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INTRODUCTION: To understand the history of not only our planet but other planets as well, we must first understand the processes of chemical differentiation.  Many differentiation processes that occur in the earth have been identified, including crystal fractionation and assimilation.  There are other processes that might affect the evolution of a magma as well.  In this report, we are concerned with whether differential mobility of elements along grain boundaries in the rock surrounding a magma might significantly affect the composition of a magma.


Interaction between the magma and the wall rock can be considered to involve several components, including chemical reaction between the magma and the rock, chemical diffusion into the magma or the rock governed by chemical gradients, or simple mass movement of elements along grain boundaries or rock fractures.  It is the possible significance of this last process we are interested in addressing experimentally in this study.  If some elements are more mobile than others, movement of elements into the surrounding rock from a magma may affect the magma’s composition even in the absence of chemical disequilibrium between rock and magma and in the absence of chemical gradients between the rock and magma.


PROCEDURE:  In order to investigate the effect of this movement of a magma along grain boundaries and rock fractures, we must design a situation which allows the permeation of a rock-simulant by a silicate melt without concurrent chemical reactions or diffusion. This requires that the containing material is in equilibrium with the melt and that the melt will wet the containing material, permitting migration along grain boundaries.  A single-phase spinel tube, closed at one end, was used as the container. Spinel (MgAl2O4) was chosen because it is chemically simple compared to many natural minerals, thus reducing experimental complexity, and because it is easily permeated by silicate melt. A melt composition, expected to be in equilibrium with spinel at the experimental temperature of ~1425ºC, was chosen in order to avoid unwanted changes in the composition of the melt due to dissolution or precipitation of the spinel.  A small amount of Y and Yb were added to permit tracking of their behavior.  Components were added as oxides (Ca added as carbonate).  Electron microprobe analysis of the final mixture yields:  SiO2=33.6, Al2O3=14.5, CaO=27.6, MgO=23.9, Y2O3=0.5, Yb2O3=0.5 wt%.  


The oxide powder was added to the spinel tube and tamped down it ensure the melt will rest in the hot-spot in the furnace.  We targeted a depth of 1.25 inches for the melt within the tube.  Given the spinel container inner diameter of  0.22 inches, this corresponded to a mass of about 2g silicate melt. The spinel container with the silicate powder was suspended in a vertical tube 1-atmosphere gas-mixing furnace in an air atmosphere at approximately 1425ºC. Three experiments were done for various amounts of time (3 hours, 6 hours, and 15 hours).


At the selected quench time, the spinel container and its melt was removed from the furnace and allowed to cool in air. When cooled, the tube was cut into small cross sections using a diamond saw.  The samples were then mounted, polished and analyzed by electron microprobe.


Substantial quench crystallization occured, which made analysis more difficult and interpretation of the results more subjective.

CONCLUSIONS:  We expected some elements to be more mobile than others.  For example we expected Al to have limited mobility and Mg a higher mobility. Yttrium and Ytterbium were expected to have an intermediate mobility. Thus our expectations of the melt, if equilibrium migration along grain boundaries was affecting melt composition, were as follows: we expected to see an increased concentration of Al within the melt adjacent to the spinel wall and we expected to see a depletion of Mg adjacent to the spinel. The melt that had moved along grain boundaries and fractures within the spinel wall was expected to be enriched in Mg and depleted in Al relative to the original melt composition.


Results shown in Fig. 1 show that indeed Mg is depleted in the melt near the spinel wall while intergranular melt within the spinel wall is enriched in Mg.  The converse is true for Al, which is enriched in the melt and depleted in the intergranular melt.  Yttrium and Ytterbium were enriched adjacent to the spinel and depleted in the intergranular melt in the spinel wall.  Although the concentration trends seen in Fig. 1 are striking, we point out that interpretation of these trends is muddied by the presence of abundant quench crystals in the melt.  We plan to reanalyze the samples.

Implications:  The degree of differentiation between the bulk melt and the intergranular melt in the spinel wall seen in Fig. 1 is substantial.  Whether or not this might be important in any natural system depends on the surface area-volume ratio of the melt and its residence time in the rock.  Scaling these results upward (relating rate of migration to square root of time), we might expect that if magma conduits are a meter in diameter, the significant differentiation seen in our experiments would require magma residence times of about 1000 years.   Conduits of 100 meters would require 11 million years to differentiate, an unrealistically long time.
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