APPENDIX. CHEMICAL COMPOSITION OF DEEP SEA SEDIMENTS — SITES 9 THROUGH 425,
LEGS 2 THROUGH 54, DEEP SEA DRILLING PROJECT

Thomas W. Donnelly, Department of Geological Sciences, State University of New York, Binghamton, New York

INTRODUCTION

In 1971, I began a limited program of analysis of
““typical’’ deep-sea sediments, which was expanded
under a grant from the National Science Foundation
from 1974 through 1978. In total, about 3000 samples
were analyzed; all of the results are reported here. Sev-
eral analyses have already appeared or will appear in
Initial Reports volumes (Volume 15, Donnelly and
Nalli, 1973; Volume 33, Donnelly and Wallace, 1976a;
Volume 35, Donnelly and Wallace, 1976b; Volumes 51
through 53, Donnelly, in press; and Donnelly, this vol-
ume). These earlier results have been modified slightly:
the Leg 15 samples have been corrected in a more pre-
cise manner for sea-salt contributions, and the Leg 35
results for manganese have been changed slightly to re-
flect a further evaluation of our manganese standard.

Samples analyzed are representative. In a number of
sites, iron- and manganese-enriched specimens have
been selected. A series of volcanic ash beds have been
included; these are grouped by petrographic character-
istics instead of site number. A relatively small number
of sandy beds have been analyzed, and these have been
identified as such. At a few sites, highly calcareous sedi-
ments were analyzed. In our experience, this type of
analysis yields information of only marginal signifi-
cance for samples with calcium carbonate values higher
than 95 per cent unless special steps are taken, as was
the case with Site 167.

The tables include conventional sample designation
(except that the top of the interval is given rather than
the entire interval in centimeters), depth to the nearest
meter, oxide weight percentages for dried but unwashed
samples, and amount of water-soluble chloride. Sodi-
um, potassium, calcium, and magnesium have been cor-
rected for pore-water values of element/chloride ratios
where available, and for sea-water values in a few cases
where pore-water analyses were not available. In many
cases, especially for Phase III Indian Ocean sites, we
performed our own pore-water analyses in order to de-
termine the basis for this correction.

The sample names used here are taken for the most
part directly from the Initial Reports without modifica-
tion. The reader will note that the analysis in many cases
implies a name different from that reported by the ship-
board sedimentologists, especially in the case of those
““siliceous oozes’’ or ‘‘diatom oozes”’ which have a suf-
ficiently high aluminum content to place them in the
category of siliceous clays. This discrepancy in nomen-
clature underlines the problem of selecting a name for a
deep-sea sediment in the absence of chemical informa-
tion.

ANALYTICAL TECHNIQUE

The analytical technique is that known in the United
States as the “‘rapid method’’ of Shapiro and Brannock
(1962, 1967). In our version the sample is fused in a
mixture of lithium tetraborate and lithium metaborate
(Leonard Shapiro, personal communication), and the
bead is dissolved in a weak sulfuric acid solution. Ali-
quots are analyzed colorimetrically for silicon (Molyb-
denum Blue), aluminum (calcium Alizarin Red), titani-
um (Tiron), and phosphorus (Molybdenum Blue with
stannous chloride). Our results are apparently similar to
those of other laboratories, but we caution anyone using
these methods to perform the silicon analysis a relatively
short period after the solution of the bead. There is an
occasional problem that we interpret as polymerization
within the aqueous solution of the sample.

Appropriately diluted aliquots, which have been
spiked with lanthanum chloride, are analyzed by ab-
sorption flame photometry for calcium, magnesium, so-
dium, potassium, iron, and manganese. The last two
elements can also be analyzed colorimetrically, but we
have found no clear advantage in doing so.

All samples are compared to a standard curve made
with our own sediment and igneous rock standards. Our
sediment standards have been analyzed by the U.S.
Geological Survey laboratory with very close agree-
ment. In our procedure, care is taken to dilute samples
with the blank solution to bring their elemental re-
sponses to the linear portions of the determinative
curve.

We do not routinely analyze for CO, nor H,O+ and
the summations are correspondingly low. Iron is re-
ported as total iron expressed as Fe,0,. The sea-salt cor-
rection is made by extracting water-soluble chloride in
simmering distilled water and determining the chloride
with a mercurous nitrate titration using a diphenyl-car-
bazone indicator. We have found that apparently not all
the chloride is successfully extracted from a previously
dried sample, especially in siliceous oozes. Thus, sodi-
um and magnesium especially are undercorrected and
are reported as overly high values. Frank Manheim (per-
sonal communication) has found an identical result.
Our laboratory is now heavily engaged in the study of
piston-core samples, which tend to have far higher
values of chloride than most DSDP material. We rou-
tinely wash our samples once in distilled water, and then
analyze the small amount of chloride remaining in order
to make the correction as before. In the present group
of analyzed samples, the only washed samples were
those of Leg 54, which were received by us in an exces-
sively moist state.

899



T. W. DONNELLY

At one site (Site 167) where the calcium carbonate
values exceeded 99 per cent, we removed the calcium in
EDTA and analyzed the remaining elements. At other
sites, we analyzed double aliquots of the original dried
sample. For the four sites of Leg 37, which average
about 94 per cent calcium carbonate based on our chem-
ical results for 17 samples, we analyzed both single
(50-mg) and double (100-mg) aliquots. Table 1 shows
that the results differ systematically for this compara-
tive test. The aluminum and iron results are nearly iden-
tical, and silicon is very close; the remaining elements
show greater discrepancy, with potassium and titanium
deviating the most. We regard the analyses of highly cal-
careous samples in this report as of value principally for
aluminum, iron, and silicon, and caution the reader not
to place an overly high significance on the other ele-
ments. At values of 90 per cent calcium carbonate, the
results for all the elements are far more reliable.

To evaluate the accuracy of our technique, on 17 oc-
casions the analyst was given a blind sample of a U.S.
Geological Survey standard igneous rock. Table 2 shows
the average absolute difference between the accepted
values for each oxide and our results.
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TABLE 1
Comparison of Analytical Results for Single
(50-mg) and Double (100-mg) Aliquots of
17 Highly Calcareous Samples, Leg 37,
DSDP, Expressed as a Ratio

50 mg Result Average for
Oxide 100 mg Result  100-mg Results

Si09 0.95 £ 0.03 3.46
TiO 0.59 + 0.26 0.09
AlhO3 1.00 £ 0.31 0.75
Fep03 0.97 +0.13 0.61
MnO 1.21 £+ 0.10 0.07
MgO 1.29 + 0.08 0.34
Ca0 Not analyzed in 100-mg aliquot
NajsO 1.38+ 0,31 0.18
K20 1.46 £ 0.42 0.13

P05 0.80+ 0.17 0.13

%The large discrepancies in Na, K, and Mg
reflect the uncertainty in the sea-salt cor-
rection in samples with very small amounts
of solid-phase Na, K, and Mg present.
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TABLE 2
Average Analytical Differences Between Results
of USGS Rock Standards as Blind Unknowns
and Accepted Values, Using In-house Standards

Average Absolute

Difference for Average Value

Oxide 17 Analyses of Oxide
5i09 1.02 63.66
TiO3 0.04 0.89
ALO3 0.19 15.31
Fep03 (total) 0.12 6.01
MnO 0.02 0.11
MgO 0.08 1.93
Ca0 0.09 3.96
Na0 0.10 3.32
K20 0.09 3.89
P205 0.04 0.21

by the Deep Sea Drilling Project. Joris Gieskes was most help-
ful in providing pore-water information in advance of their
publication, and the DSDP loaned additional pore-water
samples for determinations. The analyses were performed
mainly by James Wallace, Daniel Li, Max Budd, and Carol
Terrana, with some additional analyses by Gino Nalli, Laura
Merrill, and T. Donnelly. We appreciate the assistance of F. J.
Flanagan of the U.S.G.S. in arranging for the analysis of our
in-house sediment standards by the U.S.G.S. Laboratory,
which served as an important check for our own results.
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TABLE 3
Chemical Composition of Deep Sea Sediments, Sites 9 through 425, Deep Sea Drilling Project
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TABLE 3 — Continued
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TABLE 3 — Continued
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CHEMICAL COMPOSITION OF DEEP SEA SEDIMENTS
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Coarse and fine sieved separates (320 mesh) from Sites 420, 424, and 425.
Individual fragments from Site 323.

Top and bottom of fragment from Site 323 samples.

Sandy or silty layer; this letter is used also for samples analyzed by G. Faure and C. Nardone for strontium isotopes (Site 379).
Different samples from same depth, Sites 146 and 147,

* = Volcanic ash from Site 292 with authigenic glaucophane.
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Note: Given are Site, Core, and Section numbers, and the top of the interval in centimeters. Letters following the interval number are as follows:
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