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SECONDARY PHASES IN MANTLE ECLOGITES. 

McCormick, T.C.; Smyth, J.R. and Caporuscio, FA. 

Dept. Geolo^cal Sciences, Univ. Colorado, Boulder, CO 80309-0250 USA. 

Mantle-derived eclogite xenoliths contain a ubiquitous 
secondary assemblage located along grain boundaries of the 
primary phases. Textural and compositional characteristics of 
these secondary phases have been examined in approximately 60 
eclogites from Bellsbank and Roberts Victor kimberlites. South 
Africa, ranging in composition from Fe- and Mg-rich bimineral- 
ic eclogites to grospydites. The major element chem.istry of 
the primary phases of these samples have been previously de¬ 
scribed (Smyth and Caporuscio, 1984) . The assemblage is much 
more abundant than, and significantly different from that ob¬ 
served in peridotites at these localities, whereas similar 
ec.logites from different localities show similar secondary as- 
0 0^:0* ] ?ges . 

M.'.noralogically, the secondary assemblage appears to be 
systematically related to the bulk composition of the eclo¬ 
gite. Kyanite eclogites have spinel and secondary clinopyrox- 
ene as the dominant secondary phases plus minor Ba-feldspar, 
barite, and sulfides. In contrast, bimineralic eclogites con¬ 
tain abundant secondary phlogopite and amphibcle, in addition 
to the above minerals, as the secondary assemblage. A few 
samples also contain rutile that may or may not be secondary. 
In both secondary phase assemblages, the major- and minor-ele¬ 
ment contents of these phases (Fe, Al, Mg, Ca, Mn, Ti, and Cr) 
correlate with the contents of these elements in the primary 
pyroxene. Analysis of secondary phases in a traverse across a 
single composite or banded eclogite nodule reveals a conti- 
nous, systematic variation in composition (Fig.l). Corre¬ 
sponding major- and minor-element correlations occur amongst 
the secondary phases, as illustrated by the complete sample 
suite in Fig. 2. Correlation between secondary phase composi¬ 
tion and primary garnet is largely lacking. In a few cases, 
the infiltration of kimberlite can be ruled out on the basis 
of trace element studies. However, minor secondary apatite and 
calcite are observed, particularly in the Cr--rich samples, . .nd 
may indeed be related to the kimberlite. 

Texturally, the assemblage appears to be locally con¬ 
trolled by chemical potential gradients surrounding the prim.a- 
ry phases. The assemblage along garnet-pyroxene boundaries in 
bimineralic eclogites shows a distinct spatial sequence: pri¬ 
mary garnet, amphibole + spinel, phlogopite, secondary clino- 
pyroxene, primary pyroxene, such that amphibole always lies 
between phlogopite and primary garnet. Phlogopite commonly oc¬ 
curs as a necklace of oriented grains along garnet-pyroxene 
boundaries. Amphibole rypically contains euhedral spinel in¬ 
clusions, and is more common on garnet-garnet boundaries and 
in cracks in garnet than in association with primary py>'0”.er^e 
Secondary clinopyroxene occurs along primary pyroxer:^-oyrc'-'o . 
and pyroxene-garnet boundaries and very seldom on gacnet-gar- 
net boundaries. It is typically epitai^ial on the pr:'iriaiy py¬ 
roxene. Spinels are generally small, euhedtal grains of green 
hercynite-spinel solid solutions and occur as inclusions in 
amphibole in the bimineralic eclogites and as inclusions or 
symplectic ir. tergrowths with secondary clinopyroxene in kya¬ 
nite eclogites. 
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Composition^lly, the phlogopites tend to be Al- and Fe- 
rich compared with micas reported from peridotites (e.g. Dela¬ 
ney et al., 1980; Erlank et al., 1988), although they cover a 

wide range of compositions. They contain variable amounts of 
minor elements such as Ba and Ti, with some phlogopites adja¬ 
cent to rutile containing up to 4 wt% BaO and ^9 wt% Ti02. The 
amphibole is pargasite-ferrohastingsite, in contrast to the 
more Mg- or K-rich amphiboles observed in peridotites (e.g. 
Erlank et al., 1988). The secondary clinopyroxene is diop- 
side- and Ca-Tschermaks-rich and strongly depleted in Na rela¬ 
tive to the primary pyroxene. The spinel is typically low in 
Cr (< 7 wt% oxide) except in extremely Cr-rich eclogites where 
it occurs with up to 50 wt% Cr203. 

The presence of phlogopite and spinel rather then feld¬ 
spars indicates that the secondary assemblage is high-pres¬ 
sure, although lower pressure than the 30-60 kbar of the pri¬ 
mary phase equilibrium. 

As an alternative to a metasomatic origin, it is possible 
that the entire secondary assemblage in many samples may be 
derived from the primary phases plus minor accessory rutile 
and sulfides. It has long been noted that the pyroxenes in 
these rock may contain up to 0.4 wt% K2O, and K2O contents up 
to 1.5 wt% have been observed in pyroxene inclusions in dia¬ 
monds. Having a slightly smaller radius than K, Ba is even 
more likely to substitute in clinopyroxene in these rocks. A 
few of the eclogites do contain exsolution lamellae of phlogo¬ 
pite or rutile in the primary pyroxene. Recently, we have ob¬ 
served up to 20'00 ppm OH in these pyroxenes and textural evi¬ 
dence suggests that OH contents may have been higher than 
5000ppm in the precursor pyroxenes (Smyth et al., 1991) . Con¬ 
sistent with a mantle igneous origin for these rocks, exclu¬ 
sion of incompatible elements K,- Ba and OH from the pyroxene 
would likely have occurred on cooling from the solidus temper¬ 
atures (>1450°C) to the temperature of equilibration of the 
primary phases (1050 - 1250°C) at pressures of 3 to 6 GPa. 
The incompatible element-rich assemblage may then have under¬ 
gone melting and recrystallization on incorporation into the 
kimberlite with variable amounts of infiltration of the kim¬ 
berlite fluid. 

We observe no conclusive evidence of alteration of the 
samples by a common metasomatic fluid than can be readily 
characterized. 
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Figure 1. Variation in composition of secondary pyroxene 
and amphibole in a 30-mm traverse across a composite eclo¬ 
gite, HRV-17 (wt% oxide plotted against distance), No am¬ 
phibole or phlogopite are observed in the kyanite-bearing 
region; secondary clinopyroxene and spinel occur throughout 

secondary pyroxene secondary pyroxene 

Figure 2. Composition correlation plots of selected major 
and minor elements amongst secondary phases in mantle eclo- 
gites. 


