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OPEN-SYSTEM EVOLUTION OF BASALTIC MAGMAS EMPLACED IN A PREDOMINANTLY MAFlC CRUST: 
MATACHEWAN DIKES, SUPERIOR PROVINCE OF CANADA D.O. Nelson, W.C. Phinney, D.A. Morrison, 
SN2, NASAIJSC, Houston, VX 77058. 

When basaltic magmas are emplaced in the crust, a number of open-system processes may occur 
that can significantly affect the composition of the evolved magmas. Particularly influential are 
processes in which fractional crystallization occurs contemporaneously with replenishment (RFC) or 
with assimilation (AFC). These processes frequently decouple major element, trace element and 
isotopic compositions, degrading compositional trends and obscuring the genetic relations between the 
various emplaced units (1-3). The RFC process may lead to levels of enrichment in the incompatible 
trace elements (ITE) seemingly inconsistent with observed major element variation (4). Small levels 
of AFC can produce significant changes in ratios of the ITE while not severely depleting compatible 
element concentrations. The simultaneous operation of RFC and AFC in a magma chamber, then, can 
produce poorly correlated major element, trace element and isotopic compositions, leading to the 
perhaps erroneous conclusion that the variations reflect the involvement of a markedly 
heterogeneous mantle. Although this possibility certainly exists, and often cannot be eliminated as an 
explanation, it is important to realize and evaluate the potential impact of open-system processes in 
the evolution of basaltic magmas. Even in the absence of a silicic crust, AFC may be important in 
affecting compositional changes during basalt magma evolution. The composition of basalt5 emplaced 
in mafic crust may be significantly modified as a result of the invading basaltic magma partially 
melting the crust to produce a granitoid melt (5, 6), and then subsequently mixing with this melt As 
such, our results may be applicable not only on Earth, but also to the moon and other terrestrial 
planets; Neal and Taylor (7, 8) have recognized the AFC process in Apollo 14 basalt petrogenesis. 

In this particular study, we evaluate the ability of RFCIAFC processes to produce the observed 
compositional variations in the 2.45 Ga Matachewan dikes of the Superior Province of Canada These 
dikes are plagioclase (AN 8Q5) megacryst-bearing Fe-rich tholeiites (9) that display significant 
differences in ITE concentrations and ratios, e.g. Zr = 41-224 ppm and (WSm)n = 0.62-2.23 (2.3). 
Large compositional variations occur within dikes as well as between the dikes. Although many of the 
dikes possess a "standard" pattern of interior enrichment relative to the margin, others have 
interiors that are depleted. When the intradike compositions, including the "standard" varieties, are 
subjected to major element least-square mixing models, it is found that in most cases, the ITE 
require significantly greater levels of evolution (e.g. 40% fractionation as opposed to 25%) than that 
permitted by the major elements (Fig. 1). Simple fractional crystallization cannot accommodate the 
observed compositional variation. Applying RFC equations (10) to these systems restores agreement 
between the major and trace elements (Fig. 1). These observations argue against in situ evolution of 
the magmas in the dikes, suggesting instead that the intradike variations reflect RFC processes that 
occurred in a deeper chamber prior to emplacement. Apparently, the dikes remained open to magma 
injection over a period of time, and in some cases involved magmas that were not related by RFC 
alone. ln' one case, a magma with MORB characteristics (e.g. [LalSmIn = 0.7) was emplaced in the 
same dike as a magma of more continental affinities ([WSmIn = 1.8) with no chill zone observed. 

The RFC process cannot produce the variation in ITE ratios within the concentration range of the 
Matachewan dikes (Fig. 2); the involvement of an additional reservoir is indicated. Although a source 
effect is possible, we evaluated whether or not an originally depleted composition [(LalSm)n = < 1.01 
could yield enriched derivatives through interaction with a predominantly mafic crust. In our AFC 
models, we used bulk rock data from granitoids from the Kapuskasing Structural Zone (KSZ) (11-13). 
interpreted as a tectonic slice of the Superior Province crust (14). Percival and Card (14) have 
interpreted these granitoids as representing partial melts of the crust Major and trace element 
compositions are consistent with their derivation through variable melting of a precursor mafic crust 
(13). We evaluated these granitoids in terms of their potential roles as assirnilants during the AFC 
evolution of the Matachewan magmas. We found that those with high !TE concentrations and ratios 
[e.g. (La/Yb)n > 10 and ThJTa > 201, resulting from <30% melting of mafic crust, were the most 
successful in reproducing the dike trends. Variations in the contaminant composition, perhaps 
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a function of degree of crustal melting or efficiency of separation of the melt from the restite 
phases, could produce a range of dike compositions through AFC. In our models, we allowed the 
mass ratio of assimilant to cumulate (Ma/Mc) to vary up to 0.7, consistent with the high crustal 
temperatures (700-800C) at that time (14). Lower values are clearly possible, and could also 
produce different AFC trends. During basalt magma intraplating then, we can expect a range of 
derivative melt compositions, not necessarily conforming to a single evolution trend. Figures 2 and 
3 demonstrate that assimilation of 615 wt.% of a granitoid melt, followed by RFC in some cases, 
can produce the ITE characteristics of the Matachewan magmas. At this level of assimilation, the 
magmas are still basaltic in eomposition. 

The combined processes of RFC and AFC should be seriousty considered when constructing 
petrogenetic models of -basalt magma evolution on earth as well as other terrestrial planets (e.g. 
the Moon, Mars and Venus). RFC can lead to anomalously high levels of IE enrichment AFC is a 
likely process when a previously constructed basaltic crust is partially melted by an invading mdic 
magma, particularly where ambient crustal temperatures are high. Small amounts of AFC can 
significantly alter ITE ratios without driving the magma composition outside the basalt range. 
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Figure 1. Comparison of the F required 
to explain trace element abundance by 
fractional crystallization (FC) [open 
circles] and RFC [filled symbols with 
replenishment to cumulate ratio shown] 
using the assemblage required by the major 
elements. The F indicated by the major 
elements (0.77) is indicated by the open 
squares. 

Figure 2. Trajectories of AFC (filled 
arrows) and RFC (open arrows) assuming a 
depleted parent and a granitoid assimiiant. 
Numbers at end of vectors represent the 
mass ratios of assimilant to cumulate IAFC) Zr 

or replenishment to cumulate (RFC). %ck ' 100 

marks are drawn at F intervals of 0.2. 0 
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Figure 3. Normalization diagram (1 5) - o 
showing model results of assimilation of a E 
gmnitoid by a depleted parent. Model P 
results match the observed derivative 
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