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VARIABLE SIZE OF THE CRYSTALLIZING BOUNDARY 
LAYER DURING FORMATION OF THE STILLWATER LAYERED 
COMPLEX, MONTANA. D.K. Ross, Dept. of Geosciences, Univ. of 
Houston, and D. Elthon, Dept. of Chem., Univ. of Houston, Houston Tx, 
77204 .  

Trends in mineral compositions with stratigraphic height in 
gabbroic and ultramafic cumulates in the Stillwater Complex indicate 
large variations in the size of the cooling, crystallizing boundary 
layer. High-resolution sampling (1-3 samples per meter of section) 
of several intervals within the Archean layered igneous complex 
permits evaluation of the size of thermal/compositiona1 boundary 
layers. Bottom crystallization in large layered intrusions proceeds 
due to cooling of the near-bottom magma (Hess, 1960). This process 
can lead to evolution of relatively small magma batches, with the 
main magma body in the chamber unaffected by this crystallization. 
Continuing evolution of the small near-bottom magma batch can 
ultimately lead to mixing with overlying magma or displacement of 
the near-bottom magma by magmas resident in the chamber. 
Convective stirring in the chamber could also lead to displacement or 
mixing of this near-bottom magma. 

A suite of gabbronorites from the lower Banded Series of the 
St i l lwater  Complex ,  covering approximately 8 .5  meters of 
stratigraphic height, have been analyzed by electron microprobe. We 
are also obtaining trace element data on rocks and mineral separates 
from this suite by INAA. Mass balance calculations using the whole- 
rock and mineral trace element data clearly shows that these rocks 
are uneffected by trapped liquid effects and that cumulus stage, 
primary magmatic effects are preserved in the geochemistry of most 
Stillwater cumulates. Orthopyroxene (OPX) and clinopyroxene (CPX) 
Mg-numbers from this suite are shown in Fig. 1. Two trends are 
evident in these data. In the lower 3.5 meters, OPX and CPX Mg- 
numbers decline steadily with increasing stratigraphic height. These 
trends indicate that the magma from which these minerals 
crystallized was undergoing crystal fractionation, leading to declining 
Mg-number in the magma and in subsequent minerals formed from 
this magma. Crystallization modelling indicates that the magma 
batch that formed this lower trend crystallized about 30-35% to 
produce the observed changes in mineral composition. Equations 
presented by Browning (1984) permit the calculation of the height of 
the magma column required to produce the given thickness of 
cumulates. Applications of this approach to this cumulate interval 
suggest that the magma batch that produced this interval was 10-15 
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meters in height. In the overlying 5 meters of section diplayed in 
Fig. 1, the same minerals (OPX, CPX and plagioclase) are removed 
from magma, in roughly the same proportions and yet no evolution 
in mineral compositions (and thus co-existing magmas) is observed. 
This indicates that a much larger magma b a t c h  must have been 
crystallizing to produce this near vertical trend. Plagioclase anorthite 
composi t ions  fol low the trends seen in pyroxene Mg-numbers  
although plagioclase shows greater variability within many samples. 
Similar effects of variable size of the crystallizing boundary layer are 
also observed in ultramafic cumulates from the Ultramafic Series of 
the Stillwater Complex (Ross and Elthon, 1988). 

References: Browning, P. (1984) in Ophioli tes and Ocean ic  L i thosphere ,  
ed.1.G. Gass, S.J. Lippard and A.W. Shelton, pp. 71-82. Hess, H.H. (1960) GSA 
Memoir 80. Ross, D.K. and D. Elthon (1988) LPS XIX, 1000. Segerstrom, K and 
Carlson, R.R. (1982) USGS Map 1-1383. 
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Figure 1: Pyroxene compositions versus stratigraphic height in 

a suite of gabbronorites from the lower Banded Series of the 
Stillwater Complex. This suite is from the lower gabbro member of 
Segerstrom and Carlson, 1982. 
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