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The major element composition of chrome-pyrope gamets has been used extensively to establish
criteria for target evaluation in diamond exploration. Trace element data provide additional
information that can be used to quantify parirmeters indicative of the diamond grade of a kimberlite or
lamproitic host rock (Griffin and Ryan, 1995). This method originally was based on the small group
of elements obtained using the proton microprobe. The current study using laser ablation ICP-MS
was undertaken to establish the characteristics of a larger group of trace elements in gamet
concentrates from diamondiferous and barren kimberlites. To define the trace element features of
garnet most likely to coexist with diamond, a number of syngenetic garnet inclusions in diamond were
also included in the study.

ln-sinr quantitative analysis by Laser Ablation Microprobe (LAM) ICP-MS has rapidly developed into
one of the most powerful analytical techniques in geochemistry, capable of producing high precision
determinations of trace elements at sub-ppm detection limits. The laser ablation system at Macquarie
University was designed and installed by Drs Simon Jackson and Henry Longerich of Memorial
Universiry, Newfoundland. This system includes a Continuum Surelite I-20 Q-switched Nd-YAG
laser wittr a fundamental wavelength of 1064 nm (IR) and frequency doubling crystals which produce

532 nm (visible) and 266 nm (UV) wavelengths. Operation in the UV wavelength produces enhanced
ablation yields for materials with low abundances of transition elements. Typiqul operating conditions
for the quantitative analysis of the garnets in this study involved energies of 0.5 to 2 mJ per_pulse at a

reperirion rate of 4 Hz. 
- 

Under these conditions the pit size produced is between 30_ to^ 60 pm in
di'ameter and the drill rate is approximately 0.5 pm/sec. Ablation times of 9P to 120 secs-.were

achieved in 0.5 mm. A full desiription of the LAIvI instrumentaion and ICP-MS operating conditions

is given in Norman et al. (1996). A suite of 20 to 30 minor and trace elements was determined in

eac"h analysis and Ca was usecl as the internal standard in the^ quantifrcation procedure. Detection

limits foritt elements in rhis study are typically in the ftrnge 100 ppb to 
-1 

ppm, although actual values

for individual analyses will depend on ablatiori time, which is largely a function of grain size, and on

the intemal standard concentration.

Sub-calcic and therzolitic Cr-pyropes in concentrates from several different cratons w_ere analysed:

k;il.rJ .iuton (Newlands,^ iriiester, Uintjiesberg, Liqhob.ong); liUqrfn cr3!o! (Sytkanskaya);

3r*'. .ruton te-rbl. Th; t*r.t inclusions in diam6na are also-derived from kimberlites of equal

;;;grrrila'air.riity, viLutiu; Venezuela; Ghana; Canada. Our diamond inclusion data are

ffi;ifi;t.a uV ion'prou. *ay"es of diamond inciusion garnets. from southern Africa and Siberia

iilfrtiuj iro*'sti*ilru and Ri6haroron ilggi and shimiTu and Sobolev (1995). Shimizu and

Sobolev did not r"port S. data, so *" tur.ussumed a value of 130 ppm, equal to the average of the

other diamond inclusion peridotite grouP garnets'

The relationships between elements such as Zr,Y and Ti were used by.Griffin and Ryan (1995) to

identify the chemical signaturls of diffe-rer,iyp.99f *^t tf. processes' ?lots of these elements in the

concentrate and diamond inclusion g*"iti in'titit stucly conf,rrm- Pleyigus observations that gamet

inclusions in diamonds have depleted trace element patterns (Fig' 1; C1'1nn et al" 1992; Griffin et al''

1993). The majority of diamona inctusiin.;;;F-li"* Zr conlEnts <20 ppm' Y < 8 ppm and Ti from

l0 to 2000 ppm. A significant proporti;n of the garnets from the'more diamondiferous pipes

(Liqhobong, Newlands; sytkanskayrl iar-*iinin tt. fi"eld defined by the diamond inclusion garnets'

Conversely, garners from the barien'6;;rlGr-iuiniji.tuerg) pl6t outside the field of diamond

inclusions-onlhese diagrams (Fig. 2).
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Fig L Zr vs Y (ppm) for diamond inclusion gamets.
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Fig 2. Zr vs Y (ppm) for Cr-pyrope gamer in
concentrate from kimberlite pipes. The field defined by
peridotitic garnet inclusions in diamond is drawn from
Fie. l.

Fig. 3 Chondrite normalised plot of
selected peridotitic garnet inclusions
in diamond from Yakutia and Slave
D027.
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Fig.4 Chondrite normalised plot of
selected peridotitic garnet in
concentrate from Newlands kimberlite.
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Thedepletednanreof thediamondinclusion garnets is apparent in chondrite normalised plots (Fig.
3). HREE in many of the giunets, including both harzburgitic and lherzolitic ones, are strongly
depleted in HREE and enriched in MREE giving rise to sinuous REE pafterns, with convex up LREE
to MREE and concave up MREE to HREE. The point of inflection is at SmrEu in the most depleted
garnets and shifu to Gd/Dy as the concentration of HREE increases in less depleted gamers. The
distinctive REE pattern for the diamond inclusion gamets is also developed in some sub-calcic garnets
in the concentrates, particularly those with trace element signatures indicating ultradepletion.
Lherzolitic garnets have more typical convex-up patterns, with nearly flat REE patterns from Dy to Lu
(Fie. a).
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Fig 5. ScAf N) vs Ndl( (N)) for diamond inclusion
garnets.
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Fig 6. Sc/Y (N) vs Nd/Y (N)) for Cr-pyrope garnet in
concentrate from kimberlite pipes. "fhe field defined by
peridotitic garnet inclusions in diamond is drawn from
Fig. 5.
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The significance of the range in the shapes of these patterns is evident in the plots of Nd/Y(N) versus
ScI( (N) (Fig. 5 and Fig. 6). The Nd/Y ratio clearly distinguishes garnets with the sinuous REE
pattern (Nd/Y >>l) from those with more typical LREE depleted patterns (Nd f <<l). Sc contents in
Cr-pyrope garnet fall within a very restricted range (100-150 ppm) and because Sc appears to be
preferentially accommodated into garnet during depletion, Sc/Y provides a measure of the depletion of
HREE. Values of ScA( >>l are indicative of the depleted compositions, whereas ScAf -l are

obtained from undepleted lherzolitic garnets. The quadrant defined by NdIf >l and Sc/Y >1 contains
all of the diamond inclusion garnets and a significant number of garnets from the diamondiferous
pipes. This plot and a plot oi Zrnf (N) versus ScAf ($ (not shown here) provide examples of the
3imple discrimination teits using the expanded trace element suite to estimate the diamond potential of
a prpe. Diamondiferous pipes such as Sytykanskaya, Liqhobong, Newlands and Slave have up to
TAVi of the Cr-pyrope garnets plotting in the field defined by the diamond inclusions. In the low-
grade lricester pipe the proportion of concentrate diamonds in the diamond inclusion field is < 50Vo,

and in the barren Uintjiesberg pipe the proportion is nil.
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