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ABSTRACT

Siltstone and mudstone sampled from Valanginian to Hauterivian
turbidite sequences at DSDP Site 416, (2 km from Site 370) contain
relatively low organic-carbon contents. The organic material is pre-
dominantly of continental origin and in an immature stage of evolu-

tion.
INTRODUCTION

The study was made to characterize the geochemistry
of the organic matter of some samples from the Valan-
ginian to Hauterivian drilled at Site 416 (Figure 1). The
pyrolysis assay of raw samples was followed by a chloro-
form extraction. Elemental analysis of kerogen and
determination of the humic fraction then were conduct-
ed to complete the geochemical characterization.

We examined six samples from graded turbidite se-
quences (i.e., coarse-grained at base and graded up-
ward) through terrigenous and carbonate zones.

The terrigenous components dominate and are com-
posed mainly of fine sandstone, siltstone, and mud-
stone. The samples are Hauterivian to Valanginian (Fig-
ure 2).

The analytical procedures are outlined in Figure 3
and were described previously in our Legs 47A and 47B
reports (Deroo et al., 1978a, 1978b).

DETAILED RESULTS

Carbon

All the samples have a low content of mineral carbon
(Table 1), including the sample from Section 416A-48-2,
which contains carbonate cycles (Site 416 report, this
volume). Organic-carbon content is low and decreases
downward (Table 1).

Pyrolysis Assay and Organic Matter Characterization

Pyrolysis was performed for the second time aboard
the Glomar Challenger during Leg 50; results are given
in Table 1 and Figure 4.

The method (Espitalié et al., 1977) allows a charac-
terization of the type and maturation of the sedimentary
organic material. Pyrolysis was applied in the same
manner for our shore-based studies. Figure 4 shows a
plot of the values of hydrogen and oxygen indexes
related to the weight of organic carbon (see also Table
1). These indexes allow a characterization of the organic
matter in the untreated rock (Espitalié et al,, 1977) in
the same way that the Van Krevelen diagram (H/C ver-

sus O/C) can be used for the isolated kerogen fraction
(Tissot et al., 1974).

All the studied samples are located on the evolution
path of kerogen type III or below, indicating that they
contain more-or-less altered organic material of conti-
nental origin.

The range of hydrogen indexes from shore-based
analysis (60 to 80) is comparable with shipboard data
(30 to 80), when material from Cores 416A-9 through
416A-28 considered.

The temperatures of the pyrolysis-maximum peak
(Table 1) correspond to an immature stage (indicated by
peak generation in the 400 to 440 °C range), before the
principal zone of oil formation. This has been found
also for Cretaceous sediments at other DSDP sites in the
Atlantic Ocean.

Humic Compounds

Humic compounds were isolated from the kerogen
fractions of the six samples. The content of humic com-
pounds (humic + fulvic acids) is expressed as a percen-
tage of the total organic carbon (Table 2). The humic
fraction for an immature material of type III is up to 15
per cent or more of total organic carbon (Huc et al.,
1977).

For the studied samples, the range was 14 to 17 per
cent. Such a range definitely indicates immature
samples; however, it does not allow specification of type
II or type III material. A mixture of types II and III
more probably can be invoked to account for the data.
Comparable data were obtained for a type III material
of Aptian age at Site 398 (Vigo area) at 1600 meters sub-
bottom depth (Deroo et al., 1978b).

Kerogen Fraction

Kerogen elemental analysis was conducted on the
same six samples (Table 3; Figure 5). The preparation
consisted of HCl and HF treatment under nitrogen at-
mosphere. The data are plotted on a Van Krevelen
diagram and compared to the three reference evolution
paths of kerogen types I, II, and III (Tissot et al., 1974).
The six kerogen values are located above the hydrogen-
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Figure 1. Location of DSDP Site 416.

poor type-III trend for most of the samples. This sug-
gests some contribution of marine type II in addition to
the main type III of continental origin. The sample from
Section 416A-48-2 revealed an abnormally high O/C
atomic ratio that can be related to a low organic content
(0.29%).

Chloroform Extracts

The samples provided a low chloroform extract, and
the ratio of extract to organic carbon was also low
(Table 4; Figure 6). When fractionated by the thin-layer
chromatography method (Huc et al., 1976), the extracts
yield a large NSO content of some 72 to 89 per cent and
a saturated-plus-unsaturated hydrocarbon fraction rang-
ing from 6 to 19 per cent.

For all the samples, gas chromatography of the C,s to
C;s saturated plus unsaturated hydrocarbons shows a
predominance of odd- over even-number normal
alkanes from C; to C;; and a maximum at the C,
n-alkane. A continental contribution from higher plants
can account for this distribution. In addition, a marine
planktonic contribution is indicated by a second max-
imum at n-C;4 and C;; in samples from Sections
416A-14-4, 18-3, 28-4, and 48-2.

Fractionation of saturated and unsaturated hydro-
carbons was not performed because of the low total
hydrocarbon yield.

CONCLUSIONS

The mudstones and siltstones distributed in turbidites
in the Valanginian to Hauterivian cores at Site 416 are
characterized by organic matter of predominantly con-
tinental origin, but contain some subordinate marine
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material. As for other Atlantic Cretaceous material, an
immature stage of evolution can be assigned to th
studied samples.
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Figure 3. Schematic analytical procedures.
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TABLE 1
Carbon and Pyrolysis Assay Data, Site 416
Ratio of Ratio of Pyrolysis-
Sub-Bottom Mineral Organic Hydrogen Index Oxygen Index  Hydrocarbons CO3 to Maximum
Sarrlp_le Depth Carbon Carbon? (mg hydrocarbons/ (mg CO9/ to Whole Rock  Whole Rock Temp.
(Interval in cm) (m) wt. %) (Wt %) g Corg) ¢ Corg) (mg/g) (mg/g) Q)
416A-9-2, 100-150 1180.50 1.60 0.76 77 167 0.60 1.27 423
14-4, 75-150 1227.25 0.96 0.60 63 188 0.38 1.13 424
18-3, 75-150 1265.75 2.00 0.69 83 155 0.59 1.07 425
23-3, 72-150 1312.82 0.68 0.56 62 146 0.35 0.82 424
28-4, 100-150 1361.50 1.08 0.39 48 208 0.19 0.81 424
48-2,100-150 1532.00 0.24 0.28 27 125 0.08 0.35
R
aw samples.
1000
7 Typel Hole 416A
,"'I O Hauterivian
/ & Valanginian
! TABLE 2
I Humic Compounds, Site 416
|
]' Total Humic
1 Organic | Humic Carbon
i I Depth  Carbon? | Carbon (wt. %
g Sample Sub- (wt. % (wt. %  of total
8 (Interval in cm) Bottom  of rock) | of rock) Corg)
g
s _-Typell 416A-9-2,100-150  1180.50  0.63 0.09 14
€ Vd 14-4, 75-150 1227.25 0.48 0.08 16
g / 183,75-150  1265.75  0.67 0.11 16
] / 23-3, 75-150 1312.82 0.52 0.07 13
g so0-1 28-4, 100-150 1361.50 0.35 0.06 17
z r: 48-2, 100-150 1532.00 0.29 0.04 14
E
E i
g |1 AAfter CHCI3 extracti
g 1 er 3 extraction.
= 1
o) 1
g |l TABLE 3
g H Elemental Composition and Ash Content of Kerogens, Site 416
| | Sub- Elemen I.':l Compaosition :
A
y g Cemlcow N o0 s Fe |0 Raes
=| (ntervatin cm) (m) (wt. %, ash-free) % |Hc ofc
|I 416A-9-2, 100-150  1180.50 | 364 3.3 1.6 92 207 175 | 336 |1.09 0.9
1 14-4,75-150  1227.25 | 34.0 3.0 L4 100 237 190 | 361 [1.06 0.22
I 18-3,75150  1265.75 | 454 4.0 1.4 127 176 154 | 23.0 [1.05 0.2
I 23-3.72-150 131282 | 39.0 33 1.3 113 2.8 182 | 273|101 0.2
______ —Type llI 284,100150 136150 | 476 40 13 192 106 76 | 173 (1.01 030
Il, ~=1""" @0 yp 482, 100-150  1532.00 | 39.4 3.5 09 209 126 103 | 25.0 [1.07 040
-
’,/ e e &
< ]
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Figure 4. Pyrolysis assays, hydrogen and oxygen indexes.
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Figure 5. Kerogens: H/C and O/C diagram.

TABLE 4
Composition of Chloroform Extracts, Site 416

0.4 0.5

Quantity of Extract

' Thin-Layer Chromatography Fractionation

Hydrocarbon Fractions

Sub-Bottom  CHCI3 (wt. %

Sample Depth Extract (wt. % of total | NSO Compounds  Aromatics  Sat.+Unsat.
(Interval in cm) (m) (mg) of rock) Corg) (%) (%) (%)
416A-9-2, 100-150 1180.50 29.7 0.026 0.0394 84 7 9
14-4, 75-150 1227.25 35.2 0.021 0.0406 79 9 12
183, 75-150 1265.75 36.8 0.029 0.0412 77 10 13
23-3, 72-150 1312.82 37.3 0.025 0.0458 81 6 13
28-4,100-150 1361.50 30.4 0.014 0.0397 89 5 6
48-2, 100-150 1532.00 12.6 0.009 0.0314 72 9 19
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Figure 6. Extracts: Gas chromatography (A) Section 416A-14-4 saturated plus un-
saturated hydrocarbons. (B) Section 416-48-2 saturated plus unsaturated hydro-
carbons.
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