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THE EFFECTS OF IONIC RADIUS AND CHARGE ON DIFFUSION OF Mg, Ca, Ba, Ti, Zr, Nd, AND 
Yb IN BASALTIC MELT; T. LaTourrette, A. J. Fahey, and G. J. Wasserburg, Lunatic Asylum, Division of 
Geological and Planetary Sciences (170-25), California Institute of Technology, Pasadena, CA, 91 125. 

INTRODUCTION: An accurate and systematic understanding of diffusion rates in geologic systems is necessary 
for addressing problems such as crystal growth and dissolution, assimilation, magma mixing, and isotopic 
homogenization. In order to understand better how diffusion contributes to these processes, we must know the 
basic rules for diffusion under the conditions of interest. However, a comprehensive data set for diffusion in 
silicates does not exist. Therefore, we have begun a series of experiments to measure precisely seIf-diEusion 
coefficients for several elements in silicate melts under identical conditions, with the aim of quan-g the effects 
of variables such as ionic radius and charge. Following previous work in our laboratory on crystal-melt pairs [ l ]  
and prehinary results for melt-melt pairs [2], we have used diffusion couples in which the two halves are in 
chemical equilibrium but isotopically distinct, thereby measuring isotopic W s i o n  in the absence of chemical 
gradients. By using a diffusion couple composed of chemically identical halves welded together by wetting, we 
eliminate several of the problems encountered when using a thin source, such as the chemical state of the tracer in 
the source and melt being different, and the complex transfer of tracer from the source to the melt. 

EXPERIMENTS: We prepared diffusion couples from splits of a synthetic basalt glass (48.0% SiO2, 16.5% 
Al203, 16.0% MgO, 19.4% CaO) by spiking one half with isotopically enriched oxides and the other half with 

equal amounts of the corresponding isotopically normal oxides so that each half had the same total concentration 
of all elements (700-1500 ppm for trace elements). The spiked glasses were loaded into Pt capsules, melted at 
1500°C for 3 hours, and quenched. The open ends of the capsules were then ground flat and polished, and a 
diffusion couple was formed by joining 2 capsules end-toend with a crimped Pt sleeve. The assembled couple was 
hung vertically and quickly lowered into the hotspot of a vertical tube furnace at 1400°C. After 10 minutes the 
sample was quenched slowly in air to avoid contraction cracks or cavitation bubbles. Detailed SEM examination 
revealed no evidence of quench crystallization. We took extreme care in developing our experimental technique to 
generate a flat, bubble-free interface during melting; test experiments of < 2 rnin. duration form good diffusion 
profiles. The sample was sectioned longitudinally, mounted in epoxy, polished, and isotopic concentration profiles 
were measured with the ion microprobe. Linear traverses were measured perpendicular to the interface of the 
couple with a 40 pm step size, a 1 nA 0- primary beam, and a secondary accelerating voltage of 4.5 kV. 

DiffUsion coefficients were calculated from a best fit to the function: R = 7 + - 2 

where R = 28~i-normalized isotope concentration, R, and Re = the initial 28~i-normalized concentrations in the 
normal and enriched sides of the couple, respectively, x = distance from the initial interface, x, = the offset from x 
such that x + x, = 0 when R = (R, + &)/2, t = time, and D = the diffusion coefficient. The interface has a slight 
curvature resembling a meniscus (maximum deviation from planar is < 250 pm), and the offset xo for each 

traverse is determined from the concentration profile. Except for Yb, isotopes measured in Merent traverses gve  
diffusion coefficients that agree to w i t .  35%, and the values listed in Table 1 are the averages of all traverses. 

RESULTS: The experiment was successful in producing well defined diffusion profiles for all isotopes. The 
diffusion coefficients show regular variations, and we found no evidence for convection or any other type of non- 
diffusive transport. Profiles for each isotope are shown in Fig. 1, and diffusion coefficients are listed in Table 1. 
For elements of a given charge, diffusion coefficients display a systematic decrease with increasing ionic radius, 
consistent with our preliminary data [2]. Our data also clearly show that for a given ionic radius, diffusion 
coefficients decrease with increasing charge, consistent with more highly charged species being less mobile in 
silicate melts. These results provide the first precise measure of the influence of ionic radius and charge on 
diffusion in silicate melts. With additional experiments at various temperatures we will determine the Arrhenius 
parameters for these elements. Understanding the separate effects of ionic radius, charge, and temperature may 
help elucidate aspects of transport m e c b s r n s  such as the actual diffusing species and the average jump &stance. 
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While we observe sigmficant variations in the values of the &ion coefficients, it is noteworthy that for the wide 
range of elements studied the total variation in diffusivities is less than a factor of 7. Such variation could easily be 
obscured when comparing results from separate studies, but can be determined with confidence from a single 
experiment. With further refinements we foresee being able to determine diffusivities for a large number of 
elements with an internal precision of approximately 10%. These results can then be used as a basis with which to 
test models relating multi-component diffusion to tracer diffusivities. 

Table 1: Diffusion Coefficients (x107, cm2/sec) T = 1673OK 

2 5 ~ g  44Ca 1 3 6 ~ a  173% 1 4 8 ~ d  4 7 ~ i  9 4 ~ r  
7.4 5.5 2.7 2.5 2.1 1.6 1.1 

0.2 -1 I 
-1500 -1000 -500 0 5W 1000 1500 

X (mkrons) 

I 

-1500 -1000 -500 0 

X (microns) 

- 47 Fa 

0.0005 (Traverse B) *- 

-1500 - 1 m  -503 0 500 1000 1500 
X (microns) 

I I 

I X (microns) I 

We thank Amy Jurewicz for her participation in the early stages of the experiments. This work is funded by 
NASA grant NAGW-3297 and DOE grant DE-FG-03-88ER-13851. Division Contribution 5486(880). 
REFERENCES: [l] Sheng Y. J. et al. (1992) GCA, v. 56, p. 2535. [2] Paillat 0 .  and Wasserburg G. J. (1993) 
LPSC XXIV, p. 803. 

-1500 -1000 -500 0 500 1000 1500 

X (mkrons) 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 

-1500 -1000 -500 0 500 low) 1500 

X (mkrons) 

Figure 1. Isotope concentration profiles. Curve is a best fit to the error function gven above. Errors are l a .  


