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15. OLEANENE, URSENE, AND OTHER TERRIGENOUS TRITERPENOID
BIOLOGICAL-MARKER HYDROCARBONS IN BAFFIN BAY SEDIMENTS!

H. Lo ten Haven? and Jiirgen Rullkotter?

ABSTRACT

The aliphatic hydrocarbon fractions of eight early Miocene to Pliocene sediment samples from Hole 645E (Baffin
Bay; ODP Leg 105) were investigated by gas chromatography and gas chromatography/mass spectrometry. Long,
straight-chain alkanes of terrigenous origin are often present as major compounds. Other terrigenous biological mark-
ers include three oleanenes with a double bond at positions 12, 13(18), or 18, and taraxer-14-ene. Urs-12-ene is identi-
fied tentatively. In the three deepest samples, 17a(H), 18«(H), and 218(H)-28, 30-bisnorhopane is the most abundant
compound. Several new compounds were detected, some of which are tentatively identified. The identification and pos-
sible significance of 23-norlupane, three A/B-ring nuclear demethylated (or A-nor-) oleanenes, and an A/B-ring nu-
clear demethylated (or A-nor-) urs-12-ene are discussed. The authors postulate that taraxer-14-ene isomerizes to olean-

12-ene with increasing burial depth.

INTRODUCTION

The continental shelf areas of Baffin Bay and Davis Strait
were important areas for oil exploration in the mid-1970s. How-
ever, drilling was unsuccessful, although some source rocks hav-
ing a potential mainly for gas were encountered (Rolle, 1985).
Site 645 is located on the continental slope off southern Baffin
Island in a water depth of 2020 m (Fig. 1). The sediments recov-
ered while drilling seven holes are considered to represent almost
a continuous record well into the early Miocene. This sediment
sequence shows a pronounced terrigenous fraction almost de-
void of fossils (Shipboard Scientific Party, 1987). Organic mat-
ter is predominantly of kerogen type III (Stein et al., this vol-
ume), which corroborates with the gas potential of source rocks
as reported by Rolle (1985) for the Davis Strait area. Our objec-
tive was to examine the distributions of biological-marker hy-
drocarbons for evidence of this apparently strong terrigenous
influence. In addition, we searched for diagenetic organic-geo-
chemical changes occurring with depth.

METHODS AND PROCEDURES

Eight samples from Hole 645E were investigated (Table 1). All are
from lithologic Unit III (Shipboard Scientific Party, 1987) and were se-
lected on the basis of organic-petrographic differences as reported by
Stein et al. (this volume). Standard laboratory procedures are described
elsewhere (e.g., Rullkotter et al., 1987). Gas chromatography of the
aliphatic hydrocarbon fractions was performed using a Hewlett-Packard
5710A gas chromatograph equipped with a Gerstel programmed tem-
perature-injector system (KAS, Gerstel, Miilheim/Ruhr) and a fused sil-
ica capillary column (length = 25 m; inside diameter = 0.32 mm)
coated with CP Sil 8. Helium was used as carrier gas, and the tempera-
ture was programmed from 80° to 300°C at 4°C/min. Gas chromatog-
raphy/mass spectrometry was conducted using a Carlo Erba Fractovap
4160 gas chromatograph coupled to a VG 7070E mass spectrometer op-
erating at 70 eV. Samples were injected, using the on-column mode,
onto a fused silica capillary column (length = 25 m; inside diameter =
0.32 mm) coated with SE 54. Helium was used as carrier gas, and the
temperature was programmed from 110° to 320°C at 3°C/min.
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RESULTS

An example of a gas chromatogram of an aliphatic hydrocar-
bon fraction is shown in Figure 2. The distribution of the nor-
mal alkanes is dominated by long-chain homologues in all sam-
ples, especially n-CysHs;, n-Cy;Hsg, n-CygHgg, and n-Cy Hg,.
Pristane/phytane concentration ratios vary between 0.9 and 1.1
and show no correlation with depth. Major differences between
the samples were observed with respect to several compounds
eluting between n-C,;Hs, and n-C;5H,,. Thus, attention was fo-
cussed on that particular elution range.

Partial gas chromatograms of the n-C,;H;q to n-C;sH,; range
of the eight samples are shown in Figure 3. The straight-chain
alkanes are indicated by black in these figures. Peak numbers
correspond to those listed in Table 2. Identifications are based
on comparison of mass spectra and relative retention times with
those described in the literature. Tentative assignments were
made where no literature data were available. The structures of
selected compounds are presented in the Appendix; these struc-
tures are referred to in the text with Roman numerals.

The major cyclic hydrocarbons in the geologically youngest
samples (Figs. 3A and 3B) are taraxer-14-ene (13, I) and olean-
12-ene (15, II). The former compound coelutes with the n-CyHg,
alkane on the capillary column used. In addition, two other
oleanenes, olean-13(18)-ene (14a, III) and olean-18-ene (16, IV),
are identified. This elution sequence of oleanenes agrees with
the elution data reported by Hoffmann et al. (1984), which were
obtained for a capillary column coated with CP Sil 5. Peak 18
represents two compounds that were identified as 30-normore-
tane and urs-12-ene (V) (Fig. 3). Urs-12-ene and olean-12-ene
have almost identical spectra but can be differentiated on the
basis of the m/z 191/203 ratio (see Karliner and Djerassi, 1966).
Because of coelution of 30-normoretane, this criterion was not
applied here. However, oleanane series compounds always elute
before the equivalent ursane triterpenoids on silicone columns
(e.g., Fokina, 1979; Burnouf-Radosevich et al., 1985). Other
compounds indicated in Figure 3 are saturated and monounsa-
turated members of the hopane family, of which 178(H),218(H)-
homohopane (24, IX) is the most abundant compound.

Those samples from a depth of 760.0 m and 766.5 m are sim-
ilar to each other (Figs. 3C and 3D), but clearly different from
the samples discussed above. The mass spectra of the major
compounds, 9 and 12, are shown in Figure 4, together with the
mass spectrum of olean-12-ene (15). Compounds 9 and 12 have
similar mass spectra and their similarity to the spectrum of
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Figure 1. Location map of Baffin Bay showing Site 645.

Table 1. Depth, age, organic-carbon, and lithology data for sedi-
ment samples from Hole 645E.

Sample Depth Age Corg  Lithological

interval (cm) (mbsf) (m.y.) (%) Unit*
105-645E-8-5, 21 499.9 e. Plio.(?) 49 1.12 1A
105-645E-22-2, 86 626.9 m. Mio.(?) 9.2 096 1A
105-645E-37-5, 63 760.0 m. Mio. 12.0 1.08 11IB
105-645E-36-3, 47 766.5 m. Mio. 12.1 099 IT1IB
105-645E-39-4, 134 776.1  m. Mio. 123 111 I11B
105-645E-57-4, 99 941.7 m. Mio. 15.7 0.63 1ic
105-645E-64-5, 94 1010.6 e. Mio. 17.2 1.4 HIic
105-645E-71-4, 133 1076.9  e. Mio. 16.2 0.61 Iic

* See site chapter (Shipboard Scientific Party, 1987).

olean-12-ene points to an oleanene/ursene skeleton. However,
their molecular ions are shifted to m/z 396. The base peak of
olean-12-ene and urs-12-ene is derived from the D/E-rings by
cleavage through ring C, which involves a retro-Diels-Alder re-
action. The fragment at m/z 191 is derived from the A/B-rings
(see Karliner and Djerassi [1966] for more specific information
about fragments at m/z 189, 203, and 257). Compounds 9 and
12 lack the typical m/z 191 fragment, which indicates that a
methylene unit (CH,) is missing from the A/B ring part of the
molecule. The mass spectrum of compound 9 shows a more in-
tense m/z 203 fragment (35%) than the mass spectrum of com-
pound 12 (16%), a phenomenon also observed in the mass spec-
tra of olean-12-ene and urs-12-ene, respectively (Karliner and
Djerassi, 1966). Thus, we tentatively identified compounds 9
and 12 as A/B-ring nuclear demethylated olean-12-ene and urs-
12-ene, respectively, or as the corresponding A-nor species. Com-
pounds 8 and 10 have mass spectra similar to those of olean-
13(18)-ene and olean-18-ene, respectively, but their molecular
ions are shifted 14 daltons to m/z 396. By analogy with the
above discussion of compounds 9 and 12, we tentatively identi-
fied compound 8 as an A/B-ring nuclear demethylated olean-
13(18)-ene and compound 10 as an A/B-ring nuclear demethyl-
ated olean-18-ene (or as the corresponding A-nor compounds).
The elution sequence of these tentatively identified nor-oleanenes
(8, 9, 10) is thus similar to that of the regular oleanenes (14a,
15, 16). Brassell (1980) also tentatively identified a A'2 C,, triter-
pane in sediments from the Japan Trench. The mass spectro-
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Figure 2. Gas chromatogram of the aliphatic hydrocarbon fraction
(middle Miocene, 778.1 m) of Sample 105-645E-29-4, 134 cm. Straight
chain alkanes are labeled with numbers corresponding to their number
of carbon atoms. Contaminants are indicated with an asterisk. Pr and
Ph indicate the isoprenoid hydrocarbons, pristane and phytane, respec-
tively. The n-C,;,Hss/n-Cs5Ho, range corresponds to Figure 3E.

metric characteristics [M* 396(10), 381(5), 218(100), 203(30)]
suggest that this may be identical to our component 9. Brassell
postulated that the compound has a photochemically or bacteri-
ally degraded A-ring, i.e., the former six-membered ring was
transformed into a five-membered ring (A-nor triterpane; see
Corbet et al., 1980).

The mass spectrum of the third most abundant compound
(14b) is shown in Figure 5. The molecular ion at m/z 398 points
to an elemental composition of C,oHsy, and the (M-43)* frag-
ment indicates the presence of an intact isopropyl side-chain.
The fragment at m/z 206 seems characteristic of the lupane se-
ries (Budzikiewicz et al., 1963), and the base peak at m/z 177
points to the loss of a methylene unit from the A- or B-ring. By
comparison with mass spectra of 23, 28-bisnor-, and 28-norlu-
panes (Rullkétter et al., 1982), we identified compound 14b as a
23-norlupane.

Three more compounds with unknown structures (3a, 7, 11a)
occur in the Hole 645E samples. Compound 11a is character-
ized by a molecular ion at m/z 382 (10%), a base peak at m/z
163, and a rearrangement ion at m/z 190 (30%). The mass spec-
trum of compound 3a is shown in Figure 6. Compound 7 ex-
hibits a similar spectrum. The mass spectra of these compounds
indicate that the structures are remarkably stable under electron
impact, as the molecular ions are intense peaks (base peak in 7).
We can only speculate about their structures, but note that their
mass spectra show similarities with a dehydration product of g-
amyrin, with double bonds at positions 12 and 14 and a molec-
ular ion (base peak) at m/z 408 (Elgamal et al., 1969). The mo-
lecular ions of compounds 3a and 7 are 14 daltons less, but the
relatively important fragment at m/z 255, which results from
cleavage across ring B (Elgamal et al., 1969), does not shift to
lower values. This implies loss of a methylene unit from ring A,
analogous to what we interpretated for compounds 8, 9, 10, and

12.
The sample from a depth of 778.1 m (Fig. 3E) is similar to

the samples from depths of 499.9 m and 626.9 m (Figs. 3A and
3B), but it lacks taraxer-14-ene (13) and contains the unknown
compound 11a. In addition, a compound having similar charac-
teristics as compound 11a but with a molecular ion at m/z 326



was detected in the n-Cy;H,3/n-C, Hsy, range (Fig. 2). In this
same elution range, two compounds were identified as des-A-
urs-12-ene (VI) and des-A-lup-5(10)-ene (VII), the mass spectra
of which were reported by Corbet (1980).

The geologically oldest samples (Figs. 3F to 3H) are charac-
terized by a number of compounds not observed in the other
samples. The major compound (11b) is identified as 17a(H),
18a(H),213(H)-28,30-bisnorhopane. The fragment at m/z 163
is somewhat enhanced (49%), compared to literature data (Sei-
fert et al., 1978). However, careful scanning of the front and
rear sides of this peak revealed the presence of the unknown
compound 11a, with its base peak at m/z 163. Compounds 1, 2,
and 3b are unknowns, and the mass spectra are shown in Figure
6. Compound 3b is most probably a homologue of compound
2, because the major fragments have shifted 14 daltons (m/z
229 to m/z 243; m/z 367 to m/z 381; m/z 382 to m/z 396). In
the mass spectrum of compound 3b, some fragments can be as-
cribed to coelution of compound 3a.

Diasterenes were identified in small amounts only in the
three oldest samples (not indicated in Fig. 3). The 24-ethyl dia-
cholest-13(17)-enes (C,y) are more abundant than the C,; and
C,3 homologues. The 20R isomers (e.g., X) are present in higher
concentrations than the 20S isomers (e.g., XI), although there is
poor resolution between the 20R-C,g diasterene and the 20S-C,,
diasterene (see Brassell et al., 1984).

DISCUSSION

Biological Markers

The n-alkanes in the higher molecular weight range all have a
similar distribution pattern (Figs. 3A to 3H) and show a strong
odd-over-even carbon number predominance. Nonacosane (n-
C,9Hgg) is the most abundant alkane. The distribution of the
earlier eluting alkanes varies little. This kind of distribution pat-
tern indicates an origin from higher plants (Eglinton and Ham-
ilton, 1963). Carbon-preference-index (CPI) values were not cal-
culated because of coelution of compound 5 with n-C,3Hg, and
compound 13 with n-CyHg, in some samples. Nevertheless,
Figures 2 and 3 indicate that CPI values are very high for Baffin
Bay sediments.

As stated previously, the selection of samples for this study
of biological markers was based on data derived from kerogen
microscopy (Stein et al., this volume). A high alginite content
(30%-50%), together with an increased Hydrogen Index (from
Rock-Eval pyrolysis) of the organic matter that was interpreted
as the result of an enhanced marine influx, was observed in
samples from depths of 626.9 m, 760.0 m, and 766.5 m, respec-
tively, while the alginite content of the other samples was low
(0%-10%). These petrographic differences are clearly not cor-
roborated here.

A possible explanation for this discrepancy is that at the
stage of diagenesis encountered in the Hole 645E sediments,
marine biological markers still occur as functionalized compo-
nents (e.g., sterols), whereas part of the terrigenous precursors
are defunctionalized at an earlier stage and thus can already be
identified in the aliphatic hydrocarbon fraction. McEvoy and
Maxwell (1983), among others, showed that sterols in deep-sea
sediments can survive at greater depths even in areas of high
heat flow (offshore California). Future investigations of the al-
cohol, ketone, and fatty acid fractions of the Hole 645E sedi-
ments will evaluate our hypothesis.

The composition of the aliphatic biological-marker hydro-
carbons is unusual in many aspects. An origin from terrigenous
higher plants for most compounds (if not all) seems irrefutable.
A variety of pentacyclic triterpenoids with oleanane, ursane, tar-
axerane, lupane, and friedelane skeletons have been identified in

TRITERPENOID BIOLOGICAL MARKER HYDROCARBONS

higher plants, but not in marine organisms. In sediments, the
most frequently encountered members of these terrigenous bio-
logical markers are those having S-amyrin (oleanane) and a-amy-
rin (ursane) skeletons (Brassell and Eglinton, 1986). However, a
dominance of these compounds, as observed in sediments from
Baffin Bay, has not yet been reported for deep-sea sediments.
Oleananes have been detected in some deltaic sequences, such as
the Niger Delta (Ekweozor et al., 1979a) and the Mahakam
Delta (Hoffmann et al., 1984). These deltaic environments are
also characterized by the occurrence of ring-A-degraded triter-
panes (see Baas, 1985, for an overview); these compounds (e.g.,
VI, VII) are present in relatively low amounts in Baffin Bay sed-
iments. Ring-A-degraded triterpenes are thought to be products
of microbial breakdown of seco-A-triterpenes, which, in turn,
may originate from unchanged seco-A-triterpenoids (Baas, 1985),
or may be the result of photochemical or photomimetic degra-
dation of triterpenoids (Corbet et al., 1980; Schmitter et al.,
1981). However, Baas (1985) suggested that at least part of the
degradation of the A-ring may also occur in the plant prior to
sedimentation. Apparently, many mechanisms seem to play an
active role in the A-ring degradation of triterpenoids, but a
functional group at C-3 seems to be a prerequisite. To our
knowledge, precursors for the tentatively identified nuclear de-
methylated compounds (8, 9, 10, 12) have not been reported in
the geochemical literature, but the corresponding geochemical re-
actions are known for diterpenoids (e.g., degradation of abietic
acid; Simoneit, 1975). We believe that the triterpenoid precur-
sors are functionalized at C-23 (or C-24), but not at C-3. A sim-
ilar reason can be given for the precursor of the tentatively iden-
tified 23-norlupane.

In Tertiary sediments from adjacent land sections in West
Greenland, Rullkotter et al. (1982) identified a pair of isomeric
nuclear demethylated triterpanes having a lupane skeleton. The
absence of any specific precursor led them to suggest that a spe-
cific reaction sequence with probable microbial intervention un-
der restricted environmental conditions might be responsible for
the formation of the 23,28-bisnorlupanes. These compounds
were also detected in sediments from the Beaufort-Mackenzie
Delta (Brooks, 1986) and the Gulf of Suez (Rullkotter et al.,
1982). Restricted environmental conditions cannot be invoked
for sediments investigated here and, therefore, may not be re-
sponsible for the formation of the nuclear demethylated triter-
panes in Baffin Bay. Investigations of the heterocompound frac-
tions may provide the crucial information necessary for conclu-
sions about precursors and their diagenetic pathways.

Diagenetic Transformations

Lipid transformation processes in sediments have been the
subject of many studies. In particular, the diagenetic fate of ste-
roids was studied in detail (Mackenzie et al., 1982; Brassell et
al., 1984). Steroidal hydrocarbons were virtually absent in Baf-
fin Bay sediments, but some traces of 20R and 20S diasterenes
were detected in the three deepest samples, using mass fragmen-
tography of m/z 257. An increase in the relative concentration
of the 20S isomer was observed with increasing burial depth,
similar to results obtained by Brassell et al. (1984) for deep-sea
sediments from other locations. The diasterene isomerization
ends with a 1:1 mixture of 20S and 20R isomers, but this end
point was not reached at a depth of 1076.9 m in Hole 645E.
Concomitant with the occurrence of diasterenes is the first ap-
pearance of 17a(H), 18c(H),215(H)-28,30-bisnorhopane (Fig. 3F;
compound 11b). Note that the relative concentration of this
bisnorhopane increases with burial depth (Figs. 3F to 3H), a be-
havior similar to that of the 20S diasterenes.

The relative concentration of taraxer-14-ene decreases with
depth, while in the same interval the relative concentration of
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Table 2. Aliphatic hydrocarbons, identified or characterized by molecu-
lar ion (M*) and base peak(BP), that occur in sediments from Hole
645E.

Peak

no. Compound Mass spectral data

Unknown (see Fig.6)

Unknown (see Fig.6)

Unknown (see Fig.6)

Unknown (see Fig.6)

Cyg triterpenoid

Unknown

178 (H)-22,29,30-trisnorhopane

Unknown (isomer of 3a)

A/B nuclear demethylated/A-nor olean-13(18)-ene
A/B nuclear demethylated/A-nor olean-12-ene
A/B nuclear demethylated/A-nor olean-18-ene
Unknown

11b 28,30-bisnorhopane

12 A/B nuclear demethylated/A-nor urs-12-ene
13 Taraxer-14-ene

14a Olean-13(18)-ene

14b  23-norlupane

15 Olean-12-ene

16 Olean-18-ene

17 Hop-17(21)-ene

o=

M* 1382,191(BP)
M™* 382,339(8P)

M* 394(8P)

L =0 - = L S PUR PV S

=3
-4

M™ 382,163(BP)

18 Urs-12-ene + 30-normoretane

19 Neohop-13(18)-ene

20 178(H),218(H)-norhopane

21 Csy triterpenoid M™ 410,191(BP)
22 172(H),218(H)-homohopane

23 178(H),215(H)-hopane
24 178(H),218(H)-homohopane

olean-12-ene increases (Figs. 3A and 3B). This may be attributed
to an isomerization of taraxer-14-ene to olean-12-ene. Ogihara et
al. (1987) showed that taraxer-14-ene-3,24-diol isomerizes to the
corresponding olean-12-ene under mild acidic conditions. Acid-
catalyzed rearrangment leading directly from taraxerene to olean-
12-ene was demonstrated by Courtney et al. (1958). Beaton et
al. (1955) argued that Clemmensen reduction of taraxerone af-
ter 8 hr yields a mixture of olean-12-ene and olean-13(18)-ene,
while a continued acid treatment yields only pure olean-13(18)-
ene; Brownlie et al. (1956) managed to convert olean-12-ene into
olean-13(18)-ene. Although these transformation reactions are
chemically feasible, alternative explanations for the change in
relative concentrations cannot be completely disregarded. Tarax-
erene may be preferentially lost or the sedimentation rate of
taraxerene (or its precursor) relative to that of the oleanenes (or
their precursors) may have changed with geological time. Al-
though we favor the transformation reaction hypothesis, an ulti-
mate conclusion cannot be made at present with the data avail-
able.

Hydrogenation of olean-13(18)-ene would lead to 18«x(H)-
and 188(H)-oleananes (Ekweozor et al., 1979a; Riva et al., in
press). 18c(H)-oleanane has been identified in deltaic sediments
(e.g., Ekweozor et al., 1979a; Hoffmann et al., 1984; Riva et
al., 1986) and in a number of crude oils mostly related to deltaic
sediments (e.g., Ekweozor et al. 1979b; Hoffmann et al., 1984;
Philp and Gilbert, 1986; Riva et al., 1986; Talukdar et al., 1986;
Zumberge, 1987 and references therein). A diagenetic pathway
involving taraxerene to oleanene conversion can explain why no
triterpanes with a taraxerane skeleton are found in sediments or
oils with a pronounced terrigenous molecular signal and why
oleananes are EIICOLIHIEI'BCI.
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