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ABSTRACT

This reconnaissance study was undertaken to determine whether the mass extinctions and faunal successions that
mark the Cretaceous/Tertiary (K/T) boundary left a discernible molecular fossil record in the sediments of this period.
Lipid signatures of sediments taken from above and below the K/T boundary were compared in core and outcrop sam-
ples taken from two locations: the U.S. east coast continental margin (western Atlantic Ocean, DSDP Site 605) and
Stevns Klint, Denmark. Four calcareous sediments taken from above and below the K/T boundary in DSDP Hole 605,
Section 605-66-1, revealed changing lipid signatures between above and below that are characterized by a large compo-
nent of unresolved naphthenic hydrocarbons and a homologous series of n-alkanes ranging from Ci6 to C33. These lipid
signatures are attributed to an influx of a terrestrial higher plant component and to bacterial reworking of the sediments
under partially anoxic depositional and/or diagenetic conditions. The outcrop samples from Stevns Klint had extremely
low concentrations of indigenous lipids. The fish clay at the K/T boundary contained traces of microbial hydrocarbons
and fatty acids, whereas the carbonates above and below had only microbial fatty acids and additional terrestrial resin
acids. The data from both sites indicate a perturbation in the deposition of lipid compound classes across the K/T
boundary.

INTRODUCTION

The Cretaceous/Tertiary (K/T) boundary is marked
by major extinctions of both marine and terrestrial spe-
cies. These extinctions may have been caused by exten-
sive volcanic activity or by the impact of a massive ex-
traterrestrial body (Alvarez et al., 1980, 1984), possibly
of meteoritic origin according to current data on Ir and
Os anomalies (Alvarez et al., 1982, 1984; Luck and Ture-
kian, 1983). A major meteoritic impact could have had
extensive biogeochemical consequences, such as the ces-
sation or dramatic reduction of photosynthetic biomass
production on a regional to global scale, possibly caused
by wildfires and/or the scouring of continents by tidal
waves (e. g., Wolbach et al., 1985). Presumably, a reduc-
tion of biogenesis, a possible hiatus or facies change at
the K/T boundary, and a subsequent, gradual buildup
of extant and new species should have left a molecular
fossil record in the sediments. The purpose of this pre-
liminary analysis is to evaluate such a possibility.

The samples for this study are from Hole 605, Core
66, located on the U.S. east coast continental rise (38°
43.08'N, 72°33.64'W, 2338 m water depth) (van Hinte,
Wise, et al., 1984, 1985) and from the Stevns Klint sec-
tion exposed in an outcrop at Hrijerup, Denmark (Chris-
tensen et al., 1973). The sediment of Core 66, Section 1,
consists of silt and foraminifer-rich clayey nannofossil
limestone (greenish gray, 5G 5/1) above the K/T bound-
ary and clay-rich nannofossil limestone with some quartz
and foraminifers (gray, 5Y 5.5/1) below (Site 604/605
chapter, this volume). The K/T boundary was assigned

1 van Hinte, J. E., Wise, S. W., Jr., et al., Init. Repts. DSDP, 93: Washington (U.S.
Govt. Printing Office).

2 Address: Biogeochemistry and Chemical Evolution Group, College of Oceanography,
Oregon State University, Corvallis, OR 97331.

within an erosional feature at about 72 cm in Core 66,
Section 1 (43-75 cm), although Habib and Drugg (this
volume) identify the K/T boundary between 64 and 78
cm in Section 605-66-1 based on dinoflagellate micro-
fossils. They find good agreement with the Stevns Klint
record.

The Stevns Klint section is the type locality of the
Danian (Christensen et al., 1973) and was sampled 15
cm above and below and in the fish clay at the K/T
boundary. The upper Maestrichtian sample (2-10) is a
gray Bryozoan chalk and the basal Danian sample (2-12)
is a limestone with Thalassinoides and hardground fa-
cies (S. Gartner, private communication). The sample of
fish clay (2-11) is a laminated marl, and the clay fraction
has been found to consist of pure smectite with >95%
expandable layers (Kastner et al., 1984). This was inter-
preted as in situ clay formation by alteration of impact
glass, which was further supported by the high content
of Ir and major element chemistry.

EXPERIMENTAL

The DSDP Hole 605 samples were freeze-dried and exhaustively
extracted with azeotropic toluene:methanol in a Soxhlet apparatus;
each extract was concentrated by rotary evaporation and was subjected
to thin-layer chromatography (6.5% ethyl ether:hexane). The elution
region corresponding to hydrocarbons was analyzed by gas chroma-
tography (GC) and gas chromatography-mass spectrometry (GC-MS).

The Stevns Klint samples were dissolved in 17V HC1, and the aque-
ous, acidic solutions were exhaustively extracted with hexane in a sepa-
ratory funnel. Undissolved sediment residues were extracted by ultra-
sonic agitation; both organic extracts for each sample were combined
and concentrated on a rotary evaporator. The concentrated extracts
were treated with diazomethane in diethyl ether to derivatize free fatty
acids. These total extracts were then subjected directly to GC and GC-
MS.

Given the expected low concentrations of lipids to be measured,
the following normal precautions of good laboratory practice were car-
ried out to reduce potential contamination. All solvents were of dis-
tilled-in-glass (nanno grade) quality, glassware was acid-cleaned prior
to use, and procedural blanks were monitored to preclude problems.
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The GC analyses were carried out on a Varian Vista 44 gas chro-
matography system using a 30 m × 0.25 mm fused silica capillary col-
umn coated with DB-5 (J and W Scientific, Inc.) and programmed
from 65 to 130°C at 10°C/min. and then from 130 to 275°C at 5°C/
min.; helium was the carrier gas.

The GC-MS analyses were performed on a Finnigan 4021 quadru-
pole mass spectrometer interfaced directly to a Finnigan 9610 gas chro-
matograph, equipped with a 30 m × 0.25 mm fused silica capillary
column coated with DB-5. The GC for the GC-MS analyses was pro-
grammed from 60 to 310°C at 4°C/min. The mass spectrometric data
were acquired and processed with a Finnigan-Incos 2300 data system.

Total organic carbon values were determined for samples above
and below the K/T boundary by the phosphoric acid/dichromate oxi-
dation technique (described in Weliky et al., 1983).

RESULTS AND DISCUSSION

Hole 605

The sample descriptions and analytical data are sum-
marized in Table 1. The organic carbon contents for the
samples from Hole 605 are low (~0.2%) and they have
a moderate carbonate content. The hydrocarbon yields
are also low, but definitely above background (0.3-1.2
µg/g)

Hydrocarbon distributions are shown in Figure 1, and
the dominant homologs are rt-alkanes ranging from C13

to C3 3 . All samples exhibit an w-alkane maximum at C17

or C18 and a carbon preference index (CPI, cf. Table 1)
of approximately one from C13 to C22. This is indicative
of a degraded lipid residue from microbiota, especially
bacteria (Simoneit, 1981, 1982). In the GC data of all
samples there is a major component of unresolved
branched and cyclic hydrocarbons (hump) ranging from
C16 to C24 retention time with a maximum at C2o to C2i
This hump is interpreted to represent a degraded residue
of algal lipids (Simoneit, 1981, 1982). It could also rep-
resent a small contribution of recycled sediment con-
taining more mature bitumen with a "petroleum-type"
signature. The n-alkanes >C 2 3 exhibit different distri-

butions for samples above versus below the K/T bound-
ary. There is a major terrestrial vascular plant-wax com-
ponent in the samples below the K/T boundary (domi-
nant odd-carbon-chain homologs maximizing at «-C29,
Fig. 1C, D; Simoneit, 1978, 1982), whereas above the
K/T boundary, this signal is greatly reduced (Fig. IB)
and microbially altered (Fig. 1A). The pristane-to-phy-
tane ratio (Pr/Ph) is > 1 below the K/T boundary and
< 1 above. Although elemental sulfur is not present in
these samples, the Pr/Ph can be interpreted to indicate
relatively oxygen-depleted (euxinic) environmental con-
ditions above the K/T boundary, with normal oxic con-
ditions below (Didyk et al., 1978) and/or greater in situ
microbial activity by methanogenic bacteria, an environ-
mental change in itself (Risatti et al., 1984).

Molecular markers are sparse in these samples, but tri-
terpenoids and polynuclear aromatic hydrocarbons (PAH)
were detectable in all samples. The m/z (mass to charge)
191 fragmentograms are shown in Figure 2, and two ex-
amples are shown as distribution plots in Figure IE, F.
The major triterpane series in all samples consists of
17ß(H),21j3(H)-hopanes (Structure I) ranging from C27

to C32 (no C28), derived primarily from bacteria (Ouris-
son et al., 1979; Rohmer et al., 1980; Howard et al.,
1984). A minor amount of maturation of these biomark-
ers has occurred to the 17α(H),21j8(H)-hopane series
(Structure II), where the C-22 S-to-R stereomer ratio for
the C3i homolog ranges from 0.2 to 0.8. This demon-
strates the immaturity of the organic matter, which is
further supported by the presence of various C 2 9 and
C 3 0 triterpenes (Fig. 2). The triterpenoid distribution pat-
terns of the samples farthest apart (Fig. 2A vs. D) are
essentially identical except for the presence of one iso-
mer of onocerane in Sample 605-66-1, 132-137 cm (Struc-
ture III, M.W. 414, Fig. 2D). The relatively simpler tri-
terpenoid patterns in the lipids nearer the K/T bound-
ary (Fig. 2B, C) may indicate that a reduction of faunal

Table 1. Sample descriptions, carbon contents, and lipid yields across the K/T boundary in Hole 605 and at Stevns Klint, Denmark.

Sample

66-1, 20-23 cm

66-1, 33-36 cm

66-1, 87-90 cm

66-1, 132-137 cm

Stevns Klint (outcrop)b

No. 2-12

No. 2-11

No. 2-10

Age

early Paleocene

early Paleocene

late Maestrichtian

late Maestrichtian

Danian

K/T fish clay

Maestrichtian

Lithology

Calcareous mudstone,
silt-rich, clayey

Calcareous mudstone,
silt-rich, clayey

Clayey limestone

Clayey limestone

Basal Danian hardground
with Thalassinoides
(limestone-chalk)

Laminated marl (clay)

Bryozoan wackestone
Coccolith matrix
(chalk)

Total
organic
carbon

(%)

0.19

0.21

0.34

0.11

CaCO 3

W

13.2

14.2

30.8

56.6

Total
hydrocarbon

yield

(µg/g)

0.52

1.22

0.52

0.33

n.d. c

tr.

n.d.

Total
M-alkanes

(% of total
extract)

0.1

0.4

0.2

0.1

n.d.

tr.

n.d.

C P I a

0.88/1.95
(1.1)

1.02/2.5
(1.12)

1.03/2.8
(1.43)

1.03/2.2
(1.2)

0.99/2.9
(1.09)

C-max

18

18
18,21

17

17

Pr/Ph

0.7

0.6
1.3

1.2

0.8

Note: n.d. = not detectable; tr. = traces.
j* Carbon preference index of n-alkanes, odd-to-even, summed from C j 3 to C 2 2 / C 2 3 - C 3 3 and C j 3 - C 3 3 in parentheses.

Samples from Dr. S. Gartner, Texas A&M University.
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Figure 1. Distribution diagrams of n-alkanes (A-D = isoprenoids) and triterpenoids (E, F) in the lipid extracts of the samples
from Hole 605. A. Sample 66-1, 20-23 cm; B. Sample 66-1, 33-36 cm; C. Sample 66-1, 87-90 cm; D. Sample 66-1, 132-137 cm;
E. Sample 66-1, 20-23 cm; F. Sample 66-1, 87-90 cm.

diversity and a possible enrichment of bacterial detritus
are contributing these markers to the sediments. The
presence of the onocerane is consistent with a contribu-
tion of terrestrial terpenoids to the Cretaceous section.
Steranes and diasteranes, both with maxima at C2η, were
detectable only in Sample 605-66-1, 132-137 cm. This
distribution is typical of an autochthonous algal source
(Huang and Meinschein, 1979; Simoneit, 1978).

All four samples contain PAH of mainly the phenan-
threne and pyrene homologous series. The phenanthrene
series are shown as homologous mass fragmentograms
in Figure 3 and are generally the same, with the excep-
tion of Sample 605-66-1, 87-90 cm, which has an ele-
vated level of phenanthrene. Anthracene is not detect-
able. The m/z 234 fragmentograms exhibit a dominant
peak of retene (Structure IV), which is an oxidation prod-
uct of terrestrial plant resin detritus (Simoneit, 1977).
Some examples of the homologous pyrene series (Struc-
ture V) are shown in Figure 4. Again, the distributions
and relative concentrations of the major components are
very similar and fluoranthene is not detectable. On con-
sideration of the immaturity of these lipids based on the
triterpenoid data, the interpretation for the presence of
the major proportion of these PAH series is either oxi-
dative transport from continental sources by rivers or

atmospheric fallout of combustion products from wild-
fires. It should be pointed out that the greater amounts
of alkyl-substituted PAH versus the unsubstituted homo-
logs could also represent a diagenetic effect or influx of
a recycled mature component. The presence of retene
further supports the terrestrial origin of these PAH, and
the relatively similar distributions of homologs for all
samples indicates a constant and uniform source.

The compound distributions in these lipid fractions
do not resemble those from the K/T samples of DSDP
Hole 577 on the Shatsky Rise (Simoneit and Beller, 1985).
The latter site was in a marine paleoenvironment far re-
moved from continental influx, whereas Hole 605 was
under strong terrestrial influence at the North American
continental margin.

Stevns Klint

The total extracts of lipids from three samples across
the K/T boundary exposed at Stevns Klint were analyzed
(Table 1). The major components in the carbonate se-
quences above and below the K/T boundary were «-fat-
ty acids ranging from < C 1 0 to C 1 8 and CPI values of
about 12. This distribution is characteristic of a proba-
ble bacterial origin. Unsaturated acids were not detect-
able in these samples, indicating that these lipids are not
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Figure 2. Mass fragmentograms (m/z 191) for triterpenoids in the lip-
id extracts, Hole 605. A. Sample 66-1, 20-23 cm; B. Sample 66-1,
33-36 cm; C. Sample 66-1, 87-90 cm; D. Sample 66-1, 132-137 cm.

of a recent origin; for example, from weathering or oth-
er contamination. The lipids of the fish clay consisted
primarily of hydrocarbons; the n-alkanes range from C16

to C27 with a maximum at C π and have a CPI of about
1. A major naphthenic hump is also present, ranging
from C16 to C23 retention time with a maximum at C2o
Both of these hydrocarbon trends indicate an origin from
microbial detritus. The Pr/Ph is about 0.8, indicating
partially euxinic paleoenvironmental conditions of sedi-
mentation (Didyk et al., 1978) and/or greater in situ mi-
crobial activity by methanogens (Risatti et al., 1984).
Minor amounts of n-fatty acids are also present and
range from <C 1 0 to C17 with a dominance of C1 6 and
CPI of 4.3. These again are representative of a bacterial
origin.

All these samples contain resin acid markers derived
from terrestrial higher plants. Dehydroabietic acid (Struc-
ture VI) occurs in all samples, but at low relative con-

centration in the fish clay (Fig. 5; Simoneit, 1977). The
carbonate samples above and below the K/T boundary
contain additional resin acids (Figs. 5, 6). There the ma-
jor component is again dehydroabietic acid with lesser
amounts of two isomers of oxodehydroabietic acid (Struc-
ture VII, Fig. 6B, D-F) and one isomer of 7-oxoabieta-
5,8,11,13-tetraenoic acid (Structure VIII, Fig. 6B, G).
Other molecular markers (e. g., triterpenoids, steranes,
PAH) were not detectable in these samples. Whether these
resin acids were syngenetic with the organic matter of
the sediments or were emplaced subsequently during
weathering by meteoric waters or some other means of
contamination cannot be determined from these data.
Such resolution would require more careful acquisition
of larger samples, preferably from drill cores.

CONCLUSIONS

The transition across the K/T boundary in Hole 605
is reflected in the lipid composition. The w-alkanes be-
low the K/T boundary contain a significant vascular
plant-wax component, which is more diluted or altered
above in comparison to the microbially derived n-al-
kanes present in all samples. A series of PAH and retene
are present in all samples, indicating a relatively con-
stant influx of oxidized markers from terrestrial sources
or also from diagenetic processes. The hopanoid and
steroid markers reflect the low maturity of the lipids and
the autochthonous microbial component. Thus the bio-
logic activity after the K/T event left a different molecu-
lar fossil record at this site, which is under significant
continental influence.

The outcrop samples from Stevns Klint contain lipid
residues interpreted to derive mainly from bacteria and
diterpenoidal acids derived from resinous vascular plants.
The extent to which these lipids are syngenetic or de-
rived from secondary sources needs to be resolved by
better samples. Nevertheless, the carbonates above and
below the K/T boundary contain essentially the same
compound distributions of both terrestrial and marine
origin, indicating similar degraded organic starting ma-
terials. The fish clay at the K/T boundary is different,
reflecting lower levels of primarily marine microbial
lipids.
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Figure 3. Mass fragmentograms for alkylphenanthrenes (m/z 178, 192, 206, 220, and 234) in the lipid extracts, Hole 605. A. Sample 66-1,
20-23 cm; B. Sample 66-1, 33-36 cm; C. Sample 66-1, 87-90 cm; D. Sample 66-1, 132-137 cm.
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Figure 4. Mass fragmentograms for alkylpyrenes (m/z 202, 216, and 230) in the lipid extracts, Hole 605. A. Sample 66-1, 20-23 cm; B. Sam-
ple 66-1, 33-36 cm; C. Sample 66-1, 132-137 cm.
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Figure 6. Mass fragmentograms and mass spectra of diterpenoid acids in Sample 2-12. A, C. m/z 239 and
314 for dehydroabietic acid; B, D. m/z 253 and 328 for oxodehydroabietic acids; E. Mass spectrum No.
1017, oxodehydroabietic acid; F. Mass spectrum No. 1024, oxodehydroabietic acid; G. Mass spectrum
No. 1032, oxoabietatetraenoic acid (all mass spectra are as methyl esters).
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APPENDIX
Chemical Structures Cited

21/3(H)-hopanes 17α(H), 21/3(H)-hopanes III. Onocerane

R = H,

or 2 CH

IV. Retene V. Pyreπes VI.

COOH

Dehydroabietic acid

o o•

COOH COOH

VII. 7-or 3-Oxodehydroabietic acid

COOH

VIII. 7-Oxoabieta-5,8,

11,13-tetraen-18-oic acid
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