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ABSTRACT 

The mineralogy and petrology of two kimberlites, a 

peripheral monticellite kimberlite, and its core o'f phlogo­

pite kimberlite, from the West Auxiliary Pipe at Dutoitspan 

Mine are described. The mineralogy of the two kimberlites 

differs mainly in the presence of phlogopite macrocrysts, 

greater abundance of angular crustal inclusions, more heavy 

minerals and higher diamond grade in the phlogopite type. 

t1icroprobe analyses of olivine, phlogopite, monticel­

lite, oxide minerals and garnet are presented. Silicate com­

positions are comparable in both kimberlites and zoning of 

olivine grains is typically towards a rim of FOS9 - 90 ' irrespec­

tive of whether cores are more Fe-rich or more Mg-rich. This 

i? caused by re-equilibration after fluidised emplacement in the 

earth's crust of macrocryst-bearing kimberlite magma. Olivine 

aggregates were derived from sheared mantle lherzolite and 

single-crystal macrocrysts were formed at higher mantle levels 

from a kimberlitic crystal-mush magma. This was emplaced in 

the crust by rapid gas streaming. The post-fluidisation phe­

nocrys 'ts of olivine and phlogopi te which formed then are in 

general more Fe-rich than macrocrysts. Re-equilibration of 

ilmenite results in the formation of complex perovskite and 

titanomagnetite mantles. Phlogopite macrocrysts are preserved 

in the monticellite contact rock where rapid quenching preven­

ted their resorption and allowed separation of an immiscible 

carbonate melt, giving the abundant groundmass calcite. Atoll­

textured spinels are found in the contact rock. 

Major and minor trace-element analyses of whole rock 

samples are presented and discussed, bringing into account the 

problem of contamination by crustal inclusions. Whole rock 

chemistry supports derivation of the kimberlites as partial 

melts of mantle material in the presence of a lithophile­

element-enriched fluid. 

The monticellite contact rock is highly enriched in 

REE, Nb, and Sr due to rapid freezing of this perovskite-



r , . 

enriched phase. The monticellite type is more enriched in 

lithophi.le elements than the phlogopite type, which supports 

derivation of the monticellite type by a small degree of 

partial melting, further melting reducing the 'relative 

concentrations of lithophile elements to give the phlogopite 

kimberlite chemistry. 
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I. INTRODUCTION 

1. The Scope of the Present Study 

The Dutoitspan mine is one of the three major diamond­

producing kimberlite pipes in the Kimberley area. These pipes 

represent deeply eroded roots of the original diatremes (Haw­

thorne, 1975) and the present-day surface intersects agglomer­

ate/tuff kimberlite roughly oval in outcrop and approximately 

500m x 150m in dimension. The pipes taper downwards and 

become irregular in morphology, grading into intrusive breccias 

at about 300m below surface (Hawthorne, 1975). Archaean Base­

ment Complex gneisses and schists, Ventersdorp Supergroup 

lavas and quartzites and Karoo dolerite, Dwyka shales and 

Tillite are intersected by the kimberlites and inclusions of 

these rocks are found in the pipes. 

The Dutoitspan pipe comprises several discrete units 

of different kimberlite types which have been intruded into 

each other within the confines of the pipe. Two units, the 

D2 and D5 kimberlites (Fig. 1), from the West Auxiliary pipe 

of the Dutoitspan Mine, form the subject of study in this 

thesis. 

The objectives of this study are to: 

a) Establish the detailed petrography of the D2 and 

D5 kimberlites. 

b) Define criteria for recognition of the distinct 

types. 

c) Describe the mineralogy and mineral chemistry of 

the phases olivine, phlogopite, monticellite, ilmenite,perov­

skite and garnet. 

d) Use the mineral chemistry to formalise differences 

between the two kimberlite types and variations within types. 

e) Compare the kimberlite mineralogy represented by 

the D2 and D5 kimberlites with that of other rock types with 

particular reference to olivine, phlogopife, monticellite, 

ilmenite and perovskite. 

f) Determine the major - and trace - element content 

of the D2 and D5 kimberlites, taking the problem of contamina­

tion into account. 



o. 

b. 250m 
lEVEL 

580m 

D2 

745m - ' 

870m 

B 

- 2 -

250m lEVEL 

~ 
N 

\ 

745m lEVEl 

o 100m 
.... '---

o 

Fig . 1 Relationship between the D2 and D5 kirnberlites in 

the West Auxiliary pipe of the DU~9itspan diatreme. 

a) 250 m and 745 m level plans 

b) Sections A-B and C- D marked in a) . 
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g) Compare the whole-rock chemistry of these with 

data from other Kimberley area kimberlites. 

h) Discuss observed trends in the light of available 

information on diamond and heavy mineral content. 

2. Nomenclature 

The textural-genetic classification of kimberlite rocks, 

proposed by Clement and Skinner (1979), contains three broad 

groups termed crater-facies, diatreme-facies and hypabyssal­

facies kimberlites which correspond to the major depth zones of 

kimberlite pipes, namely the crater, diatreme and root zones 

(Clement, 1979). The Dutoitspan s80m and 74sm levels intersect 

the root zone of the pipe, and hypabyssal facies rocks were 

sampled at these levels. The rock types at these sites are, 

according to the classification of Clement and Skinner (1979), 

kimberlites (sensu stricto) or (if they con tain upwards of 15 

volume per cent of fragments of country rock larger than 4 mm 

in size) kimberlite breccias. The major textural subdivision 

of kimberlites and kimberlite breccias is i n t o aphanitic and 

macroporphyritic varieties and, according to groundmass texture, 

a further subdivision into uniform or segregationary (globular 

textured) types is possible. 

Skinner and Clement (1979) propose a mineralogical class­

ification based on quantitative modal analysis whereby five 

basic subdivisions of kimberlite, depending on the volumetric 

abundance of diopside, monticellite, phlogopite, calcite and ser­

pentine are made. They accept, for further subdivi sion, charact-

erisation by accessories 

more of the abundance of 

present to the extent of two thirds o r 

the dominant mineral. The proportion of 

olivine is not used in this classification mainly because of 

ambiguity in distinguishing between different generations of 

olivine. Some coarse (over 1 mm) rounded grains, particularly 

those that are strained, may be xenocrysts derived from dis­

aggregated material carried up from elsewhere (Boyd and Clement, 

1977), possibly from the mantle, whereas other coarse grains 

could, as argued by Mitchell (1973b) be · ,phenocrysts. It is 

believed (for example by Boyd and Clement, 1977, Mitchell, 

1973b and Clement et al., 1977) that the smaller (0,1 - 1 mm) 
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euhedral to subhedral olivine phenocrysts. 

Clement et al. (1977) define kimberlite as a "volatile­

rich, potassic, ultrabasic, igneous rock which has a distinc­

tively inequigranular texture resulting from the presence of 

macrocrysts set in an essentially microporphyritic matrix" . 

This definition is taken to imply that the magma, rather than 

the crystalline product, is volatile-rich. Volatiles are 

lost during de-gassing of the magma and the resultant kimb er­

lite, though possibly exhibiting effects attributed to the 

original presence of volatiles, for example carbonatisation 

of inclusions and serpentinisation of olivine, no longer 

contains the original volatile content. 

Kimberlite matrix consists of phenocrysts in a finer 

grained groundmass and represents essentially the composition 

of the kimberlite magma, whereas macrocrysts (defined by 

Clement et al . (1977) as "crystals visible to the unaided eye 

and significantly larger than the surrounding matrix") 

represent a suite of ferro-magnesian minerals, generally an­

hedral in shape and cryptogenic (that is material of unknown 

or hidden origin). In addition there may be present contamin­

atory xenolithic material, such as rounded inclusions of a 

variety of ultramafic rocks (nodules) including mantle-derived 

peridotites, eclogites and pyroxenites as well as crustal 

xenoliths and xenocrysts. 

Using the terminology outlined above, the coarse (over 

1mm) rounded olivine grains will be called macrocrysts and 

the smaller euhedral to subhedral grains phenocrysts. Similar­

ly, phlogopite will be qualified as macrocrystic, phenocrystic 

or groundmass material . The use of the terms macro- or (for 

larger grains) megacryst avoids a genetic implication and is 

recommended by Hawthorne (personal communication). 

Alteration effects may be deuteric (partial or complete 

pseudomorphous replacement of original minerals) or caused by 

metasomatic or weathering processes giving rise to clay, 



- 5 -

chlorite or carbonate minerals (Skinner and Clement, 1979). 

Highly weathered kimberlites may be named according to the 

dominant alteration process , for example carbonatised kinilier­

lite. Skinner and Clement (1979) have not encountered any 

classification problems with respect to deuteric alteration, 

which is a direct consequence of consolidation of the magma. 

3. Approaches to kimberlite research 

Since the discovery of diamondiferous kimberlite at 

Jagersfontein in 1870, much attention has been focussed on 

the description, classification and thoughts on the genesis 

of kimberlite and diamonds (in particular the works of Wagner , 

1914 and Williams, 1932). The Russian deposits of Yakutia 

kimberlite province were described by aobrievich et al. (1957, 

1959). Since then the interest in kimberlite has shown 

several specific trends as outlined below. 

a) The Study of kimberlite nodules as indicators of 

the nature of the upper mantle environment 

Kimberlite has been exploited extensively in the 

search for an understanding of the composition, mineralogy 

and processes occurring within the upper mantle (for example 

Boyd and Nixon, 1978; Mitchell, 1977b; Basu and MacGregor,proof 

print; Smith and Zientek, 1979; Boyd, 1975; Nixon and Boyd, 

1973a and band 1975; Smith and Dawson, 1975; Dawson and 

Smith, 1977; O'Hara et al., 1975 and Meyer, 1977). As 

kimberlite has been emplaced by rapid gas streaming at rela­

tively low temperatures, which minimises , the risk of modifying 

transported xenoliths, ostensibly it affords a unique oppor­

tunity to study little altered materials from the upper mantle 

(O'Hara et al., 1975). According to O'Hara et al. (1975), 

who support a residual hypothesis for the origin of kirr~erlite 

(fractionation of bimineralic eclogite from an initial pi critic 

partial melt of garnet peridotite, thus providing the alkaline 

residual liquids required), representative xenoliths of the 

source mantle (garnet-lherzolite), residual mantle (garnet­

harzburgite and harzburgite), primary magma (ultrabasic ) and 

high-pressure cumulates (eclogite) are all present in kirr~er­

lite. The phlogopite xenocrysts in kimberlite tend to support 
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an "incipient melting" hypothesis (Dawson, 1971). 

Minor trace element distribution in the upper mantle 

has been estimated using high-precision microprobe techniques 

(Bishop et al., 1978). The mineralogy of various types of 

nodules is described, for example, by Nixon and Boyd (1973), 

working on Northern Lesothoan ultrabasic nodules, by Mitchell 

(1977b and 1978) on ultramafic xenoliths and garnet lherz­

olite nodules, by Danchin (1979) and Boyd and Nixon (1978) 

on garnet lherzolite and harzburgite ~enoliths, by 

Smith and Zientek (1979) on eclogites and by Dawson and 

Smith (1977) on MARID (mica-amphibole-rutile-ilmenite-diopside) 

xenoliths. Such studies on nodules have reflected three main 

mantle processes, listed by Nixon and Boyd (1978) as chemical 

depletion (accumulation of "incompatible elements"), struc­

t~ral changes (mantle deformation) and temperature changes 

(configuration of the palaeogeotherm). Boyd (1973) presents 

a kinked pyroxene geotherm showing temperature/depth relation­

ships for sheared and coarse lherzolite as well as for diop­

side discrete nodules. Inflections are interpreted by Boyd 

(1976) as probably due to slow upwelling of partially melted 

mantle. 

An important objective of the study of nodules is the 

determination of the source of diamonds, by matching up the 

mineralogy of diamond inclusions with that of nodules, for 

example the harzburgite-dunite paragenesis described by 

Pokhilenko et al. (197 9 ). Peridotitic inclusions predominate 

over eclogitic inclusions by about 3:1 in southern African 

diamonds (Gurney et al., 1979). Cohen and Rosenfeld (1979) 

have found that ~ diamond, containing garnet of the kind 

found in eclogite, originates within the mantle (145-300km 

beneath surface). 

Chromite spinels from ultramafic xenoliths have a 

wide range in chemistry and, because of the sensitivity of 

their composition to factors such as P,T and f02' they are 

considered by Basu and MacGregor (1974) as particularly impor­

tant minerals in examining the environmental conditions of 
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the upper mantle. 

b) The study of the petrogenesis of kimberlite 

Kimberlites have unique geochemical and petrologic 

features, for example the common occurrence of Mg-rich olivine 

and characteristically high abundances of both compatible and 

incompatible trace elements (Frey et al., 1977). For any 

given ~antle source, workers have tested various petrogenetic 

models to account for the petrologic features observed . Frey 

et al. (1977) studied major and trace element data for kimber­
litic and associated rock suites (melilites, carbonatites and 

peridotites). Fesq et al. (1975) consider that the REE enrich­

ment and fractionation patterns exhibited by South African 

kimberlites imply a close .genetic relationship with carbona­

tites but Mitchell (1979a) produces strong arguments against 

the hypothesis of such a relationship. He draws a distinction 

between carbonatite and the end-product of kimberlite differen­

tiation, namely calcite-kimberlite, and suggests that the so 

called "central complex kimberlites" found in alkaline comp­

lexes are in fact not true kimberlites but should be termed 

lamprophyres. 

Mitchell and Brunfelt (1975) attribute high REE contents 

to the presence of apatite, perovskite and carbonate, and Eu 

anomalies to perovskite or mica. According to Kable et al. 

(1975), the high concentration of incompatible elements in 

kimberlite can only in part be accounted for by phlogopite in 

the source rock, minor phases such as apatite and rutile 

possibly being of significance in determining inter-element 

relationships. 

Experimental phase relationships presented by Wyllie 

(1979) indicate that the "variation of temperature and oxygen 

fugacity as a function of depth, place, and time is critical 

for understanding kimberlite generation" ... Carbonate involve­

ment appears .a pre-requisite if low-Si02 magmas are to trans­

port diamond to surface and there precipitate carbonate 

(Wyllie, 1979). A recent study by Rogers (1979) of trace 

elements in South African kimberlites and ultrabasic xenoliths, 
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led him to conclude that REE abundance patterns reflect a 

real feature of the mantle and that fundamentally different 

processes operate during kimberlite, as opposed to basalt, 

petrogenesis. Local differences in composition are explained 

in terms of mantle heterogeneity - varying contributions of 

ilmenite-bearing mantle rocks · and deep seated K-rich fluids 

are thought by Gurney and Ebrahim (1973) to be responsible 

for the higher Ti0 2 and lower K20 content of Lesothoan 

kimberlites compared with the average values for South African 

kimberlites. 

c) The study of the mineralogy of kimberlite 

In 1977 Boyd and Clement recognised the need for more 

detailed study of kimberlite minerals to obtain a better 

understanding of the petrographic nature of kimberlites and 

~heir relationship (if any) with mantle xenoliths. Much of 

the most recent work published on kimberlites has involved 

the detailed mineralogy of the common phases found as macro­

crysts or as matrix material. The Proceedings of the second 

International Kimberlite Conference published in 1979, together 

with the abstracts from the second Kimberlite Symposium held 

in Cambridge in 1979 contain descriptive mineralogy and mineral 

chemistry for oxides (spinels, ilmenite, rutile and perovskite) 

and silicates (olivine, phlogopite, garnets and pyroxenes), 

with the greatest emphasis on oxide mineral chemistry. 

Haggerty (1973) found that the reaction mantles sur­

rounding picroilmenites are sensitive markers of changes in 

redox potential and can thus be usefully employed to deter­

mine the environmental conditions that prevail during ground­

mass crystallisation of kimberlites. This has been followed 

up by many workers including Wyatt (1979), Boyd and Pasteris 

(1977), Boctor and Neyer (1979), Elthon and Ridley (1979) 

and Shee (1979a and b). Great interest has also been shown 

in spinels (Pasteris, 1979; McMahon et al., 1979; Nitche1l 

and Clarke, 1976; Haggerty, 1975 and 1976; Shee, 1979a and b) . 

According to Haggerty (1976) spinels from kirrberlites show 

extremely complex zonal trends (pp. Hg-142) which reflect the 

interaction of early formed crystals with liquid as the 
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temperature decreases and/or as f0 2 changes. 

Compositional zoning has been described in olivine, 

the most abundant mineral in the modes of most kimherlites 

(Dawson and Hawthorne, 1973; Emeleus and Andrews, 1975; Boyd 

and Clement, 1977 and Moore and Erlank, in press). Detailed 

microprobe studies by Boyd and Clement (1977) led them to 

interpret olivine zoning from a De Beers pipe kimberlite as 

marginal zoning of metasomatic origin, rather than growth 

zoning. The distribution of minor elements (Ca, Hn, Ni, Na, 

K, P and Ti) in olivine has been studied in depth by workers 

such as Simkin and Smith (1970), Stormer (1973), Stephenson 

(1974), Arndt (1977), Finnerty and Boyd (1977) Hart and Davis 

(1978), Ferguson (1978) and Watson (1979), but Bishop et al. 

(1978) are among the few who have investigated minor elements 

ir olivine specifically from kimberlite (and they used perido­

tite xenoliths, not kimberlite matrix). 

Experimental work on phlogopites has included tests 

on melting (Modreski, 1977), compressibility (Hazen and Finger, 

1978) and phase relations (Forbes and Flower, 1974). Kimber­

lite phlogopites have featured in K-Ar dating of pipes (Allsopp 

and Kramers, 1977 and Allsopp et al., 1979) and their mineral 

chemistry and mineralogy have been studied by Clarke and 

Hitchel1 (1975), Smith et al. (1978 and 1979), Skinner and 

Scott (1979) and Mitchell (1979). Interest has also been 

shown in the composition of phlogopite from the so-called 

UARID xenoliths (Dawson and Smith, 1977). 

Dawson and Stephens (1975) and Stephens and Dawson 

(1976) have applied statistical cluster analysis to the compo­

sitions of garnets and pyroxenes respectively, in order to 

classify them and compare kimberlite constituents with those 

of their associated xenoliths. Minor elements (Na, K, Ti and 

P) in garnets and pyroxenes have been analysed by Bishop 

et al. (1978) and Reid et al. (1976), but again from xenoli­

thic material in both cases. 

The common groundmass mineral, monticellite, has been 
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analysed by Clement et al. (1975) but has otherwise been 

neglected beyond the step of identification. 

This study, as sketched by the stated objectives, is 

focussed on the mineralogy and "mineral chemistry of the sili­

cates olivine, monticellite, phlogopite and garnet, and the 

oxides ilmenite and perovskite, These are described within 

the context of petrographic and petrochemical differences 

between the two kimberlites (D2 and D5), and in comparison 

with other rock types, leading in turn to a consideration of 

possible environmental conditions at the time of intrusion 

and the probable factors influencing diamond grade. It is 

thus designed to help achieve an understanding of kimberlite 

magma by researching aspects which have, except for studies 

by a few 'matrix' workers, received relatively little atten-
. 

tion compared with the vast amount learnt since kimberlite 

was first discovered. 

II. PROCEDURES 

1. Sampling 

The two kimberlites investigated from the Dutoitspan 

Mine form the core (DS) and periphery (D2) of the West Auxil­

liary pipe intrusive into Archaean granites and gneisses at 

both the 580-metre and 745-metre levels from which samples 

were taken. Approximately 2 kg of fresh material was taken 

at positions 2 metres apart along the conveyance level at 

580 metres depth (580/1 - 580/28 inclusive, Fig. 2a) . A three­

metre zone incorporating a I-metre wide 'flow zone', or area 

showing vertical fine grained bands devoid of inclusions, 

thought to represent the contact between the D2 and D5 units 

was sampled at about 30 cm intervals. The 745 metre level 

was sampled at 4-metre intervals (740/1 - 740/15 inclusive) 

along the main development drive and at cLoser intervals along 

a crosscut (740/16 - 740/20). The wallrock contact was also 

sampled (740/C). These sites are marked on Fig. 2b. 
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2. Polished Sections 

All section cutting was done in paraffin to avoid undue 

serpentinisation of the kimberlite, as recommended by Skinner 

(personal communication). A full suite of thin sections was 

prepared using a special paraffin-lubricated grinding machine 

(constructed by Mr. D. Cawood). These sections were examined 

briefly and representative samples containing fresh olivine 

or any other particular features requiring detailed examina­

tion were chosen for the preparation of doubly polished probe 

sections, using the following method: 

a) A thick section (about 1 mm) is mounted in Canada 

balsam on a slide sized to fit the microprobe holder. 

b) The section is cleaned ultrasonically in paraffin. 

c) The section is polished on an automatic polishing 

machine using Struers diamond aerosol spray and machine oil 

for lubrication. 

d) Polishing procedure is as follows: 

Grade Disc Weight r.p.m. oil time 
(microns) (minutes) 

15 petrodisc no 100 generous amount 20 

6 petrodisc yes 100 sparing amount 60 

1 paper no 300 few drops 10 

e) Methanol is used to clean the slides at intervals 

during the polishing. Thorough ultrasonic cleaning in paraf­

fin, not only of polished sections but also all the slide 

holders, rubber feet and plastic fittings, is essential when 

changing to a finer grade disc. 

f) The slide is heated to melt the Canada balsam and 

the section is remounted, polished side down, in epoxy resin. 

g) The section is ground and polished to the thickness 

of normal thin sections. 

The De Beers polishing laboratory is thanked for 

undertaking the polishing of 20 of the 3S "sections prepared. 

3. Preparation of mounts for X-ray diffraction 

The following method was employed in the preparation 
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of powder diffraction mounts: 

a) The crystal to be analysed is crushed between two 

clean glass slides and ground as finely as possible. 

b) A small drop of rubber solution is applied to one 

side of the powder and worked into the powder using a pin. 

The mixture is rolled into a ball between the two slides . 

c) Straight human hair cut into 1 cm lengths is 

secured by means of plasticine in the cylindrical brass holders. 

The end of the hair is dipped in benzene and touched to the 

powder ball which immediately adheres to it. 

4. Electron Microprobe Analysis 

Analyses were performed using Rhodes University's 

Microscan V Electron Probe . Microanalyser. Polished sections 

were thoroughly cleaned using petroleum ether and then carbon­

coated by arcing under vacuum. A maximum thickness of 25 nM 

was deposited. 

Standards were run at approximately 2-hour intervals 

or after about every 5 grain analyses (4 elements). The 

specimen current (30 nA) was monitored after each grain ana­

lysis by checking the Faraday cage. The accelerating potential 

was 20 kV and flow counters were used throughout. 

The operating system employs an automatic display of 

all count rates on a video display screen, an editing sub­

program, and uses a program written by Prof. H.V. Eales (HVE 

MARK 3.) This corrects for dead-time counting losses and then 

corrects nominal concentrations according to the Bence-Albee 

correction routine (Bence and Albee, 1968), using the alpha 

factors of Albee and Ray (1970). An oxygen corrected concen­

tration is automatically presented in case it is relevant (as 

for example in phlogopite analyses). 

Analytical conditions are presented in Appendix 1. 

Mineral formulae were computed for olivine and calculated by 

hand for phlogopite and ilmenite. 
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5. Mineral Formulae 

a) Calculation of olivine formula 

The oxide data for olivine was processed using a pro­

gram 'FORM' (see Appendix 2) written in BASIC to calculate the 

mineral formula on a basis of 4 oxygens according to the 

method of Deer et al. (1967). An example of the output from 

the program 'FORM' is given in the Appendix. 

et al , 

b) Calculation of phlogopite formula 

The idealised phlogopite formula, according 

(1967), is 

to Deer 

K2 (Mg,Fe+2 ) 6 (Si6A1 20 20 ) (OH,F) 4 - (trioctahedral layered 
structure) 

Common replacements in octahedral sites include Fe+3 , Ti, Al 

and Li. The interlayer K cations may be substituted by Na. 

In Mg - rich phlogopites , such as those analysed here, 

there may be insufficient Al to satisfy the tetrahedral site 

requirement (Si
6

A1 2 ) and the 

Foster (1960) allow Ti, Fe+ 3 
methods of Deer et al, (1962) and 

+2 and Fe to fill the tetrahedral 

sites to the required 8 cations per unit cell and the rest is 

allocated to the octahedral sites . Deer et al. (1962) use a 

basis of 24 0, OH and F anions in their metho d of calculation 

of the formula. This method was not used here as the fluorine 

composition of the phlogopites analysed was not determined . 

Foster (1950) uses a basis of 44 cationic + 44 anionic valencies 

per unit cell. Czamanske et al. (1977) report a method pro­

posed by Ludington (1974) (in Czamanske et a1. , 1977) who 

recommends using a basis of 7 octahedral and tetrahedral 

cations per unit half cell, that is L (tetrahedral + octahedral 

sites) = 14, when a complete analysis is unavailable. 

The method used in this thesis is a modification of 

the method used by Ludington. It assumes 8 tetrahedral and 6 

octahedral cations, that is full site occupancy . Ti and Fe+ 3 

are allocated to tetrahedral sites as necessary. The remaining 

Fe+ 2 , Al and Ti (as well as Cr and Ni if present) are allocated 

to octahedral sites. Tetrahedral-site Fe+3 is estimated as 

though it was Fe+ 2 and no adjustment is made for its actual 
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molecular weight. +3 Very small amounts of Fe are involved and 

the simplification in calculation is considered to outweigh 

any danger of misrepresentation. 

The effect of adopting the method outlined is a ten­

dency to increase the Si occupancy relative to the methods of 

Foster (1960) and Deer et al. (1962) but the number of cations 

is standardised and thus allows meaningful comparisons to be 

made between analyses. 

Sample calculations of the same analysis by the method 

adopted, and by the method of Foster (1960), are presented 

below for comparison. 

Calculation by the modification of LUdington's method 

Oxide 

Si0 2 
Ti02 

A1
2
0

3 
FeOtotal 
MgO 

Weight M.olecular 
per cent Proportion 

42,00 

0,82 

11,19 

4,28 

25,68 

0,12 

10,43 

0,699 

0,010 

0,110 

0,060 

0,637 

0,002 

0, III 

F 

Atomic 
Proportion 
of Cations 

0,699 

0,010 

0,220 

0,060 

0,637 

1,626 

0,004 

0,222 

= 14/1,626 

Number of Cations 
(At. Prop. x F) 

Si+ 4 : 
6,018}8,00 

Ti+ 4 : 0,086 (tetra-
Al +3: 1,894 hedral) 

Fe+2 : 0,517} 6,00 
Mg+ 2 (octa-

5,485 hedral) 
14,00 

Na +1: 0,034 
K+ 1 : 1,911 

1,945 (inter-
layer) 

= 8,6101 
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Calculation by Foster's Method 

Oxide Weight A. B. C. per cent 1. 1. 1. 

Si02 42,00 2,796 24 , 061 S · +4 6,015 1. : 

Ti02 0 , 82 0 , 041 0,353 Ti + 4 : 0,088 8,00 
(tetra-

A1 20 3 11,19 0,658 5' ,662 Al+ 3 : 1,887 hedral) 
F +3: ' e /0,010 

FeOtotal 4,28 0,119 1,024 0,512" } . 
Fe+2 : o 502 5,98 

Mg+ 2 ' (octa-
MgO 25,68 1,274 10,963 5,482 hedral) 

Na 20 0,12 0,004 0,034 Na +1: 0,034 

K20 10 ,43 0,221 1,902 K+l: 1,902 

5,113 1,936 

A. = Gram equivalent of cationic constituents 
1. 

(inner layer) 

= Molecular weight divided by the number of cationic 

valencies per oxide 

B. = Cationic valencies per unit cell 
1. 

= A . f F where F = E A. f 44 = 5,113 . 44 = 0 , 1162 
1. 1. 

Ci Number of cations 

= Bi ..;. Valency 

c) Recalculation of FeO to (Feo + Fe203) in ilmenite 

analyses 

A modification of the method described by Carmichael 

(1967) is used here. The steps are outlined below: 

a) Convert oxide weight percentages to moles. 

b) Allocate the bivalent elements (MgO, CaO, MnO) plus 

sufficient FeO to (Ti0 2 + Si02 ) in the proportion 1:1 to form 

ilmenite. The remaining FeO goes to form spinel and haematite. 

c) Allocate (Cr 20 3 + A1 20 3 ) and the same amount of 

FeO to spinel - FeO . (Cr,Al) 20 3' 

d) Allocate the remaining FeO to Fe 20 3 , the number of 

moles of which is found by dividing by 2. 

e) FeO per cent is found by add i ng up the number of 
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of moles of FeO in ilmenite and spinel and mUltiplying this 

by its molecular weight, 71,85. 

f) Fe20 3 per cent is found by multiplying the number 

of moles by its molecular weight, 159,7. 

g) The total is adjusted accordingly. 

A wo rked calculation is presented below: 

Sample 580/26 Oxide Molecular Ilmenite Spinel Haematite 

Grain 2 Proportion 2FeTi93 Feo.R20
3 Fe 2Q3 

Ti02 53,10 0,6646 0,6646 

Cr20 3 2,5 1 0,0165 0,0165 

1'.l203 0,40 0,0039 0,0039 

FeOtotal 32,03 0,4458 0,3718 0,0204 0,0536 

Mno 11,57 0,2870 0,2870 

100,02 

FeG> = (0,3718 + 0,0204) x 71,85 = 28,18% 

Fe 20 3 = (0,0536/2) x 159,7 = 4,28% 

F.djusted total = 100,60% 

The ilmenite cationic formula is calculated on the 

basis of 6 oxygens according to the method of Deer et al. 

(1967). 

d) Recalculation of FeO to (Feo+Fe 2Q3) in spinel 

analyses 

Some of the spinels exhibit somewhat unusual composi­

tions, setting them apart from typical spinel-group minerals 

of basaltic rocks. A method was devised to recalculate FeO 

to FeO+re20 3 in those spinels which have (FeO - 2Ti02 ) less 

than 2MgO (in moles). On calculation of Ti02 as 2Feo.Ti02 , 

the residual FeO is less than the ~lg0 . Accordingly, Mgo has 

to be assigned to the magnesioferrite molecule Mgo.Pe 20 3 . 

Therefore a hypothetical ulvospinel molecule 2(Fe,Mg)o.Ti02 
has been formed in conjunction with magnesioferrite. A 

worked example follows: 
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Sample 740/C, Grain 4 

Mol. Mg- Mgo.Fe 20 3 Oxide Prop. Usp. Sp. Chromite Rem. 

19,77 0,2474 0,2474 

6,08 ° , 0596 0,0596 

57 ,44 0,7994 0,3351* 0,4643 

15,35 0,3808 0,1597 0,0596 0,0005 0,1610 0,1610 

0,08 0,0005 0,0005 

98,72 

0,1610 

Samele 740/C, Grain 4 - continued 

Wt . 
?em. Mt. Total per cent 

Ti02 
A1 20 3 

0,1423** 
~ 

FeO 0 , 0474 ' 0,3825 27,48 

MgO 

Cr 20 3 
Fe20 3 0,0474 0,2084 33,28 

60,76 

Recalculated total = 102,04% 

* (0,7994/(0,7994 + 0,3808)) x 0,2474 x 2 = 0,3351 

** 0,4643 - 2(0,1610) = 0 ,1 423 

t 0,1423/3 = 0 , 0474 

The spinel cationic formula is calculated on the basis 

of 32 oxygens: 

(Al,Cr,Fe
3

(FeTi)) 16024 (Fe,Mg) 808 

6. Modal Analyses 

The mineral proportions of two samples from both kim­

berlite types were estimated by point counting. Each thin 

section was scanned in full on a 0,5 x 1,0 rom grid (about 750 

counts) to obtain the proportions of macrocrysts and pheno­

crysts present. The matrix groundmass was then scanned on 

a 0,1 x 0,2 rom grid (about 1500 counts) to obtain the 



- 19 -

proportions of the finer grained material . 

The modal analyses (see Table 1) are presented in the 

following format: 

Macrocrysts and phenocrysts - mineral per cent 

Groundmass mineral per cent 

7. X-Ray Fluorescence Spectrometry 

Major elements were determined on duplicate fusion 

discs, prepared after the method of Norrish and Hutton (1969) 

Trace elements were determined by the author on pressed powder 

briquettes prepared from inclusion-free material obtained as 

follows. Approximately 1,5 kg of material was passed through 

the jaw crusher or cut into 0,5 cm slices on a diamond saw. 

Inclusions were carefully removed, leaving about 0,75 - 1 kg 

for crushing in a swing mill. 

Fe was determined as Fe20 3 and Feo was not separately 

determined. Standard computer programs for data reduction 

included corrections for position factors, dead-time, back­

ground, drift and spectral line interferences. 

were calculated by the ~10 K 
Ct 

Mass absorp­

Compton Peak. tion coefficients 

In Appendix 3 are given the values for the trace element 

standards, analytical conditions for major and trace element 

runs and the lower limits of detection and absolute error for 

trace elements. 

8. Heavy Mineral Identification and Separation 

A heavy mineral concentrate from a sample of monti­

cellite kimberlite was examined to determine the phases 

present . Once the phases were identified a procedure for 

heavy mineral separation could be designed to assess quantita­

tively garnet, ilmenite, chrome diopside and spinel abudances 

in the monticelli te and phlogopi te kimberl·i te types. 

A test sample was crushed in a roller mill and a 30 g 

portion of it was washed, de-slimed, dried, and sieved into 

several size fractions. Fractions -90+53~, -125+90~ and 
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-250+125~ were panned on a superpanner, and the heavy-tail 

concentrate was demagnetised by removing magnetic material 

with a hand magnet. The residue was separated into several 

portions by means of an electomagnetic separator. The main 

heavy minerals in the concentrates included olivine, ilmenite, 

orange-red and mauve garnets, perovskite and bright green chrome 

diopside. Much of the ilmenite was sufficiently magnetic 

to be removed with a hand magnet. Appendix 4 gives the 

results of X-ray diffraction of samples of olivine and 

ilmenite. 

The method of Neuerburg (1975), a procedure using 

hydrofluoric acid for quantitative mineral separations, was 

used to derive a heavy concentrate, devoid of olivine, from 

a 100 g slab sample. The great advantage of the acid dis so­

l .ution method is that ilmenite and garnet grains are left 

intact and they can be sorted into meaningful size categories. 

Dissolution of a 100 g sample took about 4 weeks, and pro­

hibitively large amounts of hydrofluoric acid were required. 

Furthermore it was estimated that about 2 kg samples .1ere 

needed in order to be left with sufficient ilmenite and garnet 

grains for a statistically significant assessment of relative 

abundances between samples (Skinner, personal communication) . 

The outcome of the trial was the decision that the 

De Beers laboratory would process 5 kg samples from the D2 

and D5 Dutoitspan kimberlites using acid dissolution and the 

residues would be examined a nd classified there. Their sub­

sequent sampling unfortunately included only a few sites from 

the D2 and D5 kimberlites. This reduced the value of the 

data in terms of correlation with the detailed mineralogy of 

these specific units but the results, as presented in Appen­

dix 5, allow a comparison to be made between the two kimberlite 

types. 
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III. PETROGRAPHY AND DESCRIPTIVE MINERALOGY 

OF KIMBERLITES 

1 . Monticellite - Kimberlite Type (D2) 

Modal analyses for two samples of the D2 kimberlite 

are given in Table 1. Sample 740/11 is, according to the 

classification of Skinner and Clement (1979), a monticellite 

ki~berlite and there are sufficient opaque minerals in this 

rock for its name to be modified to 'opaque-mineral rich 

monticellite kimberlite'. The modal proportions of sample 

580/9 suggest classification as a monticellite-serpentine 

kimberlite. The D2 kimberlite is characteri:sed by and dis­

tinguished from the D5 kiwberlite by the presence of monti­

celli te and, for the sake .of brevity, will be referred to 

simply as monticellite kimberlite. The contact phase (740/C 

7~0/1, 580/1 and 580/2) is substantially different in ground­

mass mineral proportions from those coarser grained samples 

that were modally analysed, being very rich in carbonate 

minerals and having only small patches of fine grained monti­

cellite. As seen from the modal data in Table 1, the monti­

cellite type is olivine- and serpentine-rich (primary and 

secondary). It contains little phlogopite and few crustal, 

ultramafic or other altered inclusions. Opaque minerals 

feature in abundance and inc lude spinels, perovskite and 

ilmenite. Calcite (primary and secondary) and cebollite are 

other accessory minerals. 

Olivine is colourless and devoid of inclusions, 

except for rare spinel octahedra. It occurs as rounded macro­

crysts (1-5 mm) and smaller euhedral phenocrysts (0,5 mm), as 

shown in Plate 1, set in a fine-grained granular groundmass 

of monticellite (20-50~m) with phlogopite, spinel, perovskite, 

calcite and serpentine. Olivine is preserved in some samples, 

for example those modally analysed, but in others it is 

totally serpentinised. The phenocrysts may be rimmed by 

serpentine or altered at crystal terminations (as illustrated 

in Plate 1) or extensively altered (to serpentine, calcite/ 

dolomite and, in the contact rock, to titanomagnetite (580/1) 

or phlogopite (740/1». Macrocrysts tend to be well preserved, 
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TABLE 1 

MODAL ANALYSES 

580/9 740/11 

Macrocrysts and Phenocrysts 

Olivine 34 50 

Serpentine 50 27 

Phlogopite - 9 

Inclusions '* 16 9 

Chrome diopside - -

Garnet - -
Calcite - 4 

Ilmenite - 1 

Groundmass 

Monticellite 21 45 

Serpentine 37 14 

Phlogopite 15 5 

Perovskite 5 5 

Opaques '** 8 23 

Apatite - trace 

Cebollite 9+ -
Calcite 5+ 7 

Diopsidic pyroxene - -

580/26 580/21 

23 20 

33 32 

10 14 

28 34 

5 -
1 -

- -
- -

- -
25 30 

43 32 

7 13 

1 1 

4 8 

16 15 

- -
4 -

* Includes crustal inclusions (altered, carbonatised), 

ultramafic rocks and other altered fragments. 

** Spinels - primary and secondary. 

+ Secondary. 
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Plate 1 Monticellite kimberlite. Rounded olivine macro­
cryst (left) anQ euhedral to subhedral olivine 
phenocrysts (rimmed by serpentine) set in a 
dark fine grained matrix. 

Width of field = 4 rom (crossed nicols) . 

Plate 2 Monticellite kimberlite. Rounded granular aggre­
gate of olivine. The central area (dark green) has 
strain shadows, and fine deformation lamellae are 
faintly visible at the top right. The outer area 
shows a recrystallisation texture, in parts fine 
grained granular (top and bottom right), and else­
where good crystal form is obvibus (left of centre) . 

Width of field = 1 rom (crossed nicols) . 
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exhibiting rims of serpentine or alteration along cracks but 

seldom being totally pseudomorphed. Some olivine macrocrysts 

are granular aggregates of smaller grains (Plates 2 and 3), 

some are large strained grains or are centrally strained but, 

have recrystallised margins where individual grains are un­

strained, as in Plate 2 and others are unstrained. Stages 

in recrystallisation are evident because of the presence of 

fine-grained, obviously granulated, margins which grade into 

areas where crystal growth has advanced and larger well formed 

euhedral grains are present (Plate 2). An unusual macrocryst 

exhibiting an aggregate of grains with sutured or cuspate 

margins (Plate 4) from the contact sample 740/1 is unlike any 

of the other macrocrysts observed. It has inclusions of small 

olivine (?) crystals. 

The phenocrysts show neither granular aggregate tex­

tures nor evidence of strain. They are mostly euhedral, t h is 

form being preserved despite serpentinisation (Plates 1 to 4) 

but others are subhedral or rounded. Plate 3 shows well 

preserved euhedral phenocrysts of olivine and subhedral grains 

which contrast with the rounded form of the central large 

granular aggregate of olivine. The broken phenocryst (bottom 

l eft) is indicative of brittle deformation. 

Ph logopite is found as macrocrysts only in the contact 

phases (580/1). It occurs here as large rounded plates or 

semi-angular laths (2-5 rom). Matrix phenocrysts up to 1 mm 

across form a second population and smaller groundmass 

laths a third. Away from the contact there are no macrocrysts 

and only occasional phenocrysts are preserved, but fine grained 

pale yellow, faintly pleochroic laths (0,01-0,5 rom) are ubi­

quitous (Plates 5 and 6), forming 5 - 15% of the groundmass. 

The contact-phase phlogopite macrocrysts are dark 

brown and pleochroic. Some have narrow bleached rims with 

reverse pleochroism. The macrocrysts are strained and some 

have deformation lamellae. One rounded macrocryst contains 

inclusions of strained phlogopite (out of optical continuity) 

with deformation lamellae orientated nearly parallel to 
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Plate 3 Monticellite kimberlite. Fully recrystallised, 
rounded aggregate of olivine in the contact phase, 
740/1. 

Width of field = 4 mm (crossed nicols) . 

Plate 4 Monticellite kimberlite . Olivine macrocryst made 
up of grains with cuspate margins. 

Wi dth of field = 4 mm (crosse~ nicols) . 
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Monticellite kimberlite matrix. Large euhedral 
perovskite grai~ (bottom), euhedral magnetite 
(black) and colourless monticellite, with good 
orthorhombic crystal form and high relief, set in 
serpentine (low relief). A plate of phlogopite 
extends from the top right of the perovskite grain 
parallel to and left of the two monticellite grains 
at top right. 

Width of field = 0,3 rom (plane light) . 

Monticellite kimberlite . Colourless, fine-grained 
monticellite with perovskite (larger subhedral to 
euhedral dark grey crystals), opaq ue spinels and 
phlogopite (elongate or stubby laths, e.g. grain A) 
set in serpentine. 

Width of field = 0,44 rom (plane light) 



- 27 -

deformation lamellae in the host grain . The phenocrysts are 

also dark brown and pleochroic. They are invariably altered 

around the rims to magnetite and some grains have bleached 

cores. Strained phenocrysts have been noted. The' groundmass 

phlogopite is fine grained (0,1 - D,S mm) with pale yellow 

pleochroism. In sample 740/C and 740/1 there is an association 

of groundmass phlogopite with primary calcite which frequently 

encloses phlogopite laths (Plates 7 and 8). Secondary ph logo­

pite and calcite/dolomite replacement of olivine phenocrysts 

is seen in 740/C. 

Monticellite forms 21% and 45% of the groundmass in 

the samples modally analysed . It is strikingly characteristic 

as an important component among all the D2 samples except in 

the contact phase, where it is accessory and very fine 

g~ained (less than 0,01 mm). 

Plate 6 shows the granular texture of the groundmass 

(monticellite, spinel, perovskite and phlogopite). Monticel­

lite grains (0,2 - D,S mm) have high relief , low first order 

grey birefringence , and larger crystals (0,05 mm) exhibit 

perfect orthorhombic shape (Plate 5). The monticellite 

grains commonly appear to have a blemished texture under 

crossed nicols and this could be the expression of the pro­

cess of alteration . 

Plates 7 and 8 illustrate the texture of the contact 

phase where monticellite is absent and calcite dominates the 

groundmass. Plates 9 and 10 show the typical groundmass of 

the monticellite kimberlite. 

Perovskite occurs as primary microphenocrysts in the 

groundmass. As shown in Plates 7 and 9, it forms discrete, 

euhedral to subhedral crystals with corroded margins, or 

rounded crystals (in the size range 0,01 - 0,05 mm) . In 

polished thin sections perovskite is yellow to brown in plane 

polarised transmitted light and is either isotropic or shows 

anomalous grey birefringence between crossed nicols. Cross­

hatched twinning is observed between crossed nicols in some 
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Monticellite kimberlite, contact phase (plane light) . 
Olivine macrocrysts (colourless, high relief) are 
extensively serp,entinised. Olivine phenocrysts are 
totally serpentinised, for example top right, where 
a serpentine pseudomorph is outlined by perovskite 
(yellow brown) and magnetite (black). The central 
macrocryst lacks this association. 

As above ( (:rossed nicols) . Olivine (plus serpen­
tine pseudomorphs) a nd laths of phlogopite are set 
in a groundmass rich in calcite (anomalous high 
interference colours), with perqyskite and magnetite 
(opaques) • Compare with Plate 10 '(away from cont­
act) where phlogopite phenocrysts are absent and 
there is no calcite in the groundmass. Note the 
phlogopite lath (blue) enclosed in calcite (top). 

Width of field = 1 mm 
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Plate 9 Monticellite kimberlite (plane light). Micro­
phenocrysts of perovskite (yellow brown) and 
magnetite clustered around serpentinised phenocrysts 
of olivine. A central pool of primary serpentine 
encloses primary anhedral calcite (colourless, 
high relief). The groundmass contains abundant 
fine grained monticellite (high relief, euhedral), 
phlogopite, magnetite and perovskite. 

Plate 10 As above (crossed nicols) . Monticellite (white), 
primary serpentine (brown), secondary serpentine 
(blue-grey), calcite (green), perovskite (dark 
brown) and magnetite. 

Width of field = 1 mm. 
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of the larger grains. In reflected light this mineral is 

creamy white with a pinkish tinge and has higher refectivity 

than magnetite which appears grey by contrast. Between 

crossed nicols it is isotropic with grey internal reflections 

in reflected light. 

In reflected light some of the perovskite grains are 

seen to be composite . A central rounded core of perqvskite 

is often surrounded by a darker phase, possibly a spinel, 

which, in turn, is sometimes rimmed by a thin, bright over­

growth of perovskite. Some of the larger perovskite grains 

are rounded but have evidence of a break along one edge, 

the characteristic overgrowth being absent along this edge. 

This indicates that the grains were subjected to 'impact' 

after rounding, reaction (to give the spinel rim) and epitaxial 

overgrowth or reaction to give the perovski te mantle . Fur­

ther evidence for brittle deformation is provided by the 

presence of rounded grains which have been shattered into 

several fragments remaining in situ. 

Perovskite is closely associated with spinels which 

occur as small euhedral inclusions and as clusters of euhedral 

grains hugging the edges of perovskite grains. Alteration 

of perovskite to spinel is indicated vlhere irregular areas of 

spinel (probably titanomagnetite) enclose anhedral grains 

of perovskite. 

A second generation of perovskite occurs as an altera­

tion or re-equilibration product rimming ilmenite macrocrysts. 

It forms a reaction intergrowth with ilmenite, which is in 

turn rimmed by an overgrowth of euhedral perovskite associated 

with titanomagnetite. A detailed description of the resulting 

texture is given with the description of ilmenite below. 

Clusters of perovskite and spinels "are commonly found 

around the edges of serpentinised olivine phenocrysts . The 

density of opaque grains encircling altered olivine appears 

to be a function of the degree of serpentinisation . Unaltered 

olivine phenocrysts lack this feature as do olivine 
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macrocrysts, whether altered or not. Plates 7 and 8 illustrate 

the texture in the contact phase 740/1. The finer size of 

perovskite grains at the contact is apparent by comparison of 

these plates with Plates 9 and 10. 

Ilmenite occurs as anhedral macrocrysts , some composite, 

ranging in maximum intercept from 0,5 to 5 mm. Plate 11 

shows part of an ilmenite macrocryst (from sample 580/6) which 

consists of an aggregate of 3 grains (with irregular grain 

margins) rimmed by a complex, fine-grained intergrowth of 

ilmenite (patchy grey), perovskite and titanomagnetite, with 

an overgrowth of clear perovskite (light grey) ~nd associated 

titanomagnetite (dark grey). 

In transmitted light the ilmenite, which is opaque, 

may be distinguished by colour and form from the angular, 

yellow-brown perovskite overgrowth, but not from the inter­

vening intergrowth area which also appears black. The higher 

reflectivity and anisotropism of the ilmenite (Table 2) serve, 

however, to highlight this contact in reflected light . The 

intergrowth area consists of fine grained lamellae and patches, 

and is isotropiC with patches of grey internal reflections, 

while the perovskite overgrowth is isotropic with characteris­

tic orange internal reflections. The polished surface of the 

intergrowth area is noticeably pitted in comparison with both 

the ilmenite and perovskite . Refle ctivity measurements from 

the three zones are summarised in Table 2 . 

Coarse, dark grey alteration/ exsolution lamellae (tita­

nomagnetite) are seen extending from the ilmenite/ intergrowth 

contact, into the ilmenite parallel to its basal plane (Plate 

11) and there is preferential alteration to titanomagnetite 

along cracks. Another alteration product (which could not 

be positively identified) is intergrown with the titano­

magnetite in places and forms alteration lamellae within the 

ilmenite (darker grey than titanomagneti te, Plate II, along 

crack). This phase is pinkish grey and isotropic. 

Sample 580/10 contains a rounded black grain with a 
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Plate 11 Ilmenite in monticellite kimberlite. Part of an 
anhedral macrocryst formed by an aggregate of 3 
grains. The central pale grey area of ilmenite 
is mantled by an intergrowth (patchy grey) of 
ilmenite , perovskite and titanomagnetite, with an 
overgrowth of clear perovskite (grey) and associa­
ted titanomagnetite (dark grey). Alteration/ 
exsolution lamellae of titanomagnetite are parallel 
to the basal plane of the ilmenite. Along the 
large crack is a patchy alteration product which, 
in places, is intergrown with the titanomagnetite 
and forms lamellae into the ilmenite. 

Width of field = 0,6 mm (reflected light, 
oil immersion) . 

Plate 12 Secondary perovskite in monticellite kimberlite. 
Central area of fine scale intergrowth (perovskite/ 
titanomagnetite?) surrounded by pitted border 
similar to that shown in Plate 11 and rimmed by 
clear subhedral perovskite. 

Width of grain = 0,4 mm (reflected light, 
oil immersion). 
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TABLE 2 

SUMMARY OF REFLECTIVITY MEASUREMENTS 

e ec ance a ues Rfl t VI 

Type Sample Number (Number of readinGs in brackets) 
, 

Ilmenite Intergrowth Perovskite 

R1 R2 

Monticellite 580/10 - - 16,3 16,5 

( 8) ( 2) 

580/6 17,5 14,4 15,1 15,1 

(3 ) (4 ) (4 ) 

Phlogopite 740/16 x 17,1 16,3 - 16/5 

(3 ) (4 ) 

580/26 16,6 14,9 - -
(3 ) 

580/21 17,0 15,1 - 15,4 

(2) (2 ) 

x Oxidation/exsolution patches (see Plate 24) have reflectance 

R = 24,0 (n=3). 

Note: Reflectance measured at 546 nm against Zeiss Sika 

Standard Number 110. 
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yellow-brown overgrowth of clear subhedral perovskite. The 

central portion of the grain has reflectivity (Table 2) equal 

to that of perovskite but is composite, as shown in Plate 12 . 

A core of fine-scale intergrowths and patches of darker 

material (possibly titanomagnetite ) are surrounded by a pitted 

fine-scale intergrowth, which forms a border similar to that 

in Plate 11, and is in turn rimmed by the perovskite. The 

petrographic evidence ind icates that the grain described may 

be secondary perovskite, with titanomagnetite having played 

a part in the alteration process, and, indeed, this is con­

firmed by chemical analysis as described later. A comparison 

of the textures shown in Plates 11 and 12 supports progressive 

breakdown of ilmenite and its reaction with the magma to form 

perovskite, titanomagnetite and, possibly, silicate altera­

tion products (resulting in the pi tted texture of the polished 

s~rface) as described by Mitchell (1972). Further nucleation 

and growth of perovskite then occurred on the rim of the 

crystal preventing further breakdown of the ilmenite as in 

Plate 11. Large perovskite grains as in Plate 12 may repre­

sent an advanced stage of such a process, where the over­

growth of perovskite nucleated too late to preserve any 

ilmenite. The secondary perovskite grain (Plate 12) is smaller 

than the macrocryst of ilmenite (Plate 11) and could thus 

feasibly be the product of total breakdown, whereas the larger 

grain still has a core of ilmenite preserved . 

The opaque minerals of the groundmass in the monti­

cellite kimberlite appear not to include ilmenite. 

Spinels are abundant in the groundmass and are also 

found as inclusions in perovskite and olivine. Both spinel 

and perovskite are found as inclusions in phlogopite which 

is thus a later crystallising phase. Fine grained euhedral 

to subhedral magnetite is disseminated throughout the ground­

mass but a second generation is particularly abundant , 

together with perovskite, in clusters around the margins of 

altered olivine phenocrysts and in the reaction mantles around 

ilmenite macrocrysts . Rare larger euhedral and rounded grains 

of chromite are found. 



- 35 -

In the contact phase some euhedral to subhedral composite 

grains are found to exhibit a texture of ' spinel core-gap-

thin opaque rim.' The cores, in reflected light are white 

and isotropic and are titaniferous, moderate Ng- row Al­

magnetites in composition. The "gap" is a grey area of trans­

parent silicate material. The crystal form is delineated by 

a patchy bright rim , which is possibly rutile, titaniferous 

magnetite or magnetite, but is too thin to determine positively. 

These spinels are spatially related with perovskite and could 

possibly represent the result of reaction of ilmenite with 

the melt to produce perovskite plus magnetite. If the rim 

is rutile it could represent residual material previous ly 

enclosed in ilmenite and not completely replaced during 

reaction with the melt , as described by Elthon and Ri dley 

(1979) . Alternately, if the rim is titanomagnetite, it could 

r.epresent growth zoning , especially as the intervening sili­

cate is idiomorphic (as in Boctor and Meyer, 1979). A th i rd 

possibility, if the rim is Ti-free magnetite, is that these 

spinels represent the atoll texture described by Pasteris 

(1979) which will be more fully discussed in section IV. 

Textura l evidence in support of this possibility includes the 

fact that the titanomagnetite cores are often irregular and 

fragmented , as if partially resorbed. 

Serpentine is an important primary groundmass con­

stituent, pools of which often enclose primary anhedral cal­

cite (plates 9 and 10) . Plates 5 and 6 show montice l lite, 

perovsk i te, magnetite and phlogopite set in s e rpentine. 

Cebollite, a rare hydrous aluminium silicate Ca5A1 2 (OH)4 

Si 30 12 , is found in 580/9 as a secondary alteration product 

associated with a vein of calcite. The characteristics of 

cebollite will be discussed in the following section as it 

is more common as a primary accessory mineral in the phlogo­

phite kimberlite. 

2. Phlogopite - Kimberlite Type (D5) 

The modal analyses of two samples (580/26 and 580/21) 

are given in Table 1 . About a third of the coarse grained 
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, material is xenolithic and a comparison of the hand specimens 

in Plates 13 and 14 shows the greater extent to which the 

phlogopite type is dominated by inclusions. These include 

crustal fragments (usually carbonatised), ultramafic and 

other altered fragments . Xenocrysts of chrome diopside and 

garnet are found and ilmenite is also seen in hand specimens. 

As seen from Table 1, the main kimberlitic constituent 

of the coarse grained rock is serpentine (about 30 per cent) 

derived by alteration of both olivine and phlogopite. Fresh 

olivine (20-23 per cent) and phlogopite (10-14 per cent) is 

present in these samples but complete alteration of both 

components is found where weathering has been more severe . 

The groundmass is mainly phlogopite (32-43 per cent) but 

primary serpentine is an important phase (forming 25-30 per 

c~nt) which according to Sk~nner and Clement (1979), calls for 

classification of this rock as a phlogopite-serpentine kimber­

lite. Perovskite, cebollite and apatite are important acces­

sory minerals. Minor amounts of opaques are found and diop­

sidic pyroxene was noted in sample 580/26. 

Olivine has been extensively serpentinised and is pre­

served mainly in the central parts of large macrocrysts . 

Serpentine pseudomorphs of olivine phenocrysts are scattered 

throughout the matrix. Plate 15, a photomicrograph of a 

section from a relatively little weathered sample (580/21), 

illustrates the presence of both macrocrystic and phenocrystic 

olivine. The large olivine grain (right) is typical of the 

macrocrysts \vhich, like those of the monticellite kimberlite, 

are rounded and fall into a size range of 1-5 mm. The euhed­

ral outlines of the smaller (0,5-1 mm) phenocrysts are ~Iell 

portrayed by their serpentine rims, as illustrated by the 

three largest grains adjacent to the central phlogopite lath 

in Plate 15. Totally serpentinised olivine phenocrysts tend 

to be rounded in shape and are riwmed by perovskite and 

spinels. In Plate 16 the perovskite grains (top left) partially 

encircle a small serpentinised olivine phenocryst. 

Phlogopite falls into three grain-size populations. 
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Plate 13 Monticellite kimberlite, hand specimen. Rounded 
and sub-rounded olivine macrocrysts and olivine 
phenocrysts set in a dark fine grained groundmass 
of monticellite, perovskite, spinels, phlogopite, 
and serpentine. Large white carbonatised inclu­
sions are seen (top right and left of centre) 

Scale marks 1 cm. 

Plate 14 Phlogopite kimberlite, hand specimen. Angular 
carbonatised crustal inclusions dominate the 
texture. Rounded serpentinised olivine macrocrysts 
(grey) and phlogopite laths (dar~ gre y) are set in 
a fine grained groundmass of serpentine and ph logo­
pite. 

Scale marks 1 cm. 
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Phlogopite kimberlite . Large and small yellow­
brown phlogopite laths , both with narrow bleached 
rims . Olivine (clear white with high relief) 
is rimmed by serpentine . Serpentine pseudomorphs 
(white and pa l e brown) of both olivine and phlogo­
pite with perovskite and spinel micro- phenocrysts 
are set in a groundmass of serpentine and phlogo­
pite. The angular fragment (top right) is an 
altered crustal inclusion and the large rounded 
grain on the right is part of an extensively 
serpentinised olivine macrocryst . 

Width of field = 4 mm (plane light) . 

, 
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Large subhedral laths or rounded plates (2-5 mm across) are 

termed macrocrysts; these are dark brown or yellow brown and 

pleochroic (a = yellow, 8 = ~ = brown). Smaller phenocryst 

laths of similar colour are about 1 mm long and often exten­

sively altered along margins to magnetite. Core-margin colour 

zoning is common and is usually as shown in Plate 15, where 

the cores of the grains are dark and the margins are paler. 

The margins have reverse pleochroism. Groundmass phlogopite 

is finer grained (0,01-0,5 mm) and occurs as pale-yellow , 

faintly pleochroic stubby laths (Plates 16 and 17). 

Deformation features are seen in both the macrocrystic 

and phenocrystic phlogopite grains. Plate 18 features a 

phlogopite macrocryst with N-S kink bands, diagonal 'deformation 

lamellae and E-W cleavage traces. The macrocryst in Plate 19 

shows strain shadows and the cleavages are bent .while Plate 20 

shows herring-bone deformation lamellae in a phenocryst or 

macrocryst of phlogopite. Some phenocrysts in 580/18 were seen 

to have broad twin lamellae with parallel fine deformation 

lamellae apparent within alternate twins. 

Clusters of phlogopite laths are found around rounded 

pinkish-mauve garnets in samples 740/6 and 580/18 . The 

phlogopite in this association is similar in colour to the 

rest of the macrocrysts and phenocrysts but shows no sign of 

deformation. It could be a small mantle nodule, particularly 

as the cluster is rounded in outline. 

Perovskite forms about 10 per cent of the groundmass . 

It occurs as microphenocrysts up to 0,1 mm across. As shown 

in Plate 16, the grains are subhedral or rounded , brown and 

have high relief. Plate 17 shows the appearance of perov­

skite under crossed nicols when it appears either isotropic 

or weakly birefringent. The birefringence is usually shown 

when the grains are twinned. Complex lamellar twinning is 

common. 

Euhedral spinel inclusions are found as shown in the 

large perovskite grains in Plate 16. There is a tendency for 

perovskite grains to rim serpentinised olivine phenocrysts 
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Phlogopite kimberlite matrix (plane light). Sub­
hedral to rounded brown perovskite grains encirc­
ling serpentinised olivine (top left). Pale 
brown phlogopite (centre) is set in greenish 
serpentine and associated with colourless apatite 
(high relief) and fibrous cebollite (browni sh) . 
Spinels are rare in comparison with the monticel­
lite kimberlite matrix (Plates 5 and 6). Tiny 
rounded grains are thought to be rutile . 

As above (crossed nicols) . Cebollite (top and 
bottom centre) has yellow first- order interference 
colours. Serpentine has anomalous grey inter­
ference colours. 

Width of field = 0,4 mm. 
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Plate 18 Phlogopite kimberlite. Phlogopite macrocryst with 
kink bands (NW-SE) and deformation lamellae (E-W). 

IUdth of field = 4 mm (plane light) . 

° late 19 Phlogopite kimberlite. Strained phlogopite with 
bent cleavages. 

Width of field = 4 rnm (crossed nicols) . 

Plate 20 Phlogopite kimberlite. Phlogopite lath exhibiting 
herringbone deformation lamellae. 

Width of field = 1,5 rnm (crossed nicols) . 
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in the same manner as described for the monticellite kimber­

lite and perovskite also occurs in reaction mantles around 

ilmenite in the phlogopite-kimberlite type. 

Ilmenite occurs as large macrocrysts (up to 5 rom long) 

or aggregates. Plates 21 and 22 illustrate a rounded remnant 

of an aggregate of ilmenite. The ilmenite has high reflec­

tivity (see Table 2) and is anisotropic (grey to blue grey) 

The altered part of the nodule illustrated consists of 

phlogopite, calcite, serpentine and spinels, that is, it is 

kimberlitic in composition. There is no perovskite associated 

with this particular occurrence. However, other aggregates, 

for example that illustrated in Plate 23, exhibit an altera­

tion rim of perovskite. The aggregates typically feature 

triple junctions at grain boundaries as is shown in Plates 21, 

22 and 23. Plate 24 shows part of a large single grain 

macrocryst of ilmenite which exhibits irregular patches of a 

highly reflective exsolution/oxidation product, possibly 

haematite. An average reflectivity of 24 per cent was 

measured at 3 sites (see Table 2). The euhedral grains around 

the rim of the macrocryst represent an overgrowth perovskite 

while a perfectly euhedral groundmass perovskite grain is 

seen (top right) . The unusual exsolution/oxidation product 

is also associated with the overgrowth perovskite and with 

the 'free' grains adjacent to the ilmenite macrocryst. The 

reflectivity of the perovskite rim and ilmenite are very 

similar and the phases are distinguished with confidence only 

between crossed nicols (when the internal reflections in 

perovskite are obvious) or in transmitted light (when a brown 

rim is seen around a central opaque co're) . 

Spinels form only 1 per cent of the groundmass. They 

occur as small euhedral magnetite grains scattered in the 

groundmass. Secondary magnetite is the usual alteration pro­

duct found around the margins of phlogopite, especially the 

matrix phenocrysts. 

Apatite occurs as fine grained hexagonal or prismatic 

sections (0,01 rom long) associated with primary serpentine 
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Plate 21 Ilmenite in phlogopite kimberlite. Remnant of 
nodule containing relict rounded ilmenite aggregate 
(centre). Note the triple junctions at grain 
boundaries. There is no rim of perovskite. 

Width of field = 2,5 mm. 

Plate '22 Enlarged view of the ilmenite aggregate above. 

Width of field = 0,6 mm 

(reflected light, oil immersion) 
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Plate 23 Ilmenite in phlogopite kimberlite. Aggregate of 
ilmenite exhibiting a mantle of perovskite (left) 

Width of field = 0,6 mm (reflected light, 
oil immersion) 
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Plate 24 Ilmenite in phlogopite kimberlite. Dark grey 
ilmenite has light grey oXidation/exsolution 
patches of haematite (?). The perovskite over­
growth (subhedral to euhedral grey grains at the 
right) and discrete matrix perovskite grains also 
contain patches of the same highly reflective 
material. 

Width of Field = 0,6 mm (reflected light 
oil immersion) . 
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pools and phlo~opite in the groundmass. Plates 16 and 17 

illustrate high-relief, weakly birefringent apatite grains 

in this association. The section is very thin and the apatite 

grains are not believed to be enclosed in the phlogopite but 

rather to lie above and below it. 

Cebollite forms about 15 per cent of the groundmass. 

It occurs in distinctive, fibrous, sheaf-like aggregates 

commonly associated with phlogopite and anhedral primary cal­

cite. It appears to be a late-stage primary mineral similar 

in paragenesis to the cebollite described by Kruger (1978) 

from the De Beers Mine kimberlite. Plate 16 shows a brownish 

cluster of cebollite fibres intergrown with primary serpen­

tine (greenish) and associated with a pale brown phlogopite 

grain. Between crossed nicols (Plate 17) the cebollite is 

easily distinguished by the first-order-yellow interference 

colours. 

serpentine is an important interstitial primary ground­

mass mineral. It is slightly greenish in colour as shown in 

Plate 16. Plate 17 illustrates fine-grained anhedral serpen­

tine. 

IV. MINERAL CHEt1ISTRY 

The emphasis in this section is placed on the chemistry 

of the silicates olivine, phlogopite and monticellite because 

they have undergone relatively little post-emplacement 

alteration in the Dutoitspan kimberlites, unlike many kimber­

lites in which total serpentinisation of these phases or, in 

the case of monticellite, its fine grain size, precludes 

chemical analysis. Opaque minerals are preserved in abundance 

in all kimberlites and have formed the subject of thorough 

investigation else\~here (Haggerty, 1976; Pasteris, 1979; 

Wyatt, 1979; Boyd and Pasteris, 1977; Shee, 1979a and b; 

Boctor and Meyer, 1979; Mitchell and Clarke, 1976; Mitchell, 

1979 and others ). Accordingly, only a limited number of 

analyses of ilmenite, perovskite and spinel are presented for 

comparative purposes. A single analysis of a relict mauve 
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garnet grain in a nodule is given. 

1. Olivine 

a) Variations in composition of Crystal Cores 

The two types of olivine grains, namely phenocrysts 

and macrocrysts, which have been identified in both the monti­

cellite (Tables 3 and 4) and phlogopite kimberlites (Table 5) 

fall into two overlapping chemical populations. Fig. 3 

shows the variation of NiO, MnO and CaO plotted against MgO 

in phenocryst and macrocryst cores from both the monticellite 

and phlogopite kimberlites. Macrocrysts include large rounded 

strained or unstrained grains as well as granular aggregates 

of smaller grains and grains with recrystallised margins 

(Section III, Plates 2 and 3) . 

Honticellite kimberlite . There is a marked correla­

tion between NiO and MgO among phenocrysts in the monticellite 

kimberlite (Fig. 3a). NiO increases from 0,1 per cent at 

44 per cent MgO (grain 19A, not plotted) to 0,44 per cent at 

50,8 per cent MgO. This trend is, to some extent, followed 

(at MgO contents below 51,S per cent) by the macrocrysts but 

on the whole they have lower NiO levels . The two most mag­

nesian macrocrysts show a sharp drop in nickel content. There 

is an overlap in HgO between the two types of olivine but 

the macrocrysts reach higher l evels of HgO and the phenocrysts 

are generally less magnesian. There is a narrow range in 

manganese content but, in gerieral, phenocrysts have slightly 

more HnO than macrocrysts (Fig . 3b ). The two high-MgO macro­

crysts have the lowest manganese contents (both less than 

0,1 per cent). Grains 16 and 19 (not plotted) have anomalously 

high r1nO contents (0,52 and 0,27 per cent, Tables 3 and 4). 

There is a marked trend of Ca depletion from high-Ca pheno­

crysts (0,15 - 0,05 per cent) towards magnesium-rich low-Ca 

macrocrysts (0 ,10 - 0,01 per cent). Grain 19 is, once again 

different with a low CaO content of 0,01 per cent (at MgO = 

44 per cent) . 

Phlogopite kimberlite. The data for the phlogopite 



Oxides 

Si02 
Ti0

2 

FeOtotal 
MnO 

MgO 

CaO 

NiO 

Total 

Cations 

Si 

Ti 

Fe 

Mn 

Mg 

Ca 

Ni 

Total 

Fo % 

lA 

41,14 

0,04 

8,83 

0,11 

50,77 

"0,04 

0,40 

IB 

40,65 

0,05 

9,50 

0,13 

49,63 

0,13 

0,38 

Table 3 

lC 

40,95 

0,03 

10,32 

0,12 

49,15 

0,16 

0,34 
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2A 

40,75 

0,01 

11 , 23 

0,14 

48 , 43 

0,10 

0,42 

2B 

41 , 01 

0,01 

10,88 

0,13 

48,81 

0,12 

0,16 

3A 

40,81 

0,03 

10,24 

0,13 

48,96 

0,09 

0,40 

3B 

41,16 

0,03 

10,34 

0,13 

49,52 

0,10 

0,46 

3C 

41,12 

0,02 

9,97 

0,09 

49,83 

0,57 

0,50 

4A 

40,90 

0,04 

11,26 

0,11 

48,20 

0,09 

0,37 

4B 

40,97 

0,03 

11 ,21 

0,12 

48,31 

0,09 

0,40 

4C 

41,11 

0,04 

9,43 

0,10 

48,61 

0,18 

0,41 

SA 

41,37 

0,02 

11,20 

0,16 

49 , 27 

0,15 

0,38 

5B 

41,08 

0,02 

10,93 

0,09 

49,68 

0,10 

0,36 

5C 

41,12 

n . d . 

10,87 

n .d. 

49,37 

n.d. 

0,25 

5D 

41,20 

0,03 

11,03 

0,11 

49,20 

0,12 

0,21 

101,32 100,46 101,07 101,07 101,12 100,66 101,73 102,10 100, 9 7 '101,13 99,88 102,54 102,26 101,60 101,89 

0,99 

0,00 

0,18 

0,00 

1,82 

0,00 

0,01 

3,00 

0,99 

0,00 

0,19 

0,00 

1,81 

0,00 

0,01 

3,00 

1,00 

0,00 

0 , 21 

0,00 

1,78 

0,00 

0,01 

3,00 

91,11 90,30 89,46 

1,00 

0,00 

0,23 

0 , 00 

1,76 

0,00 

0 , 01 

3,00 

1,00 

0,00 

0,22 

0,00 

1,77 

0,00 

0,00 

2,99 

88 , 48 88,88 

1,00 

0 ,0 0 

0,21 

0,00 

1,78 

0,00 

0,01 

3,00 

1,00 

0,00 

0,21 

0,00 

1,78 

0,00 

0,01 

3,00 

0,99 

0,00 

0,20 

0,00 

1,79 

0,01 

0,01 

3,00 

89,50 89,51 "89,90 

1,00 

0,00 

0,23 

0,00 

1,75 

0,00 

0,01 

2,99 

1,00 

0,00 

0,23 

0 , 00 

1,76 

0,00 

0,01 

3,00 

1,01 

0,00 

0,19 

0,00 

1,78 

0,00 

0, ° 1 

2,99 

88,41 88,48 90,18 

1,00 

0,00 

0,22 

0 , 00 

1,77 

0,00 

0,01 

3,00 

0,99 

0,00 

0,22 

0,00 

1,79 

0,00 

0, ° 1 

3, ° 1 

1,00 

0,22 

1,78 

0,00 

1,00 

0,00 

0,22 

0,00 

i,77 

0,00 

0,00 

2,99 

88,69 89,01 89,00 88,83 

Note : A,B,C a~d 0 denote analyses from core{A) outwards to rim . Grains 1-6 are from sample 740 / 11, 12-17 from 

580 / 5, 22-26 from 740/1 (contact phase), 37-39 from sample 580/1 (contact phase) and 43 and 49 from 740 / 19. 
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Oxides 6A 

5i02 41,18 

Ti02 0,05 

FeOtotal 10,47 

MnO 0,16 

MgO 49,02 

CaO 

N:i,O 

0,09 

0,43 

6B 

40,78 

0,04 

10,53 

0,19-

48,72 

0,27 

0,41 

Total 101,39 100,82 

Cations 

5i 

Ti 

Fe 

Mn 

Mg 

Ca 

Ni 

Total 

Fo % 

1,00 

0,00 

0,21 

0,00 

1,77 

0,00 

0,01 

2,99 

89,30 

1,00 

0,00 

0,21 

0,00 

1,77 

0,01 

0,01 

3,00 

89,18 
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12A 

40,12 

0,02 

11,86 

0,17 

46,64 

0,09 

0,32 

_ 12B 

40,45 

0,02 

10,64 

0,1 3 

47,34 

0,10 

0,35 

99,20 99 ; 03 

1,00 

0,00 

0,25 

0,00 

1,74 

0,00 

0,01 

3,00 

87,51 

1, ° 1 

0,00 

0,22 

0,00 

1,75 

0,00 

0, ° 1 

2,99 

88,80 

13A 

40,61 

0,05 

10,31 

0,14 

48,23 

0,06 

0,39 

13B 

40,50 

0,05 

10,28 

0,13 

48,02 

0,07 

0,38 

99,78 99,42 

1,00 

0,00 

0,21 

0,00 

1,77 

0,00 

0,01 

2,99 

89,29 

1,00 

0,00 

0,21 

0,00 

1,77 

0,00 

0,01 

2,99 

89,28 

14A 

40,47 

0,03 

11,10 

0,16 

47,25 

0,10 

0,40 

14B 

40,29 ' 

0,04 

11,32 

0,13 

46,93 

0,10 

0,32 

99,51 99,13 

1,00 

0,00 

0,23 

0,00 

1,75 

0,00 

0,01 

2,99 

88,35 

1,00 

0,00 

0,24 

0,00 

1,74 

0,00 

0,01 

2,99 

88,08 

15A 

40,60 

0, OS 

8,95 

0,15 

49,52 

0,08 

0,40 

15B 

40,26 

0,04 

9,93 

0,10 

47,91 

0,12 

0,39 

16A 

40,35 

0,06 

10,24 

0,52 

48,44 

0,09 

0,36 

16B 

40,13 

0,04 

10,20 

0,85 

47, ao 
0,11 

0,41 

99,79 98,75 100,06 99,52 

1,00 1,00 

0,00 0,00 

0,18 0,21 

0,00 0,00 

1,81 1,78 

0,00 0,00 

0,01 0,01 

3,00 3,00 

90,79 89,58 

0,99 

0,00 

0,21 

0,01 

1,78 

0,00 

0,01 

3,00 

89,40 

1,00 

0,00 

0,21 

0,02 

1,77 

0,00 

0,01 

3,01 

89,31 

17A 

40,04 

0,03 

10,64 

0,11 

47,42 

0,09 

0,34 

17B 

39,83 

0,04 

9,75 

0,13 

48,01 

0,06 

0,36 

98,66 98,18 

1,00 

0,00 

0,22 

0,00 

1,77 

0,00 

0,01 

3,00 

88,82 

1,00 

0,00 

0,20 

0,00 

1,79 

0,00 

0,01 

3,00 

89,77 



Table 3 (continued) Microprobe Analyses of Olivine Phenocrysts from Monticellite Kimberlite 

Oxides 22A 22B 23A 23B 24A 25A 25B 26A 26B 37A 38A 39A 43A 49A 

5i02 40,50 40,78 40,83 41,31 41,32 40,56 40,69 40,39 40,27 41,41 40,78 40,08 40,37 40,23 

Ti02 0,02 0, 03 0,05 0,05 0,04 0,04 0, as 0,04 0,06 0,03 0 , 04 0,05 0,01 0,01 

FeOtotal 10,99 10,62 12, 02 10,75 10,32 10,94 9,48 11,81 10,52 9,01 8,99 11,16 10,90 10,84 

MnO 0,12 0,16 0,12. 0,14 0,11 0,11 0,10 0,14 0,15 0,11 0,11 0,12 0,11 0,11 

MgO 47,46 47,46 46,72 48,16 49,51 48,65 49,46 47,80 48,65 50,82 49,52 47,23 47,63 47,63 

CaO 0,09 0,20 0,14 0,11 0, 11 0,06 0,07 0,15 0,12 0,01 0,01 0,01 n.d. n .d. 

NiO 0,37 0,20 0,39 0,13 0,40 0,32 0,44 0,39 0,16 0,44 0,39 0,36 0,34 0,34 

Total 99,55 99,44 100,27 100,65 101,81 100,66 100,27 100,70 99,92 101,82 99,84 99,02 99,36 99,16 

Cations 

5i 1,00 1,01 1,01 1,01 1,00 0,99 0,99 0 ,99 0,99 . 0,99 1,00 1,00 1, 00. 1,00 

Ti 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0 ,00 0,00 

Fe 0,23 0 ,22 0,25 0,22 0,21 0,22 0,19 0,24 0,22 0,18 0,18 0,23 0,23 0,23 

Mn 0,00 0,00 0,00 0,00 0 ,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Mg 
, 

1,75 1,75 1,72 1,75 1,78 1 ,78 1,80 1,75 1,79 1,82 1,81 1,76 1,76 1,76 

Ca 0,00 0,01 0,00 0,00 0,00 0 ,00 0 , 00 0,00 0,00 0,00 0, 00 0,00 n.d. n.d. 

Ni 0,01 0 , 00 0,01 0,01 0,01 0,01 0, a 1 0,01 0,01 0,01 0,01 0,01 0 ,01 0,01 

Total 2,99 2,99 2 , 99 2,99 3,00 3,00 2,99 2 ,99 3, a 1 3,00 3,00 3,00 3,0'0 3,00 

Fo % 88,50 88,84 87,38 88,87 89,53 88,79 90,29 87,82 89,18 90,99 90,76 88,29 88,60 88,40 



Oxides 

Si0
2 

Ti0
2 

FeOtotal 
MnO 

MgO 

CaO 

NiO 

Total 

Cations 

Si 

Ti 

Fe2+ 

Mn 

Mg 

Ca 

Ni 

Total 

Fo % 

Table 4 Microprobe Analyses of Olivine Macrocrysts and Aggregates from Monticellite Kimberlite 

7A 

41,56 

0,03 

6,71 

0, 09 

52,06 

0,12 

0,35 

7B 

41,53 

0,04 

6,32 

0,09 

52,40 

0,02 

0,41 

7C 

41,75 

n .d. 

6,48 

n.d. 

52,34 

n.d. 

0,41 

70 

41,51 

0,06 

6,54 

0,11 

51 ,,93 

0,11 

0,39 

8A 

41,18 

0,05 

8,48 

0,11 

50,04 

0 ,0 6 

0,43 

8B 

40,88 

n.d. 

10,19 

n.d. 

49,34 

n.d . 

0,43 

9C 

40 , 85 

0,05 

8,99 

0,11 

50 , 29 

0,10 

0,45 

90 

41,49 

0,03 

9,19 ' 

0,15 

50,54 

0,11 

0,44 

lOA 

41,63 

0,02 

6,03 

0,07 

52,68 

0,03 

0,31 

lOB 

41,70 

0 , 02 

6,12 

0,09 

52,43 

0,02 

0,33 

laC 

41,61 

0,02 

6,22 

0,09 

51,93 

0,0 2 

0,36 

100 

41,86 

0,01 

6,26 

0,10 

52,54 

0,04 

0,33 

11A 

40,92 

0,01 

7,25 

0,10 

50,60 

0,03 

0,43 

11B 

40,45 

0,02 

10,41 

0,23 

47,72 

0,17 

0,10 

100,90 100,80 100,99 100,65 100,35 101,05 100,84 101,93 100/77 100,71 100,26 101,13 99,34 99,10 

1,00 1 , 00 1,00 1,00 1,00 

0,00 0,00 0,00 0,00 

0,13 0,13 0,13 0,13 0,17 

0,00 0,00 0,00 0,00 

1,86 1,87 1,87 1,86 1,81 

0,00 0,00 0,00 0,00 

0,01 0,01 0,01 0,01 0,01 

3,00 3,01 3,01 3,00 2,99 

93,26 93,66 93,50 93,40 91,32 

1,00 

0,21 

1,79 

0,01 

2,99 

89,61 

0 , 99 1,00 

0,00 0,00 

0,18 0,18 

0,00 0,00 

1,82 1,81 

0,00 0,00 

0,01 0,01 

3,00 3,00 

90,88 90,74 

1,00 

0,00 

0',12 

0,00 

1,88 

0,00 

0,01 

3,01 

93,96 

1,00 1,00 1,00 

0,00 0,00 0,00 

0,12 0,13 0,12 

0,00 0,00 0,00 

1,87 1,86 1,87 

0,00 0,00 0,00 

0,01 0,01 0,01 

3,00 3,00 3,00 

93,85 93,70 93,73 

1,00 

0,00 

0,15 

0,00 

1,84 

0,00 

0,01 

3,00 

92,56 

1,00 

0,00 

0,22 

0,00 

1,76 

0,00 

0,00 

2,98 

89,09 

Note: A,B,C and 0 denote analyses from the core (A) outwards to the rim of a given grain. Grains 7-11 

inclusive are from sample 740/11, grains 18-21 from 580/5, 28-30 from 740/1 (contact phase), grain 40 from 

580/1A (contact phase), grains 44 and 45 from 740/19. Grains 28,29,30 and 44 are granular aggregates and 

subscripts represent sub-grains within the aggregate. 

V1 
o 



Table 4 (continued) Micropro"t:-e Analyses of Olivine Macrocrysts and Aggregates from Monticellite Kimberlite 

Oxide 

5i02 
Ti02 
FeOtotal 
MnO 

MgO 

CaO 

NiO 

Total 

Cations 

51 

T1 
Fe 2 + 

Mn 

Mg 

Ca 

N1 

Total 

Fo % 

18A 

40,41 

0,04 

8,90 

0,11 

48 ,92 

0,04 

0,32 

18B 

39,87 

0, as 
10,58 

0,79 

47,22 

0,13 

0,15 

19A 

39,46 

0,01 

15,44 

0,27 

44,04 

0, a 1 

0,10 

19B 

39,45 

0,01 

15,48 

0,26 

44,10 

0,02 

0,11 

20A 

41,64 

0,03 

7,84 

0,11 ' 

50,21 

0,03 

0,35 

20B 

41,02 

0,03 

7, 7 a 
0,11 

50,00 

0,03 

0,36 

200 

41,17 

0,04 

7,82 

0,11 

50,34 

0,06 

0,37 

21A 21B 

40,64 ' 41,25 

0,02 

8,53 

0,12 

49,43 

0,06 

0,39 

0,00 

8,66 

0,11 

49,56 

0, as 
0,35' 

21C 

40,38 

0,03 

8,53 

0,14 

49,14 

0,06 

0,38 

40,35 

a ,a 1 

8,56 

0,10 

49,89 

0,09 

0,38 

40,90 

0,02 

7,73 

0,10 

50,00 

0,06 

0,34 

40,84 

0,01 

8,95 

0,11 

49,02 

0,09 

0,39 

41,06 40,90 

0,03 0,03 

7,87' 9,52 

0,11 

49,47 

0,10 

48,43 

0,08 0,11 

0,39 0,30 

98,72 98,76 99,31 i9 , 42 100,21 99,26 99,91 99,17 99,98 98 ,65 99,38 99,12 99,41 99,00 99,39 

1,00 

0,00 

0,18 

0,00 

1,80 

0,00 

0 , a 1 

2,99 

1,00 

0,00 

0,22 

0,02 

1,76 

0,00 

0,00 

3,00 

1,00 

0,00 

0,33 

0, a 1 

1,66 

0,00 

0,00 

3,00 

1,00 

0,00 

0,33 

0,01 

1,66 

0,00 

0,00 

3,00 

1,01 

0,00 

0,16 

0,00 

1,81 

0,00 

0,01 

2,99 

1,00 

0,00 

0,16 

0,00 

1,82 

0,00 

0,01 

2,99 

1,00 

0,00 

0,16 

0,00 

1,83 

0,00 

0, a 1 

3,00 

1,00 

0,00 

0,18 

0,00 

1,81 

0 ,00 

0,01 

3,00 

1',0 1 

0,00 

0,18 

0,00 

1,80 

0,00 

0,01 

3,00 

1,00 

0 ,00 

0,18 

0,00 

1,81 

0,00 

0,01 

3,00 

0,99 

0,00 

0,18 

0,00 

1,83 

0,00 

0, a 1 

3,01 

1,00 

0,00 

0,16 

0;00 

1,83 

0,00 

0,01 

3,00 

1,00 

0,00 

0,18 

0,00 

1,80 

0,00 

a ,a 1 

2,99 

1,01 1,01 

0,00 0,00 

0,16 0,20 

0,00 0,00 

1,81 1,78 

0,00 0,00 

0,01 0,01 

2,99 3,00 

90,74 88,83 83 , 56 83,54 91 ,94 92,05 91,f8 91,17 91,07 91,12 91 , 22 92,02 90,71 91,80 90,06 

U1 
..... 



Table .4 (continued) Microprobe Analyses of Olivine Macrocrysts and Aggregates from Monticel1ite Kimberlite 

Oxide 29A1 29A2 29B 2 30A 1 30B 1 30A2 30B2 40A 44Al 44A2 44A3 44A4 45A 

Si02 40,72 40,86 40,70 41,16 40,94 41,45 40,89 41,65 40,58 40,41 40,47 40,44 40,51 

Ti02 0,03 0,04 0,04 0,03 0;.03 0,02 0,03 0,03 0,04 0,04 0,02 0,03 0,00 

FeOtotal 12,14 12,36 12,32 7,65 9,37 7,33 9,84 7,36 9,23 10,08 9 , 51 9,29 9,11 

MnO 0,11 0,14 0,18 0,10 0,13 0,10 0,12 0,11 0,11 0,11 0,10 0,11 0,13 

MgO 46,93 47,24 47,32 50,10 49,23 50,56 48,69 51,44 49,37 49,05 48,58 49,26 49,31 

CaD 0,09 0,10 0,44 0,09 0,11 0,02 0,10 0,01 

NiO 0,35 0,35 0,31 0,36 0,44 0,45 0,35 0,45 O} 36 0,34 0,35 0,35 0,34 
lJ1 

Total 100,37 101,08 101,30 99,49 100,24 99,93 100,02 101,04 99,69 100,03 99,02 99,48 99,38 N 

Cations 

Si 1,0 1 1,00 1,00 1,00 1,00 1,01 1,00 1,00 1,00 0,99 1,00 1,00 1,00 

Ti 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
Fe2+ 0,25 0,25 0,25 0,16 0,19 0,15 0,20 0,15 0,19 0,21 0,20 0,19 0,19 

Mn 0,00 0,00 0,00 0 , 00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Mg 1,73 1,73 1,73 1,82 1,79 1,83 1,78 1,84 1,81 1,80 1,79 1,81 1,81 

Ca 0,00 0,00 0,01 0,00 0,00 0,00 0,00 0,00 

Ni 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0, ° 1 0,01 0,01 0,01 0,01 

Total 3,00 2,99 3,00 2,99 3,00 3,00 2 , 99 3,00 3,01 3,01 3,00 3,01 3,01 

Fo % 87,32 87,20 87,25 92,11 90,35 92,48 89 , 81 92,57 90,54 90,00 90,09 90,40 90,40 



Table 5 Microprobe Analy ses of Olivine from 'Phlogopite Kimberlite 

Phenocrysts Macrocrys ts and Aggregates 

Oxides 31A 32A 32B 33A 33B 34A 35A 36A 41A 42A 

5i02 40,88 41,62 41,14 41,73 41,17 41,28 41,39 41,40 40,91 40,81 

Ti02 0,04 0,01 0,01 0,01 0,03 0,02 n.d. n.d. 0,01 0,01 

FeOtotal 10,36 6,73 6,69 7,67 10,66 6,93 6,84 6,57 8,74 9,63 

MnO 0,10 0,11 0,09 0,12 0,15 0,10 0,08 n.d. 0,41 0,36 

MgO 48,13 50,81 50,66 49,76 48,43 49,95 51 , 07 50,33 49,65 49,56 

CaO 0,09 0,03 0,02 0,03 0,09 0,03 0, 02 n.d. n.d. n.d. 

NiO 0,38 0,46 0,42 0,33 0,21 0,36 0,42 0,,33 0,32 0,38 

Total 99,98 99,76 99,02 99,65 100,73 98,67 99,82 98,63 100 , 04 100,75 
U1 
w 

Cations 

Si 1,01 1, ° 1 1,00 1,02 1,00 1,01 1,00 1,01 1,00 1,00 

Ti 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Fe 
2+ 

0,21 0,14 0,14 0,16 0,22 0,14 0,14 0,13 0,18 0,20 

Mn 0,00 0,00 0,00 0,00 0,00 0, 00 · 0,00 0,01 0, a 1 

Mg 1,76 1,83 1,84 1,80 1,76 1,82 1,84 1,83 1,81 1,80 

Ca 0,00 0,00 0,00 0,00 0,00 0,00 0 , 00 

Ni 0,01 0, a 1 0,01 0, a 1 0,00 0,01 0, ° 1 0, a 1 0,01 0, ° 1 

Total 2,99 2,99 2,99 2,99 2,98 2,98 2,99 2,98 3,01 3,02 

Fo % 89,22 93,08 93,10 92,04 89,01 92,78 93,01 93,17 90,95 90,00 

Note: A and B denote core and r i m respectively. Grains 31-35 are from sample 580/18 

(grain 33 being a granular aggregate) , grain 36 is from sample 740/10 and grains 41 {aggre-

gate} and 42 are from sample 580/22. 
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46 47 48 49 50 51 52 53 
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Fig. 3 Chemical variations of a) NiO , b) MnO and c) CaO 

against Mgo composition in phenocryst and macro­

cryst cores from monticellite and phlogopite kim­

berlites. Closed circles denote phenocrysts and 

open circles denote macrocrysts from the monticel­

lite kimberlite. Closed squares denote phenocrysts 

and open squares denote macrocrysts from the ph logo­

pite kimberlite. 

Note: Grains 41 and '42 are not plotted on 3b. 
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type, plotted below corresponding diagrams for the monti­

cellite type, indicate t hat there are no obvious differences 

between the olivines from the two kirnberlites . It can be 

seen from the data that only 2 phenocrysts could be analysed 

and far fewer macrocrysts were preserved than in the monti­

cellite type. Grains 41 and 42 (see Table 4) have unusually 

high MnO content (0,41 and 0,36 per cent and are not plotted 

o n the ~mO variation diagram. 

b) Zoning 

The micro~robe_ data for traverses across the olivine 

grains from 3 monticellite type specimens - 740 / 11, 5S0 / 5 

and 740/1 - are given in Tables 3 and 4. Phenocrysts have 

thin sharply zoned rims; rnacrocrysts are weakly zoned . The 

histograms of Fig. 4 summarise the distribution of Fo per 

cent between phenocryst cores and rims (Fig. 4a) and macro­

cryst cores and rims (Fig . 4b). 

Phenocryst cores have an average composition of FO S9 
with a standard deviation, (s), of 1,3 per cent. Analyses 

of rims are tightly clustered (s=O,S per cent) around a mean 

of FO S9 ,2' Macrocryst core compositions f all into a well 

defined normal distribution about a mean of F091 ,5 and mem­

bers of an iron-rich population (less than FOSS) are identi­

fied on the left of the diagram (Fig. 4b). These include 

analyses from grains 19 (44 per cent MgO) and 29(46,9 and 

47,2 per cent MgO) in Table 4. Macrocryst rims (excluding 

those of the Fe-rich grains) show a diffuse compositional 

distribution (about a mean of F090 ,7)' The tendency shown 

by zoning is thus towards FO S9 - 91 from mainly less magnesian 

phenocryst cores and mainly more magnesian macrocryst cores. 

Fig. 5a illustrates the convergence of rim compositions on 

a band of FO SS ,4-90,0 for phenocrysts (which have core 

compositions marked by the filled circles). Macrocrysts 

(Fig. 5b) show the band (± 1 s. dev.) for rim compositions 

shifted to the left of core compositions but there i s evidence 

of reverse and oscillatory zoning particularly among the 

most magnesian macrocrysts. 

Figs 5a and b show that although there is a general 
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PHENOCRYST CORES 

n = 22 
x = 89.0 
S = 1. 3 

PHENOCRYST RIMS 

n = 16 

x = 89.2 

S = 0 .8 

o ~~~~~~--4--4----~--+--+--+--+--~-r--~-

b. 

6 

4 

2 

0 

87 88 89 90 91 92 93 

MACROCRYST CORES 

n = 17 

x = 91.5 
S = 1.2 

87 88 89 90 91 92 93 

MACROCRYST RIMS 

n = 12 
x = 90.7 
S = 1.6 

Fo PER CENT 

Fig. 4 Histograms showing Fo per cent in cores and rims of 

a) Olivine phenocrysts 

b) Olivine macrocrysts 

from monticellite kimberlite. Statistics are presented 

for unshaded populations. 
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,5 ,5 , , , 

PHENOCRYSTS MACROCRYSTS 

T 

!~ 
,4 ,.4 

NiO 

,3 ,3 

,2 CORES ,2 RIMS--~/ 

_~-RIMS 

CORES --t-/'---I~~ 

,1 1----;:o:~~..L......:::o::---:l-:-l--~-~~ 
87 88 89 90 91 92 93 

,1~~~~-4L-~~---~~~ 
87 88 89 90 91 92 93 94 

Fo PER CENT 

Change incomposilion from core (. ,0) 10 rim( .... ,6) 

Fig. 5 Variation in NiO and Fo per cent from cores to rims of a) Olivine phenocrysts and 

b) Olivine macrocrysts in monticellite kimberlite. Bands mark the mean + 1 standard 

deviation (statistics from Fig. 4) for core and rim compositions. 
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tendency for NiO to be depleted in the rims, several pheno­

crysts and macrocrysts show nickel enrichment in their rims. 

The variation of NiO, CaO and MnO in core to rim traverses 

from a selection of phenocrysts and macrocrysts is' given in 

Fig. 6. Phenocrysts commonly show a sharp increase in CaO at 

their margins. Care was taken to ensure this was a real 

effect and not due to inadvertent analysis of alteration 

products or the influence of the matrix. 

c) Olivine Granular Aggregates 

Analyses from macrocrysts of olivine aggregates (olivine 

macrocrysts which are not single crystals) found in both 

kimberlite types, are given in Tables .4 and 5, and Fig. 7 

gives the positions of the. sub-grains analysed and represents 

the variation from their cores to r i ms with respect to NiO, 

CaO and Fo per cent. NiO content of cores ranges from 0,3 

to 0,45 per cent and some grains had Ni-enriched margins whi l e 

the rims of others are depleted in Ni. Calciure content, 

however, is always higher at the margins of grains than at 

their cores, whether the sub-grains are at the edge of 

macrocrysts (28 3) or internal (28 2), The composition of 

cores lies between F090- 92 and zon i ng is towards less magne­

sian rims. Grain 29 is an unusual iron-and calcium- rich 

olivine, unique also in its morphology (Plate 4). 

d) Discussion 

Fig. 8a shows the Dutditspan o livines in a plot of 

NiO against MgO, and allows a comparison with olivines of the 

Karoo Central Igneous Province . There is a broad trend from 

the low Mg-Iow Ni olivines of Drunillo Basalt through those of 

Insizwa, Southern Karoo Dolerites, Elephant's Head and finally 

the high Mg-high Ni kimberlitic olivines. Fig. 8b is a plot 

of NiO against Fo per cent, showing average Dutoitspan and 

average Wesselton and Ison Creek compositions (Mitchell, 1973b), 

relative to high:-:Ni olivine in peridotite inclusions and low-

Ni olivine from kimberlite dykes and sheets (Emeleus and 

Andrews, 1975), and melilitites (McIver and Ferguson, 1979, 

and Moore and Erlank, in press). Also plotted are the com­

positions of olivine inclusions in diamond (Harris and 
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Comparison between the compositions of Dutoitspan 

olivines with those from: 

a) The Karoo Igneous Province (fields for Karoo 

data from Mitchell, 1979a). 

b) Other kimberlites, average phenocryst compositions 

• Wesselton (Mitchell, 1973b) 

DIson Creek, Kentucky (Mitchell, 1973b) 

Kimberlite dykes and sheets 

OW. Greenland (Emeleus and Andrews, 0.975) 

Olivine melilitites, average olivine compositions 

W Sutherland , S .A., phenocrysts (McIver and 

~ Sutherland , S.A., megacrysts Ferguson, 1979) 

() Namaqualand, northern and southern clusters 

(Moore and Erlank, in press) 

Peridotite Inclusions 

x W. Greenland (Emeleus and Andrews, 1975) 

Inclusions in diamond 

• Finsh (Harris and Gurney, 1979) 

6 Koffiefontein (Harris and Gurney, 1979). 

Average Dutoitspan olivine phenobr . . , .lmacrocr. 0 
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Gurney, 1979}. These are more magnesian than the average 

kimberlitic olivines and compare with the most magnesian 

olivines reported from peridotite nodules in the Bultfontein 

pipe (Fig . 9a after Boyd and Nixon, 1978). 

The olivine compositions and zoning noted are in 

accord with observations made by several other workers. 

Elthon and Ridley (1979) report two groups of olivines, small 

unzoned grains (FOS8- 89 ) and large zoned grains (Fo91 - 94 ) with 

rims of F088- 89 in a Premier Mine kimberlite. Boyd and 

Clement (1977) present · a . detailed study on zoning and note 

that De Beers Mine kimberlite exhibits homogeneous cores 

(small grains of F093_ 87 and large grains of F094 - 84 ) and 

thin zoned margins approaching F089 _90 regardless of core 

composition. Both normal and reverse zoning are found. Eme­

leus and Andrews (197S), reporting on olivine from kimberlitic 

dykes and sheets in W. Greenland , find a range in composition 

from Mg74 to Mg92 and zoning which converges on a composi­

tional band around Mg87- 91 • Kimberlite from Wesselton Mine 

has phenocrysts of F088 ,S-91 and macrocrysts of F08S ,S-94 and 

no olivine less magnesian than F0
88 

in the groundmass (Mitchell, 

1973b) . Mitchell (1979) presents histograms summarising data 

on two kimberlites, one of which is micaceous, from the Tunraq 

diatreme, and concludes that there is no difference in compo­

sition between the olivines from these bodies. The composi­

tional ranges of phenocrysts (called groundmass olivine by 

Mitchell) and macrocrysts (called phenocrysts by Mitchell) are 

shown in Fig. 9b (from Mitchell, 1979). There is zoning from 

Fo92- 90 cores to F090 - 88 rims in early olivine and F092- 90 
cores to FO B7 margins in groundmass olivine. Reverse zoning 

from F0 86 to F088 and Ni depletion in some rims is reported 

(Mitchell, 1979). 

The composition of olivines in nodules from the Bult­

fontein Floors (which are dump areas primarily from the 

Bultfontein pipe but may include material f.rom Dutoitspan) 

ranges from F086- 90 in dunite and F091 - 94 (with a mode of 

F093 ,S) in peridotite (Boyd and Nixon, 1978) . The average 

olivine macrocryst composition from Dutoitspan (Fo 9 1 ,S ) is 
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b) Tunraq kimberlite (after Mitchell, 1979) 
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less than that of the mode for peridotite nodules. However, 

one of the iron rich "outliers" (FO S7 _ SSon Fig. 4b) is compo­

sitionally akin to the dunite olivine from Bultfontein (Fig. 

9a). It is of note that the olivine aggregates described 

earlier from Dutoitspan have a restricted range of F0
90

- 92 
which corresponds with the range of macrocryst compositions 

in the same kimberlite (Fig 4b) but coincides with the gap 

between the dunite and peridotite olivine compositions from 

the Bultfontein nodules (Fig. 9a) ,analysed by Boyd and Nixon 

(1978). It would normally be ass,umed that the mantle sample 

from adjoining pipes of similar age is very likely to have 

common characteristics and, indeed, some of the nodules may 

actually be from Dutoitspan itself. Thus, if the Dutoitspan 

olivine macrocrysts were derived from dis aggregated peridotite 

nodules, they would be expected to have the same compositional 

distribution as the olivines from the Bultfontein nodules. 

But, based on the analyses available (and with the exception 

of the Fe-rich macrocryst which could be derived from dis­

aggregated dunite) they do not show evidence for such a 

correlation. 

e) Model for Olivine Generation 

An understanding of the deformation of olivine in 

the macrocrysts and aggregates described should provide in­

formation on the structural evolution of the Dutoitspan 

kimberlites, which, together with compositional evidence in 

comparison with that of mantle xenoliths, can be used to 

formulate a model for the generation of the olivine. 

In kimberlite, garnet lherzolite xenoliths are domi­

nant (olivine = 60-70 per cent, enstatite = 20-25 per cent 

and diopside = 5-10 per cent) and are believed to represent 

fragments from depths of up to 200 km (Nicolas and Poirier, 

1976). The tectonic or recrystallised textures they exhibit 

may result not from plate motion, but may ,be of local origin 

due to diapiric intrusions and are thought by Nicolas and 

Poirier (1976) not to be modified by intrusion processes. 

Nicolas and Poirier (1976) describe three main textures 
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in these nodules. Coarse granular and coarse tabular textures 

with characteristic curvilinear grain boundaries, and por­

phyroclastic textures exhibiting large grains (8 x 2 rom) with 

numerous subgrains (0,5 rom) and later-formed polygonal, strain­

free neoblasts (0,5 rom) are ; typical of the textures of granu­

lar Iherzolites (Nixon and Boyd, 1973 a and b and Boyd and 

Nixon, 1978). The third texture described by Nicolas and 

Poirier (1976) is a mosaic texture where olivine is entirely 

crystallised into a mosaic of small polygonal grains (0,07 rom) 

and i s equivalent to the flaser or submylonitic textures 

described by Nixon and Boyd (1973a) from sheared lherzolites. 

The mosaic texture is interpreted by Nicolas and Poirier 

(1976) as evidence of extensive plastic flow at 1400 ° C and 

60 kbars (Boyd and Nixon, 1972 and HacGregor, 1974 in Nicolas 

and Poirier, 1976) resulting from increased deformation of 

PQrphyroclastic-textured material. The mosaic texture then 

grades progressively into a fluidal-mosaic texture where 

strain estimated at 800 to 900 per cent is believed to be 

attributable to super-plastic flow (Boullier and Nicolas , 

1975) . 

Chemical differences between granular Iherzolites and 

sheared lherzolites (sterile and fertile nodules respectively 

of Rogers, 1979) exist and these are outlined by Nixon and 

Boyd (1973a). Granular lherzolites are compositionally 

equivalent to upper mantle material which has been depleted 

in the constituents Na, Ti, Fe, Ca and AI. Sheared Iherzo­

lites cortespond to the less depleted shear zones of the 

asthenosphere according to Boyd and Nixon (1972; 1973) and 

Boyd (1973, in Nixon and Boyd, 1973a). Boullier and Nicolas 

(1973) believe that the sheared Iherzolites are derived from 

the granular lherzolites by deformation and explain chemical 

and mineralogical differences between the groups by mechani­

cal disruption of inter layered granular peridotites and 

griquaites, clinopyroxene and garnet monomineralic beds 

Nixon and Boyd (1973b) describe a discrete nodule 

association in Lesotho kimberlites. Olivine in this associa­

tion occurs as monomineralic nodules with a mosaic texture 
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and is thought by these authors to have formed as .phenocrysts 

in crystal-mush magmas in the Low Velocity Zone and subsequent­

ly become incorporated in kimberlites during eruption . Accor­

ding to Nixon and Boyd (1973b) the kimberlites of Northern 

Lesotho appear to have originated in the asthenosphere at 

depths of the order of 200 km. During the course of eruption 

they picked up mantle rocks including sheared l herzolites 

and phenocrysts from crystal-mush magmas in the Low Velocity 

Zone. They then acquired granular garnet lherzolites from 

the lithosphere and l astly granul~tes and other crustal rocks 

In effect discrete nodules are thus phenocrysts in kimber-

lite magma. 

Nodules from the Kimberley mines do not appear to 

include Lesotho-type discrete nodules. Kimber l ey lherzolites 

have relatively low equilibration temperatures (less than 

1100 oC) a n d contain coarse phlogopite, a feature which con­

trasts with the absence of this mineral from high- temperature 

° (greater than 1100 C) she ared peridotites from other areas 

(Boyd and Nixon, 1978). 

Average olivine compositions and compositional ranges 

from the different nodules and other occurrences are ranked 

in the order of Fo per cent as follows . 

Discrete nodule assoc i ation 

Dutoitspan Fe-rich "outlier" 

Dutoitspan phenocrysts 

Sheared nodules 

Dutoitspan granular aggregates 

Dutoitspan macrocrysts 

Granular nodules 

F091 
F091 ,5 
F093 

(Nixon and Boyd, 

1973b) 

(this study) 

(this study) 

(Fo 87- 92 : Nixon 

and Boyd, 1973a) 

(Fo91- 94 : Boyd and 

Nixon, 1978) 

(F0 90 - 92 : this study) 

.(F090 - 94 : this study) 

(Fo 92- 94 : Nixon 

and Boyd , 1973a) 

(Fo
91

_
94

: Boyd and 

Nixon, 1978) 
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aggregates 

3) exhibit 

at Dutoitspan (as 

textures 

to conform to the description of mosaic texture 

which appear 

(Nicolas and 

Poirier, 1976), which implies that they are derived' from sheared 

nodules. The composition of the observed aggregates is close to 

that of olivine reported from sheared nodules as listed above. 

The range of compositions of Dutoitspan macrocrysts (F0
90

-
94

) 

straddles compositions intermediate between sheared and granular 

nodules, whereas phenocrysts are less magnesian in general than 

any olivine of nodule origin. The Fe-rich "outlier" analysed 

(FO S7_ 8S ) could represent part of a discrete nodul'e ', (FO
S7 

average) 

although the curvilinear grain boundaries do suggest a coarse 

granular texture (Nicolas and Poirier, 1976). It is possible 

that this grain is part of a granular-textured dunite, as oli­

vine in duni te from the Bul tfontein nodules ranges in composition 

from F086-F090 (Boyd and Nixon, 1978). 

Thus it is suggested here that the Dutoitspan olivine 

aggregates are derived from sheared mantle lherzolite and 

the single-crystal macrocrysts which have not undergone recrys­

tallisation were formed at higher mantle levels in a kimber­

litic crystal-mush magma which had incorporated the aggregates 

from greater depths. Some granular lherzolite or dunite 

could have been incorporated as the magma rose to higher 

levels still. Sudden, fluidized emplacement of the magma 

into the crust caused rounding of the olivine crystals already 

present and, unless they were deformed while at mantle levels, 

possibly gave rise to some of the strain textures evident as 

strain shadows and deformation lamellae in some of the macro-

cryst~ . 

tallised 

The second generation of kimberlitic olivine crys-

as euhedral phenocrysts at the lower crustal tempera-

tures and pressures and lower overall magnesium concentration 

in the magma. Further cooling and changes ' in conditions led 

to the start of re-equilibration of all the olivine but, as 

indicated by the thin zoned margins, this process was quickly 

arrested. Local fluctuations in magma conditions caused 

reverse and oscillatory zoning. Depending on the amount of 

fluid present, secondary alteration of the olivine to serpen­

tine proceeded and, in the case of the phlogopite kimberlite, 

ca~sed extensive pseudomorphism of both phenocrysts and 
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macrocrysts. 

2 . Phlogopite 

a) Variations in phlogopite chemistry 

Microprobe analyses of phlogopites, mainly from the 

phlogopite kimberlite, but also from the monticellite kimber­

lite are presented in Tables 6 (phenocrysts) and 7 (macro­

crysts). The phenocrysts are primary in texture that is 

there is no evidence of recrystallisation, except for grain 

10 (an euhedral phlogopite lath in a mica cluster surrounding 

a rounded mauve garnet with a kelyphitic rim), and grains 25 

and 26 (secondary flakes formed by the recrystallisation of 

a larger relict phlogopite plate). Grain 24 is a very fine­

grained matrix phlogopite, . not obviously secondary in texture, 

but chemically similar to the recrystallised material nearby 

(25 and 26). Most of the phenocrysts are euhedral to sub­

hedral and undeformed. Macrocryst plates, also "primary 

textured", are frequently deformed and usually rounded . 

Zoning is of two types - more commonly from a dark brown core 

(2A and 2B) to a bleached rim (2C) but analyses of a bleached 

core (22A) and a dark-brown rim (22B) are also given (Table 

7). In both cases, the rims are relatively Ti02 enriched . 

Grain 17 (Table 7) has a dark core with reversed pleochroism 

and a bleached rim. The analyses of grains 17 and 22A re­

quire Fe3+ in tetrahedral co-ordination in order to satisfy 

the theoretical formula. 

Variations in phlogopite composition are illustrated 

in Fig. 10. Fig. lOa shows a separation of the two fields 

relatively Fe-enriched macrocrysts and low- Fe phenocrysts. 

The ratio Si/Al provides an efficient discriminator between 

most members of the two groups. Only two macrocrysts have 

a Si/Al ratio less than 3,25 and three phenocrysts have 

ratios greater than this. Note that the zoning of macro­

crysts is towards the phenocryst compositions, that is 

macrocryst cores have more FeO than the rims. 

Fig . lOb shows there is Ti02 and cr20 3 enrichment of 
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phenocrysts relative to macrocrysts, although there is some 

overlap in Ti 'content . ~1acrocrysts are depleted in Cr 2°3' 

all except grain 15 from the monticellite type showing less 

than 0 , 2 per cent. The secondary phlogopite surrounding 

garnet is one of the two grains analysed that are highly 

enriched in Cr20 3 (Cr20 3 = 1,48 per cent, Ti02 = 2,02 per 

cent) . 

Fig. 10c shows the separation of low Cr 20 3 macrocrysts 

(over a range of FeO compositions) from phenocrysts , which 

show a wide spread in Cr20 3 content. The variation in NiO 

against Mg!Mg+Fe 2+ shows a considerable overlap between the 

two types of phlogopite. However, the frequency tables show 

that the macrocrysts have lower Mg/Mg+Fe ratios on average. 

There is no distinction on a basis of NiO content. The zoned 

macrocryst analysed (grain 2) has lower NiO and higher 

Mg/Mg+Fe in the rim. 

The compositional fie lds superimposed on Figs. lOb and 

c are from other workers (Dawson and Smith, 1977; l-iitchell, 

1979) . Most of the present analyses fall into the fields 

l abelled' macrocrysts'. The fields for primary and secondary 

phlogopite from xenoliths are shown on Figs. lOb and 10c. 

A few data points stray into the secondary phlogopite field 

but only grain 10 has the texture to support this classifi­

cation. There are no analyses of primary phlogopite from 

xenoliths. 

b) Discussion 

Much work on phlogopite is quoted in the literature, 

starting with workers on nodules (including Carswell, 1975; 

Harte et al., 1975; Boettcher et al., 1977; Dawson and Smith, 

1977 ; Boyd and Nixon, 197 8; and Danchin, 1979) then workers 

on kimberlite matrix (Watson et al., 1978 ; Smith et al., 1978; 

Mitchell, 1978 and 1979. Elthon and Ridley, 1979 and Delaney 

et al., 1980). The consensus of opinion on the composition 

of phlogopite ' in nodules is that there are two . types. These 

are termed primary and secondary textures by Delaney et al. 

1980). Their primary phlogopite (FeO<' 3,S per cent, Ti0 2 < 
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1,4 per cent) equates with the pale 'primary' phlogopite of 

Danchin (1979) and the 'mantle-derived' phlogopite of Boyd 

and Nixon (1978), which is coarse, deformed mica t~at has 

been sheared before incorporation in kimberlite magma. Secon­

dary-textured phlogopite includes that found around the 

kelyphitic rims of garnets and in vein lets (Delaney et al., 

1980). Secondary phlogopite around garnet is enriched in 

TiO Z and/or Cr Z0
3 

(Boyd and Nixon, 1978; Boettcher et al., 

1977; Delaney et al., 1980 and Carswell, 1975). Boettcher 

et al. (1977) attribute such secondary material to pervasive 

metasomatism by fluids prior to or during anatexis leading 

to the generation of kimberlite magma. Veinlet phlogopite 

has low cr Zo 3 and substantial Fe3+ in tetrahedral sites 

(Delaney et al., 1980). Harte and Gurney (1975) in Delaney 

et al. (1980) found, in addition to obviously secondary 

phlogopite, primary textured metasomatic phlogopite in veins 

and Delaney et al. (1980) interpret the texture in terms of 

"prolonged annealing following incursion of metasomatising 

fluid"; this type is distinct from the primary mantle-

derived phlogopite. 

Phlogopite which has crystallised from kimberlite 

magma is texturally classified by Nitchell (1979) and Elthon 

and Ridley (1979) in terms equivalent to macrocrysts and 

phenocrysts, as defined in the introduction of the present 

work, but no chemical distinction is given except that l1itchell 

(1979) reports an evolutionary · trend towards lower TiOZ and 

Cr Z0 3 . The field labelled 'megacryst' on Figs. lOb and 10c 

generally embraces the compositions of published kimberlite­

matrix phlogopites but Smith et al. (1978) and Hitchell (1979) 

have data reaching higher TiOZ and Cr Z0 3 compositions. The 

present data also suggest that the megacryst field of Dawson 

and Smith (1977) should be enlarged to include higher levels 

of TiO Z and CrZ0 3 . This field straddles the compositions of 

low-cr~o3 macrocrysts and higher (more vari~ble)-CrZ03 pheno­

crysts. In terms of evolutionary trend, the data presented 

are somewhat surprising. The macrocrysts which are deformed 

and rounded (probably during fluidisation and emplacement of 
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kimberlite) pre-date the smaller, euhedral undeformed pheno­

crysts yet they are more Fe-rich than the phenocrysts and are 

zoned towards low-Fe, high-Ti, high-Cr rims, composi~ionally 

comparable with the second-generation mica. This contradicts 

the reference Mitchell (1979) makes of evolution towards 

lower Ti02 and cr20
3

• He does not distinguish grains on a 

basis of textural differences so it is not possible to cor­

relate his data with either the megacryst or phenocryst 

populations shown. However, Smith et al. (1978) present 

detailed information on three size classes of their so-called 

Type II micas. The largest grains ( > 0,5 mm2 ) can be corre­

lated chemically with the macrocrysts on Figs. lOb and 10c 

because of their low cr20 3 content - and the smaller size 

categories with the phenocryst trend, although the spread of 

data from Smith et al. (1978) suffices to stress the wide 

variability of micas. The Type I micas they identify as 

resulting from an intrusive precursor are more Fe-rich than 

any of the analyses from Dutoitspan. 

c) Model for phlogopite generation 

Smith et al., (1978) suggest that (a) the variations 

of Cr20 3 in the micas may result from competition with tiny 

euhedral chromite grains crystallising simultaneously with 

the mica, (b) ilmenite and perovskite affect Ti content and 

(c) serpentine affects Ni content. The same reasoning could 

be used to explain variations in FeO . Early phlogopite macro­

crysts crystallising together with macrocrystic olivine would 

be in competition for Mg. It would appear that the partition 

coefficient is higher for Mg entering olivine. The phlogopite 

would be relatively depleted in Mg, and Fe 2+ would enter the 

mica instead. At a later stage, after the abundant olivine 

macrocrysts have ceased crystallisation, there would be more 

Mg allowed into the mica phenocrysts and the rims around 

macrocrysts, hence the later crystallising phlogopite, al­

though derived from the same kimberlite magma, would be more 

~lg-rich than the earlier generation of mica. 
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3. Monticellite 

a) Monticellite Chemistry 

Analyses of monticellite in Dutoitspan monticellite 

kimberlite (Table 8) are from a particularly carefully pre­

pared polished sample. Except for grain 2, which is rounded, 

good to moderate crystal form is shown by all of the grains 

analysed. 

No zoning is apparent, analyses SA and 5B being vir­

tually identical, and there is remarkably consistent agreement 

between grains, the only fluctuation being in the allocation 
2+ ' 

of Fe and Mg as shown in the cationic formulae in Table 6. 

b) Discussion 

Clement et al. (1975) have identified monticellite in 

the groundmass of two kimberlites from the De Beers Mine and 

present (lIic+,oprobe analy~es / ,the -mean', of ',which is very 

comparable with (if slightly less calcic than) the Dut9itspan 

mean (see Table 8). They refer to increasing Fe content with 

decreasing grain size, suggestive of Fe-enrichment during 

monticellite crystallisation. This trend is not confirmed by 

the present data in which grains are ranked in size as 

follows : 

1 = 5 > 2 > 4 > 3 

Mitchell (1978) reports abundant monticellite, with 

some grains being zoned from Fe-rich cores to Fe-poor margins, 

in the Elwin Bay kimberlite and shows variation of up to 18 

mole per cent caFeSio
4 

and 10 per cent Mg
2
Sio

4 
among analyses 

of monticellite grains. Unlike Mitchell's (1978) data the 

Dutoitspan analyses in Table g have only negligible ~lg2Sio4 

and plot close to the base line of the triangular diagram, 

Mg2Sio4 - CaFeSi04 - CaMgSi0 4 (Fig. 11). 

The results of Warner and Luth (1973) imply that there 

is limited mutual solution between CaMgSi0 4 and Mg 2Si04 . 

The maximum amount of CaMgSi0
4 

which may be dissolved in 

Mg2Si04 ( f orsteritic olivine) is less than 5 mole per cent 
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Table a Microprobe Analyses of Monticellite 

Oxides 1 2 3 4 5A 58 Mean 6 7 

51°2 37,41 37,93 36,92 37,.31 37,01 37,15 37,29 37,61 36 ,4 a 

Al 20 3 0,03 0,02 

FeOtotal 5 ,88 3,76 4,43 3,36 3,80 3,aa 4,19 3,99 8,96 

MnO 0,27 0,29 0,22 0,28 0,13 0,13 0,22 

MgO 22,16 23,03 22,72 23,73 22,98 23 , 00 22,94 23,91 20,70 

CaO 34,92 35,24 35,04 34,93 35,14 35,09 35,06 34,12 32,96 

Total 100,64 100,25 99,33 99,61 99,12 99,24 99,70 99,66 99,12 

Cations Con the basis of 4. 0) 

51 0,99 1,00 0,99" 0,99 0,99 0,9 9 0,99 1,00 0,99 

Al 0,00 0 , 00 

Fe 0 ,.13 0,08 0,10 0,01 0,08 0,09 0,09 0,09 0,20 

Mn 0,00 0,01 0,00 0,00 0 ,00 0,00 0,00 

Mg 0,8a 0 , 91 0,91 0,94 0,92 0,92 0,91 0,95 0,84 

Ca 1,00 1,00 1,01 1,00 1, a 1 1,00 1,00 0,97 0,96 

Total 3,00 3,00 .3,0 1 3,00 3,00 3,00 2,99 3, 0 1 2,99 

Mol.' end members 

caFeS104 13,0 a,4 10,0 7,5 a,5 a,7 9,4 a,a 20,0 

CaMg510 4 
86,3 91,6 89,2 91,7 91,1 90,8 90,1 87,9 76,0 

Mg 2Si0 4 0,7 0,0 0,9 0,8' 0 , 4 0,5 0,5 3,3 4,0 

Note: Grains 1-5 are from Dutoitspan Monticelilte kimberlite, SaO/9. The mean 

composition for this sample is given. Analysis 6 is the average of 4 analyses of a 

De Beers Mine kimberlite and analysis 7 is for the "Blue Hills u Monticellite 

Peridotite from the Gros Brukkaros Complex . 6 and 7 are from Clement et al. (1975) . 
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Composition of monticellite expressed as molecular percentage of Mg 2Si04 , 

CaMgSi04 and CaFeSi04 • Data for Elwin Bay from Mitchell (1978), for 

De Beers and Gros Brukkaros (see also Table 6) from Clement et al. U975). 

The mean value for Dutoitspan is plotted as an open circle. 
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under physico-chemical conditions likely to exist in natural 

systems, and where monticellite occurs in reaction relation­

ship with early formed Mg-rich olivine, monticellite would 

be expected to dissolve 5-10 mole percent Mg 2Si04 (Warner and 

Luth, 1973). There is no indication that the Dutoitspan 

monticellite is secondary in origin, so the fact that it is 

deficient in Mg
2
Si0

4 
is not surprising, particularly as 

Warner and Luth (1973) stress that there is partial i~~isci­

bility between the end-member phases of the caMgSio 4 -

Mg 2Sio
4 

jOin . There is no need to invoke more extensive 

solid solution than is suggested by Warner and Luth's (1973) 

study of the Fe-free system to account for the plotted 

Dutoitspan monticellite compositions. 

4. Oxide Minerals 

a) Ilmenite 

Analyses from the ilmenite grains described in section 

II are given in Table 9 and plotted on Fig. 12. There is 

no evidence of zoning in grains 1 and 2 but grain 5, a sub­

grain from a macrocryst in phlogopite kimberlite (580/21) 

has a Ti02- and MgO-enriched margin , similar in composition 

to the relict ilmenite aggregate (grains 2 and 3, Table 9) 

in the nodule shown in Plates 21 and 22 . There is substantial 

compositional variation both within macrocrysts (note the 

difference in MgO content between the sub- grains 6 and 7) and 

between macrocrysts. 

The available data do not provide any criteria for 

distinguishing between the compositions of the ilmenite 

grains from the two different kimberlite types. However, 

the phlogopite type has the highest frequency of occurrence 

of ilmenite macrocrysts (Appendix 5) . Grain 1 contains a 

markedly higher content of Fe 20
3 

and lower MgO than the 

other ilmenites tabulated in Table 9. It is doubtful whether 

this analysis represents an ilmenite as it 'plots at an impro­

bably low temperature (about 550°C) on Lindsley ' s (1976) 

estimate of the hematite-ilmenite miscibility gap. Further­

more the totals are high . This grain is probably a mixture 



Table 9 Mi croprobe Analyses of Ilmenite Macrocrysts 

Oxides 1A 1B 1C Mean 2A 2B 3 4 SA SB 6 7 

Ti02 42,93 43,27 42,83 43, 0 1 53 ,10 53,4 0 53,23 47,84 49 , 44 52,17 46,42 45,74 

Al203 0,18 . 0,03 0,20 0,14 0,40 0,33 0,33 0,17 0,26 0,28 0,16 0,18 

Fe20
3 

21,48 20,66 21,42 21,19 4,28 3,66 3,52 13,10 9,27 4,30 14,92 15,50 

cr20 3 1,95 1,94 1,96 1,95 2,51 2,39 2 , 12 2,42 2,53 2,60 2,01 1,93 

FeO 31,03 29,82 31,03 30,63 28,18 28,47 27,54 29,34 27,83 28,85 28,67 30,95 

MgO 4,83 S,63 4,80 S,09 11,57 11,45 11,89 8,23 9,90 10,66 7,68 6,09 

MnO 0,41 0,50 0,45 0,27 0,36 0,48 0,45 0,37 

Total 102,40 101,35 102,24 102,00 100,60 100,20 99,14 101,37 99,59 99,34 100,30 100 , 76 

Cations (on the basis of 6 0) 

Al 0,006 0,001 0,007 0,005 0,011 0,009 0,013 0,005 0,008 0,008 0,005 0 , 006 
Fe 3+ 0,436 0,419 0,436 0 , 430 0,084 0,066 0,064 0,251 0,175 0,079 0,292 0,307 OJ ..... 
cr3+ 0,042 0,042 0,042 0,042 0,048 0,045 0,040 0,049 0,050 0,050 0,041 0 , 040 

Ti 1,743 1,755 1,742 1,747 1,909 1,922 1,924 1,830 1,865 1,912 1,816 1,808 

Mg 0,389 0,452 0,387 0,409 0,824 0,817 0,852 0,624 0,740 0,774 0,595 0,477 
Fe2+ 1,401 1,345 1,403 1,383 1,127 1,139 1,107 1,248 1,167 1,176 1,247 1,361 

Mn 0,017 0,020 0,018 0,012 0,015 0,020 0,020 0,016 

Mole % end members 

MgTi0
3 

16,3 19,3 17,5 17,7 39,6 39,6 41,3 28,4 34,8 37,3 27,3 21,S 

FeTi0 3 63,9 61,5 63,0 62,8 56,5 57,1 55,5 S9,6 56,7 58,8 58,9 64,0 

Fe20 3 19,9 19,2 19,5 19,5 3,9 3,3 3,2 12,0 8,5 3,9 13,8 14,4 

Note: A, Band C de note analyses from core (Al to rim. 

l. Ilmenite mixture (see textl in phlogopite kimberlite, 740/16 (Plate 24). 

2,3. Sub-grains of r e lict ilmenite nodule in phlogopite kimberlite, 580 / 26 (Plates 21 and 22) . 

4,5. Sub-grains of an i l menite macrocryst in phlogopite kimberlite 580/21 (Plate 23). 

6,7. Sub-grains of ilmenite macrocryst i n monticellite kimberlite, 580/6 (Plate 11) • 
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of ilmenite and hematite, the highly reflective patches shown 

in Plate 24 testifying to the presence of an oXidatior/ex­

solution phase. 

b) Perovskite 

Partial microprobe analyses of perovskite grains are 

given in Table 10. All the totals are low, as rare earth 

elements, strontium, and niobium were not determined due to 

lack of suitable standards. The deviation from 100 per cent 

is considered to be an indication of the amounts of these 

elements substituting for calcium (Mitchell, 1972). 

The CaO content of grain 5 (27,54 per cent) is much less 

than the range 35,95-40,15 per cent found by Mitchell, (1972) 

(see Table 10). This grain also contains substantial Cr20 3 
(7,74 per cent), so the analysis is likely to represent 

interference by another phase, possibly spinel. There are 

no substantial differences in the main oxides CaO, Ti02 and 

Na20 between the groundmass perovskite grain (2) and the 

reaction material surrounding an ilmenite macrocryst (1). 

The phlogopite kimberlite contains perovskite (grains 1 and 2) 

slightly enriched in CaO and Ti02 in comparison with that 

from the monticellite type (grains 3 and 4). The rim of 

grain 3 is slightly enriched in FeO and depleted in Al 20 3 , 

Cr20 3 and MgO, in comparison with the core of the grain . This 

grain is intergrown with a phase rich in FeO as indicated by 

analysis 6, which is of an area of fine-scale intergrowth in 

grain 3. 

c) Spinels 

Microprobe analyses of spinels from the contact phase 

of the monticellite-kimberlite type are given in Table 11. 

The first three analyses represent the cores of euhedral to 

subhedral spinel grains which are surrounded by a spinel-free 

silicate gap, in turn mantled by a thin idiomorphic opaque 

rim . This texture was noted only in the contact phase. A 

single chromite analysis (grain 4, Table 11) represents the 

core of a euhedral reddish-brown grain. The small size of 

the grains has, in general, adversely affected the quality 



Table 10 Partial Microprobe Analyses ofPerovskite and Other Phases Associated with 

Ilmenite and Perovskite Grains 

Oxides 1 2 3A 3B 4 5 6 7 Range " 
Ti02 54,34 54,06 52,60 53,91 50,15 51,89 

0,21 

7,74 

0,75 

20,75 47,85 52,42-55,85 

·Al
2

0
3 0,22 0,17 0,17 0,12 0,19 0,84 0,16 0,15- 0 ,38 

cr20 3 0,49 0,50 0,47 0,05 0,46 0,89 2,03 

FeOtotal 0,91 0,00 0,00 0,48 0,74 61,43 34,75 1,00- 2,05 

MgO 0,08 0,06 0,26 0,09 0,11 8,72 11,14 0,07- 0,22 

CaO 38,85 38,98 35,81 35,52 34,89 27,54 9,98 35,95-40,15 

Na 20 0,59 0,73 0,94 1,03 0,49 0,07 0,37- 0,88 

Total 95,48 94,50 90,25 91,20 87,03 88,12 102,68 96,57 

1. Perovskite rim surrounding ilmenite macrocryst in phlogopite kimberlite, 580/21 

. (Plate 23). 

2. Euhedral groundmass perovskite grain near· the ilmenite grain above. 

3. Large grain of secondary perovskite in monticellite kimberlite, 580/10 (Plate 12). 

4 . . . 
5. 

Primary overgrowth of perovskite surrounding grain 3. 

Euhedral groundmass perovskite grain near ilmenite macrocryst in phlogopite 

kimberlite, 740/16 (top right in Plate 24). 

6. Intergrowth area in grain 3. 

7. Intergrowth lamellae in the ilmenite macrocryst of the monticellite kimberlite, 

580/6 (Plate 11). 

~ Range found by Mitchell (1972) in 21 analyses of groundmass and reaction-rim 

perovskite grains. 

(» ..,. 



Table 11 

Oxide 

Ti02 
Al20 3 
Cr20 3 
Fe 20 3 
FeO 

MgO 

Total 

Cations 

Ti 4+ 
. 2+ 
Fe 
Mg 2+ 

B 
Fe 3+ 

Al 3+ 

Cr 3+ 

Fe
2

+ ] 
Mg2+ 

A 

Mole % end 

MgAl 20 4 
Mgcr20 4 
Mg2Ti0 4 
Fe 2Ti0 4 
Fe 30 4 
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Microprobe Analyses of Spinels from 

the Contact Phase of the Monticellite­

Kimberl1 te Type 

1 2 3 

16,81 19,77 14,55 

5,87 6,08 . 8,04 

0,07 0 , 08 0,05 

35,88 33,28 38,82 

22,96 27 , 48 20,69 

15 , 38 15,35 16,07 

96,97 102,04 98 , 22 

MnO 

3,401 3,837 2,888 

2,273 2,558 1,925 

1,128 1,279 0,963 

7,308 6,464 7,711 

1 , 873 1,849 2,503 

0,016 0,016 0,010 

2,925 3,374 2,643 

5,076 4,625 5,359 

members 

11,7 11,6 15,6 

0, 1 0,1 0,1 

32,9 31,1 31,7 

9,9 16,9 4,4 

45,4 40,4 48, 2 

1,2,3 Cores of euhedra1 to subhedral composite 

4 

3,11 

5,85. 

48,67' 

11,18 

15,47 

13,39 

97,67 

= 1,00 

0,633 

0,249 

0,384 

2,276 

1,867 

10,413 

3,252 

5,016 

grains 

comprising spinel cores surrounded by a spinel-

free silicate gap, in turn mantled by a thin 

opaque idiomorphic rim. 

4 Reddish brown chromite. 
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of the analyses. 

d) Discussion 

Ilmenite grains in kimberlite exhibit a wide range in 

composition as is illustrated in Fig. 12 where Dutoitspan 

ilmenite compositions are plotted together with fields from 

other kimberlites for comparison. The most magnesian ilmenite 

grains occur in the groundmass at Wesselton and are comparable 

in composition with groundmass ilmenite in the Lighobong 

kimberlite (Boctor and Boyd, 1980). Ilmenite in a reaction 

mantle around rutile is more magnesian than the xenocrystic 

ilmenite from Wesselton kimberlite (5hee, 1979b). This is 

in accord with Mitchell's (1973b) observation that the 

Wessel ton ilmenite xenocrysts contain less MgO than do mantles 

upon rutile. Compositional trends are interpreted here to 

b~ from low -to high MgO contents because of the high MgO con­

tent of ilmenite groundmass grains; this contradicts the 

statement by Mitchell (1979) who, without groundmass grain 

analyses, interprets trends to be from "high to low HgO 

contents with increasing Fe20 3 contents". The presence of 

perovskite reaction rims demonstrates that magnesian ilmenite 

was not in equilibrium with the magma which eventually formed 

the groundmass (Mitchell, 1979). Haggerty (1976) describes 

progressive decomposition of picroilmenite resulting in the 

marginal formation of Mg-rich Mt and perovskite and with ss 
more intense decomposition Hemss and rutile are associated 

phases. He favours the probability of a subsolidus reduction 

mechanism related to CO:C0 2 equilibria although he does not 

rule out the possibility that the formation of l1tss could be 

related to a process of low-temperature chemical weathering. 

The core compositions of the mantled spinel grains 

(1-3, Table 11) are similar to magnesian ulvQspinel-ulvQspinel­

magnetite solid solutions (MUM) analysed by 11itchell (1979) 

and Mitchell and Clarke (1976), who describe a similar 

texture of spinel-gap-rim (Phase C, p. 163). The chromite 

analysis (grain 4, Table 11) is similar to that of the Phase 

B titan-magnesian aluminous chromites of Mitchell and Clarke 

(1976) also called TIMAC spinels by Mitchell (1979) . Among 
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the analyses presented by Shee (1979b) from Wesselton mine 

are chromites and Ti-magnetites similar in composition to the 

Dutoitspan analyses. Among Shee's analyses it is of note 

that the chrome spinels enclosed in olivine are understandably 

higher in Cr 20 3 content and unzoned whereas groundmass chro­

mites have cores lower in Cr 20 3 and rims further depleted 

in Cr20 3 and enriched in HgO . 

Spinel crystallisation in the Tunraq kimberlites com­

menced with relatively uncommon Al 203-poor aluminous­

magnesian-chromites and evolved via rare TIHAC chromites to 

large titaniferous-magnesian chromite. Increasing Fe 3+ and 

Ti led to the development of the MUM series (Mitchell, 1979). 

Accoraing to Pasteris (1979) there are two main trends re­

presented by De Beers spinels, firstly that common to many 

kimberlites - chromite-rich cores and titanomagnetite-rich 

rims, and secondly titanomagnetite cores to magnesian pI eo­

naste rims (only in areas in direct contact with wallrock) . 

Although such rims are common among De Beers spinels, Pasteris 

(1979) also finds zoned spinels with only partial pleonaste 

rims or atoll spinels. Typical zonation and texture of the 

atoll spinels is a subhedral titanomagnetite core, sometimes 

with a central chromite nucleus, a gap (no spine l ), and a 

narrow rim rich in magnetite. Only in those cases where part 

or all of the pleonaste rim is missing does one see a narrow 

magnetite rim (Pasteris, 1979). 

Pasteris (1979) reports a positive correlation between 

the preservation of Mg-pleonaste rims and phenocryst phlogo­

pite, which is also the situation found at Dutoitspan where 

the contact phase,bearing atoll spinels,is rich in phlogopite 

compared with samples away from the contact. Progressive 

breakdown/resorption of pleonaste rims and large phlogopite 

phenocrysts suggests interaction with some third Mg-Al-phase, 

possibley garnet (Pasteris, 1979). Thus the titanomagnetites 

are a pre-fluidization phase which underwent physical attri­

tion and/or chemical reaction during fluidization. The 

breakdown of garnet would account for the presence of Mg­

enriched rims on some olivines (as described in Section II) 
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as well as the Mg-pleonaste rims on spinels. Except at wall­

rock contacts where phlogopite phenocrysts and Mg-pleonastes 

could be quenched in, there would be eventual breakdown of 

these phases during typical magmatic processes (late-stage 

increases in f02 causing oxidation of the Fe2+ to a magnetite 

component as rims on the atoll spinels, and redissolution of 

Mg-Al-species by the remaining melt) . 

5. Garnet 

The following analysis is for a rounded mauve garnet 

from the phlogopite-kimberlite type. The garnet grain has a 

narrow kelyphitic rim and is surrounded by dark brown laths 

of phlogopite, one of which was analysed (grain 10, Table 6). 

If the analysis in Table 12 is classified using the discri­

minant indices published by Dawson and Stephens (1975) it has 

the highest probability of belonging to group 9. This is 

confirmed by using the flow sheet method (Fig. 5, Dawson and 

Stephens, 1975). In the addendum to their paper the authors 

suggest the name 'chrome-pyprope' for this group of garnet 

compositions. The occurrences of garnet grains belonging to 

this group include kimberlite, garnet lherzolite, garnet 

olivine websterite, garnet harzburgite, eclogite and diamond 

inclusions. 

V WHOLE ROCK CHEMISTRY 

Six samples from the monticellite kimberlite, includ­

ing one from the contact rock, and six from the phlogopite 

kimberlite have been analysed using X-ray fluorescence spec­

troscopy (see Appendix 3). Major elements for all samples and 

trace elements for all but 3 phlogopite kimberlites are listed 

in Table 13 and recalculated H20 and L.O.I.-free data are 

presented in Table 14. 

In order to try to overcome the problem of contamination, 

whole rock samples were hand-sorted (see section II) and crus­

tal inclusions were removed before analysis. 

There is a marked contrast in the major and trace 
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Table 12 t1icroprobe Analysis of Garnet 

Oxide Weight % Me an " Range " 

Si0 2 41,93 

Ti02 0,02 0,17 0,00 - 0,45 

A1 20 3 19,89 

FeO 6,93 8,01 5,42 -11,80 

~1nO 0,44 

MgO 20,60 20,01 13,60 ~24,20 

CaO 5,25 5,17 3,67 - 8,36 

Na 20 0,05 

Cr20 3 4,24 3,47 0,24 - 9,15 

NiO 0,03 

Total 99,37 

" Mean value and range of oxides ' for cluster group 9, used 

in discriminant analysis for the classification of garnets 

from kimberlite and associated xenolith s (Dawson and Stephens, 

1975) . 

Discriminant scores calculated using the indices from 

Dawson ' and Stephens (1975) are as follows: 

Rl = 755 R4 = 754 R7 = 723 RIO = 763 

R2 = 721 R5 = 695 R8 = 703 Rll = 752 

R3 = ;>50 R6 = 746 R9 = 765"" R12 = 742 

"" The highest score, which implies that group 9 has the 

highest probability of being the right classification for 

the analysis. The garnet analysis above is thus likely 

to be that of chrome-pyrope. 



Table 13 Dutoitspan Major and Trace Element An alyses 

Oxide' Contact Monticeillte-Kimberlite Type Phlogopite-Klmberlite Type 

740/C 

28,,08 

1,34 

2,78 

Fe203toeal 7 ,93 

MnO 0,l7 

M90 27 , 10 

CaO 13,61 

Na 20 

',0 
P20S 
LOI 

8 2°-
Total 

ppm 

Co 

. Cr 

V 

Sr 

Rb 

y 

zr 
Nb 

B. 
L. 
C. 

N' 

C.l." 

0,30 

1,11 

1,72 

13,83 

0,86 

99,43 

15 

1334 

146 

2338 

131 

21 

2<5 

172 

4887 

152 

212 

87 

1.01 

740/2 

30,89 

1,53 

2,51 

9,01 

0,16 

32,68 

10,23 

0,17 

1,71 

1,27 

9,39 

0,75 

100,30 

8' 
1660 

95 

1559 

B' 
18 

315 

ISS 

1340 

13. 
203 

.2 

1,16 

740/11 

27,67 

1,34 

1,87 

7,68 

0,14 

30,68 

10.95 

0,41 

0,69 

2,28 

7,20 

9,50 

100,40 

85 

1911 

124 

1601 

" 18 

342 

151 

1439 

134 

18' 

76 

1,34 

580/3 

31 ,88 

1,42 

2,54 

8, t3 

0,15 

32,41 

6,48 

0,60 

1,18 

1,19 

11 ,02 

• 1,01 

98,61 

,. 
1754 

III 

1327 

7J 

16 

303 

141 

1191 

111 

16' 

70 

1,43 

580/5 

32,14 

I, J2 

3,85 

8,03 

0,15 

30,71 

8,42 

0,39 

2,)~ 

1,80 

9,33 

1,19 

99 , 69 

80 

1538 

.3 
1236 

103 

15 

2' 3 

132 

1098 

117 

170 

77 

1,37 

580/9 

33,23 

1,29 

2,57 

8;04 

0,15 

32,08 

8,76 

0,64 

1,61 

1,86 

7,67 

O~, 96 

98,86 

72 

1310 

lB' 
1538 

.3 
15 

2" 
131 

1511 

11' 
165 ,. 

1,94 

740/8 

0,98 

4,49 

6,91 

0,13 

26,47 

8,46 

1,56 

3,03 
1,80 

9,72 

1,01 

99,61 

77 

1514 

142 

1040 

131 

13 

21. 

10. 

2617 

77 

10. 

52 

1,69 

740/10 

30, 94 

1,12 

3,05 

1,12 

O,ll 

28,29 

9,60 

0,45 

2," 
1,79 

13,32 

1,39 

99,64 

85 

1689 

126 

1434 

152 ,. 
261 

11' 
2288 

105 

14' 
65 

1,25 

• Contamination index as defined by Clement (personal communication, see text), 

Note: Major element analyses by J. Misiewicz. 

740/16 

33,69 

1, 07 

3,87 

7,13 

0,12 

27,82 

1,78 

0,17 

3,16 

2,79 

9,56 

2,09 

99,27 

75 

1369 

21' 
1625 

145 
12 

232 

112 

2762 

100 

13. 

5. 

1,25 

580/l5 

36,81 

1,07 

5,08 

1,00 

0,13 

27,51 

6,38 

1 ,06 

3,18 
1,4'5 

6,62 

2,22 

98,51 

1,66 

580/20 

34,67 

1,28 

3,74 

7 , 75 

0, 13 

29,29 

8,98 

1.17 

1,97 

1,97 

7,28 

1,18 

99,41 

1 , 84 

580/26 

37,82 

0,98 

4,89 

6,78 

0,12 

26,94 

7,09 

1 , 51 

3,14 

1,37 

6,77 

1,46 

98,87 

1,75 

'" o 



Table 14 Dutoitspan Major Element Analyses Recalculated on H2O and L.O.I.-free basis to 100% 

Oxide 740 / C 740/2 740/11 580/3 580/5 580/9 740/8 740/10 740 / 16 580 / 15 580/21 580 / 26 

Si02 33,14 34,26 33,06 36,82 36,04 36,83 39,57 36,43 38,45 41,05 38,12 41,73 

Ti02 1,58 1,70 1,60 1,64 1,48 1,43 1 ,10 1,32 1,22 1,19 1,41 1,08 

A1 20 3 3,28 2,78 2,23 2,93 4,32 2,85 5,04 3,59 4,42 5, ,67 4,11 5,39 

Fe20 3 total 9,36 9,99 9 d8 9,39 9,01 8,91 7,76 8,38 8,14 7,81 8,52 7,48 

MnO 0,20 0,18 0,17 0,17 0,17 0,17 0,15 0,15 0,14 0,14 0,14 0,13 <D 
I-' 

MgO 31,98 36,25 36,65 37,43 34,44 35,55 29,71 33,31 31,75 30,68 32,20 29,72 

CaO 16,06 11,35 13,08 7,48 9,44 9,71 9,50 11,30 8,88 7,11 9,87 7,82 

Na 20 0,35 0,19 0,49 0,69 0,44 0,71 1,75 0,53 0,19 1,18 1,29 1,67 

K20 2,01 1,90 0,82 1,36 2,65 1,78 3,40 2,87 3,61 3,55 2,17 3,46 

P205 2,03 1,41 2,72 2,07 2,02 2,06 2,02 2,11 3,18 1,62 2,17 1,51 
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element composition of the peripheral monticellite kimberlite 

and its core of phlogopite kimberlite. The monticellite 

contact rock has chemical characteristics which, like its 

petrography, set it apart from the main body of monticellite 

kimberlite. 

1. Contamination 

The Dut oitspan kimberlites contain carbonatised xeno­

liths of unknown crustal origin as well as various mantle 

nodules. There is no possibility of quantifying this multi­

contaminant situation in the manner described by Kruger (1978) 

He uses a correction procedure which takes into account the 

concentration of major and trace elements in the contaminant. 

Although perfect de-contamination could not be achieved by 

the physical method used here, because of partial resorbtion 

of large xenoliths and the effect of many smaller inclusions 

which could not be removed at all (problems also mentioned 

by Fesq et al., 1975) a fair measure of success was neverthe­

less achieved as judged by the contamination index (C.l.) of 

Clement (personal communication), presented in Table 13. 

Over half the analyses score in C.l. under 1,5 which accor­

ding to Clement is the figure above which the sample concerned 

is taken to be contaminated. Uncontaminated analyses are 

scored 1,0 by the formula which follows: 

5i02 + (A1 20 3 x 10) + (Na 20 x 10) 
C.l. = 

MgO + (K 20 x 10) 

An olivine basalt has a C.l. of about 17 and a phorphy­

ri tic granite scores about 5. The C. I .• s for analyses . 'presented 

by other worke rs are calculated in Table 15 for comparison. 

The Dutoitspan samples which have C.l.'s closest to 1,0 are 

the contact phase 740/C and the neighbouring sample 8 metres 

from the contact, 740/2. The matrix in both these samples is 

fine grained. Carbonate material is abundant in the contact 

rock 740/C and .the presence of carbonates in the matrix of 

740/2 suggests that this sample also lies within a zone 

exhibiting chill effects. 

There is no simple linear relationship between either 

5i~ or Al 20
3 

and C.l. (Figs. 13a and 13b), which is taken to 
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Table 15 Some Other Southern African Kimberlite Analyses 

Oxide 

Si0
2 

Ti02 
Al 20 3 
Fe 20

3 
MnO 

MgO 

CaO 

Na
2

0 

K 20 

P
2

0
5 

L.O.I. 

H20 

Total 

ppm 

Co 

Cr 

V 

Sr 

Rb 

Y 

Zr 

Nb 

Ba 

La 

Ce 

Nd 

C. r. 

1 

26,11 

2,33 

2,81 

8,61 

0,25 

27,63 

16,68 

0,37 

0,13 

3,04 

11,82 

2 

30,47 

1,69 

1,88 

9,12 

0,23 

33,75 

10,70 

0,53 

0,95 

1,78 

8,82 

3 

32,77 

1,45 

3,76 

7,78 

0,13 

25,96 

8,48 

0,71 

2,25 

1,18 

11,44 

3,11 

4 

33,21 

1,97 

4,45 

10,59 

0,17 ' 

22,78 

9,36 

0,19 

0,79 

0,65 

12,62 . 

2,66 

5 

44,67 

1,70 

4,46 

8,64 

0,14 

22,42 

6,63 

0,85 

1,31 

0,28 

5,22 

3,01 

99,83 99,92 99,02 99,44 99,33 

72 

1894 

126 

1403 

28 

24 

390 

152 

114 

174 

75 

1,97 

89 

I501 

110 

1196 

65 

14 

257 

113 

69 

113 

52 

1,26 

75 

1179 

80 

888 

95 

13 

223 

92 

43 

84 

35 

1,60 

1160 

2,59 

72 

890 

401 

104 

507 

38 

59 

{ 25 

2,75 

920 

12 

107 

77 

6 7 

48,46 

1,76 

4,12 

8,52 

0,15 

23,04 
.. 4,46 

0,57 

0,74 

0,18 

5,35 

2,21 

99,56 

73 

1060 

3,13 

11 20 

5 

121 

64 

8 

1 De Beers, DB/P5 (monticellite contact rock) ] 
2 De Beers, peripheral monticellite kimberlite Kruger (1978) 
3 De Beers, core phlogopite kimberlite 
4 Lesotho kimberlite average. Gurney and Ebrahim (1973). 
5 P~emier brown kimberlite average. Fesq et al. (1975). 
6 Premier brown kimberlite (t.e. only). Kable et al . (1975). 
7 Premier grey kimberlite average. Fesq et al. (1975). 
8 Premier grey kimberlite (t.e. only). Kable et al. (1975). 
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Plot of a) Si02 and b) A1 20 3 against 

contamination index, C.l. (s e e text) 

for the monticellite kimberlite (closed 

circles), the monticellite contact rock 

(closed square) and phlogopite kimberl­

i te (open circles) . 
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imply that potential systematic contamination effects have 

been eliminated by the sorting method used. Despite the appa­

rent variation in contamination according to the C . I.'s pre­

sented, there is no graphical evidence in the figures described 

below to su~gest that any of the points represent unreliable 

analyses. The obvious outlier, 740/C, is taken to be unconta­

minated (C.I. = 1,01) and thus represents a true kimberlite 

magma composition. Most of the other monticellite kimberli t e 

samples are reasonably uncontaminated (c.r.'s less than 1,50). 

Only the phlogopite kimberlites are affected by the original 

xenoliths and still exhibit fairly marked contamination (C.I.'s 

range from 1,25 to 1,84). In all, it is believed that these 

analyses are the best possible to represent the natures of 

the two kimberlite magmas concerned. 

2. Major Element Geochemistry 

The data plotted on the triangular diagram, Fig. 14a 

show variation in MgO, total FeO and A1 20 3 for the Dutoit­

span kimberlites as compared with the kimberlite and melilite 

basalt fields defined by Ferguson (1980). The main variation 

in the plotted data is in their Al 20 3 sontent which is higher 

in the phlogopite-kimberlite type. Figures 14b, c and d 

illustrate major-element variations which serve to distinguish 

the high-A1 20 3 , h:i,gh-'-K.,O: phlogopite type from the high-MgO mon-. -
ticellite type, yet both types exhibit the same correlations. 

A strong positive correlation exists between K20 and Al 20 3 
(Fig. 14b) and the contact phase plots on the trend. There 

is a strong negative correlation between K20 . and MgO, but in 

this case the contact phase is depleted in MgO and K20 rela­

tive to the main trend (Fig . 14c). In Figs. 14b and c the 

two kimberlite types fall into t wo obviously separate chemical 

populations. The scatter of points in Fig. 14d is greater than 

in Figs. 14b and 14c and both kimberlites show a similar range 

in CaO except for the contact phas'e which is highly enriched 

in CaO. The major element chemistry thus accurately reflects 

mineral abundances in that the higher olivine content of the 

monticellite kimberlite gives rise to MgO enrichment and the 

higher phlogopite content of the phlogopite type is endorsed 

by A1 20 3- and K20-enrichment. The CaO content of the contact 

phase, which sets it apart from the other analyses, is due to 
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the abundant calcite in the matrix 

3. Minor and Trace Element Geochemistry 

The mobile elements, K and Rb, are positively correlated 

with each other (Fig. lSa) but there is a fair spread of points 

lying between K/Rb ratios of 100 to 250. The two kimberlite 

types exhibit the same range in Sr content (Fig. lSc and d) 

except for marked Sr enrichment of the contact phase. This 

confirms that the observed contact phase is indeed likely to 
\' -

be a chilled margin as the calcite has apparently captured the 

Sr at the expense of the later crystallising kimberlite since 

Sr is preferentially incorporated into carbonate rather than 

silicate phases (Koster van Groos, 1975). Ba, too, has been 

highly enriched in the contact phase and the phlogopite 

kimberlite has higher Ba contents than that of the monticel­

lite kimberlite (Fig. lSc). Figs lSd and lSf show that the 

two types of kimberlites cannot be discriminated in terms of 

Cr content. Very good positive correlations between Nb and 

Zr (Fig. lSb) and Ti02 and MnO (Fig. lSe) are observed, the 

monticellite type having the relatively higher concentrations 

of Nb (probably in ilmenite, titanomagnetite and perovskite), 

Zr (probably in perovskite)~ Ti02 (in perovskite and titano­

magnetite) and HnO (in olivine and ilmenite). The regression 

fitted by eye to the data excluding the contact phase in 

Fig. lSb, has a slope of 0,47. The contact phase, however, 

has a much higher Nb/Zr ratio of 0,70. Fig. ' lSg illustrates 

the increase in V and decrease in Co from the monticellite 

to the phlogopite type. The contact phase contains higher V 

and lower Co than the other samples of monticellite kimberlite. 

The plot of Rb/MgO suggests a useful discriminant between 

the two kimberlite types (Fig. lSh). The Rb-enriched monti­

cellite contact rock plots among the phlogopite kimberlite 

points. 

The abundances of light rare earth elements La, Ce 

and Nd, and Y which, according to Frey et al. (1968) has geo­

chemical characteristics similar to heavy rare earth elements, 

are plotted on Fig. lSi as the chondrite normalised value 

versus atomic number (as for example Haskin et al., 1968; 
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Mitchell and Brunfelt, 1975; Kruger, 1978; Rogers 1979 and 

others). There is strong enrichment in the l ight REE for 

each of the kimberlite types . The co~tact phase has the high­

est abundance of REE, followed by the monticellite type, and 

the phlogopite type has the lowest abundance of REE. The REE 

distribution patterns exhibited on Fig. lSi are identical in 

all three cases, suggesting a close genetic relationship 

between the kimberlites because they all have the same amount 

of fractionation between light- and heavy-REE. The contact 

phase exhibits the greatest amount of absolute enrichment of 

REE, followed by the monticellite type, then the phlogopite 

type. 

Data from various kimberlites are plotted with the 

Dutoitspan data on Figs. 16a and 16b. The trends displayed 

by the Dutoitspan data conform to general trends in both the 

K20 -j l-tgO and the Nb / Zr plots. 

4. Discussion 

Th e re a r e striking similarities between the chemical 

characteristics of the two Dutoitspan kimberlites and the 

De Beers Mine kimberlites analysed by Kruger (1978). Firstly , 

both studies involve a peripheral montice.llite-rich kimber­

lite intruded by a core of phlogopite kimberlite and in both 

cases the contact of the monticellite kimberlite with the 

country rock into which it intruded is a finer-grained phase 

with a more carbonate- rich matrix. The De Beers Mine so 

called chill-phase (DB/PS) of Kruger (1978) is less olivine­

rich than the coarser grained samples but there is no notice­

able difference in olivine content of the Dutoitspan contact 

phase compared with other samples of the monticellite­

kimberli te type. There are distinct differences between the 

core and peripheral kimberlites 'common to both the Dutoitspan 

and the De Beers situations. These characteristics include 

higher contents of MgO, CaO, Fe 20 3 , TiO, P 20 S ' Cr, Co, Nb, 

Zr and REE in the peripheral kimberlite and a higher Rb 

content in the core kimberlite . REE · patterns are virtually 

identical for both studies . The oxides K20 and Al 20 3 
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are well correlated in each case, with the K20/Al203 ratio 

of 0,65 at Dutoitspan being comparable with the ratio of 

0,50 for De Beers Mine (Kruger, 1978), and good separation 

of the high-K-Al phlogopite type from the monticellite type 

exists . There is also good correlation between Nb and Zr 

except for the contact phase which is Nb-enriched at Dutoit­

span (compared with the main trend at a Nb/Zr ratio of 0,47) 

and slightly Nb- depleted at De Beers compared with the Nb/Zr 

ratio of 0,43 (Kruger, 1978). Both at De Beers and at Dutoit­

span does the peripheral kimberlite display higher Nb and Zr 

concentrations than the core -kimberlite. The range from 64 

to 295 of K/Rb ratios among De Beers Mine kimberlites (Kruger, 

1978) is comparable with the Dutoitspan K/Rb ratio range of 

100 to 250. 

Niobium and ziroonium are among the elements listed by 

Kable et al. (1975) as not being affected by contamination 

and are thus regarded as useful trace elements in understand­

ing the geochemist'ry of kimberlites. The Nb/Zr relationship 

appears to be sensitive to carbonate content and by implica­

tion may have a bearing on the influence of volatile content 

of kimberlite magmas. Low-carbonate kimberlites have Nb/Zr 

ratios around 0,50 and co
2
-rich kimberlites have Nb/Zr about 

0,70, as reported by Ferguson et al. (1973) who give Nb/Zr 

ratios of 0,49 and 0,53 respectively for kimberlite material 

host to autoliths and average kimberlite\and Nb/Zr = 0,69 

for two high-C0 2 , low-MgO autoliths. Wedepohl and Muramatsu 

(1979) report an average Nb/Zr ratio of 0,44 for South African 

kimberlites . The De Beers kimberlites analysed by Kruger 

(1978) have Nb/Zr ratios ranging from 0,40 to 0,47. Harris 

and Middlemost (1969) report a Nb/Zr ratio 'Of 0,53 and 

Kable et al. (1975) a range from 0,42 to 0,71 (excluding the 

information for the Water Fissure" thought by them to have 

been sampled together with the calcrete capping in the area 

by mistake). The higher ratios represent enrichment of Nb 

in micaceous types (Kable et al., 1975). It is not clear 

whether these types contain more carbonate material in the 

matrix . If this is the case they would conform to the 

characteristics of the Dutoitspan contact phase which has a 
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Nb / Zr ratio of 0,70 . 

The implicat ion is that the Nb/Z r ratio is thus impor­

tant in that it di s tinguishes kimberlites of obviously differ­

ent cooling history (contact phase against the rest), as shown 

in Fig . 15b, yet the correlation is good enough to support a 

genetic relationship between two kimberlites whose Nb/ Zr 

contents fallon a common trend. At the same time the dif­

ference in absolute abundances of both trace elements allows 

separation of kimberlite types within a given diatreme (Dutoit-, 
span, Fig. 15b, Kruger, 1978, Fig. 3.8, p . 59). 

The K/ Rb ratio in kimberlite lies between 100 and 300, 

being usually less than 200 (Ferguson et al., 1973, Wedepohl 

and Muramat su 1979; Kruger, 1978; Harris and Middlemost, 1969 

and Fesq et al., 1975). The wide spread in this ratio is no 

doubt caused, to some extent, by contamination, which affects 

K20 content. According t o Kruger (1978) the K/Rb ratio 

should decreas e in subsequent liquids derived from partial 

melting of the same mantle source if there is residual ph logo­

pite because residual phlogopite is enriched in Rb relative 

to K (Beswick, 1976). 

The high REE content and LREE enrichment of kimberlites 

has· been documented by several workers. Mitchell and Brunfelt 

(1975) and Rogers (1979) present chondrite normalised REE 

distribution patterns showing extreme fractionation among 

South African kimberlites. Mitchell and Brunfelt (1975) sug­

gest that apatite, perovskite and carbonate are sites of the 

REE. Where Eu anomalies occur they are thought to be due to 

the presence of perovskite or mica (Mitchell and Brunfelt, 

1975). The abundance of REE in kimberlite is possibly achieved 

by substantial REE entering micas crystallising from REE­

enriched liquid because of the complexing affinity of REE and 

other incompatible elements with volatiles (Schilling and 

Winchester, 1969 in Fesq et al. 1975). The REE distribution 

patterns r e ported by Kruger (1978) are similar to those of 

Dutoitspan in showing greatest enrichment of the contact phase, 

followed by the p e ripheral (monticellite) then the core 
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(phlogopite) kimberlite. 

The trace elements Rb, Ba, Zr and Nb are the most 

useful discriminators in distinguishing the. two main types 

of Dutoitspan kiIDberlites. The Nb/Zr ratio appears to be a 

sensitive petrogenetic indicator. 

VI. SUMMARY AND CONCLUSIONS 

The following points summarise the main ·characteristics 

of the monticellite- and phlogopite-kimberlite types studied 

at Dut.oitspan and highlight the mineralogical, petrological 

and petrochemical similarities and differences between the 

two types. These facts need to be taken into account in 

discussing the genesis and crystallisation history of the Du­

toitspan kimberlites. 

a) The peripheral monticellite kimberlite has a chil­

led contact where it is intrusive into gneissic granite wall­

rock and it is, in turn, intruded by a core of phlogopite 

kimberlite. 

b) The monticellite type contains abundant, relatively 

unaltered macrocrysts and phenocrysts of . olivine as well as 

macrocrysts of ilmenite and perovskite (altered from ilmenite) , 

and some altered angular crustal inclusions, in a matrix 

comprising perovskite and spinel microphenocrysts, and fine­

grained monticellite, serpentine, phlogopite, calcite and 

apatite. Heavy mineral concentrates contain far fewer ilmenite, 

garnet and chrome diopside grains than those of the phlogopite 

type (see Appendix 5) and the diamond grade of the monticellite 

kimberlite is also lower (Hawthorne, personal communication) . 

c ) The mineralogy of the monticellite contact rock 

differs from the main body of this kimberlite type in that it 

contains phlogopite macrocrysts, sUbstantial amounts of pri­

mary groundrnass calcite, and monticellite is virtually absent. 

d) The phlogopite type is characterised by macrocrysts 

of phlogopite and olivine, which are often extensively serpen­

tinised, phenocrysts of phlogopite and serpentinised pheno­

crysts of olivine. Abundant altered fragmental inclusions 
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of crustal rocks are found. Heavy minerals include substantial 

amounts of ilmenite, garnet and chrome diopside, and there 

is a higher diamond grade than in the monticellite type. The 

matrix contains small amounts of perovskite and spinel micro­

phenocrysts with fine grained phlogopite, serpentine, apatite, 

calcite and cebollite. 

e) Mineral chemistry. Olivine compositions . range 

from Fo = 91,5 ± 1,2 (1 a) for macrocrysts to Fo . = 89,0 ± 1,3 

fo r phenocrysts. Zoning of rims tends towards a compositional 

band of F089 _ 90 irrespective of whether cores are more Fe~rich 

or more Mg-rich. Phlogopite compositon is similar in both 

kimberlite types. Phenocrysts in the phlogopite-kimberlite 

type are more Fe-rich than macrocrysts. Bleached rims on 

phlogopite macrocrysts are Ti-enriched. Contact rock- spinel 

compositions include titan-magnesian-aluminous chromite (TlMAC) 

and magnesian-ulvQspinel-ulvQspinel-magnetite (MUMr, which are 

atoll-textured spinels. Picroilmenite macrocrysts have reac­

tion mantles of perovskite and titanomagnetite with overgrowths 

of perovskite. Garnet i ·s · chrome~p.yrope in composition and 

monticellite is relatively Ca-poor. 

f) Whole Rock Chemistry. The two kimberlite types 

have similar Nb/Zr, K20/Al 20 3 and K20/Rb ratios, similar LREE 

enrichment and REE distribution patterns, . but good separation 

of the low-Nb-Zr, high-K-Al phlogopite type from the monti­

cellite type exists. The monticellite kimberlite has higher 

levels of MgO, CaO, Fe 20 3 , Ti0 2 , P 20 S ' Cr, Co, REE, Sr, Y, Zr 

and Nb, and less A1 20 3 , Na 20, K20, Rb and Ba than the phlogopite 

type. The contact rock is highly enriched in CaO, Sr, Nb, Ba 

and enriched in LREE compared with the average monticellite 

kimberlite. 

g) There are striking similarities between these 

Dutoitspan kimberlites and the two De Beers kimberlites 

studied by Kruger (1978). 

h) Of the common mantle-nodule assemblage minerals 

(Boyd and Nixon, 1978), only olivine, garnet and chrome ,. 
diopside are observed in heavy mineral concentrates in any 

abundance. 



- 106 -

1. Petrogenesis of Kimberlite Magmas 

In the most recent publication by Perchuk and Vaganov 

(1980) on the origin of kimberlites it is established experi­

mentally that "kimberlite magma is the product of complete 

mantle melting under the action of alkalic (K 20) water­

carbonate-silicate fluid, supersaturated with volatiles having 

low density and a high migration ability". Their data imply 

that kimberlite magma immiscibility at high CO 2 fugacity, 

T = 1300 0 C and P = 60-70 kbars, allows separation of a carbon­

ate magma. This can account for the presence of primary car­

bonate material in kimberl.ite matrix. According to Ringwood 

(1975) the temperature of kimberlite magma, prior to explosive 

eruption ' and adiabatic cooling, is about 1000 0 C and a minimum 

pressure of 45 kbars is 

diamond from graphite. 

(and up to 300 km) for 

required for the stable synthesis of 

This implies a minimum depth of 140 km 

the generation of kimberlite magma. 

In terms of the hypothesis that kimberlite is derived 

by melting of the mantle, it is imporant to consider the 

composition of kimberlites relative to peridotites. Kimber- . 

lites are enriched in Ti02 , Al 20 3 , Fe 20 3 , cr20 3 , MnO, CaO, 

K20, P 20 5 , H20 and CO2 and are poorer in Si0 2 and MgO; 

K20 > Na 20 and there are lower Mg:Fe ratios in kimberlites 

(Dawson, 1971). Trace element studies on kimberlites indicate 

high concentrations of LREE, P, Nb, Th, U and Ta (Mitchell and 

Brunfelt, 1975; Rogers, 1979; Wedepohl and Muramatsu, 1979; 

Fesq et al., 1975). There is greater fractionation in t erms 

of La!Yb vs. Sm in kimberlites than in basalts (Rogers, 1979). 

The difference in La!Lu ratios between sterile nodules, where 

(La!Lu)N = 30-100, and fertile nodules, where (La!Lu)N < 5, is 

interpreted by Rogers (1979) as evidence for contamination 

of the mantle by fluid with kimberlitic trace elements, that 

is metasomatic enrichment, which; followed by subsolidus re­

equilibration, gives the composition of the sterile nodules. 

Thus any model proposed for kimberlite genesis must 

take into account the extreme enrichment in lithophile ele­

ments in the low-Si02 , magnesian kimberlite magma. Hartis 

and Middlemost (1970) proposed that a process of zone refining 
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(explained by Cox, 1979) and wall rock reaction after a small 

degree of partial melting leads to enrichment of incompatible 

elements. In a favourable structural environment the volatile­

rich kimberlite magma may rise to lower pressure regimes and 

further emplace ment is then dominated by gas fluidisation; 

final emplacement is at a low temperature (Harris and Middle­

most, 197 9 ) . In order to explain observed lithophile element 

enrichment in kimberlites, Dawson (1971) gives as alternatives 

a "residual hypothesis" (with kimberlite as the final product 

of the basalt extrusion cycle, as also supported by Mitchell 

and Brunfelt, 1975) and an "incipient melting hypothesis", 

with partial melting in those parts containing a hydrous, potassic 

phase, this being in support of conditions for diamond forma­

tion which require an accumulation of volatiles under mantle 

conditions. 

Other alternatives include firstly the suggestion that 

magmas co-existing with garnet can be highly enriched in LREE 

(Gast, 1968 in Carmichael et al., 1974), and secondly that a 

source r o ck containing phlogopite, apatite and rutile could 

take account of typical kimberlite element enrichment (Kable 

et al., " 1975) . 

Gurney (1974) reviews hypotheses for the origin of kimber­

lite and suggests that in the low velocity zone of the mantle 

there exists an intersti tial fluid containing dissolved water, 

CO 2 , other volatiles and incompatible elements. The presence 

of this fluid and the rise in termperature accompanying plate 

movement caus e s partial melting of the mantle and thus gives 

rise to kimberlite magma. Emplacement above 140 km below the 

earth's surface must be rapid in order to preserve diamonds 

and 'transport dense xenoliths (Gurney, 1974). The ultimate 

depth of origin is thought by GUrney (1974) to be greater 

than 200 km, the deepest assigned xenolith depth. 

Fe sg et al. (1975) agree that the concentration of, 

f0r example, K, Ti, P and P~E is not ade quately e xplained by 

simple"melting of garnet peridotite source rock and they 

support a possible association between kimberlites, carbonatites 
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and possiblymelilitites, but Mitc~ell (1979) presents persua­

sive arguments denying that there can be any relationship 

between the generation of kirnberlites and carbonatites. " 

Deans (1966) notes that although both carbonatites and : kimber­

lites contain high levels of Nb and REE, there is no Cr in 

carbonatites nor are there inclusions or kimberlite indicator 

minerals. 

2 . Crystallisation Relationships among Kimberlite ~~inerals 

The order of crystallisation of kimberlite minerals 

is interpreted from textural features, according to their tem­

poral relationship to the event of fluidisation, which is im­

printed on early crystallised phases by the observed rounding, 

deformation, partial resorbtion or zoning. Spinels provide 

information on changes in oxygen fugacity, temperature and 

contain evidence for the breakdown of earlier phases such as 

garnet . 

Pasteris (1979) working on the De Beers kimberlite 

presents information on spinel compositions, from which certain 

conditions of emplacement are inferred. Early formed titano­

magnetites were partially resorbed or rounded during fluidi­

sation. Thereafterthe breakdown of garnet is thought by 

Pasteris (1979) to have allowed the formation of Mg-pleonaste 

rims on spinels, and Mg-enriched rims on olivine. With rapid 

pressure release, as the kimberlite rose, phlogopite and Mg­

pleonaste were particularly sensitive to changes in f0 2 . The 

Mg-(Fe)-pleonaste broke down under late-stage increase in f0 2 
during oxidation of the Fe 2+ to magnetite, and re-dissolution 

of the Mg-Al-species by the melt. Only at contacts are the 

phlogopite phenocrysts and Mg-pleonastes quenched in. The ., 
spinel grains in the Peuyuk kimberlite are thought by Mitchell 

and Clarke (1976) to have crystallised afte r fluidisation, 

and trends reflect decreasing oxygen fugacities (10-
19 

to 

10- 22 bars) in response to falling temperatures (800-600 De) 

along the quartz-fayalite-magnetite buffer. 

The origin of magnesian ilmenite and its relationship 

to kimberlite has been described by Mitchell (1977a) as some-
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thing of an enigma. Is magnesian ilmenite a mantle xenocryst 

or a kimberlite phenocryst? Trace element studies and factor 

analysis led Mitchell (1977a) to conclude that the geochemis­

try of ilmenites cannot be interpreted in terms of a differen­

tiation hypothesis. Each pipe he studied is characterised by 

a particular suite of discrete ilmenite nodules which are 

considered to be phenocrysts in a proto-kimberlite magma. 

Elthon and Ridley (1979) also present arguments to support the 

origin of picroilmenite by ,direct crystallisation from the 

kimberlite melt. 

The lack of iron substitution in kimberlite perovskite 

crystals might be an indication that they formed under reducing 

conditions and f0
2 

is estimated by Mitchell (1977a) at 10-20 

bars in the final stages of crystallisation of the magma. Boc­

tor and Boyd (in preparation) report that perovskite from 

kimberlite dykes and sills is more enriched in REE relative 

to perovskite from diatremes. In carbonate-depleted diatremes 

the REE content of perovskite is lower than in carbonate-rich 

diatremes. 

Olivine compositions o f F093- 87 for phenocrysts and 

F094- 84 for rounded macrocrysts from the De Beers "Peripheral " 

kimberlite are reported by Boyd and Clement (1977) who inter­

pret marginal zoning, which approaches F089 - 90 regardless of 

core composition, to be metasomatic in origin rather than by 

growth zoning. 

to 

Phlogopite chemistry 

Elthon and Ridley (1979), 

shows variations which, according 

can 

ditions in the kimberlitic magma 

be related to changing con­

and the failure of early 

crystallising phlogopite grains to re-equilibrate with the 

magma. Smith et al. (1978) suggest that local effects on the 

scale of 1 rom can cause variations in compos i tion. They con­

sider that groundmass micas must have crystallised either 

during the final stages of emplacement and consolidation, or 

after emplacement, with an average increase in oxidation state 

as crystallisation proceeds, probably by loss of volatiles from 

the kimberlite. There are characteristic differences .. 
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between the Type II micas of Smith et al. (1978) and the 

primary micas in peridotite xenoliths (Carswell, 1975; Smith 

and Dawson, 1975 in Smith et al., 1978). 

Elthon and Ridley (1979) observe that kimberlites, 

unlike most other silicate magmas, can initially, at high 

pressures, dissove large quantities of both CO 2 and H20 if 

the degree of partial melting is very small. Large volumes 

of CO 2 de-gas from the melt during ascent (Wyllie, 1977 in 

Elthon and Ridley, 1979) and thus different phases crystal­

lise at depth and from the near-surface melt. The early phases 

described fo r a Premier Mine phlogopite kimberlite by Elthon 

and Ridley (1979) include picroilmenite, rutile, olivine, 

phlogopite, ortho- and clino-pyroxene, garnet, spinel and 

armalcolite. Following the reaction of picroilmenite with the 

magma to form perovskite and magnetite, the later crystalli­

sation period involved perovskite, magnetite, olivine, ph logo­

pite, carbonate, apatite and sulphides. Mitchell (1978) 

presents a pre- and post-fluidisation crystallisation history 

for the Elwin Bay (monticelli te bearing) _ .. kimberli te whereby 

olivine, pyrope garnet, aluminous-magnesian chromite and mica 

are early phases. 

before, during and 

Titan-magnesian chromite crystallised 

after fluidisation. Later spinels are 

titan-magnesian aluminous chromites and the last spinel phase 

to crystallise is magnetite. Other post-fluidisation phases 

include pyrite, mica, perovskite, rutile, monticellite, cal­

cite and serpentine. The crystallisation relationships des­

cribed by Elthon and Ridley (1979) and Mitchell (1978) have 

much in common ei th the Dutoitspan phlogopi teO and monticelli te 

kimberlite relationships respectively as discussed in the last 

part of this section. 

3. Petrogenesis of the Dutoitspan Monticellite and Phlogopite 

Kimberlites 

The striking similarities between the Dutoitspan and 

De Beers core and peripheral kimberlites mentioned are unlikely 

to be coincidental and it is difficult to accept mantle hete­

rogeneity (as proposed by Kruger, 1978, for the De Beers kim­

berlite described) as the explanation for. the observed geo-
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chemistry. There must surely be an underlying process which 

has created a repetition of similar spatial, mineralogical, 

and chemical relationships in two separate diatremes. 

The relationships between the monticellite and ph logo­

pite kimberlites at Dutoitspan appear to support derivation 

of the kimberlites as partial melts of garnet lherzolite mantle 

material in the presence of a suitable fluid (as perhaps 

described by Perchuk and Vaganov, 1980) which would allow the 

enrichment of lithophile elements as observed. The greater 

enrichment of these elements in the monticellite type is 

possibly due to a smaller degree of partial melting . The high 

K, Ba and Rb concentrations in the phlogopite type are due to 

the high distribution coefficients (as given by Cox, 1978) of 

these elements for mica. Mitchell and Brunfelt (1975) show 

that the ratio La/Yb and La abundance in the melt decreases 

as the percentage of partial melting increases, and suggest 

different degrees of partial melting to account for the dif­

ferences between the REE contents of different kimberlite 

types . 

Thus a small degree of partial melting (in the presence 

of suitable fluids) will give a liquid highly enriched in LREE, 

Nb and Sr, as indeed they are in the monticellite kimberlite. 

Further partial melting will reduce concentrations of these 

elements relative to the initial liquid, but lithophile ele­

ments will still be enriched relative to peridotite as in the 

phlogopite kimberlite. The rapid freezing of the perovskite­

enriched chilled margin would have caused entrapment of REE, 

Nb and Sr, giving the extreme enrichment observed. The match­

ing REE distribution patterns of the contact-phase, monticel­

lite, and phlogopite kimberlites reinforces the suggested 

genetic relationship between them. The earlier monticellite 

kimberlite, derived from the initial partial melt, has the 

greater abundances of REE, particularly at the contact. 

The extensive alteration of crustal inclusions in 

both kimberlite types is evidence for rapid gas streaming 

during their emplacement. Based on the abundance of crustal 
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inclusions in the core phlogopite type, this kimberlite was 

emplaced faster than the earlier peripheral monticellite 

kimberlite. The fragments were held in suspension and frozen 

in before they could settle or be resorbed. The later magma 

seems to have been associated with more volatiles as shown by 

greater degrees of serpentinisation of olivine in the phlogo­

pite type. This extra volatile content, as well as rapid 

emplacement, which would prevent oxidation of diamonds, could 

contribute both to the greater quantity of heavy minerals and 

the enhanced diamond grade of the phlogopite type. The higher 

volatile content of the phlogopite type is perhaps anomalous 

in terms of this type being a higher melting fraction, as is 

the fact that the lower-melting monticellite t ype is the 

more abundant of the two kimberlites. 

4. Crystallisation History of the Dutoitspan Kimberlites 

The early minerals which crystallised in the monticel­

lite-kimberlite type include olivine, picroilmenite, phlogopite, 

garnet, chromite, perovskite and spinels. Some small euhedral 

spinel inclusions in olivine, large chromite grains, and 

perovskite euhedra with spinel inclusions were among the first 

minerals to crystallise. 

Early phases were then rounded and/or deformed during 

ascent of the magma. Olivine aggregates are thought to be 

derived from highly sheared parts of the fertile upper mantle 

from which the kimberlite magma was generated; the aggregates 

are also rounded. The post fluidisation phases include euhed­

ral olivine phenocrysts, subhedral phlogopite phenocrysts, and 

euhedral spinel and perovskite microphenocrysts, then granular 

monticellite and finally anhedral calcite and serpentine. 

Second-generation perovskite formed mantles on earlier perov­

skite grains which were rounded or broken during fluidisation 

Serpentinisation of olivine phenocrysts is related to perov­

skite and spinel crystallising in clusters around the edges 

of the phenocrysts. Late perovskite and magnetite forms in 

the reaction mantles around ilmenite macrocrysts, with smaller 

macrocrysts being totally altered to perovskite. Perovskite 

then forms euhedral overgrowths on all these grains. Large 
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pre-fluidisation phlogopite macrocrysts were resorbed as were 

pleonaste rims on spinels. The thin magnetite rims around 

atoll spinels were formed at the time of resorption of the 

pleonaste (Pasteris, 1979). Only at the contact were phlogo­

pite macrocrysts quenched in. The atoll texture of spinels 

in the Dutoitspan samples is the only evidence suggesting 

pleonaste existed, none having survived resorption, unlike 

the De Beers spinels described by Pasteris (1979). 

At the contact, due to a rapid decrease in temperature, 

am immiscible carbonate melt separated to give primary ground­

mass calcite. Trace elements such as Nb, Sr and REE were en­

riched by crystallisation of perovskite and titanomagnetite. 

Pre-fluidisation phases which crystallised in the 

phlogooite-kimberlite type include macrocrysts" of olivine, 

phlogopite and picroilmenite with ""garnet, diamond, spinel, 

ortho- and clino-pyroxene. Fluidisation resulted in rounding 

of olivine, deformation and rounding of phlogopite and re­

equilibration of picroilmenite. Subsequent crystallisation 

included more Fe-rich phlogopite, olivine, perovskite over­

growths and euhedral groundmass grains, spinels, serpentine, 

calcite, apatite and cebollite. The high volatile content of 

the residual magma in the final stages of " crystallisation 

caused extensive serpentinisation of olivine and phlogopite 

phenocrysts and macrocrysts . 
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APPENDICES 

Appendix 1 Microprobe Analytical Conditions 

a) Olivine 

Element Crystal Standard Range in Std. Counts 

Si KAP St . J.Is. 01 33000 - 34500 

Ti LiF(220) Rutile 52000 - 53000 

Fe LiF(220) St.J.Is. 01 7300 - 7400 

Mn LiF(220) Rhodonite 26500 - 27500 

Mg KAP St.J.Is. 01 28000 - 29800 

Ca LiF(220) Wollastonite 33000 - 34000 

Ni LiF (220) Ni-Magnetite 1100 - 1200 

b) Phlogopite 

Element Cry tal Standard Range in Std. Counts 

Si KAP St.J.Is. 01 33000 - 35000 

Ti LiF(220) Rutile 52000 - 53000 

Cr Qtz Chromite 42000 - 44000 

Fe LiF(220) St.J .Is . 01 7500 - 7600 

Mg KAP St.J.Is. 01 31000 32000 

Ca LiF (220) Wollastonite 19500 - 21000 

Na KAP Jadeite 3300 - 3400 

K Qtz Orthocl. JVPL 6800 - 7100 

Ni LiF(220) Ni-magnetite 1100 - 1200 

Al KAP KK-Hornbl. 11700 " - 12300 

c) Monticellite 

Element Crystal Standard Standard Counts 

Si KAP St.J.Is. 01 38514 

Fe LiF (220) St.J.Is. 01 7211 

Mn LiF(220) Rhodonite 33365 

Mg KAP St.J.Is . 01 33685 

Ca LiF (220) Wollastonite 31389 
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d) Ilmenite and Perovskite 

Element Crystal Standard Range in Std. Counts 

Si KAP Wollastonite 63799 

Ti LiF(220) Ilmenite 32000 - 33000 

Al KAP Spinel 67000 - 1.0000 

Cr LiF(220) Chromite 38000 - 39000 

Fe LiF(220) Ilmenite 21500 - 22000 

Mn LiF (220) Rhodonite 33615 

Mg KAP Ilmenite 7300 - 7500 

Ca LiF(220) Wollastonite 31000 - 31500 

Ni LiF(220) Ni-magnetite 1100 - 1200 

e) Garnet 

Element Crystal Standard Range in Std. Counts 

Si KAP St.J . Is. 01 33000 - 35000 

Ti LiF(220) Rutile 52000 - 53000 

Al KAP KK-Hornbl. 11700 - 12300 

Cr Qtz Chromite 42000 44000 

Fe LiF(220) St.J.Is. 01 7500 - 7600 

Mn LiF(220) Rhodonite 26000 - 27000 

Mg KAP St.J.Is. 01 31000 - 32000 

Ca LiF (220) Wollastonite 19500 - 21000 

Na KAP Jadeite 3300 - 3400 

Ni LiF (220) Ni-magnetite 1100 - 1200 
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Appendix 2 Program To Calculate Olivine Mineral Formula 

~nd Example of Output 

a) Listing of Program 'FORM' 

'0 LET C"U 
1 5 
55 PRINT "TVPE IN SAMPLE NAME" 
60 IIJPUT 1£ 
65 PRINT "TVPE IN MUMOER OF OXYGENS IN MINERAL FORMULA" 
66 I NPUT B 
80 U Jr1 A ( 1 n , A E ( 1 2l , a ( 1 2) , C ( 1 Z) , D ( 1 2) 1M ( 1 2) , x (1 2 ) , Y( 1 ? ) 
90 LET T=\J 
110 DATA SlO?,60.0~,2.1,TIOl,/~,9D,2,1,AL2U3,101.9b'Z.5 
1 2 0 D A T AFt: 2 n 3 , 1 ~ ~ I 70 , 2 , 3 , F EO, (' , 8 5 I 1 I 1 , ~1 NO, 70 , \I 4 , 1 I 1 
130 DATA _1('0,40,32,'" ,CAO.56,V!!,',1 ,NIO,74,41,1,1 
135 nATA NA21),61.\I~,2.1 ,Ki:O,94,,1 ,2.1 ,t120,1!!,Z" 
'40 FOR 1=(1 TO " 
, 5 0 REA D A E ( I ) , M ( 1 ) , X ( i ) I V ( I ) 
160 NEXT' 
105 PRINT "TVPE IN ORDER SI02,TI02,AL203,FE203,FEO,MNO" 
166 PRINT· MGO,CAO,N!0,NA20,K20,tltO· 
1 6 7 
168 
169 
170 FO R I=U TO 11 
, 71 
HO I NPUT I'd Il 
19n LET 8(1)=A(I)*X(!)/M(I) 
200 LET T=T+8(1) 
~10 NEXT I 
220 PRINT "MI N[RftL FORMULA FOR: ",1£. 
230 PRINT 
240 PRINT" UXIDE","FORMULA" 
245 PRINT· -----------------------------" 
246 LET Z = lJ 
250 FOR 1=0 TO 11 
255 LET C(I)~9(1)*B/T 
260 LET D(I)=C(I)*Y(I)/X(I) 
265 LET Z=Z+O(l) 
270 LET C=C+C(I) 
280 PRI~n A£(I),A(I)'[)(l) 

290 NFXT I 
295 PRINT· TOTAL CATIONS= ·,Z 
296 LET F=D( 8 )/D(5)+D(ti)*1UO 
297 PRINT 
2\18 PRIIH · 1 1G/rlG+F~ ~{ = ·,F · 
300 IF C=H TltE N 32U 
310 r~EI'1 ER ROR 
32 0 STOP 
330 END 
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b) Sample Output 

T Y P ~ INS ~ I~ r L F N A II E 
TYPE IN NUMHER OF OX YGE N ~ IN MINERAL FORMULA 
TYPE IN ORDER SIn2 ,Tln2,Al 2n3,FE~03 ,F EO , MNO 

~Il' 0 , C AD , N 1 0 , ~ A 2 (1 , ~ Z 0 , H20 
MINERAL FOR MULA FORI 2/11/A 

S102 
TI(12 
0\1.203 
FF203 
FFO 
1~ NO 
M(,(1 
CAO 
'00 
N~20 

K20 
H20 

OXIDE FOKr·1ULA 
-----------------------------

40.92 
n :1F.-1 
o 
o 
7.25 
o . 1 
50.6 
O:3E-1 
0 ': 43 
o 
o 
(J 

TO TAL CATIONS= 

0,99",31 
0.1 f1 3f:>fi2E-3 
o 
o 
0.148(171. 
0.2 0613 6E-2 
1. 1S 41{,1 
0.1I5)019E-3 
0. 1.l 41l016E-2 
o 
o 
o 
3.011051 
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Appendix 3 X-Ray Fluorescence Analytical Information 

a. Trace element values for International and In-house 

Standards used 

Trace element KRF-13B CAR-08A S-12 S-9 ' PRO-ll S-15 
0 ' 

Rb 10,1 18,5 11,1 56,6 

Sr 205,0 297,0 4,0 53,4 
y 26,2 23,7 76,0 15,3 

Zr 110,0 129,8 441,0 144,0 

Nb 4,3 14,1 90,5 6,3 

Co 44,7 8,4 16,6 

Cr 293,0 385,0 114,0 

V 244,0 402,0 133,0 

Ba 205,0 243,0 29,0 

GSP AGV NIMG BCR 

La 191,0 35,0 105,0 25,0 

Ce 394,0 65,0 195,0 54,0 

Nd 188,0 39,0 73,0 29,0 

Ba 1300,0 

b. Instrumental Conditions 

Major elements Trace elements 

voltage 

amperage 

tube 

counter 

crystal 

55 kV 

40 rnA 

chromium 

flow 

TLAP (Na, Mg) 

LiF200 (Mn, Fe, 

Ti, Ca, K) 

PE.T (Si, AI) 

Germanium (P) 

tungsten 

flow (Co, 

ee, 

scint (Rb , 

LiF200 

21,3 69,0 

62,0 1998,0 

95,0 16,0 

736,0 

G-2 

96,0 

165,0 

55,0 

Cr, V, La 

Nd, Ba) 

Sr, Y, Zr) 
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c. Average Lower Limits of Determination and Absolute 

Errors for Trace Element Analyses 

Element L.L.D. Abs. _ Error 

Sr -1,83- 1,93 

Rb 1,98 0,80 
y 1,73 0,53 

Zr 1,82 0,88 

Nb 1,82 0,70 

Ba 1,54 9,30 

La 7,20 2,21 

Ce 12,89 3,63 

Nd 3,92 1,93 

Co 2,79 0,77 

Cr 4,24 3 , 61 

V 3,62 1,06 

Appendix 4 X- Ray Diffraction Results 

A Phillips Cobalt X-Ray tube with an Fe filter and a 

Debye-Sherrer camera (5,73 cm diameter) were used for the 

powder diffraction work. A voltage of 40 kV and an amperage 

of 40 rnA were employed. Powder samples,_ about 0,5 rom in 

diameter, prepare d as described in Section II, were exposed 

for about 2 hours using slit collimators. 

The results of the X-Ray diffraction mineral identifica­

tions are tabulated below. Olivine composition was determined 

by careful repli cated measurement of the back reflection line 

174 and the equation of Jambor and Smith (1966) given below 

was used to calculate Fo per cent. 

sition of Fo 89,52 was obtained. 
An average olivine compo-

Fo = 4151,46 - 3976,45 d 174 
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1- Olivine 

Line Intensity d dtheor. hkltheor. meas. 

1 40 5,14 5,10 020 

2 80 3,90 3,88 021 

3 30 3,73 3,72 101 

4 40 3,50 3,50 111 

5 35 3,00 3,01 121 

6 80 2,78 2,764 130 

7 (XI 100 2,52 2,509 131 

7 (X~ 100 2,46 2,457 112, 200 

8 70 2,26 2,267 122 

9 30 2,16 2 ,160 211 

10 100 1,75 
'I ,- '-' 

11 (X I 50 1,50 
11 (x, 50 1,48 
back reflection 

12 30 1,04 Fo % 

12' 30 1,020566 93,23 

1,021050 87,66 Line 174 

1,021050 87,66 

13 (X I 10 0,94 89,52 mean 
13 (xz 10 0,94 

14 (XI 15 0,93 

14 elz 10 0,93 

15 (X I 15 0,91 

15 (xz 10 0,90 

2. Ilmenite 

Reynolds (1978) reports that the combined effect of the 

presence of MgO and Fe 20 3 in kimberlite ilmenites is to decrease 

the unit cell dimensions of such ilmenites compared with the unit 

cell dimensions of ilmenites from other igneous rocks. The d­

spacings calculated by Reynolds for kimberlitic ilmenite in K3-

Kaal Vallei sample material are comparable with those below 

(personal communication). Note thair.' the geikielite end-member 

has d-spacings lower than those of kimberlitic ilmenite. 
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Line Intensity Calculated d-spacings Theoretical values 
geikielite 

grain 1 grain 2 d-spacing hkl 

1 80 3,71 3,73 3,70 012 

2 100 2 ,7 3 2,73 2,72 104 

3 85 2,53 2,54 2,53 110 

4 80 2,22 2,23 2,22 113 

5 80 1,86 1,86 1,85 024 

6 90 1,71 1,72 1,71 116 

7 30 1,62 1,62 1,62 018 

8 80 1,50 1,50 1,49 214 

9 85 1,46 1,47 1,46 030 

10 40 1,33 1,33 1,32 1.0.10 

Note: Theoretical values from the 

Fink and ASTM powder diffraction files 

Appendix 5 Numbers of grains in heavy mineral concentrates 

from 5 kg samples 

Garnet 

Size 

(rom) 

2,0 

1,0 

0,5 

Total 

Non-magnetic 

Ilmenite 2,0 

1,0 

0,5 

Total 

Magnetic 

Ilmenite 2,0 

1 ,0 

0,5 

Total 

Monticellite 

Type 

740/3 

o 
1 

7 

8 

8 

42 

310 

360 

o 
54 

o 

54 

740/9 

11 

271 

599 

881 

33 

862 

2360 

3255 

o 
o 
o 

o 

Phlogopite Type 

740/16 

10 

325 . 

638 

973 

30 

558 

2744 

3332 

o 
o 
o 

o 

740/8 

1 

17 

35 

53 

27 

554 

10 96 

1650 

o 
o 
o 

o 
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Size Monticellite Phlogopite Type 

(mm) Type 

740/3 740/9 740/16 740/8 

Chrome diopside 

2,0 2 2 4 6 

1 ,0 H 92 80 55 

0,5 44 174 163 145 

Total 57 268 247 206 

SEinel 2,0 0 0 0 0 

1,0 0 2 0 7 

0,5 4 4 4 12 

Total 4 6 4 19 
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