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INTRODUCTION DATA AND METHODS 

DATA Exploration techniques for kimberlites and lamproites 
worldwide may involve many multi-disciplinary 
approaches. One fairly standard approach is to trace 
mantle-derived garnet, chromite and related indicator 
minerals to their source. The pathfinder minerals are 
routinely analysed for major and minor elements by 
electron microprobe, in part to identify and differentiate 
them from visually similar minerals of non-mantle 
origin, but also to enable qualitative predictions to be 
made regarding the diamond potential of their source 
rock. Garnet and chromite are the minerals of choice in 
this application since they are commonly found as 
inclusions in diamond and prove to have quite distinct 
compositions. This compositional association with 
diamond has been used over the past 30 years to 
construct a number of indicator mineral classification 
schemes of varying complexity, statistical rigour and 
diamond-predictive capacity. Currently available 
published data for mantle xenoliths, phase-equilibrium 
experiments and heavy mineral concentrates from 
diamondiferous and barren kimberlites indicate that 
certain “diamond-inclusion”-type garnet and chromite 
compositions may also occur in association with 
graphite, and hence that an update of the mineral 
classification schemes used during diamond exploration 
is in order. Here we formulate a simple but effective 
garnet classification scheme that carries forward many 
concepts from previous workers (e.g. Gurney and 
Switzer, 1973; Sobolev et al., 1973; Switzer, 1975; 
Dawson and Stephens, 1975; Gurney, 1984; Schulze, 
1997; Grütter and Anckar, 2003; Schulze, 2003) and 
updates them in the light of empirical, petrologic and 
thermobarometric data for mantle-derived xenocrysts 
and xenoliths. Further work, to be reported at the 8IKC, 
will involve cross-correlating the garnet groups defined 
here with the compositions of coexisting chromite in 
xenoliths, thereby defining a chromite classification 
scheme which is internally consistent with that 
proposed here for garnet. 

Compositional data for garnet and chromite occurring 
in concentrate from kimberlites and related rocks, in 
mantle xenoliths and as inclusions in diamond were 
compiled from many published sources and 
unpublished theses. These are too numerous to list here, 
but are outlined in our acknowledgements. The analyses 
were checked for “reasonable” stoichiometry and 
screened to eliminate rare non-mantle (i.e. crustal) 
compositions. Garnets showing > 3.1 Si cations per 12 
oxygens (i.e. majoritic) occur only as inclusions in 
diamonds and are not considered further.  

PRESSURES AND TEMPERATURES 

 

Xenolith thermobarometry techniques and the diamond 
stability field of Kennedy and Kennedy (1976) were 
used to separate peridotite samples into graphite-stable 
or diamond-stable portions of the mantle. The requisite 
pressures and temperatures were calculated using the 
orthopyroxene-garnet barometer of Nickel and Green 
(1985) in combination with a clinopyroxene-solvus 
thermometer (Nimis and Taylor, 2000) for lherzolites 
and either the olivine-garnet (O’Neill and Wood, 1979, 
preferred) or orthopyroxene-garnet (Harley, 1984) 
thermometer for garnet harzburgites. The 
thermobarometric calculations cannot be applied 
directly to the individual garnet and chromite grains 
typically recovered in diamond exploration programs, 
but indirect application of the P-T results can be made 
by assuming that a typically cratonic geotherm pertains 
to the area being explored, and by adopting an 
empirical approach which compares and contrasts 
garnet and chromite compositions from sources that are 
known to be diamondiferous or barren. This assumption 
and approach is central to our classification scheme, 
implying that it is calibrated for diamond-stable 
conditions at mantle temperatures exceeding 950 to 
1000ºC, these being equivalent to the 38 to 40 mW/m2 
model conductive geotherms of Pollack and Chapman 
(1977). Individual grains that can be associated with 
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diamond under these assumptions are labeled with the 
suffix “A” in our scheme, while those associated with a 
graphite are denoted with the suffix “B”. Application of 
this nomenclature requires verification of the assumed 
geotherm, by way of a mineralogical orientation survey. 

GARNET CLASSIFICATIONS 

Figure 1: Conventional garnet Cr2O3 vs. CaO diagram 
showing the G10 / G9 divide of Gurney (1984) and the 
graphite-diamond constraint of Grütter and Sweeney (2000). 
The downward-pointing arrows with CA_INT values illustrate 
the geometric effect of the calcium-intercept projection to 0 
wt% Cr2O3 (after Grütter and Anckar, 2003). 
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Figure 2: Histogram summarizing the MnO contents of 
peridotitic garnets in diamond or graphite associations. These 
associations overlap somewhat within the  range 0.25 to 0.5 
wt% MnO, but we adopt a crude division at 0.37 wt% MnO 
(arrow) for the purposes of this work. Diamond-associated 
garnets are those included in diamond, occurring in diamond-
bearing peridotite samples, or having calculated P-T 
conditions inside the diamond stability field. Graphite-
associated garnets occur in graphite-bearing peridotite samples 
or have calculated P-T conditions within graphite stability. 

HARZBURGITIC (G10)  
Gurney (1984) correlated 85% of peridotitic garnet 
inclusions in diamonds from global sources with the 
Ca-poor, Cr-rich pyrope Cluster 10 of Dawson and 
Stephens (1975), and in doing so “branded” the G10 
garnet standard with which the diamond potential of 
exploration projects is often judged (Fig. 1). It is now 
known that certain lower-Cr G10 garnet compositions 
may occur in graphite-bearing harzburgite xenoliths 
(e.g. Nixon et al., 1987; Viljoen et al., 1994; Grütter 
and Sweeney, 2000) and we denote these compositions 
with the suffix “B” in our classification scheme. By 
contrast, diamond-associated garnet compositions are 
denoted by the suffix “A”. The Cr-saturation 
characteristics of G10 garnets (Fig. 1) and/or their MnO 
content (Fig. 2) may be used to differentiate graphite-
associated from diamond-associated compositions. G10 
garnets in our classification scheme are thus 
compositionally characterised by 

USEFUL CALCULATIONS 

The CaO and correlated Cr2O3 variations displayed by 
mantle garnets in harzburgitic, lherzolitic and wehrlitic 
assemblages may be summarised with a continuous 
variable by a simple geometric projection to a calcium-
intercept value at 0 wt% Cr2O3 (denoted CA_INT as in 
Fig. 1). CA_INT values are given by (oxides in wt%) 
 
IF CaO ≤ 3.375+0.25*Cr2O3 
 THEN CA_INT = 13.5*CaO/(Cr2O3 + 13.5) 
 ELSE CA_INT = CaO-0.25*Cr2O3. 
 
Instead of using FeO or MgO in our classification 
schemes, we prefer to use Mg/(Mg+Fe) ratios on an 
Fe2O3-free basis, and calculate these as 
 
MGNUM = (MgO/40.3)/(MgO/40.3+FeOt/71.85).  

Cr2O3 [wt%]: 1 to < 22  
CA_INT [wt%]: 0 to < 3.375 (by definition) We also make use of the graphite / diamond constraint 

defined by chromite+garnet+carbon assemblages in 
peridotite samples derived from cratonic geotherms (see 
Grütter and Sweeney, 2000). The constraint falls within 
the field of harzburgitic garnet compositions at  

MGNUM: ≥ 0.75 to ≤ 0.95 
 
G10A diamond-associated garnets additionally have 
Cr2O3 ≥ 5.0 + 0.94*CaO, or  
Cr2O3 < 5.0 + 0.94*CaO and MnO ≤  0.37.  
 Cr2O3 = 5.0 + 0.94*CaO              (see Fig. 1). 
G10B graphite-associated garnets additionally have 
Cr2O3 < 5.0 + 0.94*CaO and MnO > 0.37.  
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Figure 3: Histograms of CA_INT values for Cr-pyrope 
garnets with Cr2O3 > 1.0 wt% from diamondiferous cratonic 
settings (top) and barren, mainly off-craton settings (bottom). 
These relationships suggest CA_INT values > 4.3 indicate 
sampling of low-pressure lherzolite. Upper diagram based on 
data in Grütter and Anckar (2003); lower diagram based on 
published data for peridotite xenoliths from many sources. 
Note that CA_INT < 5.2 forms a natural upper calcic limit for 
lherzolitic garnets from a wide variety of settings.  

LHERZOLITIC (G9) 

Moderately calcic Cr-pyrope garnets derived from 
lherzolites are often by far the most abundant garnet 
type recovered in diamond exploration applications. 
Their statistical association with diamond is weak (15% 
of peridotitic inclusions in diamond, based on Gurney, 
1984), particularly given their high relative abundance 
as xenocrysts in diamondiferous kimberlites. Garnet 
lherzolite xenoliths may occur inside the stability fields 
of graphite or diamond on cratonic geotherms, and the 
MnO contents of their garnets may again be used to 
crudely separate these associations (Fig. 2). It is 
additionally known from empirical observations on 
garnet concentrates from economic on-craton and 
barren off-craton kimberlites, that the CaO content of 
lherzolitic Cr-pyrope garnet populations is inversely 
proportional to pressure (e.g. Boyd and Gurney, 1982). 
The relationship is well known from high-pressure 
experimental results, where it is found to be non-linear 
and most useful as a relative barometer at pressures 

inside the graphite stability field (see Brey et al., 1990). 
The relatively calcic nature of low-pressure lherzolitic 
garnets is observed empirically to correspond with 
CA_INT values greater than 4.3 (Fig. 3), and we treat 
such values as effectively indicating, on a statistical 
basis, derivation of garnet lherzolite from the graphite 
stability field. The CA_INT data available indicate an 
upper limit of 5.2 is reasonable for garnet in lherzolitic 
assemblages (Fig. 3). Dawson and Stephens (1975) 
classified lherzolitic garnets in cluster 9, and in our 
scheme G9 garnets have the following compositions 
Cr2O3 [wt%]: > 1.0 to < 20 
CA_INT [wt%]: ≥ 3.375 to < 5.2 
MGNUM: ≥ 0.7 to ≤ 0.89 
 
G9A diamond-associated garnets additionally have 
Cr2O3 ≥ 5.0 + 0.94*CaO, or  
CA_INT < 4.3 and MnO ≤  0.37. 
 
G9B graphite-associated garnets additionally have 
CA_INT ≥ 4.3 or MnO > 0.37.  

MEGACRYSTIC (G1) 

Garnets belonging to the megacryst suite may occur in 
relative abundance in certain kimberlites, but they are 
also occasionally found in other mantle-derived 
magmas like “melnoites” and certain alkali basalts. 
Megacrystic garnets are commonly coarse-grained (2-
10 cm) and significantly fractured, so they are often 
represented by disproportionately abundant dispersed 
pathfinder grains that are found during exploration 
activities. Isolating them as a specific compositional 
group is thus important from an exploration 
perspective, even though megacrysts have no 
established association with diamond and diamond-
stable P-T conditions cannot easily be deduced from 
their compositions. Megacrysts have Cr, Ca and Mg-
number characteristics quite similar to pyroxenitic 
garnets, but the latter garnets mostly are less 
titaniferous at any given Mg-number (see below). 
Garnet megacrysts correspond very closely to cluster 
group 1 of Dawson and Stephens (1975) and we 
characterise their compositions as having 
Cr2O3 [wt%]: 0 to ≤ 5.0 
CA_INT [wt%]: 3.5 to ≤ 6.0 
MGNUM: ≥ 0.55 to ≤ 0.86 
TiO2 [wt%]: > (MGNUM+0.25)/2.75 
TiO2 [wt%]: < 2.4. 

ECLOGITIC (G3) 

Diamond-bearing eclogite xenoliths are known to have 
in-situ grades equivalent to 1,000 to 20,000 carats per 
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 tonne, and for this reason alone eclogitic garnets 
represent extremely important pathfinder minerals for 
diamond explorers. Eclogitic garnets are aluminous and 
show large variations in FeO, MgO and CaO, to the 
extent that Dawson and Stephens (1975) required five 
separate cluster groups to circumscribe their 
compositional variation (their groups 3, 4, 5, 6 and 8). 
A detailed compilation of garnet compositions in 
carbon-free and carbonaceous eclogites shows that 
carbon is not preferentially associated with eclogitic 
garnets of particular Fe-Mg-Ca composition (see Fig. 1 
of Grütter and Quadling, 1999). This implies that 
subdivision of eclogitic garnets on the basis of variable 
FeO, MgO or CaO content provides little real leverage 
for the diamond explorationist and we accordingly 
choose to define Group 3 eclogitic garnets as a single 
category across a range of compositions, as follows: 

These compositional limits are in some respects similar 
to G9 lherzolitic garnets, G1 megacrystic garnets, and 
also to common G3 eclogitic garnets (see above). We 
nevertheless retain the pyroxenitic garnet category and 
label it “G4” by default, noting that this nomenclature 
departs slightly from the titaniferous ferroan eclogitic 
garnet category originally envisioned by Dawson and 
Stephens (1975). 

DISCUSSION 

The classification scheme outlined above utilizes a few 
relatively simple criteria to categorize common mantle-
derived garnets into seven compositional groups, based 
only on their major and minor element concentrations, 
as determined by industry-standard electron microprobe 
analysis. Inclusion of an eighth category to 
accommodate the G11 high-TiO2 peridotitic garnet 
cluster of Dawson and Stephens (1975) may be 
justified, and a ninth category could be reserved for 
garnets that default in the current classification. In 
implementing the current scheme it is considered 
prudent to test an unknown for compositional 
compliance in the strict order G1, followed by G4, then 
G3, then G10 and lastly G9. These compositional 
categories are similar to those defined by earlier 
workers, but the current scheme differs substantially in 
its’ application by emphasizing garnets that are 
geochemically and thermodynamically related to 
diamond. Cross-validation of the garnet groups with 
chromite compositions will occur in due course and 
these results will be reported at the 8IKC. 

Cr2O3 [wt%]: 0 to ≤ 1.0 
CA_INT [wt%]: ≥ 2.0 to ≤ 32.0 
MGNUM: ≥ 0.17 to ≤ 0.86 
TiO2 [wt%]: ≤ 1.0. 
 
Eclogitic garnet inclusions in diamond are known to 
commonly have Na2O > 0.07 wt% (e.g. McCandless 
and Gurney, 1989), though the discrimination from 
graphite-bearing eclogite on the basis of this criterion 
alone is not unique (Grütter and Quadling, 1999). 
Further research into this relationship may yet reveal a 
distinct compositional separation of diamond-associated 
from graphite-associated eclogitic garnet and hence 
provide the basis for subdividing this garnet category 
into groups G3A and G3B, following the convention 
established above. 

PYROXENITIC (“G4”) 
ACKNOWLEDGEMENTS 

Dawson and Stephens (1975) did not classify garnets 
that occur in pyroxenitic (or websteritic) mantle 
lithologies into a specific group, but included them 
within their G9 lherzolitic and G3 eclogitic categories, 
principally because pyroxenitic garnets show 
compositional overlap with those garnet types. 
Pyroxenitic garnets were also left undifferentiated in a 
recent garnet classification scheme (Schulze, 2003), but 
their importance to exploration has been highlighted via 
a distinct diamond association by Aulbach et al. (2002), 
and from the point of view of lithospheric evolution by 
Pokhilenko et al. (1999). We have thus sought to 
compositionally differentiate pyroxenitic / websteritic 
garnets and found them to be characterised by: 
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Ionov, Bruce Jago, Melissa Kirkley, Tom McCandless, 
Roger Mitchell, Peter Nixon, Norman Pearson, Graham 
Pearson, Nick Pokhilenko, Kevin Quadling, Roberta 
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Cr2O3 [wt%]: 0 to ≤ 5.0 
CA_INT [wt%]: 3.5 to ≤ 6.5 

 

MGNUM: ≥ 0.3 to ≤ 0.86 
TiO2 [wt%]: ≤ (MGNUM+0.25)/2.75 
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