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Isotope Ratios in Marine Mollusk 
Shells after Prolonged Contact 
with Flowing Fresh Water 

Abstract. The ratios C"/ C'1 and 
0'"/0O in the calcium carbonate of 
shells of the marine mollusk, Macoma 
calcarea, appear unaltered after expo- 
sure for 4500 years to flowing fresh 
water of higher 0/0 " ratio. 

The widespread use of carbon and 

oxygen isotopes as paleoenvironmen- 
tal indicators in sedimentary geochem- 
istry (1), for radiocarbon dating, and 
for paleotemperature determinations 
(2), depends to a large extent on the 

assumption that the original isotopic 
composition has not been altered by 
postdepositional, diagenetic processes 
(3). While oxygen isotope exchange 
in the calcium carbonate-water system 
proceeds relatively rapidly at high tem- 

peratures (4), it appears that original 
carbon isotope ratios may be preserved 
in calcitic limestones over very long 
periods of time, as indicated by con- 
sistent changes in the values of SC1 
found in a regional study of isotope ra- 
tios in the Vanport limestone of Penn- 

sylvanian age (5). Furthermore, in a 

study of over 500 marine and fresh 
water carbonates of Phanerozoic age 
(6), the original carbon isotope ratios 

appear to have remained unchanged 

Table 1. Carbon and oxygen isotope ratios 
of six individual shells of the marine mollusk, 
Maconma calcarea. The values, per mill, are 
relative to Chicago PDB-standard carbon 
dioxide. 
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since the Devonian-the earliest fresh- 
water limestone known to us is Devo- 
nian-because the expected difference 
in mean isotopic composition of ma- 
rine and fresh-water limestones was 
confirmed. These samples, however, 
were mostly compact, dense limestones 
which were apparently not subjected 
to a significant flow of intrastratal solu- 
tions around grain boundaries. 

Gross (7) reports that marine Pleis- 
tocene limestone from Bermuda and 
from the atolls, Bikini and Eniwetok, 
has been altered by the Ghyben-Herz- 
berg lens of fresh water and by the 
precipitation of secondary calcite in a 
relatively short period of time so that 

CI: /C12 and OV/ 0' ratios approach 
those of fresh-water limestones. Un- 
published data from this laboratory 
suggest that, if certain corals have con- 
tributed calcium carbonate to the calca- 
reous sediments, some of these anoma- 
lous isotope ratios may, in fact, be the 
original ratios which obtained at the 
time of deposition. 

Because of the importance of the 
preservation of the original isotopic 
record in carbonates, a collection of 
marine shells of the mollusk Macoma 
calcarea which were exposed to per- 
colating freshwater for a known pe- 
riod of time, was made and ana- 
lyzed for isotope ratios by standard 
techniques (8). After deposition in the 
bottom sediments of the Champlain 
Sea between 9500 and 9900 years ago 
(9), the mollusk shells have been ele- 
vated and subjected to the effects of 

percolating fresh water in the banks 
of Riviere du Sud, Quebec, for at least 
4500 years. The isotopic composition, 
expressed as the difference in C'"/C12 
or 01/O1' ratio of the sample and the 

Chicago PDB standard carbon dioxide, 
in per mill, by the formula 

8o:C: c'--I/c _- I- 
)1000, C1:/C1l% 

has been corrected for errors of meas- 

urement, such as capillary leaks and 
the presence of 0"' (10), and is pre- 
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true, especially in the case of fresh- 
water mollusk shells, some of which 
originally exhibit a wide range in iso- 
topic composition (12; 13). 
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11 September 1963 

Zinc Activation of a Coordinated 

Response in Hydra 

Abstract. In Hydra littoralis, the 

feeding response normally activated by 
reduced glutathione can be elicited by 
zinc ions under special experimental 
conditions: some calcium is necessary 
for the activation to be realized, but a 

high concentration of calcium inhibits 
the zinc-activated response. Zinc in- 
hibits the normal feeding response in- 
duced by reduced glutathione. 

Zinc ions are known to have imme- 
diate physiological effects at several 
levels of biological organization. Vallee 
et al. showed that the addition of zinc 
to the apoenzyme of carboxypeptidase 
activates that enzyme (1). Isaacson 
and Sandow found that zinc potentiates 
the twitch of muscle (2). In this report 
we describe the activation by zinc of 
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