was di-
vided into four fractions by silica column absorption
chromatography using solvents of increasing polarity
as eluents.

The organic matter of the Bachental's sample is en-
riched in the light carbon isotope up to the 8§ 3C-value
of —-32.2 per mille, carbonates up to —-2.75 per mille.
For the Seefeld samples the & 3C,,, -values range from
-27.9 to -30.5 %00. All the fractions of organic matter
are enriched in the light carbon isotope. The bitumen
and kerogen are really indistinguishable in this respect.
This feature is common to organic matter of sapropelic
type, originating from lipids of plankton biomasse re-
sidues (KODINA & GaALIMOV, 1985). The bitumen fractions
are isotopically similar to each other too (Table 3).

The benzene-soluble fraction which is intermediate in
its polarity is the most depleted in the light carbon
isotope. A similar picture is observed in many oil
shales and oil-source rocks which contain isotopically
light planktonogenic organic matter (GALIMOV, 1986).
This is examplified by the core samples of oil-source

As ]

BM —

H/B

§13 ¢, %00

Text-Fig. 3.

Carbon isotope distribution of bitumen fractions from the bituminous marl
sample Bachental AL16 (1) and oil-source rock sample from Salym oil depo-
sit, West Siberia, Ja, (2).

Explanation of the fractions: As = asphaltenes; B/M = benzene-methanol solu-
ble resins; B = benzene soluble fraction; H/B = hexane-benzene soluble frac-
tion; H = hexane soluble fraction.

Table 3.
Carbon isotope composition of the organic matter fractions from bituminous marl sample Bachental AL16.
Bitumen fractions
Fraction Kerogen Bitumen Asphaltenes Benzene- Benzene- Hexane- Hexane-
(total) methanole- soluble benzene- soluble
soluble soluble
813C, per mille -32.2 -31.7 -31.8 -31.4 -30.8 -31.2 -31.7




rock from Bazchenovskaja suit (Volgian stage of the
Upper Jurassic) in Salym oil-field, West Siberia. In
Text-Fig. 3 two curves are presented, which show the
carbon isotope distribution between the bitumen frac-
tions of the bituminous rock under study and oil-
source rock mentioned above. The established dis-
tribution of carbon isotopes in the bitumen fractions is
peculiar to the sapropelic-type organic matter which is
deposited under O,-depleted conditions with abundant
incorporation of phytoplankton biomasse residues in
sediments. The principal source of organic matter are
unicellular, organic-walled green or blue-green algae,
deprived of protective mineralized cell walls. As a con-
sequence the most susceptible substances such as

proteins and carbonhydrates, which are mostly en-.

riched in the heavy carbon isotope fraction are mostly
microbially destructed, and lipids are accumulated in
sediments, oxidatively polymerized with formation of
the isotopically light, lipid-rich kerogen corresponding
to I- or ll-types of kerogens, according to TISSOT’s
classification (KODINA & GALIMOV, 1985; GALIMOV, 1986).

Comparing the two curves (Text-Fig. 3) we can see
their similarity. It is indicative of the common facial-
genetic type of organic matter in the two cases. How-
ever, the distinction between the two curves is quite
obvious. The distinction consists in the following: The
hexane bitumen fraction of sample AL 16 is isotopically
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Text-Fig. 4.

Percentage of the bitumen fractions in the bituminous marl sample Béchental
AL16 (1) and oil-source rock sample from West Siberia (2).

Explanation of the fractions as in Text-Fig. 3.

Text-Fig. 5.

Chromatogram of the hexane solu-
ble fraction from sample Bachental
AL16, with n-C,, added as an inter-
nal standard.
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heavier than asphaltenes, whereas in an oil-source
rock bitumen the hexane fraction is sufficiently more
enriched in the light isotope, than asphaltenes are.
There is a difference in the fractional composition of
both bitumens too. As follows from Text-Fig. 4, the
percentage of hexane fraction in the bituminous marl is
sufficiently lower, but of the asphaltenes and benzene-
methanol resin fraction it is correspondingly higher
than in an oil-source rock. The differences stated
above may result from one of two following
phenomena:

1) Migration of the more labile and less polar part of

bitumen enriched in the light carbon isotope

or
2) biodegradation and other hypergenic activities.

It is known that the most isotopically light oil com-
pounds, the n-alkanes, are mostly susceptible to mic-
robial attack. In microbially altered oils n-alkanes dis-
appear in the first place. The chromatographic investi-
gation of the hexane fraction of the Bachental bitumin-
ous marl shows a picture which is very similar to
biodegraded oil (Text-Fig. 5). n-Alkanes are almost en-
tirely absent, iso-alkanes are only partly preserved. A
large two-peaked unresolved hump on the chromato-
gram gives evidence of a high proportion of branch-
chain cyclic and aromatic molecules in the fraction.
The same is evident from IR-data.

~

3.2.2. Molecular Structure
of Organic Matter

Infra-red spectroscopy is one of the several impor-
tant techniques for the elucidation of molecular struc-
ture of organic matter. As can be seen in Text-Fig. 6,
saturated hydrocarbons are abundant in the hexane-
soluble fraction. The presence of methyl and methylene
groups (CH; and CH,) gives strong absorption bands in
the regions 2960-2860, 1460 and 1370 cm-'. However,
long-chain paraffinic molecules {n-alkanes) are in sub-
ordinate position: the deformation vibration band of
CH,-groups in compounds containing the methylene
chain — (CH,), — where n=4, is strongly reduced.

Aromatic compounds do not give strong absorption
pattern in the regions 750-870, 1600 and 3050 cm-1.
Oxygen-containing groups are not representative of
this nonpolar fraction (weak absorption in the regions
3100-3500, 1700, 1000-1200 cm-1). An aliphatic na-
ture of the matter is manifested in the spectra of all the
rest bitumen fractions. But by the transition from the
nonpolar hexane fraction to the most polar benzene-
methanol resins appears an enhancement of the O-, N-
, S- containing groups as it is seen from strong com-
plex absorption in the region 1500-1800 cm-' being
especially strong for the benzene-methanol fraction.

A further peculiarity in molecular composition of or-
ganic matter of bituminous shales is revealed by visible
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IR-spectra of the bitumen fractions, sample Béchental AL16.

1 = hexane soluble fraction; 2 = hexane-benzene soluble fraction; 3 = benzene soluble fraction; 4 = benzene-methanol soluble fraction; 5 = asphaltenes.

297



spectroscopy. It is a high content of metalporphyrins,
which give rise to the bright orange-red colour of the
bitumen in solution. In Text-Fig. 7a the absorption
(electronic) spectrum of the bitumen in total is given.
The absorption bands in the regions 410, 530 and
570 nm are characteristic of vanady! prophyrins which
are dominating in the sample. Vanadyl prophyrins are
concentrated in the benzene-soluble fraction (Text-
Fig. 7b) by the column chromatographic fractionation
of the bitumen, whereas less polar nickel porphyrins
appear in the hexane-benzene soluble fraction (Text-
Fig. 7c). The spectrum has maxima in the shorter-wave
regions (395, 513, 552 nm). From the ratio of the band
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Text-Fig. 7.

Visible absorption spectra of the bi-
tumen in total sample Béachental
AL 16 (a), benzene soluble fraction of
the bitumen (vanady! porphyrins) (b),
and hexane-benzene soluble frac-
tion of the bitumen (Ni-porphyrins)
(c} in chloroform solution.

B
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a and p-intensities it is possible to conclude that along
with the etio-porphyrins also DPEP-porphyrins are pre-
sent in the specimen. In the molecule of the latter the
isocyclic ring is present which is inherited from the
bioprecursor chlorophyll molecule. Enrichment of or-
ganic matter in porphyrins along with high sulfur con-
tent is considered to be an evidence of anoxic condi-
tion and reductive diagenesis in sediment (DEMAISON &
MooRE, 1980). It is necessary to note, however, that it
doesn’t include stagnation during sedimentation, which
is proved by the presence of perylene, which was de-
tected by the visible-spectroscopy in the hexane frac-
tion (absorption maxima 408, 428, 435 nm). The ab-



sence of copper porphyrins (ESR data) in the bitumen
is considered to be an indication of the absence of
noticeable terrigeneous input in the sediment (BAKER &
Loupa, 1984). Large predominance of vanadyl porphy-
rins over nickel complexes, the presence of trace of
the freebase porphyrins are indicative of the soft ther-
mal regime during all the period of sedimentation and
geological history of the sediment.

3.3. Conclusions

The data presented above describe the organic mat-
ter of one of the main types of Austrian bituminous
rocks, namely of the bituminous Bichental maris.
There is, however, not enough material so far for gen-
eral conclusions on organic geochemistry of bitumin-
ous rocks of Austria. It will be a matter of future con-
cern.

Nevertheless, the data show an experimental ap-
proach and information character of the molecular-
isotopic method in organic geochemistry, which is
being developed in the V.I. Vernadsky Institute of
Geochemistry and Analytical Chemistry of the
Academy of Sciences of the U. S. S. R. The data reveal
some specific features of the definite facial-genetic
type of organic matter on one hand and its geochemi-
cal transformation of the organic-rich sediments of an-
cient Tethys during the stage of hypergenesis on the
other.

The organic matter of Bachental bituminous marls is
a representative of sapropelic-type matter, which is
composed of aliphatic structures. Geochemically ma-
ture aliphatic kerogen produces a lot of bitumen en-
riched in aliphatic compounds, too. The sapropelic na-
ture of the organic matter of the Bachental bituminous
marl is manifested in the enrichment of C,,4 in the light
carbon isotope fraction and pattern of carbon isotopes
distribution between the bitumen fractions and con-
firmed by IR-spectra and specific composition of
macro- and microelements. High yield of bitumen that
is extremely rich in geochemically mature petroporphy-
rins — Ni and VO-complexes ~ is considered to be a
geochemical sign of the high maturation degree of sed-
iment.

Sediments which contain high concentration of
planktonogenic sapropelic organic matter are formed in
marine or epicontinental basins in low-energy environ-
ments, with a low O,-content in subbottom water and
high surface productivity. In accordance with the litho-
and biofacies data for the Bachental Schichten an
outer neritic/pelagic depositional environment can be
postulated.

Favourable conditions for organic matter preserva-
tion and accumulation arose in the ancient Tethys re-
peatedly and were rather prolonged as indicated by
numerous occurrences of high-bituminous beds in the
Austrian Alps.

Other special features of the bitumen are some
peculiarities in its composition related to influence of
the factors of hypergenesis and biodegradation in the
first place. The peculiarities are evident in enrichment
of the hydrocarbon fraction by the heavy carbon
isotope at the expense of elimination of n-alkanes re-
sulting in the specific deformation of the isotopic-frac-
tional curve.

n-Alkanes are the most isotopically light bitumen
compounds and at the same time they are the most

microbially susceptible fraction. Relatively high con-
tents of the polar, oxygen-bearing compounds in bitu-
men, as can be seen from IR-spectra, are considered
to be a consequence of oxidative processes in the
zone of hypergenesis.

Extensive migration of fluid bitumen is peculiar to
carbonate rocks. Numerous fissures and voids in car-
bonate matrix are usual migration ways. Sometimes
they are filled up with fluids. In some cases an out-
standing high bitumen concentration is observed.
Examples are numerous in the Seefeid samples. The
bitumen migration through micro- and macrofissures is
not accompanied by chemical and isotopic fractiona-
tion as it is often observed in clays during specific
capillar diffusion. The data presented above show, that
the most organic-rich carbonate rocks are mostly en-
riched in clay minerals.
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