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AN EXPERIMENTAL STUDY OF PARTITIONING BETWEEN CARBONATE AND 
SILICATE LIQUIDS. J.H. Jones, SN2, NASAIJSC; D. Walker, Lamont-Doherty Geological 
Observatory, Palisades, NY 10964; D.A. Pickett and M.T. Murrell, INC-7, LANL, Los Alamos, 
NM 87545. 

The precise role of carbonate-rich magmas in planetary volcanism is presently uncertain. On 
the Moon and the asteroidal achondrite parent bodies, carbonate volcanism is probably either 
irrelevant or rare. However, carbonate liquids have been suggested as playing an important role in 
the generation of mid-ocean ridge basalts (MORB) [I], and there are strong chemical and isotopic 
affinities between terrestrial carbonatites and ocean island basalts (Om) [2]. Additionally, there 
have been suggestions that some martian magmas were rich in C02 [3]; and there are also general 
speculations that the thousands-of-kilometers-long flows(?) discovered on Venus by Magellan 
could be due to carbonate-rich volcanism. Finally, there are chemical fractionations of highly 
incompatible U- and Th-series radionuclides in MORB, which may be =cult to produce by either 
partial melting or fractional crystallization of silicate systems. Whether such fractionations are 
possible in carbonate systems remains largely unexplored. 

One of the simplest fractionations that can occur between carbonates and silicates is that of 
liquid immiscibility. Fractionations between immiscible liquids are also some of the easiest to 
explore in the laboratory. Consequently, we have begun a study of carbonate liquid-silicate liquid 
partitioning for a variety of trace elements. In contrast to previous studies, which indicate that 
carbonate liquid-silicate liquid partitioning is quite complex [4,5], we observe rather regular 
behaviors for a variety of elements. We caution, however, that we have currently explored only a 
very small volume of (P,T,X,fo2) space. 

Experimental. A synthetic basalt composition was doped with -0.5 wt.% of Nb, Mo, Ba, 
Ce and Pb, fused in air, and ground under acetone. This powder was then doped with natural 
uraninite (U02) and thorite (ThSi04) and equilibrated overnight in a Deltech furnace at -900°C and 
an fo2 of QFM. This doped basalt (S) was then mixed with Na carbonate (N) and Ca carbonate 
(C) such that the resulting mixture of S:C:N was 2:l:l. A series of piston cylinder experiments, 
run in graphite capsules for different times at 1250°C and 10 kbar, indicated that both chemical and 
textural equilibration occurred within about four hours. The experiments reported here were held 
at temperature and pressure for one day. 

At 1250°C and 10 kbar only two phases are present, a silicate liquid and a carbonate liquid, 
which are well separated. In our charges, there is typically a central core of silicate glass that is 
surrounded by carbonate, which quenches to a mass of dendrites. 

We have also conducted single experiments at (llOO°C,10 kbar), (1400°C, 10 kbar) and 
(1250°C, 20 kbar). Qualitatively, the results at (1 100°C, 10 kbar) and (1250°C, 20 kbar) are very 
similar to those at (1250°C, 10 kbar). However, the llOO°C experiment contained augite and 
plagioclase, in addition to the two immiscible liquids. The 20 kbar run contained augite and two 
liquids. Thus, we infer that our standard run temperature is not far above the silicate liquidus. In 
addition, the (1400°C, 10 kbar) experiment probably approached the carbonate-silicate critical 
temperature for that pressure and composition. Although there were still two immiscible liquids, 
the compositions were similar enough that the silicate liquid was no longer quenchable. During the 
quench, carbonate globules exsolved from the silicate and silicate globules exsolved from the 
carbonate. 

Results. Results of electron microprobe analyses of our 10 kbar experiments are shown in 
Figure 1. At low temperatures Mo and Ba strongly partition into the carbonate liquid, Ce does not 
display a strong preference for either liquid, and Pb, Nb, U and Th prefer the silicate liquid, with 
the strength of preference for silicate increasing in order from Pb to Th. At our nominal conditions 
of (1250°C, 10 kbar) our carbonatelsilicate partition coefficients are: D(Mo)= 5.8; D(Ba)= 1.8; 
D(Ce)= 1.0; D(Pb)= 0.61; D(Nb)= 0.52; D(U)= 0.35; and D(Th)= 0.28. [A reversal run 
(performed by overdoping carbonate so that mass transport must occur from carbonate to silicate) 
produced quite similar results.] At 140O0C all D's approach unity as the distinction between the 
carbonate and silicate liquids begins to blur. 
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Because we doped our starting materials with natural U and Th, our experiments also contain 
U- and Th-series daughter nuclides, such as 226Ra and 231Pa. To evaluate the partitioning 
behavior of these daughters, a (1250°C, 10 kbar) charge was analyzed at Los Alamos National 
Laboratory by isotope dilution mass spectrometry and ICP mass spectrometry. For those elements 
doped at the -0.5 wt.% level, analyses of the silicate fraction by mass spectrometry agree quite 
well with previous electron microprobe analyses. However, mass spectrometric analysis of the 
carbonate fraction gave extremely poor agreement with the electron probe results. Mass balance 
calculations indicate that the "carbonate" fraction, which was dissolved in 0.5N HNO3 and 
analyzed at Los Alamos, also included large amounts of dissolved silicate. Apparently, solution of 
carbonate into the silicate during the experiment allows even dilute acids to attack and dissolve 
significant amounts of silicate. Consequently, our Pa and Ra partition coefficients, based on mass 
balance calculations using other elements, are somewhat uncertain. Nominal partition coefficients 
for these elements are: D(Ra)= 1.6 and D(Pa)= 0.15. The similarity of D(Ra) to D(Ba) gives us 
confidence that these calculated results are reasonable, but we are in the process of verifying them. 

Discussion. These experiments suggest that carbonate-silicate partitioning can fractionate 
elements that are extremely incompatible and, therefore, difficult to fractionate in pure silicate 
systems. Contrary to expectations from previous experiments [4,5], our partition coefficients 
show an overall regularity, as illustrated by Figures 1 and 2. As temperature increases, D's 
converge on unity as the solvus is approached. At constant (P,T), low field strength elements (zlr 
<-5-6) show a good correlation between 1nD and zlr. This type of behavior has been noted 
previously for partitioning between immiscible silicate liquids [6] and for "partitioning" between 
basic and acidic melts in Soret experiments [7]. Watson noted two groups of elements: (I) low 
field strength and (11) high field strength [6]. The two apparent groups in our dataset can be 
distinguished on the same basis. A possible explanation for the existence of these two groups is 
that the higher field strength elements have a tendency to form oxyanions such as Si044-. This 
idea is probably an oversimplification but, in any event, the regularity of the low field strength 
elements in our experiments seems clear. We need, however, to expand our dataset and 
specifically include elements that would be expected to fall in the high field strength group. 
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