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INTRODUCTION 

This contribution examines a large data compilation of 
trace element analyses for mantle peridotite whole 
rocks (WR) and peridotitic garnets. Emphasis is placed 
on Al, Cr, Sc, V and Yb because they are mildly 
incompatible and their abundances are less affected by 
chemical modifications impregnated upon typical 
mantle residues during their residence in the 
lithosphere, or entrainment in their host magma, as is 
shown by recent detailed work [1]. Unfortunately, Sc, 
V and Yb are not always analysed in the same or all 
samples, and interlaboratory inconsistency or accuracy 
for these elements is not always demonstrable. Al is 
used as a depletion index because it is immobile and 
allows for comparison of samples from all states of 
preservation [2]. Moreover, the behaviour of Al during 
partial melting is simple to model empirically, sensitive 
to P and coherent with that of Cr, Sc, V and Yb because 
these elements all show preference for the same lattice 
sites in mantle minerals.   
 
There are two major goals of this effort. Firstly,  to use 
the database in concert with experimentally-measured 
partition coefficients (D) and mantle melting reactions, 
to distinguish pressure (P) and oxygen fugacity  (fO2) 
of melting  and potentially the tectonic environment for 
the formation of lithosphere later sampled 
‘accidentally’ as xenoliths in alkaline magmas. 
Secondly, simple correlations between garnets and WR 
data can be used to empirically derive estimates of the 
degree of depletion and modal mineralogy in the whole 
rock peridotite represented by garnet xenocrysts. 
 

DATASETS AND CORRELATIONS 

Experimental data in mafic and ultramafic systems 
shows that Yb, Cr, Sc and V all partition differently 
amongst key mantle minerals (gt, sp, cpx) involved 
during partial melting of the mantle. Of these elements 
one is potentially redox sensitive, and the order of 
partition differs, with the general relation: Dgt/liq > 
Dcpx/liq >> Dsp/liq for Sc and Yb; Dsp/liq > Dcpx/liq >> Dgt/liq 
for V; Dsp/liq >> Dcpx/liq > Dgt/liq for Cr. Chemical data 
from peridotite melting experiments [3-6] show that 
bulk DCr/Al between residue/melt decreases with 

increasing pressure from 1 to greater than 3 GPa. Thus, 
correlations amongst Yb, Cr, Sc, V and Al may be 
illustrative of the effects of P and fO2 on melting to 
form a residue.  
 
Covariation of Cr with Al shows essentially no change 
in Cr content with increasing depletion, irrespective of 
peridotite sample type or facies. The implication is that 
all peridotites (both gt-  and sp-facies) mainly represent 
residues of melting at P < 3.0 GPa within the stability 
field of spinel. Notable scatter at less than 2 wt% Al2O3 
is restricted to the xenolith datasets, and ascribed to a 
‘nugget’ effect for spinel, a modally minor phase but 
one that dominates the budget for Cr and is poorly 
sampled in smaller specimens. 
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Covariation between V and Al above shows a large 
proportion of cratonic peridotites are distinct from 
many other peridotite types. One interpretation based 
on modeling of experimental partitioning data for V is 
that most cratonic peridotites were formed by melt 
extraction at a higher fO2  than that during formation of 
other kinds of continental and oceanic mantle 
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lithosphere, perhaps in a convergent margin setting [7]. 
The modeling can at this point only be illustrative 
because the distribution of all sample types in V-Al 
space in terms of their ‘paleoredox’ during formation 
requires better and more internally consistent  analytical 
data for V.  
 
Covariations of Sc with Al show an opposite 
sense/trend than would be predicted by trends with V 
and Cr. The abyssal peridotite array does not 
extrapolate to primitive mantle values for Sc, but 
spreads along a distinct trend depleted in Sc for a given 
Al content, unlike the case for V. The reasons for this 
are not presently understood, but may be analytical, or 
may concern the different behavior of Sc relative to V, 
Cr and Al in the oceanic mantle sampled by abyssal 
peridotites.  
 
The correlation of Al with Yb in mantle rocks is well 
known and utilized [8-10]. As shown below, however, 
this correlation is irrespective of whether samples are 
gt- or sp-facies, xenoliths, massifs or abyssal 
peridotites. Most interesting is that at a given level of 
depletion (Al), few gt-bearing mantle samples show the 
higher Yb expected for residues produced in the gt 
stability field because of the large Dgt/liq for Yb.  This 
feature further amplifies the case that garnet is not 
present during melting to form the residue represented 
by almost all of these rocks. 
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Thus, an over-arching observation for all peridotites 
examined is that almost all mantle peridotites, 
irrespective of current facies (gt, plag or sp) or sample 
type (abyssal, orogenic massif, on/off craton xenolith) 
likely started life as lithosphere in the spinel facies. A 
similar conclusion has been  made on the basis of high 
Cr/Al in mantle garnet compositions [11-13]. 
 

The correlation of Yb with Al in peridotites has a 
second significance when considered in concert with 
the chemical systematics of garnet. More than 70% of 
the Yb in whole rock analyses of garnet peridotites is 
contained in garnet [1]. For this reason,  Yb in garnet 
(YbGt) may serve as a simple  proxy of Yb in a whole 
rock garnet peridotite (YbWR), as shown below by data 
in studies of garnets and coexisting WR [1, 14].  
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Using the correlations of YbGt with YbWR, and the latter 
with Al203WR, YbGt can potentially be used to estimate 
the whole rock Al2O3 content of a peridotite from 
which it was derived. Furthermore, as shown below 
Al203WR correlates very well with modal gt in well-
characterized ‘large’ peridotite samples [1, 15-17]. 

Cratonic Peridotites
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APPLICATION 

From these correlations, a multitude of potential 
applications follow. Coupled with Ni-thermometry [18, 
19], garnets may be viewed in a spatial context to 
derive quantitative estimates of the degree of depletion 
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and modal abundance of garnet in sections of 
subcontinental lithosphere sampled by kimberlites. 
Estimates of whether a given garnet xenocryst is 
‘harzburgitic’ (< 5% cpx), or lherzolitic (> 5% cpx) 
could also be made using the empirical correlations.  
This improves on, or obviates, the classification of 
mantle garnets based on Ca-Cr, which is obscured by P-
T-X effects [20]. Ultimately, peridotite compositions 
constructed from these empirical correlations in garnet 
xenocryst datasets can be combined with requisite 
mineral physical parameters to estimate the density 
and/or seismic velocity of mantle sections, for 
comparison with similar data derived from different 
approaches to garnet xenocrysts [21, 22] and from 
seismology. 
 
The above correlations are applied to internally 
consistent trace element analyses determined by 
LAICPMS on garnet suites from 18 kimberlites in the 
Slave, Wyoming, Hearne, Superior and Yavapai 
Mazatzal Provinces in North America [23-25]. We 
construct lithospheric sections of Al203WR, and modal gt 
with depth in the subcontinental lithosphere.  
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One example from a kimberlite in the Superior 
Province [25] is shown above for illustrative purposes. 
We find that garnet xenocryst suites in nearly all 
kimberlites examined show an upper lid of very 
depleted lithosphere (<1% Al203WR) but less depleted 
with depth to values approaching the primitive upper 
mantle, consistent with observations made from olivine 
compositions in the mantle [21]. 
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