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ARCHEAN ANORTHOSITES: CONSTRAINTS ON THE ACCUMULATION 
PROCESS; D.A. Morrison and W. C. Phinney, Johnson space Center and D.E. Maczuga, 
LEMSCO. 

1ntroduction:Archean "anorthosites" (1) are assemblages of plagioclase cumulates 
ranging in mode from anorthositic to gabbroic. All are characterized by the presence 
of calcic plagioclase crystals of An80 or greater which typically show no zoning with 
the exception of thin, more albitic rims. Grain sizes vary from tens of cms to sub cm 
dimensions, but grains of all sizes tend to be equant. Matrix amphiboles suggest 
largely pyroxene precursors. Many Archean anorthosite complexes developed in 
greenstone belt terrains and generally are altered extensively, mafic assemblages 
particularly were replaced by hydrous minerals. Plagioclase megacryst-bearing sills, 
dikes and flows are associated with some complexes. 

Parent liquid: The parent liquid of Archean anorthosites appears to be basaltic. 
Morrison et a1.(2) analyzed megacrysts from the Bad Vermilion Lake complex (3) in 
Ontario. An extrapolation technique showed that the parent liquid had a tholeiitic 
rare earth pattern with typical tholeiitic abundances and depleted light rare earths. 
FeO abundances in  megacrysts suggest a parent with 11 to 12Oh FeO. 
Plagioclase megacryst-bearing flows and sills have these properties. In general the 

flows and sills are  relatively iron rich tholeiites which fall on or near the one atm 
cotectic of the P1-Di-01 pseudoternary. The possibility that these rocks represent a 
parent liquid (i.e., that  plagioclase in the appropriate compositional range could be 
produced) was tested experimentally (4). Experiments showed that some flows could be 
parental, with bytownite as the liquidus phase for approximately 10 CO before the 
appearance of cpx, and could have crystallized the megacrysts that  they contain. 
However, only small amounts of bytownite are produced, consequently very large 
amounts of melt would be required to produce the large scale cumulates represented 
by Archean anorthosites. I t  is possible that the compositions tested, all from flows, 
fall in  the plagioclase field because of plagioclase nuclei enrichment in  the melt as 
proposed for  some MORBS by Elthon (4). A parent liquid composition is listed in  table 
1. Density and viscosity estimates following Bottinga et al, (6) and Shaw (7) 
respectively, are  shown in the table for  this liquid and its derivatives in the 
crystallization interval of interest. Liquid densities are equal to or greater than that of 
bytownite at  1200 CO. We conclude that the megacryst-bearing flows represent a 
plausible parent liquid not f a r  removed if a t  all from the true parent composition. 

Accumulation processes: To better understand the accumulation processes, the Bad 
Vermilion Lake complex (3) was re-examined. An astonishing feature of this ,100 km2 
intrusion, heretofore unmapped, is the presence of large scale igneous layering. The 
complex can be divided into mappable units ranging from a few meters to hundreds of 
meters thick and defined by 1.) plagioclase grain size, 2.) mode and, 3.) the size 
frequency distribution of cumulate plagioclase grains. The units are designated as 
fine. coarse, bimodal and mixed. Fine units consist of 1 to 4 cm diameter plagioclase 
with a restricted grain size distribution. Mode ranges from about 70% plagioclase to 
true anorthosites. These units are 100's of meters thick. Coarse units consist of equant 
megacrysts and glomeroporphs, 5 to 10 cm or more in diameter, in matrices that are 
generally plagioclase-free and equally coarse grained. Modes typically are gabbroic or 
apparently cotectic. Thicknesses are meters to tens of meters, much less than other 
units. Bimodal units consist of interspersed fine and coarse megacrysts. Many of the 
larger grains are  glomeroporphs with virtually no matrix. Modes vary from cotectic 
proportions (most common in the finer fraction) to anorthositic. Thicknesses typically 
are tens to hundreds of meters. Mixed units consist of f ine sequences which contain a 
scattering of much larger megacrysts. Thicknesses are tens of meters or more. The 
transition from one unit to another can be relatively abrupt or broadly defined. There 
may be a gradation from f ine  to mixed to coarse. Lenses of the coarse rock type occur 
in f ine and bimodal units. Some localities have evidence (relatively sharp contacts for  
example) of mixing of crystal-laden mushes which are distinctive in their size 
frequency distributions. Plagioclase-amphibole (pseudomorphing augite?) pegmatites 
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occur in some units. Pegmatites may be most common where there are indications of 
mixing of units. 
All of the units have glomeroporphs with virtually no pore space indicating 

adcumulate growth. In addition, we have not detected variations in An content 
between large megacrysts and/or glomeroporphs and co-existing much smaller 
plagioclase grains. Units with modal plagioclase above the packing limit have uniform 
An contents requiring adcumulate processes. Although original mafics have been 
replaced, pseudomorphs suggest adcumulate growth of mafic minerals in some units. 
The existence of these large scale units indicates that the anorthosite accumulated 

through a process or processes in which plagioclase megacrysts were sorted by size. 
Such sorting could be the result of crystallization phenomenon or the consequence of 
flow mechanisms or both. The homogeneous composition of the megacrysts and their 
typically equant shape indicate slow cooling under nearly isothermal conditions. The 
candidate parent liquid produces only small amounts of bytownite, therefore large 
amounts of liquid are required suggesting repetitive replenishment of a chamber with 
pristine liquid before the resident liquid had fractionated significantly. Convection of 
melt in the chamber was probable. Flow of mushes is indicated by discordant contacts 
between distinctive units in several localities. Density differences between bytownite 
and melt are small and megacrysts may sink, be neutrally bouyant or float with small 
changes in melt composition. If bytownite is lighter by 0.01 g/cm3 than the melt, then 
crystals smaller than 2mm will be retained (8). Larger crystals would tend to be 
concentrated in a toroidal configuration near the walls of the chamber and to develop 
gradients according to grain size (8). The larger the crystal or glomeroporph the 
greater its tendency to move toward the roof. Influxes of pristine melt, slightly less 
dense than residual liquid, may flush megacryst concentrations with undepleted liquid 
thereby promoting adcumulus gowth. Evolving liquid which increases in density (table 
1) would sink toward the chamber floor to be replaced by less evolved liquid. 
Enhanced concentrations of plagioclase nuclei in the upper parts of the chamber 
would tend to promote plagioclase crystallization. Plagioclase megacryst mushes would 
have a very high viscosity and could flow as discrete entities resulting in compaction. 
Flow toward the floor of the chamber would promote crystallization because of the 
pressure effect on the liquidus, aiding the production of adcumulates. This general 
scheme is similar to that proposed for the Stillwater by Raedeke and McCallum (9). 
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Table 1:Properties of the parent liquid and derivatives 
Temp. C D e n s i t y , T  Log Viscosity F cm Diam. Vel.-Stokes law 
1220 2.693 2.387 100 
1210* 2.699 2.4 13 100 
1200 2.700 2.46 .99 10 1 cm/sec 
1190 2.703 2.48 .99 4 0.16 cm/sec 
1170 2.708 2.57 .98 2 0.04 cmjsec 
1160 2.721 2.60 .95 1 0.01 cm/sec 

a r  n li ' SiO =48.62; Ti02=1.0; Al2O9=15.4; Fe0=11.7; Mg0=6.5; CaO=ll.9; E; s=r 7. a. O=O t2 
?&idu ' l'e& .F= iquid reqain.ng.Ve1 -Stoke vel . ity of cm diam. cryst 0.01g/cm3 

lighter tkan iq.;vlscos~ty doejl not conside: so%s present 
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