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ABSTRACT 

Analyses of samples from a 200-cm core of coccolith ooze from the deep tropical Atlantic 
(00°07' S, 17° 34'W) show it to be uniformly composed of low-magnesium calcite. The 
levels of most trace elements were found to be low for pelagic marine carbonate sediments. 

Introduction. The skeletal plates (coccoliths) of planktonic algae of the family 
Coccolithophoridaceae (Parke and Dixon 1964, McIntyre and Be 1967) are 
major components of pelagic carbonate sediments and sometimes exceed the 
mass represented by Foraminifera (Arrhenius 1963). During geological his-
tory, the balance of Foraminifera versus coccoliths appears to have varied in 
an ecologically significant way (Arrhenius 1963); it has been suggested (Bram-
lette 1958) that the Coccolithophoridaceae considerably predate the Foramini-
fera as major biological agents in transferring calcium from seawater to sedi-
ments. In view of this, it is unfortunate that so little information is available 
on the chemistry of coccolithophorid skeletons or of coccolith oozes. Recently 
we obtained a relatively long core of relatively pure coccolith ooze; it is our 
purpose here to describe its composition. 

Sample Location and Description. The core was collected on R/V ATLANTIS 

II cruise 20 during an extensive study in the Romanche Fracture Valley that 
involved bathymetry, coring, and dredging. [ A preliminary report on the re-
sults of this cruise is in preparation.] The core was obtained with a "Dart 
Corer"- essentially a high-mass high-velocity gravity corer-at a depth or 
3530 m on the south wall of the Romanche Fracture Valley (Heezen et al. 
1964) at 00°07'S, I 7° 34'W. The main core tube contained 203 cm of cocco-
lith ooze; the ooze was stiffly plastic but not lithified and showed no obvious 
stratification. In contrast, the pilot corer contained about 8 cm of lithified 

1. Accepted for publication and submitted to press 13 september 1968. 
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coccolith ooze that was much less pure and showed several laminae arranged 
almost parallel to the axis of the core. The core has been identified as ATLANTIS 
11-20 core 6. 

Preliminary examination of the ooze from the main core revealed discoasters 
that have been tentatively described as late Tertiary (T. C. Moore, personal 
communication). Samples were submitted subsequently to M. N. Bramlette, 
who assigned the following stratigraphic ages: early Pliocene, to the top of the 
main core; Mio-Pliocene or early Pliocene, to a sample 106 cm down; Mio-
Pliocene, to a sample 196 cm down. Pelagic Foraminifera were recovered from 
samples at several levels of this core; they never exceeded 1 °/0 of any sample 
and were wholly lacking at most levels. Richard Cifelli (USNM) examined 
Foraminifera from several levels and assigned ages identical to those assigned 
by M.N.Bramlette. We are most grateful to Drs. Bramlette and Cifelli for 
permission to quote this information . 

.Analytical Technique and Results. One portion of each selected sample was 
dissolved in hot (8o0 C) 25°/o acetic acid and filtered; the insoluble fraction was 
dried and weighed. The acetic solutions were analyzed by direct-reading 
emission spectrometry, using the vacuum-cup technique (Zink 1959). Excita-
tion was by means of an air-interrupted high-voltage AC spark with 40 mH 
inductance, 0.0025 µF capacitance, and 4.5 amp RF current. The duration 
of excitation was 20 seconds following a 5-sec preburn. Mg 2795.5 and 
Sr 4077.7 were the measured wavelengths; Be 3130.4 was used as the internal 
standard line. 

The trace element concentrations were determined on an untreated portion 
of the sample. D. C. arc excitation was employed, following the technique of 
Thompson and Bankston (to be described). 

The results of the analyses are presented in Table I. 

Discussion. 
MINERALOGY. X-ray diffractometry (Table I) showed that our samples 

are primarily calcite and low in magnesium; analysis confirmed that, in fact, 
the magnesium content is very low-0.10 to 0.12°/o. There is some un-
certainty in the literature about the mineralogy of coccoliths. They are gen-
erally referred to as being calcite (Arrhenius 1963), but specific reports differ: 
Tan-Sin-Hok (1928, quoted in Vinogradov 1953), believed them to be ara-
gonite, and Hart et al. (1965) reported X-ray evidence for aragonite in a 
South African coccolith from Cretaceous deposits. On the other hand, Bram-
lette (personal communication) found, using X-ray diffraction, that one of 
Tan-Sin-Hok's specimens was in fact calcite; this and other analyses con-
vinced Bramlette (quoted in Revelle and Fairbridge 1967) that coccoliths are 
typically calcite. Black (1963, 1965) also found only calcitic coccoliths as did 
Lewin and Chow (1961) in the case of cast plates of Syracosphaera carterae, 



Sample 
no. 

6-23 

6-13 

6-5 
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Table I. Analyses of coccolith ooze in a core (A-11-20 core 6) from the 
deep tropical Atlantic.• 

0 / 0 in-
Depth of soluble Mg: Sr: 
sample in 25°/o •f• in 0/ 0 in 

,-----Elements, ppm whole dry samplea t------, in core X-ray acetic acid acid 
(cm) diffract. acid soluble soluble B Ba Co Cr Cu Li Mn Ni Sr Ti Y Zn Zr 

7.5 
low-mg 2.09 0.10 0.16 30 135 3 
calcite 

5 10 4 265 4 144-0 95 11 

97.5 low-mg 2.15 0.12 0.15 40 195 4 
calcite 

6 13 7 280 4 1540 140 IS 

169.5 
low-mg 2.39 0.11 0.14 35 195 5 5 15 7 245 4 1425 105 15 
calcite 

• The fractions analyzed were especially low in skeletons of Foraminifera. 
t Al, Fe, and Si were each present in excess of 0 . 1 °/0 • The following elements were also sought but 

each was below its detection limit : Ag (1 ppm), Bi , Cd, Ga, Mo, Pb (2 ppm), Rb, Sn, V (5 ppm). 

grown in synthetic media. It is possible of course, as Hart et al. (1965) have 
suggested, that coccoliths may be either aragonite or calcite in response to 
environmental variables or even that coccolith mineralogy has changed over 
geologic time. The experiments of Wilbur and Watabe (1963) support the 
hypothesis that coccolith mineralogy varies in response to ecological variables; 
in two strains of Caccalithus huxleyi, nitrogen deficiency- a common experience 
of marine planktonic algae (Vaccaro 1965)-induced a change from either 
lack of calcification or the formation of calcitic plates to the formation of plates 
of mixed aragonite, calcite, and vaterite, the proportions depending on temper-
ature. As Wilbur and Watabe noted, it is by no means clear that such mineral 
mixtures would be stable for any prolonged period. Our data do show that, at 
equatorial water temperatures, calcite coccoliths are deposited in abundance. 
The depth of recovery, 3530 m (corrected), is shallower than the depths at 
which rapid carbonate dissolution occurs; we believe that the possibility of 
selective solution of an original aragonitic component can be neglected. 

Our samples contained magnesium in the range 0.10 to 0.12°/0 ; Lewin and 
Chow (1961) found 0.1°/o to 0.15°/o Mg in coccoliths from algae grown in 
a medium containing only 4.2 mmol Mg/L compared with the 53 mmol Mg/L 
in normal seawater. We believe that coincidence of our values with theirs, 
over so wide a range of Mg in the medium, indicates that calcitic coccoliths 
are always low in Mg. Revelle and Fairbridge (1957) noted that Vinogradov's 
(1953) various statements on magnesium in Coccolithophoridaceae imply that 
it is everywhere low and that coccolith calcite is less than I mo! 0J0 Mg. Our 
data and those of Lewin and Chow would indicate that the statement should 
read "much less than I mo! 0/o''. As we discuss below, this appears to be 
equall y true for the calcite of planktonic Foraminifera. 

CoMPOSITION. The ratio I ooo x Sr atoms/ Ca atoms in our samples of cocco-

4 18 

6 21 

5 19 
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lith ooze ranges from 1.6 to 1.8; this may be compared with data of Thompson 
and Chow (1955), who have stated that such ratios range from 2.9 to 3.5 for 
algae of the family Corallinaceae and from 2.8 to 3.3 for various Foraminifera 
(however, a "Globigerina ooze" from the Pacific gave 1.5). Statistically, ratios 
of less than 2 are unusual in Thompson and Chow's series, being found only 
among Mollusca and Brachiopoda Articulata. Odum (1957) and Kulp et al. 
(1952) reported ratios of 1.5 to 2.7 for pelagic foraminiferal oozes. For Syra-
cosphaera carterae, Lewin and Chow reported atom ratios (calculated as above) 
ranging from 2.9 to 8.6; however, their specimens were coccoliths from cul-
tures in media at high Sr: Ca ratios: respectively 140, 280, and 550, calculated 
as above! It is not unreasonable, perhaps, that, under such changed conditions 
(from seawater), Lewin and Chow found mean discrimination factors Sr: Ca in 
coccoliths/Sr:Ca in medium about 0.02 compared with about 0.2 calculated 
from our data. Clearly, both Syracosphaera in culture and our coccolith-ooze 
population discriminated against Sr in their tests to a degree that is close to 
the maximum known for marine carbonate-secreting organisms. Such discrim-
ination has been reported by Lowenstam (1964) for aragonite deposited in the 
complex skeletons of a variety of bivalve Mollusca; among other invertebrate 
classes, however, Lowenstam concluded: "The crystal chemistry constitutes 
a first order effect on the uptake of Sr in their aragonites and calcites." We 
would expect much more Sr in aragonitic than in calcitic coccoliths. 

Nicholls (personal communication) has suggested to us that the words 
"discriminated against," although commonly used to describe cases where the 
biogenic element or atom ratio is less than that in the medium, are clearly 
misleading: even the lowest reported Sr contents in biological calcite signifi-
cantly exceed the content to be expected in calcite that is inorganically pre-
cipitated from seawater. Nicholls, after correcting the distribution factors of 
Oxburgh et al. (1959) for "complexing, temperature and activity effects," has 
estimated that the thermodynamic Sr: Ca distribution coefficient should be 
about 0.1 for calcite; recently, Lerman (1965) followed Holland (unpublished) 
in using a distribution factor (at 25°C) of 0.13 for Sr:Ca in calcite. Certainly, 
the frequency of distribution coefficients that are much higher than o. 1 to 
o. 1 3 in biogenic calcites could be indicative of a general biological discrimina-
tion in favor of Sr; this could be mediated either by enriching the Sr: Ca ratio 
in the solutions from which skeletal calcite is precipitated or by performing 
such precipitations in the presence of organic complexing agents that depress 
Ca ion activity more than that of Sr. Lerman's calculations, however, indicate 
another possibility, at least for calcitic coccoliths: the distribution coefficients 
calculated above are for calcite containing about 1 mol 0 /o Mg, the low-Mg 
form that Lerman believes to be stable in seawater. Possibly in calcite that is 
much lower than 1 mol 0/ 0 in Mg (as in the coccoliths), more sites in the 
crystal lattice would be occupied by Sr ions, even if the Sr: Ca ion-activity ratio 
were not changed from that of seawater; this could be indicated by the very 
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high (10 mo! 0/ 0) SrC03 content that Terada (1963) found to be a stable 
crystal phase in the binary system CaC03-SrC03• Until more is known in 
detail about the thermodynamics of the Ca-Mg-Sr-Ba quaternary carbonate 
system, it may be premature to conclude a specific biological effect except in 
the case of Mg. 

Goldberg and Arrhenius (1958) have reported barium analyses of two 
largely coccolithic pelagic oozes: in a modern subequatorial Pacific ooze they 
found that BaO was 0.90°/o in the 3.2 µ to 62 µ fraction, but in a Pacific 
Miocene ooze, BaO was only 0.020°/o. This latter sample was of exceptional 
purity (99.5°/o soluble in weak acetic acid), and the Ba was found almost 
wholly in the insoluble fraction, associated with mineral aggregates, which 
they believed to be fossil fecal pellets. The range of Ba concentrations in our 
samples is close to the range in their Pacific Miocene core, and much lower 
than that in their modern core; we have so far no data to show whether our 
samples, also, contain most of the Ba in insoluble mineral aggregates. Since our 
coccolith Ba concentrations differ insignificantly from the range ( 160 to 
18 5 ppm) shown by a series of noncoccolith calcareous oozes from about 
22°N in the Atlantic (data to be published), we agree with the conclusion of 
Goldberg and Arrhenius that coccoliths are not of any special importance in 
Ba sedimentation. 

In fact, our data in Table I, compared with analyses of other pelagic carbo-
nate sediments, show that coccolith carbonates are unusually pure: only the Ba 
and Sr contents of the coccolith carbonates fall within what we consider to 
be the normal range of Atlantic Ocean sediments or of the sediments described 
by Goldberg and Arrhenius; other constituents are well below average. Emiliani 
(1955) and Krinsley (1960) presented analytical data showing that several 
planktonic Foraminifera also deposit calcite that has a magnesium content 
that is well below I mo! 0 /o and is very pure with respect to a variety of other 
elements. Of the elements reported by Emiliani, only Sr, Mg, Ti, and Mn 
are represented on our list. We agree with Emiliani that Sr "probably substitutes 
for Ca in the calcite lattice"; our data appear to show that coccolith calcite is 
somewhat richer in Sr than is foraminiferan calcite. Our data, plotted against 
either Ti or "insoluble residue," do not agree with Emiliani's surprising finding 
that, in foraminiferan calcite, Mg "goes to zero for zero" aluminosilicate; we 
believe that coccolith calcite contains a small but uniform component of 
MgC03 in solid solution. Neither Mn or Ti, in coccoliths, varies consistently 
with the "insoluble residue," so they cannot be concluded to be constituents 
extraneous to the calcite skeleton. Krinsley's data show that his foraminiferan 
calcite was closer, in contents of Mg, Mn, and Ti, to our coccolith samples 
than to Emiliani's Foraminifera. It is possible that Krinsley's samples were 
even lower in Mn than were ours. Krinsley also reported values for Cu and 
Ni; our Cu values for coccoliths are essentially the same as Krinsley's for 
.Foraminifera, but our nickel values are significantly lower. Arrhenius (1963) 
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quoted an unpublished analysis of a mixed foraminiferan sample, but several 
of the values are so unexpected (notably B, Ba, Sr, Ti, and Ag) and the technique 
so cryptically described that we are inclined to reserve judgment. 

If, as suggested by Bramlette (1958), coccoliths were, during a period in 
the ocean's history, much more important vectors of calcium carbonate 
removal than they have been since the Foraminifera reached full development, 
then the available data on trace-element composition of coccoliths seem to 
show that such a situation might have had significant implications geochemi-
cally. Important trace elements such as cobalt, nickel, and zinc may well have 
built up, during such a period, to levels sufficiently high so that their concen-
trations were controlled by processes not now operative. 

Clearly, more mineralogical and more analytical data are needed on this 
important class of calcareous skeletons, from both the modern ocean and earlier 
geological time periods. 
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