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Introduction:  This study uses the decay of 40K to 

40Ca to investigate the contributions of weathering sili-
cate upper crust (SUC), with elevated K/Ca, to the 
oceans. This is in contrast to mantle contributions 
which have very low K/Ca. The expected isotopic ef-
fects are small (a few epsilon units) and require high 
precision measurements. It was found that there were 
no detectable enrichments in 40Ca/ 44Ca (<0.3 εu) for 
carbonates ranging in age from recent to ~3.6 Ga age. It 
follows that the Ca chemistry of the oceans has been 
governed by mantle contributions, through the ongoing 
activity of hydrothermal processes in the oceanic upper 
crust over geologic time. These hydrothermal exchange 
processes are a direct reflection of an ongoing mantle 
convection process over Earth history. 

Results: We present high precision Ca isotopic data 
for Archean, Proterozoic carbonates, river waters and a 
series of terrestrial and extraterrestrial mafic rocks. The 
latter samples were analyzed to define the reference 
parameters for the  40K-40Ca system for the Earth and 
early solar system. The effects to be expected from av-
erage SUC contributions are: 
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Here, T is the age when crust is first preserved and t is 
the age of a sample; λ is the total decay constant for 40K 
and β is the branching ratio. The subscript “0” refers to 
the present day value. Figure 1 shows the expected val-
ues of  ε40Ca/44Ca for a model of uniform crustal 
growth. The requirement of high precision measure-
ments of  Ca isotopic ratios has been  a technically for-
midable problem, because the dominant Ca isotope is 
40Ca (96.94%) while the isotopes used to correct for 
isotopic fractionation are of low abundance (42Ca 
0.647%; 44Ca 2.086%). Making measurements with 
adequate precision required a very strict approach to 
data acquisition [1]. Figure 2 shows all the data on the 
samples. Sea water is indistinguishable from terrestrial 
basalts, ultrabasic rocks, lunar basic rocks and Angra 
dos Reis pyroxene. River water samples from the Mis-
sissippi and the Columbia are also indistinguishable 
from sea water. Samples from the Ganges and Brah-
maputra are clearly enriched in  40Ca from  40K decay. 
Bulk samples of the meteorites Guareña and Murchison 
show enhancements that are correlated with K/Ca and 
are compatible with decay over ~4.5 Ga. 

   Since we are looking for minimum estimates for the 
Ca mantle flux, we consider a conservative value of  
ε40Ca ~ 2.5 for silicate weathering during the Phanero-
zoic. This is relatively low compared with values meas-
ured in granitoids, shales and intermediate rocks [2].  
   If the concentration of Ca isotopes is in a quasi-
steady state and if the sources of Ca are: 1) upper 
crustal silicates (S); 2)  crustal carbonates and evapo-
rates (C); and 3) hydrothermal exchange between ma-
rine basalts and sea water (H), then 
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Here, the subscripts refer to the respective reservoirs; fi 
is the fraction of the bulk Ca contributed by reservoir 
“i” to the oceans. From the data we conclude that ε40

SW  
≈ε40

H ≈ ε40 0≈ , so that ε40
SfS must be small. We con-

sider that ε40
SW < 0.2, relative to bulk Earth, so that fS 

<~0.08. It follows that hydrothermal and carbonate 
sources must contribute > 92% of the Ca budget in sea 
water. This appears to be true at the present time and 
over most of geologic time (see Fig. 1). 

A comparison between the results for the 40K-40Ca 
and 87Rb-87Sr systems can be seen in Fig. 3. The evolu-
tion of the Ca isotopic evolution of shales (PAAS) is 
shown from 0 to 1 Ga age. The value of  K/Ca=0.95 
was assumed [3]. The cause of the major difference in 
the effects of 87Rb decay into 87Sr in sea water (a ~1% 
increase over the initial value) relative to 40K decay into 
40Ca is the very low abundance of 40K relative to 40Ca. 

The importance of hydrothermal exchange as the  
governing process for modern sea water chemistry is 
widely recognised. The present study shows that, for 
Ca and many other elements, hydrothermal exchange 
from ongoing volcanism, subduction and sea-floor 
spreading appears as the dominating agent in the 
chemical composition of sea water over almost all of 
geologic time. 
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Figure 1. Evolution of  the aver-
age value 40Ca/44Ca versus age for 
continuous growth of continental 
crust.  Two curves are for differ-
ent times when “first “ continents 
are preserved. Data on sea water 
& carbonates are shown. 

Figure 2. All data obtained under 
conditions of limited isotopic 
fractionation. Note enrichment 
effects for two river water sam-
ples and two meteorite. All other 
samples are virtually  indistin-
guishable from  40ε ~0. 

Figure 3. 40Ca/44Ca versus 
87Sr/86Sr  for upper crustal rocks 
with K/Ca=0.95 formed at differ-
ent ages (dashed curve).The ef-
fects from  erosion of Proterozoic 
shale (PAAS) at different ages is 
given by the dotted curve. Note 
the large shift in Sr relative to the 
mantle value. This is not the case 
for Ca. 
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