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TRACT 

This study involves a detailed investigation of diamond-bearing peridotite and 

eclogite from Newlands kimberlite, located on the Kaapvaal craton, South Africa. 

Eighteen peridotitic garnet macrocrysts (1 to 3 cm in size) containing diamond, and one 

with graphite, consist predominantly of lilac garnet with diamond (or graphite) ± 

chromite and altered silicates. The garnets are predominantly high-Cr(> 8 wt¾), Ti­

depleted, and extremely sub-calcic {< 3 wt¾). However, three specimens have high­

Cr calcic compositions. The chromites are Cr-rich, Ti-depleted, whilst the solitary 

olivine is Fo93.4. The sub-calcic garnets display a narrow range of trace element 

signatures, depleted in Zr, Y, Ga, and Ti, whilst Sr and LREE's are enriched. The 

[REE]0 patterns are all very similar and display a sinusoidal shape. The most calcic 

diamondiferous garnet analysed at Newlands yields a [REE]0 pattern similar to 

"fertile" mantle garnets. The major and trace element geochemistry of the sub-calcic 

garnets is similar to inclusions in diamonds and diamond-bearing peridotites world­

wide. Geothennometry yields temperatures ranging from 900 to 1050 °C, equivalent 

to pressures of 40 to 55 kbar (based on a 37-38 mW/m2 geothenn determined from 

Newlands coarse peridotites). This P-T range is within the diamond stability field. 

Four diamond-bearing peridotitic garnet macrocrysts are Re depleted and yield a 

range of ages spanning from the Proterozoic (minimum TRD 1.77 Ga) to the mid­

Archrean (maximum TMA 3.52 Ga). 

Seventeen eclogites (2 to 6 cm in size) containing diamond are dominated by coarse­

grained garnet and clinopyroxene, with primary trace phases including sulphides and 

rutile. Alteration is pervasive and ranges from minor grain boundary effects to 

massive mineral (primarily clinopyroxene) replacement. The garnets have Na2O 

concentrations greater than 0.07 wt%, whilst the clinopyroxenes have K2O 

concentrations greater than 0.08 wt%. Both phases are Fe-rich and Ca- and Mg- poor 

relative to other eclogites from Newlands. The garnets display a very restricted range 

of trace element compositions and are relatively enriched in Ga, Zn, Mn and Ti, and 

depleted in Cr and Ni relative to most diamond-free eclogites from Newlands. The 

garnets have similar [REE]0 patterns that are [HREE]n enriched. The clinopyroxenes 
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also display a restricted range of trace element compositions (with one exception), and 

are relatively enriched in Ga, Zn, Zr, Mn and Ti, and depleted in Ni relative to 

diamond-free eclogites from Newlands. The clinopyroxenes have similar [REE]n 

patterns that are [LREE]n enriched. Bulle rock major element compositions 

(calculated assuming a 50:50 gamet-clinopyroxene ratio) are compositionally similar 

to ancient (Proterozoic or Archrean?) magnesian basalts. A statistical analysis of 

eclogites at Newlands indicates that those associated with diamonds have a 

discernible geochemistry. The diamond-bearing eclogites, with one exception, have 

textures and mineral geochemistry equivalent to Group I (and Group B) eclogites 

(depending on the classification scheme used). Geothermometry yields temperatures 

between 920 to 1080 °C, equivalent to pressures between 42 and 58 kbar (based on a 

37-38 m W/m2 geotherm), which lies within the diamond stability field. Re-Os 

systematics for the diamond-bearing eclogites are indicative of formation ages in the 

Archrean. These eclogites had 187Os/188Os substantially higher than chondritic mantle 

at circa 3 Ga. The Re-Os systematics, major and trace element mineral chemistry, and 

stable isotopes (albeit preliminary) of the diamond-bearing eclogites from Newlands 

are consistent with a protolith that has interacted within surficial environments. This 

implies the operation of plate tectonics since the early part of the Earths history. 

The peridotitic diamonds occur in two primary forms, namely (< I mm) single 

octahedra or octahedral aggregates. The eclogitic diamonds range in size from 

approximately 100 µm within diamond aggregates to large single crystals up to 2 mm. 

The dominant morphology is octahedral but there are also significant numbers of 

cubes and dodecahedrons, and some cubo-octahedrons. Cathodoluminescence 

indicates that the eclogitic diamonds grew in at least three distinct periods. FTIR 

spectra indicate that the peridotitic and eclogitic diamonds display different nitrogen 

concentrations and platelet peak positions. Specifically, the vast majority of 

harzburgitic diamonds are Type II (or near Type II) whilst all eclogitic diamonds are 

Type I, with significantly higher N concentrations. Based on these criteria, the 

majority of diamonds at Newlands are of eclogitic origin. Furthermore, this 

difference implies that the peridotitic and eclogitic diamonds at Newlands are derived 

from separate sources. Both sets of diamonds have type IaAB aggregation states 

ranging from 0 to 20 %, consistent with diamond formation in the Archrean for both 
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parageneses. Time-averaged temperatures imply that the diamonds formed at higher 

temperatures than their ambient levels at the time ofkimberlite eruption. 

The early Proterozoic to mid-Archrean Re-Os ages obtained for both the diamond­

bearing garnet macrocryst and diamond-bearing eclogites at Newlands overlap the 

major crustal building periods of the Kaapvaal craton ( de Wit et al., 1992). This 

implies that cratonic root stabilisation beneath the Kaapvaal craton is potentially 

coeval with crustal formation (Kramers, 1979; Richardson et al., 1984; Richardson et 

al., 1990; Richardson and Harris, 1997). The presence of diamond implies that the 

SCLM may have extended to depths of approximately 200 km by the end of the 

Archrean. In addition, the apparent lack of any systematic age variation with 

calculated equilibrium conditions implies that the SCLM and overlying continental 

crust nuclei have been coupled since formation. Once formed, these assemblages 

remain coupled and, under favourable circumstances, can survive the destructive 

forces of plate tectonics. 
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1.1 INTRODUCTION 

The study of the upper mantle has reached a relatively mature stage, with current 

investigations generally focusing on very specific questions or hypotheses. Over the 

past two decades a wealth of new information has become available - to date there 

have been seven International Kimberlite Conferences (IKC), with the ?1h IKC in 

1998 attracting over 600 delegates, several hundred abstracts and more than 100 

manuscripts. Nevertheless, the broad topic relating diamonds and their upper mantle 

host rocks is controversial, and a clear model for diamond genesis does not exist. 

Relatively few rocks have been found that directly link diamond to the host rock type. 

In general, upper mantle studies pertaining to diamond genesis have been based on 

mineral inclusions encapsulated within diamond, diamonds obtained from run-of­

mine production, or diamond-free upper mantle xenoliths. Ergo, current models 

pertaining to diamond genesis and their relationship with rock types in the upper 

mantle are based on independent lines of evidence and inferred relationships. 

Nevertheless, the relatively few studies of diamond-bearing xenoliths are consistent 

with such models, yet there remain many unanswered questions. Consequently, 

detailed multi-faceted studies of diamonds and their host xenoliths are potentially an 

important source of information to constrain and evolve current hypotheses on 

diamond formation and genesis. 

This study will focus on the detailed investigation of the nature and chemical 

composition of diamond-bearing xenoliths from Newlands kimberlite, located on the 

Kaapvaal craton, South Africa. The results should help to elucidate and evaluate 

current models of diamond formation and genesis. Below is a summary of the current 

evidence and ideas relating diamonds to the upper mantle. 
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Part I: Chapter 1 Introduction 

1.2 DIAMONDS AND THEIR MINERAL INCLUSIONS 

Diamond is an economically valuable precious mineral and, in addition, is of primary 

interest in upper mantle studies due to its extraordinary physical and chemical 

properties and the constraints that these provide. The most common rock type that 

hosts diamond is kimberlite. However, it is generally believed, based in part on 

radiogenic dating of mineral inclusions (see section 1.2.3), that diamonds are exotic or 

xenocrysts and not cognate with the formation of the kimberlite. Accordingly, the 

kimberlite is just a transportation medium. In addition to kimberlite (and occasionally 

lamproite), diamonds can often be found in secondary placer deposits (Gurney, 1989), 

and extremely rarely in other ultrabasic rocks and high-pressure metamorphic 

assemblages (Sobolev and Shatsky, 1990; Shatsky and Sobolev, 1993; Shatsky et al., 

1995). Furthermore, diamonds are known to exist in meteorites and shock-formed 

impact craters, however such diamonds are predominantly polycrystalline, commonly 

extremely small, and may have hexagonal symmetry (lonsdaleite) (Gurney, 1989). 

Diamond is essentially composed of the element carbon. Sixty-eight elements have 

been recorded as impurities in diamond, however only nitrogen and boron are known 

to substitute into the tetrahedral lattice (Sellschop, 1975, 1992). Diamond is naturally 

stable at mantle pressures and temperatures (greater than ~50 kbar and ~ 1000 °C). At 

the Earth's surface diamond is metastable, although the rate of reaction is infinitely 

slow (Berman and Simon, 1955; Kennedy and Kennedy, 1976; Bundy, 1980). 

Diamond is by far the hardest known naturally occurring mineral, and is chemically 

inert, unaffected by the strongest acids (Field, 1992). The low diffusion rates of 

nitrogen and noble gases through the diamond lattice structure allow diamond to 

maintain an internal mantle record over extended geological periods (Ozima and 

Zashu, 1983; Ozima, 1989). Consequently, encapsulated minerals within diamonds 

can be (in likelihood) protected from diffusive exchange with the surrounding mantle 

and thus remain unaffected by physical or chemical changes in their local 

environment. Therefore, inclusions in diamonds can represent ''pristine" samples of 

the original minerals formed during the period of diamond crystallisation. In addition, 

diamond is an excellent conductor and thus any inclusion will yield temperatures that 
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either represent ambient mantle temperatures (for touching inclusions) or diamond 

formation temperatures (for separate inclusions - if deemed to be in equilibrium). In 

contrast, the diamond host rock is an open system that will re-equilibrate in response 

to local changes in pressure, temperature or chemical conditions. 

1.2.1 Diamond source region mineralogy 

Diamond inclusion studies from numerous kimberlite locations around the world have 

yielded a wealth of information, particularly about ancient mantle conditions and the 

diamond source region beneath cratons around the world. Extensive early studies of 

mineral inclusions in diamonds (for example, Meyer and Boyd, 1969; Sobolev et al., 

1969, 1973; Sobolev, 1977) revealed two dominant mineral associations - the first is 

mineralogically and chemically broadly akin to peridotite (predominantly olivine, 

accompanied by orthopyroxene, lesser Cr-pyrope garnet and chromite, and by minor 

diopsidic clinopyroxene ), and the other eclogite (predominantly pyrope-almandine 

garnet and omphacitic clinopyroxene ). These associations were confirmed by a host 

of other diamond inclusion studies, for example, see Tsai et al. (1979), Harris and 

Gurney (1979), Meyer (1987), Harris (1987), Gurney (1989), Harris (1992), and 

Stachel and Harris (1997a). In addition, other less common diamond parageneses 

may exist in conjunction with the dominant peridotitic and eclogitic parageneses. A 

minor websterite diamond paragenesis exists, particularly noticeable at Orapa 

(Gurney et al., 1984). However very few other examples are recorded and it is 

probable that websteritic diamonds may be related to the eclogitic diamond 

paragenesis (Gurney, 1989). 

Sulphide diamond inclusions are very common and unusually occur well in excess of 

their modal abundance in either peridotite or eclogite xenoliths (Sharp, 1966; Meyer, 

1987; Gurney, 1989; Bulanova et al., 1990). Sulphide diamond inclusions are 

associated with both the peridotitic and eclogitic diamond parageneses, however, 

there are geochemical compositional differences between the two (Y efimova et al., 

1983; Bulanova et al., 1990, 1996; Pearson et al., 1999). Based on the numerous 

sulphide inclusions observed, often within a small diamond volume and near the 

centre, it has been suggested that sulphides could be a seed or catalyst for diamond 
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growth (Sharp, 1966; Gurney, 1989; Bulanova et al., 1990, 1996; 1998). Also, it was 

suggested that a sulphide diamond paragenesis might exist (Deines and Harris, 1995). 

A number of other minerals have also been identified as inclusions in diamonds -

some of which are associated with either the peridotitic or eclogitic diamond 

parageneses (but, in general, only occur rarely), whilst a minor, but significant, 

percentage are of uncertain paragenesis (for examples see Meyer, 1987, and Harris, 

1992). As new studies are undertaken more minerals are identified as diamond 

inclusions (for example, Stachel et al. (1998a), and Kopolova et al. (1997)). A few 

rare inclusions in diamonds are of very high-pressure origins, such as ferro-periclase, 

perovskite, majorite and tetragonal almandine-pyrope, and are believed to be derived 

from the lower mantle (Moore and Gurney, 1985, 1989; Harte and Harris, 1994; 

Harris et al., 1997). 

Overall, peridotitic inclusions in diamonds are the most common, however, the ratio 

of peridotitic to eclogitic diamond inclusions varies dramatically from location to 

location, and even within diamond populations at one location (Meyer, 1987; Gurney, 

1989; Harris, 1992). For example, eclogitic inclusions in diamonds are common or 

dominant (up to 90%) at Orapa (Gurney et al., 1984b), Argyle (Hall and Smith, 1984), 

Jagersfontein (Gurney, 1989), and Klipspringer (Westerlund, 2000), whilst at Finsch 

eclogitic diamonds were an order of magnitude more abundant amongst larger 

diamonds than in smaller varieties (Gurney, 1989; Gurney and Zweistra, 1995). 

Furthermore, the diamond inclusion ratio does not always mirror the xenolith ratio. 

For example at Roberts Victor the majority of xenoliths are eclogite - indeed, it is the 

type locality (Hatton, 1978; Hatton and Gurney, 1987) - yet inclusions in diamonds 

are predominantly of peridotitic affinity (Gurney et al., 1984a). It should also be 

noted that the diamond inclusion ratios are generally determined from small 

diamonds, and it is not known if this distribution is representative of other diamond 

sub-populations. Indeed, there is some evidence they are not (Gurney, 1989). 

Whilst (the majority of) inclusions in diamonds are mineralogically associated with 

either peridotite or eclogite, they yield distinctive geochemical signatures. Peridotitic 

(P-type) diamond inclusions are commonly extremely depleted in major element 

compositions relative to ''fertile" lherzolite. Olivine and orthopyroxene display high 
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Mg-numbers and, in addition, garnet is predominantly high-Cr and extremely sub­

calcic (Meyer, 1987; Gurney, 1989; Harris, 1987, 1992). Furthermore, these garnets 

are relatively depleted in Zr, Y and Ga but paradoxically relatively enriched in 

incompatible elements Sr and light REE's (Richardson et al., 1984; Shimizu and 

Richardson, 1987; Griffin et al., 1992, 1993; Shimizu and Sobolev, 1995). 

Eclogitic (E-type) diamond inclusions predominantly yield garnet compositions that 

have trace levels of Na2O (greater than 0.07 wt%) and clinopyroxene compositions 

with trace levels of K2O (greater than 0.08 wt%) (Gurney, 1984; McCandless and 

Gurney, 1989; Gurney et al., 1993; Gurney and Zweistra, 1995). In addition the 

garnets have elevated levels of TiO2, whilst the whole rock is low in Cr. Such 

compositions are similar to those observed in eclogites that display coarse "cumulate 

textures" (large subhedral to rounded garnets in a matrix of clinopyroxene - termed 

Group I eclogites) (McCandless and Gurney, 1989). The theoretical whole rock 

compositions of eclogitic diamond inclusions are often basaltic and yield high 

temperatures of equilibration (O'Hara and Yoder, 1967; MacGregor and Carter, 1970; 

Ireland et al., 1994). 

1.2.2 Diamond source region P-T 

The mineralogy and chemical composition of inclusions in diamonds (both P- and E­

types) indicate that the primary environment for diamond formation is within the 

upper mantle. Multiple high P-T experiments indicate that diamond is naturally stable 

within the upper mantle at pressures and temperatures greater than ~50 kbar and 

~1000 °C (Berman and Simon, 1955; Kennedy and Kennedy, 1976; Bundy, 1980), 

based on an average cratonic geothenn of 40 mW/m2 (Pollack and Chapman, 1977). 

This is supported by the mineralogy and geothermobarometric calculations of 

inclusions in diamonds. For example, peridotitic diamond inclusions yield pressures 

and temperatures within the diamond stability field, commonly 50 - 60 kbar and 950 

- 1200 °C with rare maxima of~ 70 kbar and 1400 °C (Meyer, 1987; Gurney, 1989; 

Griffin et al., 1992; Griffin and Ryan, 1995). Eclogitic diamond inclusions similarly 

yield temperatures that would be within the diamond stability field on similar 
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geotherms. However no geobarometer currently exists for eclogitic compositions to 

confirm their theoretical high-pressure origin. 

The confining pressure of fluid and mineral inclusions within diamonds is consistent 

with formation at these high pressures (Schrauder and Navon, 1993, 1994; Navon, 

1991, 1999). Infra-red microspectroscopy of solid submicroscopic inclusions of CO2 

in diamonds reveals spectral shifts corresponding to internal pressures of 70 - 100 

kbar at mantle temperatures (Schrauder and Navon, 1993). 

Garnets with solid solution of a majoritic component (MgFe)SiO3, that are only stable 

at very high pressures, are recorded from Monastery, South Africa (Moore and 

Gurney, 1985), Jagersfontein, South Africa (Deines et al., 1991), Letseng-la-Terai, 

Lesotho (McDade and Harris, 1999), and Sao Luiz, Brazil (Harte and Harris, 1994). 

In addition, mineral phases expected in the lower mantle (greater than 300 km), such 

as (Mg,Fe)-perovskite and tetragonal almandine-pyrope, have recently been observed 

in diamonds from Sao Luiz (Harte and Harris, 1994; Harris et al., 1997; Hutchinson, 

1997). Such mineral inclusions indicate that diamond formation extends to 

potentially great depths, even from within the lower mantle. 

1.2.3 The age of diamond formation 

The age of diamond formation is difficult to determine accurately or precisely. Direct 

determinations on diamonds - incorporating Fourier transform infrared (FTIR) 

spectroscopy or radiogenic noble gases - are highly imprecise. Indirect 

determinations based on radiogenic isotope systematics of inclusions in diamonds, 

although geologically more precise, are constrained by underlying assumptions. 

Nevertheless, it has been established for some, perhaps most, natural diamonds that a 

considerable time interval has elapsed between diamond growth and sampling from 

the upper mantle by the kimberlite (Kramers, 1979; Richardson et al., 1984; Smith et 

al., 1989; Richardson et al., 1993; Richardson and Harris, 1997; Richardson et al., 

1998). In such a scenario, these diamonds are xenocrysts, and not phenocrysts, within 

the kimberlite. However, whether the diamonds formed in a discrete event, 

sporadically, or continuously over a substantial period of time, is disputed. 
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There are only two demonstrated exceptions to the above. The first is the Proterozoic 

Premier kimberlite where the eclogitic silicate inclusions indicate diamond formation 

ages close to that of the kimberlite (Richardson, 1986). Nevertheless, other lines of 

evidence from FTIR. studies of Premier diamonds indicate that they are not kimberlite 

phenocrysts and that they probably formed in the upper mantle (geologically) shortly 

before kimberlite eruption (Field, 1992). The second is a P-Type sulphide inclusion 

that yields an age within error of the Koffiefontein kimberlite (Pearson et al., 1998). 

Furthermore, FTIR. on the gem-quality diamond indicates that is has un-aggregated 

nitrogen, consistent with its young age (Pearson et al., 1998). 

To date, peridotitic diamond inclusions have yielded radiogenic ages from the early 

Proterozoic to the Archrean. The first dating of inclusions in diamonds, based on 

sulphides from the Kimberley and Finsch kimberlites, yielded model Pb ages in 

excess of 2 Ga (Kramers, 1979). Later, pooled harzburgitic garnet diamond 

inclusions from the same two locations yielded model ages of 3.2 ± 0.1 Ga 

(Richardson et al., 1984). Similar garnets from Udachnaya yield an isochron age of 

2.0 ± 0.1 Ga (Richardson and Harris, 1997). Lherzolitic garnet diamond inclusions 

from Premier kimberlite yielded a model age of 1.93 ± 0.04 Ga (Richardson et al., 

1993). Peridotitic sulphides (based on associated olivine inclusions within the same 

diamond) from Udachnaya yield Re-Os isochron ages of ~ 2 Ga (Pearson et al., 

1998b). 

In contrast to peridotitic diamond inclusions, the eclogitic diamond inclusions studied 

so far are younger and span the Proterozoic. Isochron ages, based on Sm-Nd from 

clinopyroxene and garnet, are 1580 ± 60 for Argyle (Richardson, 1986), 1150 ± 60 for 

Premier (Richardson, 1986), 1580 ± 60 for Finsch (Richardson et al., 1990), 990 ± 50 

for Orapa (Richardson et al., 1990), and 1520 ± 20 for Jwaneng (Richardson et al., 

1998). In addition, E-type sulphide diamond inclusions from Udachnaya yielded 

model ages of3.l-3.5 ± 0.3 Ga (Pearson et al., 1998, 1999). These ages indicate that 

the eclogitic diamond paragenesis is not temporally related to the peridotitic diamond 

paragenesis, even within the same pipe. 
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A similar, although imprecise, spread of ages is implied from FTIR studies. 

Diamonds predominantly have highly aggregated nitrogen, commonly equivalent to 

mantle residence times on the order of a billion year time scale (although this is 

temperature dependent; for example, Evans, 1992; Taylor et al., 1996). However, a 

few diamonds have unaggregated nitrogen, that implies considerably shorter 

geological mantle residence times, even possibly less than a million years (although, 

again, this is temperature dependent; op. cit.). It should be noted that the vast 

majority of these latter diamonds are of uncertain paragenesis, frequently fibrous, and 

often cubes or coats. However, there are a few exceptions. Noticeable a sulphide 

inclusion from a gem-quality diamond, believed to be of peridotitic affinity, yielded a 

Re-Os model age within error of the Cretaceous age of the host Koffiefontein 

kimberlite (Pearson et al., 1998b). 

Recent studies have questioned the idea that diamonds with peridotitic inclusions are 

of ancient origins (Shimizu and Sobolev, 1995; Shimizu et al., 1997; Sobolev et al., 

1997; Pearson et al., 1998). A study of single Cr-pyrope garnet diamond inclusions 

from Udachnaya revealed over an order of magnitude compositional variations for 

several trace elements (Shimizu and Sobolev, 1995; Shimizu et al., 1997). The 

variation in Sr (from less than 10 ppm to greater than 700 ppm), combined with 

implied extreme fluid-crystal partition coefficients, led Shimizu and co-workers to 

suggest a model of disequilibrium garnet crystallisation that was quenched by 

diamond encapsulation and the rapid eruption of the Udachnaya kimberlite shortly 

thereafter. This implied diamond ages contemporaneous with the kimberlite. 

However, this model is in contradiction to pooled Cr-pyrope garnet diamond 

inclusions from the same location that yield Sm-Nd model ages of ~2 Ga (Richardson 

and Harris, 1997). In support of this ancient age, all the diamonds from which the 

latter garnets were extracted had a nitrogen aggregation status corresponding to 

mantle resident times well in excess of those required for garnet homogenisation 

(Richardson and Harris, 1997). 

1.2.4 Sources for Diamond formation and growth 

Very little is proven about the diamond source carbon species and growth rate of 

diamonds. The morphology and growth patterns of diamonds suggest growth from a 
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(metasomatic?) fluid or melt (Sunagawa, 1984, 1989). However, depending on the 

prevailing redox conditions, the source carbon for the diamonds may be in the form of 

CO2, CO, C~ or other hydrocarbon species. A range of studies indicate that the 

oxygen fugacity varies between the FMQ (fayalite + 0 2 =magnetite+ quartz) and IW 

(iron wustite) boundaries within the upper mantle (Eggler and Baker, 1982; Daniels 

and Gurney, 1991; Ballhaus et al., 1991; Bulanova, 1995). Over this oxygen fugacity 

range, and combined with diamond stability field P-T's, all of the above mentioned 

carbon species may be in equilibrium with diamond. For example, Haggerty (1986, 

1994) emphasised that variable conditions at the lithosphere-asthenosphere boundary 

allow either the reduction of CO2 or the oxidation of C~ to readily occur when 

carbon species transgress the asthenosphere-lithosphere boundary. 

Diamonds can record very complex growth histories. This is noticeable in variations 

in CL patterns from zone to zone within a diamond, in nitrogen concentration and 

aggregation states, and in nitrogen and carbon stable isotopes (for example, 

Mendelssohn and Milledge, 1995; Bulanova, 1995; Chinn 1995; Fitzsimmons et al., 

1998; Hauri et al., 1999). In addition, diamonds from George Creek grew, were 

resorbed, and then grew again in the presence of CO2 (Chinn, 1995; Chinn et al., 

1995). In addition, coats are common on diamonds, whilst inclusions of diamond 

within diamond are well known (Gurney, 1989). Sulphide inclusions in a single 

diamond from Udachnaya have yielded a range in Pb model ages, decreasing from 

core to rim (Rudnick et al., 1993; Pearson et al., 1998). The above evidence indicates 

that diamond growth can be episodic, but the period of each diamond growth phase or 

between each growth episode is uncertain. 

There have been a multitude of studies on the carbon isotopic composition of 

diamonds that have established a clear distinction between peridotitic and some 

eclogitic diamonds (for example, see Deines, 1980; Galimov, 1991; Kirkley et al., 

1991; Boyd et al., 1994; and references therein for a detailed review). Peridotitic 

diamonds have a 813C range of between+ 1 to -10 %o, with the vast majority clustering 

more closely around a mean of - 4.6 96o. The vast majority of peridotitic diamonds are 

within 3 %o of the mean. In contrast, eclogitic diamonds span a far broader 813C range 

from +3 to - 35 %o. However, it is noticeable that eclogitic diamonds display a multi-
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modal distribution, with a significant proportion overlapping peridotitic diamonds 

(between -3 to -7 %o) (op. cit.). Whilst peridotitic diamonds are believed to be 

derived from primordial mantle carbon - and thus represent its isotopic state - this 

cannot account for the o13C range in eclogitic diamonds. Consequently, various 

theories have been proposed to account for the large spread of o13C in eclogitic 

diamonds. These include isotopic fractionation (Javoy et al., 1984, 1986; Galimov, 

1991), primordial mantle heterogeneities (Deines 1980; Deines et al., 1987), and 

subducted carbon (Kirkley et al., 1991). The o13C range displayed by eclogitic 

diamonds is strikingly similar to those for carbonate minerals and hydrocarbons and is 

the basis for the latter theory, which is currently the most popular. Other indirect 

lines of evidence from inclusions in diamonds also support this theory. The oxygen 

isotopic composition of eclogitic garnet and clinopyroxene diamond inclusions 

(Lowry et al., 1993) and diamond-bearing eclogites (Kyser, 1991; Ireland et al., 1994; 

Mattey et al., 1994; Jacob et al., 1994) deviates significantly from mantle values. 

Similarly, sulphur and lead isotopic compositions of eclogitic sulphide diamond 

inclusions are outside the expected mantle range (Eldridge et al., 1991, 1995). 

Collectively, this provides strong evidence that some material involved in the 

formation of eclogitic diamonds and their host xenoliths did not originate in mantle, 

the most likely source are protoliths that have experienced surfical processes, such as 

recycled oceanic crust and overlying sediments (Kirkley et al., 1991; Boyd et al., 

1994). Against this, Cartigny et al. (1999) proposes that the N isotopes do not fit such 

a model, however, the current understanding of the behaviour of nitrogen in the 

mantle is poor. 

1.3 DIAMOND-BEARING XENOLITHS 

The vast majority of information summarised above is based on either diamond 

mineral inclusions or diamond sub-populations obtained from run-of-mine 

production. Relatively few specimens exist where diamond is observed in a mantle 

xenolith. Furthermore, diamond-bearing xenoliths that contain diamonds with silicate 

inclusions of the same mineralogy as the host xenolith are almost unheard of. Whilst 

diamond-bearing specimens are rare, it is also a function of the availability and 

accessibility of obtaining suitable samples from kimberlite locations. This is 
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primarily controlled by mining operations, and accordingly, leads to a conundrum for 

researchers, as mining operations dictate the processing of kimberlite ( or lamproite) 

ore to liberate diamonds thereby destroying diamond-bearing xenoliths. 

Nevertheless, diamond-bearing xenoliths are occasionally found, and confirm the 

evidence from inclusions in diamonds, namely the association of diamond with both 

peridotite and eclogite. However, in contrast to inclusions in diamonds, diamond­

bearing eclogites are relatively more common than diamond-bearing peridotites 

(Gurney, 1989). Furthermore, diamond-bearing xenoliths typically rarely contain 

sulphides as a trace phase, if at all, even though sulphides are one of the dominant 

inclusions observed. 

A literature survey has revealed that less than thirty diamond-bearing peridotites1 

have been reported from around the world compared to many hundreds of diamond­

bearing eclogites. The majority of the peridotites are from the Siberian craton, 

Russia, and, in particular, the Udachnaya kimberlite (Pokhilenko et al., 1977; Sobolev 

et al., 1984; Pokhilenko and Sobolev, 1986), with specimens also reported from 

Mothae in Lesotho (Dawson and Smith, 1975), Schaffer in the USA (McCallum and 

Eggler, 1976), Finsch in South Africa (Shee et al., 1982; Viljoen et al., 1992), Roberts 

Victor in South Africa (Viljoen et al., 1994), Aikhal in Russia (Sobolev et al., 1969; 

Sobolev et al., 1984; Pokhilenko and Sobolev, 1986), Mir in Russia (Sobolev et al., 

1984; Pokhilenko and Sobolev, 1986), and Argyle in Australia (O'Neill et al., 1986; 

Jaques et al., 1990). With the exception of Udachnaya, all the other studies report 

only a few specimens from each location, and in some cases, only one. 

Many of the diamond-bearing peridotites are altered to various extents. For example, 

those from Aikhal are altered to such a degree that primary mineralogy cannot be 

determined (Sobolev et al., 1969), whilst those from southern Africa commonly 

display serpentinisation of olivine and orthopyroxene (Shee et al., 1982; Viljoen et al., 

1992). The diamond-bearing peridotites from Argyle (Australia) have experienced 

retrograde metamorphism in the spinel field that has resulted in partial re­

equilibration with the total break down of garnet to heterogeneous aggregates of fine-

1 The term "peridotite" is not used as per its common definition, but rather to represent any xenolith of 
peridotitic affintiy. 
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grained chrome spinel plus metamorphic minerals (O'Neill et al., 1986; Jaques et al., 

1990). In contrast, the samples from Udachnaya (Siberia) are fresh but have 

unusually coarse mineralogy ( olivine crystals up to 10 cm in maximum dimension). 

The majority of the southern Africa diamond-bearing peridotites have garnet 

compositions that are lherzolitic and not harzburgitic - for example, four of five 

samples from Finsch, five of ten from Roberts Victor, and the solitary sample from 

Mothae (Dawson and Smith, 1975; Shee et al., 1982; Viljoen et al., 1992; Viljoen et 

al., 1994). Only samples from Udachnaya, Roberts Victor and Aikhal yield high-Cr 

sub-calcic garnet geochemistry similar to that displayed by the abundant garnet 

diamond inclusions analysed world-wide (Pokhilenko et al., 1977; Sobolev et al., 

1984; Viljoen et al., 1994). Several of these samples also contain high-Cr chromites, 

similar to chromite diamond inclusions world-wide. Calculated equilibrium 

conditions for the diamond-bearing peridotites are within the diamond stability field 

and overlap the P-T range indicated by peridotitic diamond inclusions. 

The lack of diamond-bearing harzburgitic peridotites world-wide is remarkable given 

that harzburgitic inclusions are the dominant diamond paragenesis. For example, at 

Finsch it is estimated that over 95% of diamonds in the -5 +6 sieve size are of the 

harzburgitic paragenesis (Gurney et al., 1979), yet only one diamond-bearing 

harzburgite has been found compared to four diamond-bearing lherzolites (Viljoen et 

al., 1992). Even then, this solitary diamond-bearing harzburgite is not as sub-calcic as 

diamond-inclusions analysed from Finsch (Gurney et al., 1979). The reason(s) for 

this apparent paradox is unknown. Garnets of similar major and trace element 

geochemistry exist as macrocrysts in kimberlite and therefore the garnet inclusion 

geochemistry does not represent unique relict compositions. Instead, it is likely that 

the diamond-bearing peridotites disaggregate. One proposed mechanism involves the 

break down of carbonate minerals in peridotite xenoliths from decompression during 

ascent to the surface in the kimberlite (Harte et al., 1980; Harte and Gurney, 1981; 

Boyd and Gurney, 1982). 

Diamond-bearing eclogites have been reported from a variety of locations around the 

world - the first were recorded from Newlands (Beck 1898, 1899; Bonney, 1899, 

1900; Wagner, 1911, 1914). Others locations include Udachnaya, Siberia (Jerde et 
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al., 1993; Snyder et al., 1993; Ireland et al., 1994; Jacob et al., 1994), Mir, Siberia 

(Taylor et al., 1996; Snyder et al., 1997), Bellsbank, South Africa (Viljoen, 1995), 

Star, South Africa (Gurney and Hatton, 1989), Frank Smith, South Africa (Rickwood 

et al., 1969), Roberts Victor, South Africa (Johnson, 1908; Rickwood et al., 1969), 

and Orapa, Botswana (Shee and Gurney, 1979; Robinson et al., 1984; Viljoen et al., 

1996), to name a few. The geochemistry of eclogitic minerals is often similar that of 

inclusions in diamonds from the same locality, for example Mir, Siberia (Sobolev, 

1977). However, elsewhere there may be large differences, for example Star, South 

Africa (Gurney and Hatton, 1989). Temperatures of equilibration place the diamond­

bearing eclogites within a range consistent with diamond stability on asswned 

geotherms at pressures greater than 45 kbar. No accurate geobarometer exists for 

eclogitic mineralogy. 

1.4 AIM 

Whilst the relationship between peridotite or eclogite and diamond is well established, 

the origin of the diamond-bearing peridotite or eclogite is disputed and hampered by 

lack of evidence. This study is unique in that it involves a detailed investigation of 

two suites of diamond-bearing xenoliths from one location, namely peridotite and 

eclogite from Newlands kimberlite. It is the first simultaneous study of diamond­

bearing peridotite and diamond-bearing eclogite from one source. This may be 

particularly instructive in elucidating the relationship between peridotitic and eclogitic 

diamonds, if any. The overall aim of this project is to investigate the age and 

evolution of the diamonds and associated diamond-bearing upper mantle sampled by 

the Newlands kimberlite. The results will be compared to the diamond-free upper 

mantle samples from Newlands, as well as inclusions in diamonds and diamond­

bearing xenoliths from around the world. 

The study of diamond-bearing upper mantle xenoliths can yield important information 

relating to the (genetic) relationship between the diamonds and their host xenolith and 

the geological processes and events that have affected them over time, both pre and post 

diamond formation. However, such studies are hindered by the lack of suitable 

samples to analyse as they are extremely rare. Newlands has provided both diamond-

Page 1-13 



Part I: Chapter 1 Introduction 

bearing peridotite and eclogite in significant numbers and it is apparent that the 

Newlands kimberlites contain a wealth of significant geological information in the 

field of upper mantle studies. The only scientifically documented locality where a 

similar study has been possible to date is the Udachnaya kimberlite in Siberia 

(Pokhilenko et al., 1977; Sobolev et al., 1984; Pokhilenko and Sobolev, 1986). 

To achieve the aim of this thesis the following were implemented: 

• Intensive sampling of the upper mantle component ofNewlands kimberlites to 

assemble representative suites of diamond-bearing peridotite and eclogite. 

• At the same time a substantial suite of diamond-free peridotite and eclogite, as 

well as other upper mantle components, such as websterites, megacrysts and 

mineral macrocrysts, were collected. 

• Diamonds from the -1000 µm fraction were obtained. 

• The diamondiferous assemblages were studied in detail by means of: 

• Electron microprobe (EMP) for mineral major element compositions. 

• Proton microprobe (PMP) and Ion microprobe (IMP) for trace element 

distribution in minerals. 

• Mass spectrometry for Re and Os systematics. 

• FTIR for spectral studies of the diamonds. 

• Where relevant the diamond-free xenoliths were also characterised using 

similar methods so that the relationship between the diamond-bearing 

xenoliths and the upper mantle as a whole could be thoroughly investigated. 

The diamond-bearing samples, which form the core of this study, are small and 

extremely rare. As a result, care was required in choosing which analytical 

techniques to use and in which order so as to maximise the potential geochemical 

information for later interpretation. Detailed descriptions of the various techniques 

and operating conditions are given in the appropriate chapters and Appendix I. 

1.5 THESIS OUTLINE 

This thesis is presented in two volumes: Volume I contains the text and references, 

whilst Volume II contains the appropriate Figures, Tables, Plates and accompanying 
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Appendices. In addition, Volume I has been divided into five parts. Part I is an 

introduction section and summarises current knowledge and theories regarding the 

origin of diamonds. It also provides a background to the Newlands kimberlites and 

the xenoliths to be analysed in this thesis. Parts TI and Ill focus on diamond-bearing 

peridotite and diamond-bearing eclogite xenoliths from Newlands, respectively. In 

addition, several inclusions in diamonds derived from the diamond-bearing 

peridotites, as well as a sub-set of both diamond-free peridotite and eclogite from 

Newlands have been studied for comparison. Detailed results for major and trace 

element concentrations, geothermobarometry determinations, and Re-Os radiogenic 

isotopes will be presented. Part N concentrates on the diamonds from the xenoliths 

and compares them to Newlands run-of-mine diamonds. This section includes 

diamond descriptions, cathodoluminescence, and FTIR determinations. Part V 

consolidates the previous sections with a review of current hypotheses of the 

formation of the various components of the upper mantle and a detailed discussion of 

the Newlands specimens in relation to these hypotheses. 
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UPPER 

2.1 NEWLANDS KIMBERLITE 

ERLITE AND ITS 
OLITHSUITE 

2.1.1 The Newlands kimberlite pipe and dyke complex 

The Newlands kimberlite occurrences are part of a larger cluster of Group II 

kimberlites located approximately 60 km north west of Kimberley, South Africa, in 

the Barkly West district (Gurney et al., 1991). Newlands is sited on portion 1 of fann 

172, 20 km to the NW of Barkly West near the Harts river. Figure 2.1 highlights the 

position of the Newlands kimberlites relative to the other known kimberlites in the 

area. The Newlands kimberlites, as well as other kimberlites in the Barkly West 

district (e.g. Frank Smith, Bellsbank, Bobbejan) and the foremost topographical 

features, are aligned along major structural features in a NE-SW direction. Newlands 

intrudes thin flat lying to gently undulating Dwyka shales and mudstones that dip at 

low angles to the west. These shales and mudstones lie conformably on Dwyka tillite 

that in tum lies unconformably on the Precambrian V entersdorp lava. Dolerite sills 

up to 3 m thick intrude the area, frequently outcropping, and are covered by a thin 

layer of immature soil with numerous calcrete horizons. A detailed stratigraphy of the 

area, taken from a 260 m borehole on the Newlands property, is presented in van 

Coller (1995). The narrow elongate lenticular kimberlite dykes, which are generally 

less than 1 m in width, are locally referred to as fissures, whilst the associated small 

pipe-like kimberlite pipes, which commonly do not persist to any great depth, are 

locally called blows. Henceforth, in this study the Newlands kimberlite cluster, which 

consists of both dykes and pipes, will be referred to as just "New/ands". 

The various kimberlite pipes and dykes are all very micaceous and of Group II 

affinity (Smith et al., 1985a; van Coller, 1995). A Rb-Sr isochron ofkimberlite whole 

rock and phlogopite macrocrysts yields an age of 114.1 ± 1.6 Ma (Smith et al., 
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1985b ). This age is similar to other Group II kimberlites in the Barkly West district 

(~ 110 Ma to 120 Ma: Smith et al., 1985b). In contrast, nearby Group I kimberlites 

are younger (~ 80 Ma to ~ 95 Ma) (Smith et al., 1985b). Newlands consists of a 

series of en-echelon kimberlite dykes trending N30°E, on which there are at least 5 

kimberlite pipes to the surface. These small diatremes have previously been 

numbered 1 through 5, respectively, with pipes 1 and 2 located on the northern dyke 

and pipes 3, 4, and 5 on the southern dyke (Figure 2.2, Plate 2.1 ). The pipes vary in 

size from ~30 m to ~90 m diameter at surface - pipe 2 has the largest areal extent (at 

approximately 0.15 hectares). Mining of pipe 2 to over 120 m below surface reveals 

that it increases in size with depth, having an ~ 70° dip contact with country rock (van 

Coller, 1995). The kimberlite dykes are visible leading into and away from both pipe 

1 and pipe 2 (Plates 2.2 and 2.3). In general, these dykes are~ 1 - 2 mat the pipe 

circumference but pinch and swell along strike. Structural relationships reveal that 

external kimberlite dykes pre-date, whilst internal dykes post-date the kimberlite 

pipes (this study; van Coller, 1995). 

Smith (1983) suggested a possible relationship between Newlands and Frank Smith 

kimberlites based on their similar phlogopite Rb-Sr isochron age and their 

geographical proximity(~ 10 km apart) parallel to the trend of the dykes. However, 

van Coller (1995) rejected this based on a petrographic and geochemical study of the 

various Newlands kimberlite pipes and dykes which he concluded were more akin to 

the Bellsbank kimberlite dykes. 

2.1.2 Historical Background 

Newlands kimberlite was discovered in the late nineteenth century but has only been 

sporadically prospected or mined ever since. In 1879 George Paton applied for rights 

to prospect for diamonds at Newlands and mining commenced in 1881. By 1889 over 

2000 carats had been mined, with an average yield of 14 carats per 100 loads2 

(Matter, 1972). Many 3 to 6 carat diamonds were found, however, the larger stones -

up to 15 carats - were generally of poor quality (op. cit.). After funds were raised in 

London a plant was erected in 1896 and a shaft sunk to a depth of 140 min the belief 

2 one load is approximately three quarters of a tonne 
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that fresh kimberlite (or ''blue ground") would yield higher grades (Graichen, 1903). 

Mining continued until 1903 when the company went into voluntary liquidation. 

During this period several studies were made of both the Newlands kimberlites and its 

various xenoliths. Three historically important studies are those of Bonney (1899, 

1900), Beck (1898, 1899), and Graichen (1903) that describe the discovery of the first 

diamond-bearing eclogite in the world and record the association between pyrope and 

diamond. Graichen (1903) also reported on the small but abundant high quality 

diamonds. For the next few decades attempts were repeatedly made to revive 

Newlands without success. The owners of the fann (the Du Plessis') on which 

Newlands is situated prospected from 1956 to 1959. Over this period they mined both 

pipe 2 and pipe 3, with an average grade of 9-10 carats per hundred tons. The largest 

diamond recovered was of poor quality and weighed 23 carats. In 1976 pipe 1 was 

sampled and yielded a grade of 25 carats per 100 loads (Daniels, 1980). Activity 

again ceased until 1994 when Gem Mining set-up a prospecting plant for processing 

both the kimberlite and the old tailings of pipe 2 and for assessing material from the 

other associated pipes. Prospecting continued until the beginning of 1997 after which 

time activity has ceased on Newlands. 

2.1.3 Previous Studies of Newlands kimberlite and its xenoliths 

Upon the opening of the first mining period in New lands• history several geologists 

visited the site to investigate the various kimberlite pipes and dykes. What they found 

astounded them when compared to other observations of the various kimberlite bodies 

known in the Kimberley area at the time. A vast range of heavy minerals and other 

xenoliths were recorded - of particular importance were the various descriptions of 

"concretions in the kimberlite that contain diamonds" (Graichen, 1903). These 

include the first reported occurrence of diamondiferous eclogite in the world (Bonney, 

1899), and some of the first diamond-bearing pyrope garnets (Beck, 1898, 1899). 

This lead Beck (1898) to write: 

"The future openings ( of New/ands mine) may be of great importance to geology 

especially as the remarkable connection between garnet and diamonds will be shown 

up clearly." 
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This statement of Beck is a century old but it is only recently that some form of 

understanding of this relationship has come to light. Early studies by Beck (1898, 

1899), Bonney (1899, 1900) and Graichen (1903) all noted the geological significance 

of the xenoliths found in Newlands kimberlite and "the appearance of diamonds in 

firm connection with pyrope" (Beck, 1898). They also realised the importance of the 

discoveries upon the question of diamond genesis, where they had divergent views. 

Bonney (1899) suggested that the diamond-bearing eclogites were "water-worn 

boulders" derived from the Dwyka Conglomerate. Meanwhile Beck (1898) regarded 

the "garnet pyroxene" aggregates as early segregations from the kimberlite magma 

Although the suggestion of Bonney (1899) for the source of the eclogite is clearly 

wrong, the overall concept that the eclogites are accidental inclusions in the 

kimberlite is valid. 

The various kimberlite pipes and dykes were petrographically and geochemically 

studied in detail by van Coller (1995). A variety of selected upper mantle xenoliths 

were analysed in several other studies, generally as part of larger investigations. 

Daniels (1980) investigated a selected few of the unusual mantle xenoliths found at 

Newlands, including a detailed geochemical study of a peridotite displaying unique 

banding. Green garnet macrocrysts were described by Lawless (1977), whilst Griffin 

and Ryan (1995) analysed a variety of garnet macrocrysts for major and trace 

elements, in particular, to apply their empirical Ni thermometer. Smith et al. (1989) 

analysed a solitary diamond-bearing eclogite from Newlands for major element 

compositions and Sr and Nd isotopic systematics as part of their larger detailed study 

of southern African diamond-bearing eclogites and eclogitic diamond inclusions. 

2.1.4 Kimberlite description and petrography 

2.1.4.1 Kimberllte dykes 

Regional fracture patterns trend NE-SW and govern the kimberlite dykes orientations. 

The Newlands dykes are thin, vertical, sub-parallel sheets concentrated in narrow 

zones. The dykes pinch and swell along strike, often bifurcating, reaching a 

maximum width of just over a metre and narrowing down to stringers only 

centimetres wide. The dykes are visible in the pit walls of pipe 2 (Plate 2.2) and pipe 
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1 (Plate 2.3), and can be traced for IO's of metres both on surface and under-ground. 

The dyke running to the north of pipe 2 extends for between 10 and 20 metres at 

surface before thinning and bifurcating into stringers on the centimetre scale; in 

contrast, the same dyke(?) underground (at the 60 m level) extends for~ 50 metres 

before thinning. 

Structural relationships indicate that the dykes both pre- and post- date the pipes. 

Precursor dykes are truncated by the kimberlite pipes and also can be recognised as 

inclusions within those kimberlite pipes. Contemporaneous dykes are linear offshoots 

of the kimberlite pipe into the wall rock, whilst later dykes occur internally within the 

kimberlite pipes but do not penetrate into the surrounding wall rock (this study; van 

Coller, 1995). Most of the kimberlite dykes in the area are good aquifers and thus 

have undergone intense weathering and secondary carbonatisation. Even so, two 

types of "fresh" kimberlite dyke material were recognised by van Coller (1995); both 

have a hypabyssal macrocrystic texture with a high proportion of olivine grains and 

an opaque rich, fine-grained matrix. 

2.1.4.2 Kimberlite pipes 

Five kimberlite pipes have been identified at surface and outcrop on two sub-parallel 

dykes (Figure 2.2). The kimberlite pipes can also be elongate in the direction of the 

trend of the dykes. Multiple kimberlite phases have been identified at each of the 

various pipes. Pipe 2, where prospecting has allowed observations to a depth of 120 

m, has at least three phases that are distinguishable on a macro-scale, primarily based 

on the variety and amount of mantle, crustal and country xenoliths. Plate 2.4 displays 

a sharp contact between two phases - one phase volumetrically contains well in excess 

of 50 % of country rock and basement xenoliths whereas the other phase contains < 5 

%. Van Coller (1995) identified ten petrographically distinct kimberlite phases at 

Newlands from the five pipes - all group II micaceous hypabyssal kimberlites based 

on the classification scheme of Clement and Skinner (1979) and Skinner and Clement 

(1979). The kimberlites have a mica rich groundmass with numerous well-rounded 

olivine macrocrysts and contain abundant mantle minerals, particularly garnet. The 

various pipes show a wide range in the amount and variety of xenoliths, even within 

the one pipe (Plate 2.4 through 2. 7). The different phases could not, however, be 
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separated on the basis of their ground.mass phlogopite or spinel geochemistry (van 

Coller, 1995). 

2.1.5 Newlands Diamonds 

Newlands is well known for the quality of the diamonds it produces, however, they 

are generally small with very few recorded large diamonds. Original reports from the 

turn of the century described the diamonds as chiefly "octahedrons, very sharp in 

form" (Beck, 1899) that averaged between 0.1 and 0.2 cts (Graichen, 1903). Only 

pipe 2 has ever been mined for an extended period of time, although pipe 1 has been 

prospected repeatedly. Pipe 2 is the only kimberlite pipe potentially economic with 

grades varying between 17 to 60 cpht3 (this study, Table 2.1 and 2.2; van Heerden and 

Gmney, 1994). 

The first noticeable feature from Table 2.2 is the lack of "larger'' diamonds, that is, 

diamonds that weigh greater than 1 carat. This is consistent with a detailed diamond 

assessment study performed by van Heerden and Gmney (1994) where only 6 diamonds 

greater than 1 carat (the largest less than 3 carats) were reported from a far greater 

tonnage of processed ore than the data presented in Table 2.2. Furthermore, historical 

diamond reports note the lack of large diamonds (Grllichen, 1903; Matter, 1972). 

Noticeably, the smaller sieve size makes up over half the production except in the case 

where 3 diamonds of larger than 1 ct were found. This is similar to the findings of van 

Heerden and Gmney (1994) even though there was a much higher grade of 50 cpht. 

Accordingly, Newlands has been regarded as a "sma/f' stone (<l ct) mine. 

The second noticeable feature is the grade of just under 20 cpht. This is markedly lower 

than the average 50 cpht recently reported in the study of van Heerden and Gmney 

(1994), but marginally lrigher than the historical yielded of between 8 to 15 cpht (C. 

Cotterrell, pers. com.; Matter, 1972). A likely explanation for the variety of grade 

observed within pipe 2 is the complex spatial relationships of the different kimberlite 

phases ( at least three) and the resulting varying dilution factors of xenoliths. As 

3 cpht = carats per hundred tonnes 
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mentioned earlier, xenoliths may volumetrically contribute over 50 % of the kimberlite 

(Plate 2.4 through 2. 7). 

2.2 NEWLANDS XENOLITHS INVESTIGATED IN THIS STUDY 

Samples were collected at regular intervals by the author and John Gurney during 

prospecting ofNewlands by Gem Mining between 1994 and 1997. The majority of 

the specimens were collected from the coarse concentrate4 by sorting through all the 

oversize (1-10 cm) and selecting the lower crust and upper mantle xenoliths. Samples 

were also collected from kimberlite ore stock piles and from old floor dumps. Several 

thousand specimens were studied under a binocular microscope and classified into 

mantle rock types. All the diamond-bearing samples and a selection of other upper 

mantle xenoliths were chosen for further petrographic and analytical work. The full 

list of diamond-bearing xenoliths selected for further study is given in Tables 3.1 and 

8.1, respectively, along with their mineral assemblages. The vast majority of mantle 

xenoliths were derived from pipe 2, however, some specimens were also collected 

from pipe 3 and from old mine dump floors. 

The primary emphasis of this thesis is on the diamond-bearing peridotitic garnet 

macrocrysts and diamond-bearing eclogites. For clarity the Newlands xenoliths will 

be termed "diamond-bearing" and "diamond-free" throughout this thesis. This 

classification is based purely on the observed presence or absence of diamonds in 

each xenolith and cannot be equated with a genetic classification, particularly given 

the small size of many of the samples. Indeed, it is highly probable that some 

xenoliths were in co-existence with diamond but the sample entrained within the 

kimberlite and brought to the surface did not contain diamond. 

The mineralogical variety ofxenoliths observed at Newlands is extensive (Table 2.3). 

Newlands has yielded peridotites ranging from dunites and harzburgites to lherzolites, 

with and without garnet and chromite. In addition, Newlands is one of the few 

locations where eclogite is common. The eclogites display a range of mineralogies, 

including rutile, sulphide, kyanite and corundum bearing varieties. Furthermore, 

4 Coarse concentrate is material that has been through the mine primary crusher. 
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websterites and webrlites are also present, although relative to peridotite and eclogite 

they are rare. As with Roberts Victor, garnet websterites ( orthopyroxene-bearing 

eclogites?) are quite common, with the orthopyroxene at Newlands preserved as 

opposed to the ubiquitous alteration at Roberts Victor (Hatton, 1978). Phlogopite­

bearing (metasomatised?) peridotites also are common. Megacrysts of garnet, 

pyroxenes and olivine are common, as are the rarer green (high chromium, high 

calcium) garnets. However, one of the more notable occurrences at Newlands, and 

the main topic of this thesis, are the presence of diamond-bearing peridotitic garnet 

macrocrysts and diamond-bearing eclogites. 
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TITIC OLITHS: 
SAMPLE 

3.1 INTRODUCTION 

ESCRIPTION AND 
TROGRAPHY 

Newlands peridotitic xenoliths were primarily collected from the coarse concentrate, 

which is predominantly less than 5 cm in maximum dimension. In addition, samples 

were collected from kimberlite ore stockpiles and from old dumps, some of which 

were much larger (up to 40 cm in maximum dimension). The vast majority of 

xenoliths were derived from pipe 2, whilst a minor proportion were collected from 

pipe 3 and others from old mine dumps of untraceable origin ( although pipe 2 is the 

most likely source). The samples obtained from the coarse concentrate are irregularly 

shaped with "fresh" breakage surfaces, due to processing in the primary crusher, 

rather than the rounded nature of many larger xenoliths collected from the old dumps 

or kimberlite ore stockpiles, and recognised at other locations (for example, the large 

rounded eclogites from Roberts Victor (Hatton, 1978)). 

Newlands contains a plethora of upper mantle xenoliths, many of which are 

peridotites and macrocrysts of peridotitic affinity. Several of the peridotitic garnet 

macrocrysts contain diamonds. According to JUGS classifications, a peridotite must 

contain greater than 50% olivine, however, the garnet macrocrysts are included in this 

section as the mineral compositions are of peridotitic affinity (see Chapter 4). 

The coarse peridotite xenoliths selected for further study were based on their 

suitability for defining conditions of equilibration. Hence the freshest specimens that 

contained both garnet and orthopyroxene ( and thus allow the widest range of 

geothermobarometers for P-T calculations) were preferred. In addition, consideration 

was given to harzburgites that had the distinctive garnet colour potentially associated 

with high-Cr sub-calcic garnet compositions. Such coloured garnets are believed to 

be associated with peridotitic diamonds and could be compared with the diamond-
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bearing garnet macrocrysts. The terminology used to describe peridotite xenolith and 

xenocryst textures is based primarily on the classification of Harte (1977). Peridotite 

textures are sub-divided into "coarse", ''porphyroclastic", "mosaic-porphyroclastic", 

and "granu/ob/astic" on the basis of grain size, grain boundaries and the number of 

porphyroclasts. Each of these textures can further be subdivided using more 

descriptive textural terms such as equant, tabular, disrupted, fluidal or laminated. For 

definition of these terms and examples the reader is referred to Harte (1977) and 

references therein. 

Metasomatism is widely recognised to have affected mantle xenoliths and is 

extensively documented and reviewed in the literature, in particular for southern 

African peridotites (Harte et al., 1975; Gurney et al., 1975; Harte, 1977, 1983; 

Dawson, 1984; Waters, 1986; Harte, 1987; Harte et al., Erlank: et al., 1987; 

Winterbum, 1987; Winterbum and Harte, 1987; Menzies and Hawkesworth, 1987; 

Harte and Hawkesworth; 1989; Menzies, 1990; Winterbum et al., 1990; Burgess, 

1997; Burgess and Harte, 1999; Griffin et al., 1999). Metasomatism has two 

important styles: "modaf' metasomatism that leads to the introduction of new 

minerals, and "cryptic" metasomatism where the chemical composition of the 

mineral(s) has changed (Harte, 1977, 1983; Dawson, 1984). In addition, 

metasomatism may be broadly classified into primary (or early) and secondary (or late 

stage), where the former refers to interaction with fluids or melts in the mantle 

domain and prior to entrainment in the kimberlite, whilst the latter refers to interaction 

with the kimberlite just prior to entrainment or on route to the surface (op. cit.). 

Primary metasomatism may result in the introduction of coarse-grained minerals that 

may be in textural equilibrium but are commonly enriched in certain elements not 

previously abundant in the rock (Harte, 1983). Often these metasomatic minerals are 

difficult to distinguish texturally from the primary minerals. In contrast, secondary 

metasomatism is commonly very obvious, with fine-grained serpentine, phlogopite, 

amphibole and spinel occurring in between the primary minerals or within cracks in 

the primary minerals. In addition, there may be very-fine grained alteration products, 

such as kelyphite, which appear around the rims of the various primary mineral 

phases, in particular garnet. These features are believed to be the result of 

decompression reactions with kimberlite-derived fluids on route to the surface 

(Spetsius, 1995; Spetsius and Griffin, 1998). 
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3.2 DIAMOND-BEARING PERIDOTITIC GARNET MACROCRYSTS 

Eighteen peridotitic garnet macrocrysts were observed to contain diamond and one with 

graphite. Two spectacular samples contain over ten diamonds visible on a freshly 

broken surface (Plates 3.1 to 3.3), whilst another specimen contains a diamond with 

both garnet and chromite inclusions (Plates 3.4 to 3.6). Table 3.1 summarises the 

various phases observed in each specimen, whilst Plates 3.1 to 3.18 display the various 

diamond-bearing garnet macrocrysts in hand specimen. They range from 1 to 3 cm in 

their longest dimension and weigh between l and 8 grams. A variable percentage 

(from O up to 60 %) is covered by a dull thick (up to several hundred microns) 

kelyphite coat (Plates 3.11 and 3.12). The garnet and other mineral phases are 

exposed on fresh breakage surfaces that are most likely the result of crushing in the 

recovery plant. The kelyphite coats sometimes have indentations often containing the 

remnants of altered silicates. Rarely diamond or other mineral phases (mostly altered 

silicates) are exposed through the kelyphite. Plates 3.11 and 3.12 show examples of a 

diamond protruding through the kelyphite coat of sample AHM E4 and AHM E7, 

respectively. 

The mineralogy of the diamond-bearing peridotitic garnet macrocrysts consists 

predominantly of "lilac" garnet with diamond (or graphite) ± chromite and altered 

silicates. No primary clinopyroxene was observed in any of the specimens. Altered 

silicates were observed in many samples, with the majority presumed to be olivine on 

the basis of shape and alteration product. Only one specimen (AHM 58) contained a 

fresh olivine core, whilst another specimen (AHM D8) contains a large (nearly 5 mm) 

sulphide spherule. Primary chromite occurs in over half the samples (11 of the 18 

diamond-bearing xenoliths), but only as a minor phase. Its exact modal abundance is 

difficult to determine due to the small size of the xenocrysts. The chromites are 

commonly 1 - 2 mm subhedral to euhedral octahedral crystals (for example Plates 3.3 

and 3.7). There appears to be a spatial ~ociation between the altered silicates 

(olivine?), chromite (when present), and diamond (Plates 3.3, 3.7, 3.8, 3.9, 3.18). For 

example, the diamonds in sample AHM 164 are all exposed within a large chromite, 

itself contained within a larger altered silicate (Plates 3.7, 3.8, and 3.9), whilst in sample 
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AHM D 1 two individual chromites were in contact with two octahedral diamonds 

(Plates 3.1 and 3.3). The close association of diamond and chromite is also highlighted 

in sample AHM D2 where they occur together as well as chromite occurring as 

inclusions within the diamond (Plates 3.5 and 3.6). In addition, two samples (AHM Dl 

and AHM D5) contain what may be primary phlogopite; however it is not possible to 

distinguish in hand specimen from severely altered orthopyroxene (see Plate 3.1). 

All of the garnet macrocrysts appear to be single garnet crystals, with all other 

mineral phases present as inclusions ( except fracture filling material). In addition, 

altered silicates and several diamonds were observed within or outside the kelyphite 

(Plates 3.11 and 3.12). Garnet accounts for between 60% to 90% of the modal 

mineralogy, with altered silicates comprising the majority of the other mineral phases. 

In the (relatively) larger (2 3 cm) samples the altered silicates comprise between 5 

to 15 % whereas for the (relatively) smaller (1 - 2 cm) samples they may comprise up 

to 30 %. Diamond and chromite (when present) comprise on the order of 1 %, 

although no accurate determinations were made. This carbon content or grade is 

several orders of magnitude greater than observed in the Newlands kimberlite, or 

indeed, any diamondiferous kimberlite. 

The garnets have varying quantities of sub-parallel cracks or fractures that are all in­

filled with secondary mineralisation (Plate 3.4, 3.17, 3.20, 3.21, and 3.22). Both 

phlogopite and spinels are commonly observed (Plate 3.21 and 3.22) and occasionally 

calcite. This mineralisation, along with garnet kelyphitisation, is in likelihood due to 

interaction with the kimberlite en route to the surface. The fracturing ranges in width 

from fifty to several hundred microns. Whilst none of the samples contained primary 

clinopyroxene, one specimen (AHM DlO) contained secondary clinopyroxene within 

the garnet :fractures. The garnets often contained inclusions of altered silicates, 

commonly spanning between 300 µm up to 2 mm, with one sample ~ 5 mm (Plate 

3.13). The kelyphite rind on the garnet macrocrysts often display various zones 

(recognisable by their colours under polarised light) that are of different bulk 

compositions. Detailed descriptions of the diamonds in the peridotitic garnet 

macrocrysts (and others from Newlands) are given in Part IV of this thesis. 
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3.2.1 Inclusions in diamonds 

Inclusions were observed in several diamonds extracted from the garnet macrocrysts. 

The majority were small dark clouds, presumably sulphides or graphite, scattered 

intermittently throughout the diamond. Silicate inclusions were definitively observed 

in four diamonds, two from AHM D2 and two from AHM D4. The two diamonds 

from sample AHM D2 contained multiple dark red brown-black inclusions, two of 

which were confirmed as chromite. Furthermore, one of the chromites (~200 µm) 

was touching a small (~20 µm) garnet inclusion (Plate 3.6; see also Plate 4.1 and 4.2). 

These diamonds displayed no evidence of cracks that may have allowed fluids to 

interact with the inclusions. The two diamonds from AHM D4 contained garnet 

inclusions; however, the nature of the diamonds (aggregates with serrate lamellae) 

meant that the inclusions were only observed in the broken diamond fragments. They 

are thought to be inclusions due to their location within the fragmented diamond and 

the octahedral morphology of the garnet. The presence of brown material in 

association with the garnet inclusions and fractures within the diamond suggest that 

the inclusions were exposed to mantle fluids. However, it is uncertain whether these 

relate to the kimberlite or proto-kimberlite fluids or ancient fluids trapped with the 

inclusion at the time of diamond formation. 

3.3 DIAMOND-FREE PERIDOTITIC GARNET MACROCRYSTS 

Several hundred diamond-free peridotitic garnet macrocrysts were inspected under a 

binocular microscope. The absence of diamond from these specimens does not 

preclude their relationship to the peridotitic diamond paragenesis; it is a classification 

purely derived from physical observation and carries no genetic connotations. These 

garnet macrocrysts are similar to the diamond-bearing garnet macrocrysts described 

above, but display a greater range of characteristics. For example, a significant 

portion contain primary clinopyroxene, whilst others yield fresh olivine and 

orthopyroxene. Further, the garnet macrocrysts display a wide variety of garnet 

colours from light mauve to deep lilac. However, the size of the garnet macrocryst, 

the kelyphitic rind, and highly fractured nature of the garnet all affect the garnet 

colour in hand specimen, and it is only small "pristine" chips of the garnet that reveal 
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true colour. Consequently no relationships between colour and garnet composition 

were examined, although such relationships do exist elsewhere (Gurney and Switzer, 

1973; Klump, 1995; Gurney et al., 1995). 

3.4 COARSE PERIDOTITES 

The range of xenoliths at Newlands is diverse and includes both chromite and garnet 

bearing lherzolites and harzburgites (see Chapter 2). In addition, both websterites and 

pyroxenites are present. (Although by definition these two rock types are not 

peridotites, as per JUGS definitions, they are included in this section for brevity). In 

essence, all these xenoliths display similar textures and differences can be regarded as 

variations rather than distinct textural groups. Approximately 50 peridotites were 

sectioned, and selected samples were analysed for major elements, trace elements and 

Re-Os isotopes. 

The majority of peridotites were obtained from the coarse concentrate and commonly 

range up to 5 cm in maximum dimension. Several samples collected from old floors 

or kimberlite ore stockpiles were up to 40 cm in maximum dimension. Both garnet 

lherzolites and garnet harzburgites are common whilst chromite peridotites are rare, 

even more so in association with garnet. The small xenoliths were commonly very 

fresh - rarely was olivine or orthopyroxene altered. In the larger peridotites (> 10 cm) 

olivine and orthopyroxene were commonly totally serpentinised within 3 cm of the 

outer surface. Olivine was also generally partially serpentinised throughout the 

remainder of the xenolith. The modal mineralogy of the lherzolites and harzburgites 

vary dramatically, in likelihood due to their coarse grained mineralogy combined with 

their small size. For example, olivine and orthopyroxene are the dominant 

mineralogy whilst garnet and clinopyroxene commonly modally comprise less than 

5%. However, in some rare cases clinopyroxene and garnet together may comprise 

more than 50% of the xenolith which is thus not true lherzolite or harzburgite. No 

detailed point counting was undertaken, as the majority of samples were too small and 

often the grain size too large to accurately represent the source mantle rocks from 

which they were derived. This is supported by the geochemistry of some of the 

garnets from mineralogical harzburgites that are calcium saturated (see Chapter 4), 
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indicating that the garnet in likelihood crystallised in equilibrium with clinopyroxene, 

even though in many cases (c.£ the garnet macrocrysts) no clinopyroxene was present 

in the xenolith. 

All of the peridotites can be texturally classified as coarse (Harte, 1977) or granular 

(Boyd and Nixon, 1972; 1975) (Plates 3.23 through 3.46). Furthermore, the 

specimens described petrographically displayed equant mineral phases with very few 

samples exhibiting tabular or vaguely orientated crystallisation. In no cases ( either in 

hand specimen or petrographically) were porphyroclastic, mosaic-porphyroclastic, or 

granuloblastic textured peridotites observed. These features are customarily 

associated with high-temperature peridotite suites (for example Boyd, 1973, 1974; 

Boullier and Nicolas, 1973, 1975; Harte et al., 1975, Harte, 1975) that are found in 

Group I kimberlites but not in Group II kimberlites such as New lands. 

Grain sizes are variable between specimens and even within a specimen (Plate 3.25 

through 3.46). Olivine and orthopyroxene commonly are equant and range from 1 

mm to over 10 mm (for example Plates 3.27 to 29). In sample AHM 721 

orthopyroxene reaches a maximum size of 25 mm. Garnets and clinopyroxene 

display the most variability and within any one specimen garnet may range from 500 

µm to over 5 mm (Plate 3.25, 3.29, and 3.30). However, no garnets were observed of 

the scale equivalent to the garnet macrocrysts, even in the large xenoliths collected 

from the dumps that were up to 40 cm in maximum diameter. Occasionally mineral 

phases were observed as small inclusions ( ~ 100 µm) within other phases. 

The mineral phases display a range of grain boundaries from classical triple junctions 

(for example, Plates 3.25, 3.26, and 3.34) to smoothly curving (for example, Plates 

3.23, 3.24, and 3.32). An orthopyroxene from sample AHM C3 displays triple 

junctions with olivine and garnet on one side and has smooth curved mineral 

boundaries on the other (Plate 3.33 and 3.34). The mineral phases are frequently 

highly fractured and cracked, customarily in-filled with secondary mineralisation. 

Furthermore, in nearly all the specimens, the mineral grain boundaries are separated 

by in-filling phlogopite and spinels, probably derived from interaction with 

kimberlitic fluids (for example, Plates 3.35, 3.41, and 3.42). This fluid infiltration and 
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mineralisation is often pervasive throughout the samples and in localised areas, 

normally around and through olivine, and can be modally dominant with larger 

secondary phlogopites and spinels. The garnets display variable amounts of 

kelyphitisation (Plate 3.25, 3.26, 3.29 and 3.30), however, it is rarely as extensive as 

observed at other locations, for example Udachnaya (Spetsius, 1995; Spetsius and 

Griffin, 1998). 

Olivine and orthopyroxene occasionally display undulose extinction, evidence of 

strain and small-scale deformation (Plates 3.35 and 3.36), whilst orthopyroxene 

infrequently contains exsolution (Plates 3.37 to 3.44). The exsolution is prevalently 

in the form of lamellae with long blades in the core that decrease in size near the rim 

(Plates 3.38, 3.43, and 3.44) and, rarely, in the form of blebs. The exsolving phase is 

probably a Ca-rich clinopyroxene. Furthermore, sample AHM 752 displays elongate 

garnet and clinopyroxene minerals that appear to be interstitial to the much larger 

orthopyroxene grains (Plates 3.39, 3.40, 3.45 and 3.46). In Plates 3.45 and 3.46 the 

garnet has an unusual shape that wraps around several grains of both olivine and 

orthopyroxene. 

3.5 DISCUSSION 

The diamond-bearing garnet macrocrysts from Newlands are different to other 

diamond-bearing peridotites from around the world in two major respects. Firstly, the 

diamond-bearing garnet macrocrysts from Newlands are not true peridotites, that is, 

olivine is not the dominant mineral. At most, altered silicates ( olivine and 

orthopyroxene ?) may modally constitute 30 % of the Newlands garnet macrocrysts, 

but more commonly only 5 to 15 %, whilst garnet comprises between 60 to 90 %. 

(Although these modal percentages are highly unlikely to be representative of the rock 

that the xenolith is derived from in the upper mantle). In contrast, diamond-bearing 

peridotites from elsewhere are dominantly olivine, with the samples from Udachnaya 

modally comprising of over 95% olivine whilst garnet is only a minor phase, 

commonly modally less than 5 % (Sobolev et al., 1984). 

Page 3-8 



Part II: Chapter 3 Peridotitic Xenoliths: Sample Description and Petrography 

Secondly, the diamond-bearing garnet macrocrysts from Newlands are single garnet 

crystals, commonly greater than 1 cm, some as large as 3 cm. Furthermore, these are 

minimum dimensions of the true crystal size as all of the macrocrysts are broken; it is 

estimated that some of the garnet crystals may be at least 5 cm in maximum 

dimension. In contrast, diamond-bearing peridotites from elsewhere commonly have 

relatively smaller garnet crystals. For example, at Udachnaya garnets range in size 

from 0.2 to 5.0 mm (Sobolev et al., 1984), whilst at Finsch they range from 1 to 12 

mm but are most commonly around 3 mm (Shee et al., 1982; Viljoen et al., 1992). 

The diamond-bearing garnet macrocrysts from Newlands are similar to other 

diamond-bearing peridotites in some respects. Firstly, olivine and orthopyroxene is 

almost ubiquitously altered. For example, in all seven diamond-bearing peridotites 

from Aikhal the olivine has been serpentinised (Sobolev et al., 1969; Sobolev, 1977; 

Sobolev et al., 1984), whilst the outer 3 centimetres of the large diamond-bearing 

peridotites from Finsch are also serpentinised (Shee et al., 1982; Viljoen et al., 1992). 

The only exceptions are the diamond-bearing peridotites from Udachnaya where 

serpentinisation has only occurred along fractures within the olivine megacrysts 

(Sobolev et al., 1984). Secondly, the samples from Newlands are similar in 

dimensions to many of the samples, for example Aikhal, but smaller than the few 

large diamond-bearing peridotites. For example, four diamond-bearing peridotites 

from Finsch have a maximum dimension greater than 19 cm (Shee et al., 1982; 

Viljoen et al., 1992) whilst two from Udachnaya range up to 14 cm in maximum 

dimension (Sobolev et al., 1984). Although the Newlands samples are from the 

coarse concentrate, which has a maximum dimension of IO cm, nevertheless the 

diamond-bearing garnet macrocrysts are between 1 and 3 cm. Thirdly, the Newlands 

garnets all have a partial outer rind ofkelyphite. Fourthly, chromite is present in over 

half of the diamond-bearing garnets from Newlands and common amongst diamond­

bearing peridotites from Udachnaya (Sobolev et al., 1984) and Aikhal (Sobolev et al., 

1984). Furthermore, the chromites are commonly on the order of 1 mm flat-faceted 

• octahedral crystals. 

Sobolev et al (1984) divided diamond-bearing peridotites (known at the time) into two 

categories according to the their texture and structure: namely Type I ( equigranular 

with some signs of deformation) and Type II (large megacrysts). Nearly all of the 
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samples from Udachnaya are classified as Type II and dominated by fragments of 

megacryst olivine grains that range in size from at least 2.1 cm up to 14.3 cm and 

comprise over 95 % of the specimen (Sobolev et al., 1984). Under such a 

classification scheme, all the Newlands samples would also classify as Type II, 

however, they would be distinctive in that garnet is the dominant megacryst and not 

olivine. 
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PERIDOTITIC NOLITHS: 

JOR ELEMENT INERAL 

EOCHEMISTRY 

4.1 INTRODUCTION: GARNET GEOCHEMISTRY- t.ITERATURE TERMINOLOGY 

The minerals associated with diamonds, in general world-wide, have well defined 

compositional ranges - noticeably, diamond inclusion garnet pyropes are high in 

MgO and Cr2O3 and low in CaO (for example, see Gurney and Switzer, 1973; 

Sobolev, 1977; Harris and Gurney, 1979; Tsai et al., 1979; Gurney, 1984; Meyer, 

1987; Harris, 1992; Stachel et al., 1998). There is a variety of terminology used in the 

modem literature for distinguishing different parageneses of chrome pyropes, and in 

particular, those associated with diamonds. Detailed studies of garnets from a variety 

of kimberlite locations has shown that all diamondiferous pipes contain high-Cr low­

Ca garnets, similar to diamond inclusions (Gurney et al., 1978; Gurney, 1984). Such 

garnets can be distinguished in Cr2O3 - CaO space using the "GJ0/G9 line" or the "85 

% line" or the "lhenolite line". Note, however, that none of these terms are exact -

the true significance of this line is in diamond exploration where all known 

diamondiferous kimberlites yield garnets that plot in the low calcium field defined by 

this line (Gurney et al., 1993). 

Nevertheless, garnets that plot in the low calcium field (left of the line) are termed 

G 10 or harzburgitic garnets, whilst those that are calcium saturated (right of the line) 

are termed G9 or lherzolitic garnets, respectively. It should be noted that both the 

G 1 0/G9 and harzburgite/lherzolite terminology, based on this boundary in Cr2O3 -

CaO space, are neither geochemically nor mineralogically correct. The original 

statistical classification of Dawson and Stephens (1975) incorporates all the major and 

minor elements of garnet compositions from a variety of geological settings and 

derived 11 garnet groups, of which G9 (Group 9) and GlO (Group 10) are associated 

with lherzolitic and harzburgitic garnets, respectively. However, the compositions of 

lherzolitic garnets, which are associated with calcium saturated rocks that contain 
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clinopyroxene, is a function of pressure, temperature and the whole rock bulk 

chemistry (Sobolev, 1977; Gurney, 1984; Boyd et al., 1993; Gurney et al., 1993; 

Gurney and Zweistra, 1995). Furthermore, some of the lherzolitic garnets are also 

known to be diamond indicators (Richardson et al., 1993). The majority of G 10 

garnets are from harzburgites (and plot in the low calcium field), but some are derived 

from lherzolites that have equilibrated at very high (> 50 kbar) pressures, whist the 

boundary line derived by Gurney (1984) approximates 45 kbar only (Gurney et al., 

1993). 

Consequently, no current terminology based on garnet compositions is 100 % 

accurate in relation to garnet paragenesis. That is, garnets that plot in the G9 field 

may actually be harzburgitic, or alternatively, garnets that plot in the G 10 field may 

actually be lherzolitic garnets. In particular, both cases are possible if they plot close 

to the boundary line of Gurney (1984). Nevertheless, this line has proved to be a 

useful discriminator for diamond potential on a world-wide basis (Gurney et al., 1993; 

Gurney and Zweistra, 1995). 

In this thesis ( unless defined petrogenetically) the terminology of G 10 or harzburgitic 

garnet pertains to a garnet that plots to the left of the boundary line of Gurney (1984) 

and is regarded as sub-calcic, whereas a G9 or lherzolitic garnet plots to the right and 

is assumed to be saturated in calcium. 

4.2 METHODOLOGY 

4.2.1 Analytical Techniques and Operating Conditions 

Mineral analyses for major and minor elements were made using electron 

microprobes (EMP) housed at three different locations - namely, the University of 

Cape Town (UCT), Carnegie Institute of Washington (CIW), and the University 

College London (UCL). In addition, major and minor element maps were made using 

a proton microprobe (PMP) housed at the national accelerator centre (NAC), Cape 

Town, as well as the CIW EMP. Explicit details of the set-up and analytical 
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conditions of each EMP and the PMP are given in Appendix I, whilst all analyses are 

presented in Appendix II. 

4.2.2 Sample description 

In excess of 200 garnet macrocrysts were analysed in this study for major element 

compositions. The garnet macrocrysts contain a variety of other silicate mineral 

phases, including chromite, olivine and orthopyroxene (commonly altered) and 

clinopyroxene. Whole rock compositions have not been determined using either a 

recognised analytical technique (i.e. XRF) or by combining EMP analyses based on 

the modal mineralogy as both procedures would produce data lacking in accuracy and 

precision. In particular, the peridotitic diamond-bearing garnet macrocrysts are up to 

80 % garnet, and thus are not modally representative of the rock source they were 

derived from in the mantle. Therefore, analyses for major and minor elements are on 

individual mineral phases only. 

The diamonds from AHM D4 were broken and their inclusions extracted and mounted 

similar to methods described in Chinn (1995). These included one garnet from each 

of the diamonds, which were 100 and 120 µm in maximum dimension, respectively. 

Both garnets displayed octahedral morphology, initiated by the diamond host. In 

contrast, the diamond from AHM D2 was polished until two inclusions were exposed 

and then analysed in situ (see Plate 3.6b, Chapter 3). A backscatter image indicated 

that one of the inclusions was actually comprised of a ~ 100 µm chromite in contact 

with a ~20 µm garnet (Plate 4.1 and 4.2). These diamond inclusions were all analysed 

using EDS on the EMP housed at UCL, while the garnet macrocrysts from which they 

were derived were analysed using WDS on the EMP housed at UCT. 

4.3 PERIDOTITIC GARNET GEOCHEMISTRY 

4.3.1 Diamond-bearing Peridotitic Garnet Macrocrysts 

Representative garnet compositions from the diamond-bearing garnet macrocrysts are 

given in Table 4.1. They are mineralogically chrome pyropes, exhibiting high Cr2O3 
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concentrations (greater than 8 wt%) and a diverse range of compositions. They 

display a range of CaO concentrations, with the majority highly sub-calcic (CaO 

content less than 3 wt%) (Figure 4.1). However, 5 of the 18 diamond-bearing garnet 

macrocrysts trend towards and extend well into the high-Cr G9 field. Two of these 

samples are mildly sub-calcic G 10 garnets, whilst the other three are calcic G9 garnets 

- two of which (A.HM E7 and A.HM E4) yield the highest Cr2O3 and CaO 

concentrations (12.2 and 7.8 wt%, and 12.5 and 9.2 wt%, respectively) of any 

peridotitic garnet analysed at Newlands. The solitary graphite-bearing sample has a 

lherzolitic composition, however, the Cr content is significantly lower than the 

diamond-bearing lherzolitic garnet macrocrysts. Figure 4.1 presents the garnet Cr2O3 

- CaO variations in diamond-bearing garnet macrocrysts from Newlands compared to 

(a) diamond-free garnet macrocrysts, (b) diamond-bearing peridotites from around the 

world, and ( c) inclusions in diamonds from around the world. 

The diamond-bearing GIO garnets yield high Cr#'s5 and Mg#'s6 (Figure 4.2) and plot 

in the magnesian-rich sector of the ternary Ca-Mg-Fe diagram (Figure 4.3). In 

contrast, the diamond-bearing G9 garnets yield decidedly lower Mg#'s and plot 

(relatively) towards the calcium-rich sector of the ternary Ca-Mg-Fe diagram (Figure 

4.3). The high Mg#'s of between 80 to 83 for the highly sub-calcic garnets lowers 

dramatically to between 74 and 77 for the mildly sub-calcic garnets and then to less 

than 70 for the three calcic garnets (Figure 4.2). Indeed, the most calcic G9 diamond­

bearing garnet macrocryst (A.HM E4) records the lowest Mg# (58) of all Newlands 

garnet macrocrysts. 

Titanium is at or below EMP detection limits(~ 0.04 wt% TiO2) for the highly sub­

calcic garnets, whereas it is measurable for the five garnets that extend towards G9 

compositions (with a maximum TiO2 concentration of 0.5 wt%) (Figure 4.4). 

Manganese concentrations are relatively constant (MnO ranging between 0.28 and 

0.35 wt%), with the exception of sample A.HM E4 (0.42 wt%) (Figure 4.5). However, 

this higher MnO concentration may arise from a Cr interference peak (sample A.HM 

E4 has the highest Cr content of any peridotitic garnet at Newlands). The Mn content 

of garnet is a function of equilibration temperature and this may explain the lack of 

5 Cr#= 100 *Cr/ (Cr+ Al) 
6 Mg# = 100 * Mg / (Mg + Fe + Ca + Mn) 
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Mn variation (with one exception) (Shimizu and Allegre, 1978; Brey et al., 1990; 

Delany et al., 1979; Smith et al., 1991; Griitter et al., 1999). 

Multiple core - rim analyses indicate that, in general, the garnets are well 

homogenised. Detailed point traverses of three diamond-bearing garnet macrocrysts 

(samples A.HM Dl, A and ARM DlO) yield major and minor element compositions 

that are predominantly within 2 standard deviations (Figure 4.6 through 4.8). Where 

there are some subtle compositional changes, there are no systematic variations, i.e. 

small elemental increases between core and rim for one sample can be reversed for 

another. Moreover, the subtle changes are commonly at the garnet edge bordered by 

kelyphite and extend between 50 to 100 µm into the garnet. The occasional 

individual point spikes observed in some of the analyses can be linked to the many 

sub-parallel fractures that occur in the garnet macrocrysts (see Chapter 3). 

Detailed PIXE elemental maps using a PMP (primarily for trace elements, see 

Chapter 5) show that Cr and Fe both decrease over short distances towards and within 

sub-parallel linear features that correspond to fractures within the garnet. The 

maximum extent of any diffusion effect is on the order of 50 to 100 µm into the 

garnet before Cr and Fe return to their normal levels (Figure 4.9 a and b). This 

zonation may be due to a large PMP beam size (commonly~ 10 µm) and thus large 

excitation volume (at least 30 µm diameter) that will excite atoms within the garnet 

but also within any mineral adjacent to the garnet edge or underneath the garnet (if the 

contact between the garnet and adjacent mineral is not perpendicular to the beam). If 

this is true then the measurement will be of two overlapping mineral phases resulting 

in the appearance of an elemental concentration gradient. , 

4.3.2 Inclusions in diamonds 

Representative compositions of the garnet diamond inclusions and the host garnet 

macrocrysts are given in Table 4.2. The two garnet inclusions from two diamonds 

from sample A.HM D4 yield similar compositions to the host xenolith. There are 

some subtle elemental differences, for example Cr20 3, however, this is likely to be a 

function of different analytical techniques and different major element reduction 
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techniques - the host xenolith being analysed by WDS at UCT and the inclusion by 

EDS at UCL (see Appendix I). The secondary mineralisation around the garnet, 

indicating that the inclusion has probably re-equilibrated with the surrounding mantle 

environment may explain the lack of difference in composition. 

In contrast, the garnet inclusion from sample AHM D2 (in contact with a chromite 

inclusion, see section 4.4.2) clearly has a different composition to the host xenolith 

(Table 4.2). The inclusion is more sub-calcic (CaO average of 1.1 wt% compared to 

1.8 wt% for the xenolith garnet) and lower in Cr2O3 (average of 8.9 wt% compared to 

9. 7 wt%) (Figure 4.10). All other elemental concentrations are different resulting in a 

lower Mg# and Cr# ratio for the garnet diamond inclusion (Figure 4.11 ). However, 

both are highly depleted with titanium commonly below EMP detection limits. 

4.3.3 Diamond-free Peridotidc Garnet Macrocrysts 

All the garnet macrocrysts are mineralogically chrome pyropes and display an 

extensive range of Cr2O3 - CaO compositions, with Cr2O3 concentrations extending 

from minimum of ~ 1.5 wt% to a maximum of ~ 10 wt%. Noticeably, a high 

proportion of the garnets are classified as G 1 O's, many of which are mildly to highly 

sub-calcic (Figure 4.12a ). There is a noticeable compositional gap that separates the 

high-Cr and low-Cr G 10 garnets (Figure 4.12a). There appear to be three distinct, but 

overlapping, compositional groups or trends in garnet Cr2O3 - CaO space (Figure 

4.12b). The GlO garnets can be divided into high-Cr and low-Cr groups, with the 

preponderance associated with the high-Cr group. The former group is defined by 

higher Cr2O3 contents(> 7.5 wt%) and a distinct relationship of marginally increasing 

Cr2O3 with increasing CaO that extends into the G9 field. The latter group has lower 

Cr2O3 concentrations (< 6 wt%) and displays a range of CaO that may also extend 

into the G9 field. This group is the least populous, and is overlapped by the third 

group, the calcic G9 garnets, which plot parallel to the G 1 0/G9 boundary. Due to the 

potential overlapping nature of the three groups their limits cannot be determined 

based on the garnets Cr2O3 - CaO compositions alone. Significantly, the high-Cr 

garnets overlap the Cr2O3 - CaO geochemical characteristics of the diamond-bearing 

garnet macrocrysts described in the previous section (see section 4.3.1 ). 
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for example the hydrothermal vent MORB proto-environment (McCandless and 

Gurney, 1997), although current data sets are small. 

17.3.6 The Origin of Diamond-bearing Eclogites at Newlands 

Eclogites are now known to occur over a diverse range of pressures and temperatures 

(that extends from the upper mantle and into the lower crust) and accordingly display 

a variety of textures and compositions. The origin of eclogites is controversial and 

there are currently two widely held opposing viewpoints: the "subduction" model and 

"mantle derived cumulates and residua" model. The "subduction" model is arguably 

the most popular hypothesis, and has gained wide-spread support over recent years, 

particularly as more stable isotope studies become available (for example, Helmstaedt 

and Doig, 1975; Jagoutz et al., 1984; MacGregor and Manton, 1986; Shervais et al., 

1988; Schulze and Helmstaedt, 1988; Helmstaedt and Schulze, 1989; Taylor and 

Neal, 1989; Neal et al., 1990; Jacob et al., 1994, McCandless and Gurney, 1997). 

The Re-Os systematics, major and trace element mineral chemistry, and stable 

isotopes (albeit preliminary) of the diamond-bearing eclogites from Newlands are 

consistent with a protolith that has interacted within surfical environments. 

Therefore, the subduction hypothesis is the favoured model for the origin of the 

diamond-bearing eclogites at Newlands. Whilst a definitive age for the eclogites is 

not possible, Re-Os systematics indicate formation in the mid- to late- Archrean. 

Accepting the subduction hypothesis for the origin of the eclogites and the diamonds, 

such an age implies the operation of plate tectonics since the early part of the Earths 

history, potentially only hundreds of millions of years after the crust formed, in 

contrast to arguments that advocate plate tectonics only started in the Proterozoic ( e.g. 

Hamilton, 1998). It is likely that Archrean plate tectonics involved young, hot, small 

lithospheric plates with thicker mafic crust relative to modem plate tectonics (see 

Helmstaedt and Harrap (1999) and references therein.) 

More specifically, the diamond-bearing eclogites from Newlands have major and 

trace element compositions that fall within those displayed by numerous diamond­

bearing eclogites and eclogitic diamond inclusions from around the world (for 

example, Jerde et al., 1993; Snyder et al., 1993, 1995; Jacob et al., 1994; Beard et al., 
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have been visually and geochemically defined, whilst kyanite and corundum eclogites 

are known to exist and probably represent other eclogitic groups. In addition, many 

of the diamond-free eclogites at Newlands have mineral chemistry that is consistent 

with Group A eclogites. Such eclogites are proposed to be mantle derived cumulates 

and residues (Snyder et al., 1997 and references therein). A similar proposal of 

multiple origins for eclogites has been put forward for the wealth of diverse eclogites 

studied from Yakutia, and even at one location (for example Mir and Udachnaya) by 

Taylor, Snyder and co-workers (Jerde et al., 1993; Snyder et al., 1993; Ireland et al., 

1994; Snyder et al., 1995; Taylor et al., 1996; Snyder et al., 1997; Snyder et al., 
I 

1998). Further work on the diamond-free eclogites at Newlands is required to 

elucidate such a model. 

17.4 GENERAL DISCUSSION 

17.4.1 The Mantle "Stratigraphy" beneath Newlands 

How the various rock units, and in particular, the diamond-bearing layers, represented 

in the Newlands kimberlite mantle-derived xenolith suites are spatially and temporally 

related is uncertain, but certain logical constraints can be made. Assuming that it is 

possible to relatively position the various rock units beneath Newlands using 

geothermobarometry (see discussion below), then the mantle stratigraphy would look 

as follows. The harzburgitic rocks are the deepest xenolith suite and located within 

the diamond stability field, including the harzburgitic diamond-bearing garnet 

macrocrysts. The lherzolitic rocks extend to much lower P-T' s that transgress the 

diamond-graphite boundary, but display a significant amount of overlap with the 

harzburgitic rocks. The eclogitic rocks occur at various levels throughout the upper 

mantle, notably some of which are in the diamond stability field, including the 

diamond-bearing eclogites. The relative position of other minor xenolith suites from 

Newlands (as identified in Chapter 2, but not analysed) is unknown. The solitary 

websterite analysed occurs well into the graphite stability field, however no 

conclusions can be drawn based on one sample. 
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Based on the absence of asthenospheric xenoliths it has been proposed that Group II 

kimberlites (such as Newlands) originate within the cratonic root or slightly above the 

lithosphere-asthenosphere boundary (Smith et al., 1985; Haggerty, 1986, 1991; 

Mitchell, 1995). Such an origin for Newlands could explain the maximum 

temperature of~ 1100 °C for any xenolith and the (apparent) absence of high-T 

sheared peridotites. Accordingly, the maximum temperature of~ 1100 °C would not 

represent the true upper extent of either diamond-bearing peridotite or eclogite. 

Furthermore, whilst geothermobarometry on Newlands xenoliths is consistent with a 

shallow kimberlite origin, it does not disprove the possibility of a deeper origin. 

17.4.1.1 Problems with geothermobarometry 

It seems prudent here to mention the views of Helmstaedt and Harrap (1999) that 

caution against the use of geothermobarometry to determine a mantle stratigraphy. It 

is often assumed that two xenoliths of different paragenesis cannot occur in the same 

P-T space. This premise is based on the assumption that mineral equilibra were not 

frozen prior to kimberlite emplacement, and rocks with different P-T histories could 

have been structurally juxtaposed without re-equilibrating. In criticising this, 

Helmstaedt and Harrap (1999) the reasoning of the "chaotic stratigraphy of a suiface 

mountain belt''. They further point out that upper mantle xenolith 

geothermobarometry is hampered, amongst other aspects, by the errors associated 

with the calibration of the various geothermobarometers, and in many cases, the 

uncertainties with determining Fe2+/Fe3+ ratios. In general, no mantle 

geothermometer will yield results with precision better than ~ 50 °C and ~ 3 kbar (for 

example Brey and Kolber, 1990; Sobolev et al., 1999), whilst accuracy is 

undetermined. Spatially, the precision of current mineral equilibrium 

geothermobarometry is clearly too diffuse to show any clear-cut separation of the 

various rock suites, particularly when applied to a volumetrically minor but 

economically significant mantle paragenesis such as diamond-bearing xenoliths. 

Furthermore, the absolute P-T's are dependant on the geothermobarometer pairing 

chosen. Because a variety of geothermobarometer combinations must be used on the 

various rock types, neither the precision nor accuracy can be assessed when 

combined. The apparent continuum of P-T's at Newlands indicates an intimate and 
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spatially complex integrated upper mantle or is it a function of the inadequacies of the 

methodology? 

17.4.2 Implications for cratonic formation 

The early Proterozoic to mid-Archrean Re-Os ages obtained for both the diamond­

bearing garnet macrocryst and diamond-bearing eclogites at Newlands are consistent 

with previous studies. Whole rock Re-Os studies of cratonic SCLM peridotite 

xenoliths derived from the Kaapvaal (Walker et al., 1989; Pearson et al, 1995a; 

Carlson et al, 1999), Siberian (Pearson et al, 1995b) and Wyoming (Carlson and 

Irving, 1994) cratons indicate that the majority of the peridotite xenoliths were formed 

in the early Proterozoic and late Archrean. Both spine!- and garnet- facies peridotites 

derived from Kaapvaal and Siberian cratons have a dominant Re-Os model age mode 

between 2.5 and 3.0 Ga, but range from 1.2 to 3.6 Ga. Similarly, eclogites from the 

Kaapvaal (Shirey et al., 1998) and Siberia (Pearson et al., 1995) cluster around mid 

Archrean isochron arrays. 

Studies using incompatible element isotopic systems such as Rb-Sr, Sm-Nd and U­

Th-Pb are consistent with the ancient origins of upper mantle xenoliths and inclusions 

in diamonds (for example, Kramers, 1979; Richardson et al., 1984; Smith et al., 1989; 

Jacob et al., 1994). With the solitary exception of the Proterozoic kimberlite Premier, 

the model ages of upper mantle xenoliths and inclusions in diamonds are also 

significantly older than the kimberlite from which the samples were obtained19
. 

Peridotitic inclusions are consistent with at least two periods of incompatible trace 

element enrichment at around 1.9-2.0 Ga (Richardson et al., 1993; Richardson and 

Harris, 1997) and 3.2-3.3 Ga (Richardson et al., 1984), respectively. However, 

incompatible element systems (such as Rb-Sr or Sm-Nd) can be, and usually are, reset 

by mantle events, such as metasomatism, and thus represent minimum ages for 

diamond and/or SCLM formation. In contrast, Re-Os isotope systematics can 

potentially "see through" metasomatic events and record the original depletion event. 

19 Other lines of evidence, such as diamond FTIR studies, indicate that the diamonds from Premier are 
not contemporaneous with the kimberlite. 
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All these ancient isotopic ages (possibly representing both formation and "re-setting" 

events) overlap the major crustal building periods of the Kaapvaal craton (de Wit et 

al., 1992). This implies that cratonic root stabilisation beneath the Kaapvaal and 

craton is potentially coeval with crustal formation (Kramers, 1979; Richardson et al., 

1984; Richardson et al., 1990; Richardson and Harris, 1997). The presence of 

diamond in some of the specimens from both the Kaapvaal and Siberian xenoliths 

(this study; Pearson et al., 1995a) imply that the SCLM extended to depths of 

approximately 200 km by the end of the Archrean. In addition, the apparent lack of 

any systematic age variation with calculated equilibrium conditions implies that the 

SCLM and overlying continental crust nuclei have been coupled since formation 

(Pearson et al., 1995a,b; Carlson et al., 1999). 

The association of continental crust formation, basalt-depletion of mantle peridotite 

and the presence of subducted oceanic crust, all of overlapping age, suggests that 

cratonic lithospheres were created in settings similar to modem convergent margins. 

Once formed, these assemblages remain coupled and, under favourable 

circumstances, can survive the destructive forces of plate tectonics over geological 

reons. 
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SUMMARYAND ONCLUSIONS 

18.1 COMPOSITION AND TERMAL STATE OF THE MANTLE BENEATH NEWLANDS 

The lithosphere sampled by the Newlands kimberlite comprises of a wide variety of 

upper mantle rock types: harzburgite, lherzolite, websterite, wehrlite, dunite, eclogite, 

megacrysts. Furthermore, diamond-bearing xenoliths of harzburgite, lherzolite and 

eclogite were observed. 

Eighteen peridotitic garnet macrocrysts (1 to 3 cm in size) were observed to contain 

diamond and one with graphite. Their mineralogy consists predominantly of lilac 

garnet with diamond (or graphite) ± chromite and altered silicates. No primary 

clinopyroxene was observed in any of the specimens. The diamonds were generally 

very small and occur in two primary forms, namely (< I mm) single octahedra or 

octahedra aggregates. The garnet compositions are predominantly of harzburgitic 

affinity - high-Cr (> 8 wt%), Ti-depleted, and extremely sub-calcic (< 3 wt%). 

However, three specimens have lherzolitic affinities - high-Cr calcic compositions. 

The chromites are Cr-rich, Ti-depleted, whilst the solitary olivine is extremely 

refractory. The harzburgitic G 10 garnets display a narrow range of trace element 

signatures. Compared to the lherzolitic G9 garnets they are relatively depleted in Zr, 

Y, Ga, and Ti, whilst, in contrast, Sr and LREEs are enriched. The [REE]n patterns 

are all very similar and display the unusual LREE sinusoidal pattern. The most calcic 

garnet analysed at Newlands yields a [REE]n pattern similar to "fertile" lherzolitic 

mantle garnets. The major and trace element geochemistry of the harzburgitic Gl0 

garnets is similar to the multitude of diamond inclusion studies and the few diamond­

bearing peridotites, whilst that of the lherzolitic garnets is distinctly different. 

Geothermometry yields temperatures ranging from 900 to 1050 °C, equivalent to 

pressures of 40 to 55 kbar (based on a 37-38 mW/m2 geotherm determined from 

Newlands coarse peridotites). This P-T range is within the diamond stability field. 
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Four diamond-bearing peridotitic garnet macrocrysts were analysed for whole rock 

Re-Os systematics. All are Re depleted and yield a range of ages spanning from the 

Proterozoic (minimum TRD 1.8 Ga) to the mid-Archrean (maximum TMA 3.5 Ga). 

Seventeen eclogites (2 to 6 cm in size) were observed to contain diamond. They 

modally dominated by coarse-grained garnet and clinopyroxene, with primary trace 

phases including sulphides and rutile. Alteration is pervasive and ranges from minor 

grain boundary intrusions to massive mineral (primarily clinopyroxene) replacement. 

The diamonds display a considerably wider range of characteristics than those from 

the peridotitic garnet macrocrysts. The diamonds range in size from approximately 

100 µm within diamond aggregates to large single crystals up to 2 mm. The dominant 

morphology is octahedral but there are also significant numbers of cubes and 

dodecahedrons, and some cubo-octahedrons. Cathodoluminescence indicates that the 

diamonds grew in at least three distinct periods. The garnets have Na2O 

concentrations greater than 0.07 wt%, whilst the clinopyroxenes have KiO 

concentrations greater than 0.08 wt%. Both phases are Fe-rich and Ca- and Mg- poor 

relative to diamond-free eclogites from Newlands. The garnets display a very 

restricted range of trace element compositions and are relatively enriched in Ga, Zn, 

Mn and Ti, and depleted in Cr and Ni relative to diamond-free eclogites from 

Newlands. The garnets also display an extremely consistent REE trace element 

geochemistry that is [HREE]n enriched. The clinopyroxenes, as with the garnets, 

display a very restricted range of trace element compositions (with one exception). 

They are relatively enriched in Ga, Zn, Zr, Mn and Ti, and depleted in Ni relative to 

diamond-free eclogites from Newlands. The clinopyroxenes also display a very 

restricted REE trace element geochemistry that is [LREE]n enriched. Bulk rock major 

element compositions (calculated assuming a 50:50 garnet-clinopyroxene ratio) are 

compositionally similar to Archrean magnesian basalts. A statistical analysis of 

eclogites at Newlands indicates that those associated with diamonds have a 

discernible geochemistry. The diamond-bearing eclogites, with one exception, have 

textures and mineral geochemistry equivalent to Group I or Group B eclogites 

( depending on the classification scheme used). Geothermometry yields temperatures 

between 920 to 1080 °C, equivalent to pressures between 42 and 58 kbar (based on a 

37-38 mW/m2 geotherm), which lies within the diamond stability field. Re-Os 
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systematics for the diamond-bearing eclogites are indicative of formation ages in the 

Archrean. In addition, it is apparent that the eclogites had 187Os/188Os substantially 

higher than that of a chondritic mantle at circa 3 Ga. The Re-Os systematics, major 

and trace element mineral chemistry, and stable isotopes (albeit preliminary) of the 

diamond-bearing eclogites from Newlands are consistent with a protolith that has 

interacted within surfical environments. Therefore, the subduction hypothesis is the 

favoured model for the origin of the diamond-bearing eclogites at Newlands. 

Assuming that the Newlands diamond-bearing eclogitic protolith was formed in an 

Archrean ocean floor environment and accreted to the SCLM then it is likely that it 

represents komatiitic ocean ridge products or primitive portions of oceanic plateaus or 

islands. 

18.2 CHARACTERISITCS OF NEWLANDS DIAMONDS 

FfIR spectra indicate that the peridotitic and eclogitic diamonds display different 

nitrogen concentrations and platelet peak positions. Specifically, the vast majority of 

hanburgitic diamonds are Type II ( or near Type II) whilst eclogitic diamonds are 

Type I. Therefore nitrogen concentrations can be confidently used to ascribe the 

diamonds paragenesis at Newlands. This difference implies that the peridotitic and 

eclogitic diamonds at Newlands are derived from separate sources. Both sets of 

diamonds have type IaAB aggregation states ranging from Oto 20 %. Such nitrogen 

concentrations and aggregation states are consistent with diamond formation in the 

Archrean for both parageneses, based on proxy times (Re-Os isotopes) or 

temperatures (geothermometry). Time-average temperatures imply that the diamonds 

formed at higher temperatures than their ambient levels at the time of kimberlite 

eruption. An Archrean age for hanburgitic and eclogitic diamonds corresponds to a 

time-average temperature of greater than 1050 °C. As the ambient temperatures for 

diamond-bearing xenoliths are commonly less than 1050 °C, and down to 900 °C, the 

xenoliths and their diamonds have experienced cooling on the order of at least 100 °C 

since diamond formation in the Archrean to kimberlite eruption (at 114 Ma: Smith et 

al., 1985). 
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The possibility of being able to correctly classify diamonds based on their spectra 

could prove invaluable, particularly in the study of inclusions in diamonds. Individual 

sulphide inclusions (for example, Pearson et al., 1999) are studied for constraining 

diamonds ages and mantle events. However, there are problems in assigning the 

diamond to the correct paragenesis without independent information as sulphides 

occur in both peridotitic and eclogitic parageneses. At Newlands the non-destructive 

technique of FTIR spectroscopy will allow the study of a greater range of inclusions 

with defined diamond parageneses. 

18.3 AGE OF FORMATION: LITHOSPHERIC AND CRATONIC IMPLICATIONS 

The early Proterozoic to mid-Archrean Re-Os ages obtained for both the diamond­

bearing garnet macrocryst and diamond-bearing eclogites at Newlands overlap the 

major crustal building periods of the Kaapvaal craton (de Wit et al., 1992). This 

implies that cratonic root stabilisation beneath the Kaapvaal craton is potentially 

coeval with crustal formation (Kramers, 1979; Richardson et al., 1984; Richardson et 

al., 1990; Richardson and Harris, 1997). The presence of diamond implies that the 

SCLM may have extended to depths of approximately 200 km by the end of the 

Archrean. In addition, the apparent lack of any systematic age variation with 

calculated equilibrium conditions implies that the SCLM and overlying continental 

crust nuclei have been coupled since formation (Pearson et al., 1995a,b; Carlson et al., 

1999). Once formed, these assemblages remain coupled and, under favourable 

circumstances, can survive the destructive forces of plate tectonics over geological 

reons. 

Accepting the subduction hypothesis for the origin of the eclogites and the diamonds, 

combined with their geologically old ages, implies the operation of plate tectonics 

since the early part of the Earths history, potentially only hundreds of millions of 

years after the crust formed. It is likely that Archrean plate tectonics involved young, 

hot, small lithospheric plates with thicker mafic crust relative to modem plate 

tectonics. 
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