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ZNTROD UCTZON. Igneous cumulate rocks provide an important record of planetary magmatism but 
there are pitfalls in their interpretation. The rocks are composed of cumulus minerals plus assemblages that 
crystallized from trapped melt. In addition, the outer portions of the cumulus minerals may react with the trapped 
melt and other cumulus phases during subsolidus reactions thus compromising a direct record of their igneous 
history. Therefore, one of the best approaches for estimating the melt compositions parental to the cumulates is to 
analyze the cores of cumulus phases for elements with slow diffusion rates (e.g. REE) because these systematics 
most reliably retain a record of the minerallmelt partitioning. We are presently conducting SIMS studies of 
pyroxenes from a variety of planetary cumulates including lunar norites [I] and asteroidal orthopyroxenites 
(diogenites) [2,3]. As an extension of these studies, we are studying orthopyroxene from two Stillwater sample 
suites. 

Orthopyroxene is a very powerful mineral recorder in mafic cumulates, as demonstrated by Lambert and 
Simmons [4], who 'inverted' REE isotope dilution data from orthopyroxene mineral separates to estimate the melt 
compositions parental to the various cumulate horizons in the Stillwater Complex. We felt that further insights 
could be gained concerning the trace element characteristics of Stillwater orthopyroxenes by studying them in a 
microbeam mode by SIMS. For these SIMS studies we selected nine samples from the Mountain View locality of 
the Bronzitite zone of the Ultramafic series and a sequence of seven samples from the Lost Mountain locality which 
represent the Bronzitite-Norite zone contact between the Ultramafic series and the Lower Banded series. 

RESULTS AND DISCUSSION. The boundaq between the Ultramafic series and Banded series is 
defined as the horizon where plagioclase first appears as a cumulus phase. The Ultramafic series is subdivided into a 
Lower Periodotite zone of olivine + orthopyroxene cumulates and an Upper Orthopyroxenite (Bronzitite) zone. At 
the Mountain View locality the entire Bronzitite zone is lithologically uniform and contains orthopyroxene which is 
remarkably constant in composition with Mg/(Mg+Fe) atomic = 85 + 1 [5]. Raedeke and McCallum [5] concluded 
that simple fractional crystallization plus crystal settling is not sufficient to explain the lithologic sequences 
observed in the ultramafic series. They believe that the accretion of cumulates and growth of the magma chamber 
proceeded through periodic influxes of olivine-saturated parental basaltic magma that initially pooled on or near the 
chamber floor. These authors further note that there is surprisingly little compositional variation throughout the 
entire series. The predicted iron-enrichment trends were apparently suppressed by the effects of repeated injections of 
parental magma, extrusion of fractionated magma, periodic equilibrium crystallization, and reaction of cumulates 
with trapped liquid. 

The present study is an attempt to characterize chemical changes near the BronzititeINorite contact and to 
estimate the parental melt compositions for both units. Figure 1 presents a series of histograms based on -850 high 
quality EMP analyses of the 16 Stillwater samples. The white bars on the histograms represent the Norites while 
the black bars represent the Bronzitites. The EMP data show that the orthopyroxenes in the Norite zone, compared 
to the Bronzitite zone, are lower in A1 and Cr and higher in Ti and Fe/(Fe+Mg) atomic. Figure 2 illustrates 
chondrite normalized SIMS data for the 7 Lost Mountain OPX samples. While the REE patterns are, in general, 
coherent several of the patterns show crossing trends indicating complexity in the crystallization/accumulation 
sequence or changing melt composition (e.g. magma mixing). In a general way the following systematics hold: 1) 
The Eu anomaly deepens in the Norite zone and 2) The light REE decrease relative to the heavy REE in the 
transition from the Bronzitite to Norite zone. These systematics, both for the EMP and SIMS data, can be explained 
by the onset of plagioclase crystallization in the Norite zone and the more compatible behavior of Cr than Ti in 
orthopyroxene. 

Figure 3 summarizes the REE systematics for possible melts parental to the Stillwater Bronzitite and 
Norite zones. Two bulk rock REE chondrite normalized patterns are illustrated for dikes from beneath the Stillwater 
Complex that are candidates for parental melts [6]. The samples LMO1, LM02 (Norite zone) and LM04, LM05 
(Bronzitite zone) were analyzed by isotope dilution on mineral separates by Lambert and Simmons [4]. Sample 904, 
905 (Norite zone), and 907, 908 (Bronzitite zone) were analyzed by SIMS in the present study. The REE contents of 
the melts were estimated by using the partition coefficients of Lambert and Simmons [4]. It is clear that the light 
REE contents of the orthopyroxene separates and thus the melts calculated from them are higher than those 
determined by our SIMS study. We believe that this could be a result of some contamination in the orthopyroxene 
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mineral separates. Our REE estimates for the melt parental to 
Bronzitites 9071908 is quite similar to dike NB 181378 [6,7] while 
our estimated REE pattern for the parental melt to Norites 9041905 
shows a downturn in the LREE and an upturn in the I-IREE that 
would be expected with the onset of plagioclase crystallization. 
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