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Experimental Partitioning Studies on Sc in Olivine and Pyroxene 

H. V. Lauer, Jr. (Lockheed-Martin ESC, 2400 NASA Road 1, Houston, TX 77058 ): J. H. Jones and D.J. 
Lindstrom ( SN4, NASAIJSC, Houston, TX 77058 ). 

We have investigated the partitioning of Sc into olivine and pyroxene at one bar pressure in a 
controlled atmosphere gas-mixing furnace system using compositional systems appropriate for 
understanding of meteoritic (eucrite) and terrestrial basalts. Our results are in general agreement with 
previously published work of others [1,2] and have been extended to include much higher concentrations 
of Sc in both olivine and pyroxene. 

Experimental: The starting material used in these experiments represents synthetic analogs of a eucrite, 
a 1350°C melt of the St. Severin (LL) chondrite [3] and an iron -enriched analog of that melt. These 
starting materials are henceforth refered to as {EO),{SS)and {SSZ)respectively. Pressed pellets of the 
starting material (-100 mg) were "spot-welded" onto a Pt-10%Rh wire loop using a small micro-torch. 
The charges were then placed in a controlled oxygen fugacity (f 02)  gas-mixing furnace. The charge was 
equilibrated well above the liquidus for 12 -24 hrs to allow any Fe-loss to the Pt to occur. The temperature 
was then rapidly lowered and the charge was run isothermally, under controlled foz, for 2-4 days and then 
dropquenched into de-ionized water. 

The furnace foz was set at either IW,IW-1 or IW+1 (ie, the iron-wustite buffer or one log unit 
below or above iron-wustite) using appropriately mixed flowing COIC02 gas. Experiment temperatures 
were between 1145°C and 1350°C. 

We are reporting on experiments on Sc partitioning in olivine and pyroxene at constant starting 
Sc content with variable temperature, as well as variable Sc doping at constant temperature and &. 
Results: Olivine: We found in our eucrite system {EO)at -1% Sc doping level, Dk ranges from 0.19 at 
1250" C to 0.28 at 1145°C and exhibits a regular dependence with inverse temperature and D M ~ .  This 
dependence is shown in Fig 1. The points not lying on this trend are for samples containing much more 
Sc. Figure 2 shows the dependence of Da on the Sc concentration for two Merent starting compositions 
at 1250" C and f& s at IW and IW-1. In this figure, one sees that Dk increases with increased Sc 
incorporated in the system [l] until it seems to saturate at -2.25 wt% SczOa. This is in contrast to the 
conventional wisdom of trace element partitioning, where D's for incompatible elements typically 
decrease as the concentration of the dopant increases. However, for Sc, which basically charge balances 
itself, the controlling factor is the availability of another Sc. Thus, at higher Sc concentrations Dsc 
increases. Also, at the higher levels of Sc doping, deficiencies in the divalent cation sites are clearly 
discernible with the electron microprobe. The divalent cationdmole decreases from 2.0 to -1.85 with 
increasing Sc content, indicative of vacancies introduced into the divalent cation lattice as two Sc ions 
and a vacancy substitute for three divalent (Mg,Fe). 

FIG. 1 D r  vs ~oooo/~(K) @ [ Iw]  FIG. 2 D% vs SC~O, (w%) in olivine @ l2SO0C 

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



LPS XXVII 

EXPERIMENTAL PARTITIONING OF Sc: LAUER ET AL. 

These results raise serious issues about the applicability of Sc percent-leveldoping experiments to natural 
systems. To evaluate this problem, we have micro-drilled and neutron irradiated [4]an olivinefliquid 
partitioning experiment that used a natural basalt as a starting material 151. The Da at natural Sc 
concentrations (20 ppm) was determined from micro-lNA4 and then compared to the Da determined by 
the percent-leveldoping and microprobe analysis. Suprisingly, the values determined by the two 
techniques were identical within error. Apparently, percent-leveldoping can be judiciously applied to 
natural systems. 

Pyroxene: Fig. 3 shows results of measurements of DQ as a function of inverse temperature. 
Again, if only those points containing approximately the same Sc concentration are considered, regular 
trends emerge. The lower trend is for low-Ca pyroxene grown from starting materials that were doped 
with either 0.5 or 1.0 wt.% Scz03; the.upper trend is for a mineral that very similar to pyroxene, except 
that it has high concentrations (-10 wt??) of 3+ cations (see below). Unlike the case of olivine, Sc charge 
balance in pyroxene is not particularly an issue, since pyroxenes normally contain much more A1 than Sc. 
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FIG. 3 Dr vs IOOOOR(K) in pyroxene. 

In our attempts to grow Sc-rich olivine's from the eucrite clivine starting material, we 
produced a phase that greatly resembles low-Ca pyroxene and coexists with thortveitite (SczSiz07). The 
molar Sc/A1 ratio in the pyroxene-like phase is -2.1. This phase is represented by the +'s (and probably - 

the As in the high concentration trend) in Fig. 3. However, these three samples (A) did not contain 
thortveitite. At this time, the exact nature of these High-Sc phases is not known, but is the subject of 
future investigation. 
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