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During a cruise of the French re- 
search vessel J. Charcot, the top of 
Charcot seamount (45?19'N, 100311W), 
which is at a depth of 2665 m and is 
2300 m above the Atlantic abyssal 
plain, was cored. 

The core consists throughout its en- 
tire length (0.80 m) of calcareous gray- 
ish ooze with about 20 percent clays 
and heavy minerals. The coarse fraction 
(> 80 /pm) is a nearly pure foraminifer- 
al ooze, with pelagic as well as benthic 
forms. A detailed study of the core has 
shown that this sediment is Quaternary 
in age, that it is not reworked, and that 
the sedimentation rate, obtained by 14C 
measurements, is about 1.85 cm/1000 
years (1). 

The oxygen isotopic composition of 
the tests of different foraminiferal spe- 
cies has been studied throughout the 
core. The pelagic species Orbulina uni- 
versa, Globorotalia truncatulinoides, 
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and Globorotalia hirsuta, the benthic 
species Planulina wuellestorfi, a mixture 
of four species of Pyrgo (myrrhina, de- 
pressa, serrata, fisheri), and a mixture 
of other calcareous benthic species have 
been analyzed. 

To eliminate the organic matter, the 
following method proved to be satis- 
factory (Table 1): (i) grinding the tests; 
(ii) bathing them for 72 hours in Clorox 
(sodium hypochlorite) at room tempera- 
ture; (iii) rinsing four times with de- 
ionized water; and (iv) drying at 60?C. 

The purified carbonate was then re- 
acted according to McCrea's classical 
method (2). The 8- to 15-mg samples 
and the 100 percent phosphoric acid 
were degassed under vacuum for at 
least 24 hours and were then reacted at 
25.2?C in a thermostatic bath while the 
samples were being continuously shak- 
en. The CO2 was condensed with liquid 
nitrogen, released by warming up with 
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Fig. 1. Variations of 5180 in three benthic and three pelagic species of Foraminifera 
in the core. 
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a mixture of acetone and Dry Ice, and 
analyzed with a mass spectrometer, 
Atlas M 86. 

Results are expressed as 

Rsample - Rstandard 1000 
Rstandard 

where R is the isotopic ratio 180/16O 

or 13C/12C and the standard is the 
Chicago PDB-1 standard. All the cor- 
rection factors mentioned by Craig (3) 
were applied to the results. The repro- 
ducibility of the measurements is better 
than 0.1 per mil. 

The results are shown in Fig. 1. It 
is immediately apparent that the six 
curves obtained are almost parallel, a 
group of three curves for the pelagic 
Foraminifera and a group of three 
curves for the benthic Foraminifera. 

Oxygen isotopic differences among 
pelagic Foraminifera have been inter- 
preted by Emiliani (4) as reflecting the 
fact that the diverse pelagic species do 
not live at the same depth and, there- 
fore, not at the same temperature. Evi- 
dence from plankton tows equipped 
with opening and closing nets supports 
this conclusion (5), but the same ex- 
planation cannot apply to the benthic 
species. If the isotopic composition of 
foraminiferal tests were affected only 
by temperature and the oxygen isotopic 
composition of the water, different spe- 
cies of benthic Foraminifera that lived 
in the same environment would have 
the same isotopic composition and only 
one curve would be obtained all along 
the core for the benthic forms. We ob- 
tained, however, three markedly differ- 
ent curves, and the differences between 
Pyrgo sp. and Planulina wuellestorfi 
reached more than 1 per mil. 

The same phenomenon has been ob- 
served in another core taken on the 
outer edge of the Atlantic continental 
shelf, at a depth of 1040 m, 138.6 miles 
off the Pointe du Raz (47?47'N, 
8?06'W). At a level rich enough in 
benthic forms to allow measurements 
on separate species, considerable dif- 
ferences in isotopic composition were 
observed: Uvigerina mediterranea, 
+4.16 per mil; Cibicides pseudoungeri- 
anus, + 3.40 per mil; Quinqueloculina 
sp. and Pyrgo sp., + 3.24 per mil. 

In another core, Shackleton (8) men- 
tioned a difference of 1.5 per mil be- 
tween two benthic forms, but he at- 
tributed it to a mixture between two 
levels. 
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Differential Isotopic Fractionation in Benthic 
Foraminifera and Paleotemperatures Reassessed 

Abstract. Different species of benthic Foraminifera taken at the same level in 
an Atlantic core yielded different oxygen isotopic values. It was therefore im- 
possible to deduce paleotemperature values. In addition, pelagic and benthic 
species showed the same isotopic variations, an indication that pelagic and benthic 
species reflect only the variation of oxygen-18 composition of the ocean. 
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Elimination of organic matter in 
universa by Clorox treatment. 
Elimination of organic matter in 
universa by Clorox treatment. 

Time Orbulina universa 

Clorox Before grinding After grinding 
(hours) 513C 6180 a61C 6180 

0 +3.44 +2.34 
+4.65 +2.40 

48 +2.00 +2.43 +1.94 +2.26 
+ 1.99 +2.45 +1.90 +2.29 

72 +1.98 +2.22 +1.89 +2.29 
+1.86 +2.38 +1.92 +2.28 

120 +2.02 +2.26 +1.93 +2.33 
+1.87 +2.20 +1.91 +2.14 
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Fig. 2. Correlations between 6180 for 
Planulina and Orbulina in the core. 

calcite, when it is precipitated in the 
same conditions. The 180 content in- 
creases 0.06 per mil for each mole per- 
cent of MgCO3 in calcite. On the basis 
of the values given by Tarutani et al. 
(7), the isotopic effect might be ex- 
plained if Pyrgo sp. contains 10 to 15 
percent more MgCO3 than is contained 
in Planulina wuellestorfi; a similar ef- 
fect might be obtained for SrCO3. 

To determine if the isotopic differ- 
ences noticed in our benthic Foramini- 
fera were due to differences in chemi- 
cal composition, we measured the mag- 
nesium and strontium content of the 
foraminiferal shells. The results show 
that the magnesium and strontium con- 
tents of the different species of benthic 
Foraminifera are of the same order as 
those of pelagic Foraminifera and that 
they are insufficient to account for the 
observed isotopic effect (less than 0.12 
percent for SrCO3 and less than 1.1 
percent for MgCO3). 

From our results and on the assump- 
tion that the isotopic composition of 
seawater is +0.1 per mil for deep 
Atlantic water (referred to standard 
mean ocean water), the isotopic tem- 
peratures have been calculated. If this 
assumption is correct, none of the ben- 
thic species present in the first 35 mm 
of the core shows concordance with the 
environmental temperature, as the true 
10 APRIL 1970 
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temperature in this region is 2.8? to 
3.2?C (8) and the calculated isotopic 
temperatures are 4.2?C for Pyrgo sp., 
4.4?C for diverse benthic forms, and 
6.6?C for Planulina wuellestorfi. 

The only possible explanation is that 
the composition of the test is partly due 
to the biological activity of the animal. 
Craig (9) has shown that the isotopic 
composition of the carbon of foraminif- 
eral tests does not reflect equilibrium 
with dissolved carbon but shows utiliza- 
tion of metabolic CO0. 

Assuming that metabolic CO2 has an 
isotopic composition similar to that of 
the organic matter of the plankton, 
characterized by 813C =- 14 per mil, 
Craig concludes that 30 percent of the 
carbon in foraminiferal tests has a 
biological origin. If so, part of the oxy- 
gen could also have a metabolic origin, 
which would explain the observed small 
depletion of 180. 

The contribution of metabolic CO2 
apparently varies with the different spe- 
cies, as is shown by the fact that we 
obtained different curves. The parallel- 
ism of the curves (Fig. 1) shows, how- 
ever, that this contribution is constant 
for any given species. Apparently, it 
will be possible to calculate tempera- 
tures from the isotopic data only after 
a very careful study of the biological 
framework of the foraminiferal tests. 

The oxygen isotopic composition of 
a benthic species (Planulina wuelles- 
torfi) and a planktonic species (Orbu- 
lina universa) at each level of the core 
is compared in Fig. 2. The excellent 
correlation (r = 0.889) indicates that 
both benthic and pelagic Foraminifera 
are sensitive to the same phenomenon, 
most likely oxygen isotopic variations 
of the seawater (6). 

This conclusion is substantiated by 
the fact that the slope of the regression 
line (Fig. 2) is very near 1. If the iso- 
topic composition of seawater affects 
the isotopic composition of benthic as 
well as pelagic Foraminifera and if, in 
addition, temperature had an influence 
on the pelagic species, the slope of the 
regression line would be less than 1. 

We conclude that temperature is not 
responsible for the variations of the iso- 
topic composition of pelagic foraminif- 
eral tests; instead, the variations of the 
isotopic composition of oxygen of the 
ocean are responsible for the variations 
affecting both the benthic and the 
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useful paleoclimatological indications 
only if interpreted.in terms of ice cap 
melting. Until more information is ob- 
tained on the participation of metabolic 
CO2, it seems to us to be impossible to 
make a true correlation between s180 
and temperature of crystallization of 
the foraminiferal tests. 
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Toxic Factor Produced by a 
Granulosis Virus in Armyworm 
Larva: Effect on Apanteles militaris 

Abstract. The internal parasitoid 
Apanteles militaris is affected by a pro- 
teinaceous toxic factor in the hemo- 
lymph of granulosis virus-infected 
armyworm larva. The hemolymph, after 
centrifugation to remove the virus 
particles and inoculation into the larval 
hemocoel, is still toxic to the para- 
sitoids. 

Tanada and Hukuhara (1) sepa- 
rated the two strains of a granulosis 
virus of the armyworm Pseudaletia 
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rated the two strains of a granulosis 
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unipuncta (Haworth) (Lepidoptera: 
Noctuidae) on the basis of differences 
in synergistic property and virus parti- 
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