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ABSTRACT

C,-Cy hydrocarbon concentrations (about 35 compounds identified, including saturated, aromatic, and olefinic
compounds) from 27 shipboard-sealed, deep-frozen core samples of DSDP Hole 603B off the east coast of North
America were determined by a gas-stripping/thermovaporization method. Total yields representing the hydrocarbons
dissolved in the pore water and adsorbed on the mineral surfaces of the sediments vary from 22 to 2400 ng/g of dry-
weight sediment. Highest yields are measured in the two black shale samples of Core 603B-34 (hydrogen index of 360
and 320 mg/g C,,,, respectively). In organic-carbon-normalized units these samples have hydrocarbon contents of
12,700 and 21,500 ng/g C,,,, respectively, indicating the immaturity of their kerogens. Unusually high organic-carbon-
normalized yields are associated with samples that are extremely lean in organic carbon. It is most likely that they are
enriched by small amounts of migrated light hydrocarbons. This applies even to those samples with high organic-carbon
contents (1.3-2.2%) of Sections 603B-28-4, 603B-29-1, 603B-49-2, and 603B-49-3, because they have an extremely low
hydrocarbon potential (hydrogen index between 40 and 60 mg/g Corg)- Nearly all samples were found to be contami-
nated by varying amounts of acetone that is used routinely in large quantities on board ship during core-cutting proce-

dures. Therefore, 48 samples from the original set of 75 collected had to be excluded from the present study.

INTRODUCTION

Hole 603B of DSDP Leg 93 was drilled in May 1983
by the crew of Glomar Challenger in 4633 m water depth
on the lower North American continental rise 270 n. mi.
east of Cape Hatteras, North Carolina (35°29.71'N;
70°01.71" W, see Fig. 1). Despite various operational prob-
lems at this site, a comprehensive sedimentary sequence
was recovered which characterizes Mesozoic and late Ce-
nozoic sedimentation along this passive margin at the
interface between continental and deep-sea environments.

In this chapter we analyze the low-molecular-weight
hydrocarbon fraction (C,-Cg molecular range) of 27 se-
lected core samples from 911 to 1443 m sub-bottom depth
to characterize the stage to which hydrocarbon-genera-
tion processes have advanced and to examine if migra-
tion effects are detectable for these compounds (cf. Leyt-
haeuser et al., 1980, 1982, 1983).

As shown in previous studies (see, e.g., Whelan and
Hunt, 1981, 1982; Schaefer et al., 1983a, b; Schaefer
and Leythaeuser, 1984; Jasper et al., 1984; Schaefer et
al., 1984, and references cited therein), quantity and com-
position of hydrocarbons of this molecular-weight range
can be followed to monitor the progress of thermally
controlled hydrocarbon-generation reactions and of mi-
gration processes in low-maturity sediments.

METHODS

Seventy-five core samples (approximately 10 g) were stored on board
in aluminum-foil sealed, 20-m1 screw-capped glass vials in a deep
freezer (approximately —20°C) until the analyses were performed in
the laboratory at KFA Jiilich. Blank runs revealed an adequate purity

! van Hinte, J. E., Wise, S. W,, Ir., et al., Init. Repts. DSDP, 93; ‘Washington (U.S.
Govt, Printing Office).
Address: Institut fiir Erd6] und Organische Geochemie, KFA Jiilich GmbH, Postfach
1913, D-5170 Jilich, Federal Republic of Germany.

of the sampling vials used for this study. The low-molecular-weight
hydrocarbons (molecular range C,-Cg) were determined by a slightly
modified, combined gas-stripping/thermovaporization method (Schae-
fer et al., 1978) described in detail in our previous studies of DSDP
Leg 71, 75, 79, and 89 sediments (Schaefer et al., 1983a, b; Schaefer
and Leythaeuser, 1984; Schaefer et al., 1984; Schaefer and Leythaeus-
er, in press). The relative standard deviation of hydrocarbon stripping
yields was determined to be around 10% for core samples containing
relatively low light hydrocarbon concentrations (Schaefer et al., 1978).
It is assumed, however, that the standard deviation for thermovapo-
rization yields is somewhat higher. The modification of the method
(i.e., by applying a mixture of CaCl, and silica gel to the thermova-
porized hydrocarbon fraction) was necessary because nearly all sam-
ples from Hole 603B turned out to be drastically contaminated on
board ship by varying amounts of acetone. Therefore, the analytical
results of only 27 core samples could be included in our study.

The occurrence of large amounts of acetone, which is usually ap-
plied during core-cutting procedures on board the Glomar Challenger,
in the light hydrocarbon fraction of DSDP cores causes problems be-
cause of the following two reasons. First, it is possible that the acetone
used on board ship is not absolutely pure and that, therefore, other or-
ganic compounds may contaminate the core samples. Second, the ace-
tone peak in the gas chromatograms interferes with various compounds
that are of geochemical interest.

Organic-carbon contents of the sediments were measured by a com-
bustion method (LECO Carbon Analyzer IR 112) after treatment with
hot 6N HCI on the same samples used for low-molecular-weight hy-
drocarbon determination. The accuracy of the organic-carbon deter-
mination is still rather high at organic-carbon levels of 0.1% or even
less (10% relative standard deviation). Data on kerogen type were ob-
tained for selected whole rock samples from Hole 603B by Rock-Eval
pyrolysis (Espitalié et al., 1977).

RESULTS AND DISCUSSION

Organic Carbon Contents and Pyrolysis Yields

The sample series, comprising the interval from 911
to 1443 m sub-bottom depth (Cores 603B-11 to 603B-68),
mainly consists of silty and/or zeolite-bearing claystones
or siltstones., Black carbonaceous claystones occur in
Core 603B-34 (two samples). Samples 603B-28-4, 100-
101 cm and 603B-57-5, 36-38 cm are sandstones.

1237



R. G. SCHAEFER, D. LEYTHAEUSER

45°N

DSDP Sites
Legs 2, 11,43, 44,76, 93

40°

35°

Piantagenet
Bank -

\
é L
) 1
& g

L~

o
25° h g
Nares Abyssal .l

Plain
"
20° =1

Caribbean
J?“ )
N el il L

85°W 80° 75° 60°

Figure 1. Location of DSDP Leg 93, Site 603.

Organic-carbon contents are very variable in the stud-
ied sample series (Table 1, Fig. 2). They range from vir-
tually zero (0.05% or less) in the silt- and zeolite-bear-
ing claystones of Core 603B-29 (lower Senonian) to 8.9
and 11.1% in the black shales of Core 603B-34 (Ceno-
manian, 1128.02 and 1130.36 m depth). Elevated organ-
ic-carbon contents (0.7-2.2%) occur in seven samples
from Cores 603B-11, -28, -29, and -49. All other sam-
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ples are relatively poor in organic carbon (between 0.1
and 0.2%).

The results of the Rock-Eval pyrolysis (Table 1) of
selected samples (organic-carbon contents higher than
0.7%) classify the organic matter as kerogen Type III
(hydrogen index 7 less than 100 mg/g C,,) except for
the two black shales of Core 603B-34, which exhibit a
mixed type II/IIl kerogen quality (/5 = 357 and 323
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Figure 2. Organic-carbon content and low-molecular-weight hydrocarbon yield (sum of all C,-Cg hydrocarbons identified in Table 1,
except the olefins) versus depth for sediment samples from DSDP Hole 603B, Leg 93. Triangles indicate black shale samples of

Core 603B-34.

mg/g Co,, respectively). T,,,, values of these two sam-
ples are about 410°C, indicating kerogens that are def-
initely in an immature evolutionary stage. T,y values in
all other samples are quite variable (between 422 and
471°C). The high values of about 470°C are associated
with very hydrogen lean kerogens (/; between 36 and
60 mg/g C,,,) in Cores 603B-28 and -29 that are litho-
logically described as sandstone and silty claystones (tur-
bidites). It is questionable, however, whether the high
Tmax values are indicative of a high maturity of these
samples, because their pyrolytic yields are very low and
Tmax values may therefore be caused by an artifact effect.

Light Hydrocarbon Contents

As shown in Figure 2, light hydrocarbon yields (sum
of total C,-Cg molecular range, see Table 1, except the
olefins) are quite variable in the samples studied . Rock-
weight-based values vary by more than two orders of
magnitude from 22 (Sample 603B-25-2, 36-37 cm) to
nearly 2400 ng/g dry-weight sediment in the black shale
Sample 603B-34-2, 135-137 cm, reflecting the different
potential for generating light hydrocarbons in terms of
organic richness and hydrogen content of the kerogens.
As expected, such high light hydrocarbon yields, as in
the two black shale samples (i.e., 1130 and 2390 ng/g of
rock) are not reached by any other sample of the series.
Organic-carbon-rich, type-111 kerogen-bearing samples
(Corg content between 1.3 and 2.2%) have yields of about
200 to 360 ng/g rock. In all other samples (with the ex-
ception of Samples 603B-11-2, 67-68 cm; 603B-28-1,

35-36 cm, and 603B-28-1 100-101 c¢m) light hydrocar-
bon yields are about or less than 100 ng/g of rock.
Organic-carbon-normalized yields are again very var-
iable (i.e., by about two orders of magnitude). Highest
values of more than 10° ng/g C,, occur in samples with
very low organic-carbon contents (0.04-0.2%). The two
black shale samples of Core 603B-34 exhibit much lower
yields of 12,700 and 21,500 ng/g C,,,, respectively. Pro-
vided that these hydrocarbon contents are indigenous,
the conclusion is warranted that the organic matter of
the black shales is immature. According to Rullkétter et
al. (this volume), Cenomanian-age sediments at Site 603
have a vitrinite reflectance of about 0.3%, which sup-
ports our conclusion. Concentration values of about 2
x 10* ng/g C,, compare well with those of correspond-
ing Cenomanian-age black shale samples of DSDP Hole
530A of Leg 75 (Angola Basin, cf. Schaefer and Leyt-
haeuser, 1984) where a slightly higher vitrinite reflectance
(about 0.4%) was measured (Rullkotter et al., 1984).

Redistribution of Light Hydrocarbons

To detect samples or intervals that are enriched in hy-
drocarbons, in Figure 3 we plotted the total light hydro-
carbon yields in (A) rock-weight and (B) organic-car-
bon-content-normalized units versus the organic carbon
contents of the sediment samples. Based on these data
and following the concepts for recognition of redistribu-
tion or migration phenomena (i.e., by comparing light
hydrocarbon yields in closely spaced samples of differ-
ent lithology and kerogen type or samples with equal
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Table 1. Summary of low-molecular-weight hydrocarbon yields, organic-carbon contents, and Rock-Eval pyrolysis data of core samples from

DSDP Hole 603B.

Core-Section (interval in cm) 11-2, 67-68  25-2, 36-37  28-1, 35-36  28-1, 100-101  28-2, 35-36  28-2, 100-101  28-3, 35-36  28-3, 100-101
Sub-bottom depth (m) 910.97 1049.47 1073.56 1074.21 1075.06 1075.71 1076.56 1077.21
Mica-bearing Silt-rich Silt-bearing Silt-bearing Silt-bearing Silt-bearing Silt-bearing Silt-bearing

Lithology 1 ~ clay lay lay A lay A

Corg (o) 0.67 0.12 0.12 0.12 0.90 0.20 0.13 0.11

Hycﬁ'ogen index (mg hydrocarbons/g Cors) 71 i6

Oxygen index (mg COy/g Cors) 186 315

Tmax (°C) 47 470

Hydrocarbon concentration (ng/g dry-weight sediment)
Ethene 23 0.82 2.0 1.1 23 1.9 1.9 8.4
Ethane 34 1.5 16.1 9.8 38 1.6 2.6 2.8
Propene 3.5 2.0 29 6.9 2.8 1.8 2.2 16.5
Propane 12.9 2.6 219 19.8 4.8 32 5.2 5.9
Methylpropane 8.3 2.1 13.5 13.1 2.1 2.0 4.3 6.3
Methylpropene + 1-butene 4.7 2.3 5.1 7.0 29 2.5 3.2 25.2
n-Butane 4.8 1.6 143 10.2 29 2.0 31 4.8
Methylbutane 35.0 1.0 9.4 8.2 1.5 1.2 2.0 1.9
n-Pentane 75.3 2.0 8.4 11.2 37 1.7 2.1 57
2,2-Dimethylbutane <0.01 0.05 ? — 7 0.09 <0.01 0.14
Cyclopentane 2 <0.1 0.68 <0.1 <0.1 <0.1 <0.1 0.43
2,3-Dimethylbutane 2.5 — 0.21 0.28 - - <0.1 <0.1
2-Methylpentane ? 0.30 2.6 1.9 0.41 0.29 0.42 12
3-Methylpentane 4.5 0.27 1.3 1.2 0.49 0.22 0.30 ?
n-Hexane 10.7 1.4 5.3 5.5 2.7 1.4 1.7 5.8
Methylcyclop + 2,2-dimethyl 123 0.27 1.1 0.90 0.21 0.30 - 0.88
2,4-Dimethylpentane 1.5 — - <0.1 — —_ — 0.38
Benzene 214 0.95 7.3 5.2 25 0.94 1.8 9.4
Cyclohexane 10.9 <0.1 - <0.1 - — — 0.40
2-Methylhexane 39 0.46 0.90 1.0 <0.1 0.65 <0.1 1.2
2,3-Dimethylpentane + 1,1-dimethylcyclopentane 4.0 0.26 0.38 0.66 — 0.25 <0.1 1.1
3-Methylhexane 4.5 0.55 0.59 1.1 —_ 0.65 <0.1 1.1
1,cis-3-Dimethylcyclopentane 4.8 —_ — <0.1 0.23 <0.1 —_ ?
1,trans-3-Dimethylcyclopentane 4.6 —_ - <0.1 - — - <0.1
1,trans-2-Dimethylcyclopentane 4.3 —_ — <0.1 — — — 0.70
n-Heptane 15.7 1.0 4.5 3.2 1.7 1.4 2.0 4.6
1,cis-2-Dimethylcyclopentane 1.6 — - — _ - — —_
Methylcyclohexane 333 —_ — <0.1 — — — -
2,5-Dimethylhexane <0.1 — - - - —_ —_ —_
Ethylcyclopentane 22 - — - = - 2 —
1, trans-2,cis-4- Trimethyleyclopentane 0.59 — — —_ — — —_ -
1,trans-2,cis-3-Trimethylcyclopentane 1:7 — — —_ —_ . — <0.1
Toluene 39.3 4.9 27.2 38.6 5.2 9.8 1.3 17.6
n-Octane 6.2 <0.1 0.28 <0.1 1.8 0.47 0.86 5.2

Note: — = value below or near detection limit; ? = value uncertain due to peak overlappng.

kerogen type at different depth levels; cf. Schaefer et al.,
1983a; Schaefer and Leythaeuser, 1984; Jasper et al.,
1984; Schaefer and Leythaeuser, in press), it appeared
that two depth intervals should be considered in more
detail.

1074-1087-m Depth Interval

Organic-carbon contents and C,~Cg hydrocarbon yields
(both rock-weight-based and normalized to organic-car-
bon contents of the rock) are plotted versus depth for 16
samples in Figure 4. Comparing the organic-carbon-nor-
malized yields with those of the two hydrogen-rich-kero-
gen-bearing black shales of Core 603B-34 (Figs. 2 and
3B), we conclude that all samples included in Figure 4
are enriched in hydrocarbons (except Sample 603B-28-2,
35-36 cm). In view of the extremely low hydrocarbon
potential, even the yields of the three samples with high
organic-carbon contents from 1078.71, 1081.11, and
1081.81 m depth are much higher than expected at this
maturity level (15,400; 16,100; 11,600 ng/g C,,). In this
respect it is very unlikely that these samples are the source
of the hydrocarbon impregnation of the other organic-
carbon-lean samples of this interval. Instead, we believe
that possible sources for these hydrocarbons are hydro-
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gen-rich-kerogen-bearing claystones, such as the black
shales of Core 603B-34. To support this hypothesis we
plotted the rock-weight-based yields of three n-alkanes
(ethane, propane, n-butane) for this depth interval (Fig.
5). As can be seen in this figure, there is no clear rela-
tionship between hydrocarbon yields, molecular size, and
organic richness of the rocks. Compare, for instance,
the hydrocarbon yields of the organic-carbon-rich sam-
ples (1.3-2.2% C,,,) with those of only 0.04% C,,, at
1084.81, 1085.61, and 1086.31 m depth; their hydrocar-
bon yields are quite similar. The most probable explana-
tion for this observation is to assume that hydrocarbons
have been redistributed within the sedimentary column.
The degree of enrichment at any given level would be
controlled by adsorption phenomena of the minerai sur-
faces and the available pore space of the rock.

1264-1266-m Depth Interval

Three samples with organic-carbon contents of 1.8,
0.2, and 1.5% are considered. In particular, the first two
closely spaced samples (only 8 cm apart) represent an
ideal pair to examine potential redistribution effects. It
is obvious from Figure 2 that total light hydrocarbon
yields in rock-weight-based units are very similar in these



Table 1 (continued).

LOW-MOLECULAR-WEIGHT HYDROCARBONS, HOLE 603B

284, 35-36  28-4, 100-101  29-1, 31-32 291, 100-101  29-2, 31-32  29-2, 100-101  29-3, 31-32  29-3, 100-101 294, 31-32 294, 100-101  29-5, 31-32

1078.06 1078.71 1081.11 1081.81 1082.61 1084.11 1084.81 1085.61 1086.31 1087.11
Silt- and Silt- and Silt- and Silt- and Silt- and
zeolite- zeolite- zeolite- zeolite- zeolite-
Silt-bearing Silt-rich Silt-rich Silt-rich bearing bearing bearing bearing bearing
claystone Sandstone claystone claystone 1 ! lay claystone claystone claystone
0.10 1.33 .22 1.90 0.16 0.05 0.04 0.04 0.04 0.04
60 40 48
65 58 49
471 471 470
2.3 34 32 2.3 1.7 2.1 24 2.6 32 2.2 2.5
23 6.8 4.3 5.6 11.4 4.8 3.7 4.7 5.0 6.5 23
33 4.6 6.9 4.3 25 34 32 37 4.0 28 39
13.2 12.5 6.9 15.8 14.6 12.1 6.0 10.8 12.7 10.4 33
8.5 8.7 4.0 6.6 4.6 6.4 il 4.5 6.3 4.7 24
5.0 4.3 6.3 4.9 3.0 4.6 3.6 5.7 5.8 3.9 4.6
7.0 6.6 4.6 8.3 6.3 6.5 33 3.7 7.4 5.4 2.4
5.6 B8 10.3 8.7 2.5 4.3 23 3.1 38 3.2 1.2
4.2 23.5 537 30.6 4.4 2.9 24 6.3 7.3 55 2.1
0.05 0.12 37 0.23 <0.01 0.07 0.14 0.43 0.04 0.04 0.12
<0.1 s <0.1 <0.1 0.26 <0.1 0.25 <0.1 0.20 <0.1 <0.1
0.23 — <0.1 0.26 <0.1 - <0.1 —_ <0.1 — <0.1
1.4 2.4 29 22 0.70 0.82 0.63 0.55 0.80 0.75 0.38
0.87 1.3 24 0.92 0.55 0.46 0.63 0.64 1.0 0.42 0.93
34 4.8 7.8 53 32 2.5 23 11.4 11.1 2.2 1.4
0.66 1.2 2.1 1.3 0.61 0.41 0.28 0.31 0.46 0.23 <0.1
— 0.21 0.30 0.20 0.12 — - <0.1 — —_ 0.11
6.0 10.5 19.6 20.4 34 4 4.2 3.6 18.3 4.3 42
<0.1 0.78 22 1.0 <0.1 - —_ - - <0.1
11 1.5 25 1.3 0.94 . 0.26 0.80 0.77 0.36 —_
0.48 0.94 2.2 1.1 0.32 5 <0.1 0.30 <0.1 0.22 —_
1.0 1.8 37 1.7 1.0 X 0.26 0.88 0.84 0.26 —
0.41 0.49 2.5 0.74 <0.1 A 0.24 0.71 0.31 <0.1 —
—_ 0.43 0.95 0.33 <0.1 — - _ — — —
— 0.32 1.0 0.44 <0.1 — - —_ — —_ —
34 4.6 7.3 4.7 3.0 2.5 1.7 1.7 34 1.4 1.5
- <0.1 0.54 — — —_ — - — — _
— 2.1 7.4 24 - — - —_ - —_ -
— —_ <0.1 - - —_ - = A= s =
= <0.1 0.11 — = =2 =2 i = - =
- — <0.1 - - - — = — = £
— —_ <0.1 <0.1 — - - - —_ o p-
28.0 103.0 199.0 96.0 8.6 27.7 7.5 9.5 21.8 122 7.2
<0.1 <0.1 4.4 2.0 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1

three samples (376, 315, and 305 ng/g of rock). Like-
wise, the organic-carbon-normalized values vary from
about 20,000 ng/g C,,, (Samples 603B-49-2, 50-52 cm
and 603B-49-3, 64-66 cm) to about 160,000 ng/g C,,, in
the siltstone with only 0.2% of organic carbon (603B-
49-2, 58-61 cm). It appears that these three samples are,
in terms of their total light hydrocarbon contents, equil-
ibrated to a certain extent by a redistribution process.
However, an examination of individual compounds (see
Table 1) in Sample 603B-49-2, 50-52 cm (C,,, = 1.8%)
and Sample 603B-49-2, 58-61 cm (C,;, = 0.2%) reveals
that the C,-C, hydrocarbons are more abundant in the
latter, whereas Cs-C; hydrocarbon yields are higher in
the former. In this respect it is questionable if these data
reflect simple equilibration of the compounds between
the sediment layers. Instead, the general predominance
of the gaseous hydrocarbons in Sample 603B-49-2, 58-
61 cm might be caused by preferential diffusion of the
most mobile compounds into this layer. On the other
hand, in view of the significant difference in organic-
carbon contents of these two samples by nearly one or-
der of magnitude, it is not surprising that the concen-
trations of individual hydrocarbons, particularly in the
Cs-C; molecular range, are not identical in both sam-

ples. This might, for instance be caused by different ad-
sorption activities of their organic matter and mineral
surfaces.

As discussed before, however, even C,-Cg hydrocar-
bon yields of 20,000 ng/g C,,, are much too high in
view of the extremely low hydrocarbon potential of the
two organic-carbon-rich samples (hydrogen index 49 and
44 mg/g C,,, respectively) at the corresponding matu-
rity level. Again, as concluded from the results in the
1074-1087-m depth interval, the source of the hydrocar-
bons that caused the enrichment is most probably hy-
drogen-rich-kerogen-bearing claystones such as black
shales from Core 603B-34.

CONCLUSIONS

The conclusions reached in this study were of a some-
what limited nature because after all samples received
were analyzed, only 27 samples yielded reliable data that
could be included in this interpretation. This was be-
cause of the severe acetone contamination of most sam-
ples. It is emphasized, however, that even for these 27
samples the quality of the data is not ideal. Therefore,
the conclusions drawn here are mainly based on total
C,-Cg hydrocarbon yields.
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Table 1 (continued).

Core-Section (interval in cm)

32-2, 53-54 34-1, 51-53

34-2, 135-137  49-2, 50-52  49-2, 58-61  49-3, 64-66  57-5, 36-38  68-2, 10-11

Sub-bottom depth (m) 1109.50 1128.02 1130.36 1264.41 1264.49 1266.05 1345.57 1443.31
Black Black Nannofossil-
Silt-rich cart b rich Sandy

Lithology claystone claystone claystone Siltstone Siltstone claystone Sandstone siltstone

Corg () 0,10 8.94 11.10 1.83 0.20 1.49 0.21 0.14

HycFmgen index (mg hydrocarbons/g Corg) 357 323 49 44

Oxygen index (mg CO2/g Curg) 67 64 161 156

Tmax (°C) 409 412 423 422

Hydrocarbon concentration (ng/g dry-weight sediment)
Ethene 23 15.2 19,2 5.8 6.1 6.1 24 0.89
Ethane 5.1 103.0 55.8 23.0 52.6 17.9 9.8 4.4
Propene 2.7 12.9 33.3 7.3 10.5 9.5 39 1.3
Propane 12.6 109.0 87.9 237 61.4 16.6 12.0 4.6
Methylpropane 6.1 141.0 95.7 8.6 278 9.2 6.2 24
Methylpropene + 1-butene 4.3 1.7 14.1 4.0 6.9 59 39 1.3
n-Butane 6.4 353 39.9 12,5 35.0 8.5 6.5 27
Methylbutane 3.8 7 251.0 23.0 18.8 24.6 5.2 1.7
n-Pentane il 81.4 443.0 89.4 23.2 89.4 5.4 23
2,2-Dimethylbutane <0.01 23 9.2 2] 0.20 0.53 0.41 0.07
Cyclopentane <0.1 444 407.0 <0.1 29 ? 0.70 0.22
2,3-Dimethylbutane — —_ 12.7 — 0.81 1.2 0.28 <01
2-Methylpentane 0.83 110.0 140.0 6.3 4.9 5.3 1.6 0.69
3-Methylpentane 0.71 16.1 219 4.2 34 2.6 1.1 0.42
n-Hexane 31 21.7 50.1 70.4 13.6 1.2 3.9 1.7
Methylcyclopentane + 2,2-dimethylpentane 1.2 114.0 129.0 7.1 29 10.4 1.7 <.l
2,4-Dimethylpentane 0.40 8.5 10.3 — — 0.51 - -
Benzene 5.6 16.1 33.1 10.0 10.3 7.4 34 2.7
Cyclohexane 0.30 10.0 24.1 6.0 0.60 4.5 0.65 0.15
2-Methylhexane 32 12.6 2.1 2.6 2.1 23 0.64 0.47
2,3-Dimethylpentane + 1,1-dimethylcyclopentane 1.2 30.3 46.3 27 0.95 29 0.32 0.32
3-Methylhexane 3.7 10.9 25.1 3.5 2.0 33 0.68 0.53
1,cis-3-Dimethylcyclopentane 0.24 53.2 BL.1 1.9 0.68 23 0.30 037
1,trans-3-Dimethylcyclopentane 0.40 41.1 57.1 2.0 0.48 2.7 0.28 <0.1
1,trans-2-Dimethylcyclopentane 0.20 20.0 299 23 1.5 14.9 0.60 0.34
n-Heptane 35 17.5 40.1 6.5 7.8 6.1 2.6 L5
1,cis-2-Dimethylcyclopentane —_ 19.7 21.7 0.32 <0.1 1.2 - _
Methylcyclohexane <0.1 36.7 69.1 11.2 0.72 <0.1 0.85 0.59
2,5-Dimethylhexane — 3.6 <0.1 — — — —_ —
Ethylcyclopentane — 19.0 28.2 0.32 <0.1 — - —
1 trans-2,cis-4- Trimethylcyclopentane —_ 16.5 16.0 1.3 <0.1 55 — —
| ,trans-2,cis-3-Trimethylcyclopentane _ 4.7 EN) 5.4 <0.1 9.6 — —
Toluene 29.3 21.8 120.0 52.1 36.5 42.8 17.0 1.7
n-Octane <0.1 9.8 7.3 <0.1 0.14 <0.1 1.4 <0.1

1. Highest rock-weight-based C,-Cg hydrocarbon
yields are measured in the two black shale samples of
Core 603B-34 (1130 and 2390 ng/g of rock). The corre-
sponding organic-carbon-normalized values (12,700 and
21,500 ng/g C,,,) are typical for indigenous concentra-
tion levels of immature hydrogen-rich-kerogen-bearing
claystones. Similar values were measured, for instance,
in corresponding Cenomanian-age black shales of DSDP
Hole 530A (Angola Basin).

2. Organic-carbon-normalized yields of most other
samples of this study are of similar magnitude or even
higher despite greatly inferior kerogen qualities.

The highest yields occur in samples with 0.2 or less
organic-carbon contents (more than 10° ng/g C,,). It is
most likely that they are enriched with small amounts of
low-molecular-weight hydrocarbons. Because of their very
low organic-carbon contents, the organic-carbon-normal-
ized values indicate in an extremely sensitive fashion even
traces of migrated hydrocarbons. On the other hand, it
could be shown that even samples richer in organic car-
bon and bearing Type III kerogen (603B-28-4, 100-101
cm; 603B-29-1, 31-32 cm; 603B-29-1, 100-101 cm; 603B-
49-2, 50-52 cm; and 603B-49-3, 64-66 cm) are also en-
riched in hydrocarbons that were generated in potential
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hydrocarbon sources, such as the black shales of Core
603B-34,
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Figure 3. Low-molecular-weight hydrocarbon yield (A) in rock-weight and (B) in organic-carbon-content-normalized units, versus organic-carbon
content of the sediment samples from DSDP Hole 603B, Leg 93. Solid circles indicate black shale samples of Core 603B-34. Triangles indicate
samples with high organic-carbon contents (1.3-2.2%) of Cores 603B-28, -29, and -49.
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with high organic-carbon contents (1.3-2.2%) of Cores 603B-28 and -29.
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Figure 5. Ethane, propane, and n-butane yield (ng/g dry-weight sediment) versus depth for the
1074-1087-m interval of DSDP Hole 603B, Leg 93. Solid symbols indicate samples with high
organic-carbon contents (1.3-2.2%) of Cores 603B-28 and -29.
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