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ABSTRACT 

The structural and petrochemical relationships of the 
post-Waterberg alkaline intrusions north-east of iTetoria9 
were investigated. It was found that apart from being 
contemporaneous 9 these intrusions were influenced by the 
same tectonic pattern. The different magmas concerne~ all 
belong to the alkaline basaltic rock series, but they appear 
to have formed as a consequence of separate differentiation 
sequences in the mantle of the earth. The alkaline in-
trusions simulates the normal alkaline differentiation 
trend, whereas the kimberlite and carbonatite intrusions 
formed individually 9 disconnected from the alkaline basalts 
and from one another. 

The Premier Mine kimberlite was found to consist of at 
least four separate intrusions 9 starting off with the 
kimberlite of group-I which was highly explosive 9 succeeded 
by the kimberlites in the western and eastern portions of 
the mine, which were less explosive 9 and terminating with 
the unexplosive basaltic kimberlite veins. The latter 
rock-type, which was formerly described as carbonatite, 
compares favourably with the massive basaltic kimberlites of 
Benfontein 9 Wesselton, Du::toitspan and Jagersfontein. 
These rocks also show some correspondence to the melilite 
basalts, however, chemically they appear to be impoverished 
in magnesium, and enriched in calcium, phosphorous,sodium and 
potassium. Owing to the fact that their mineralogical 
constituents are not in equilibrium, the micaceous kimber
lites differ from both the melilite basalts and the basaltic 
kimberlites, but in this respect they resemble the kim-
berlite breccias. The influence of the mode of emplacement 
on the various rock-types concerned has also been investi
gated. It was concluded that all the alkaline rocks 
originate in the eel ogi tic zone, which occurs at a depth of 
more than 100 km below the surface 9 and that, depending on 
the extent of crystallization of enstatite and olivine, a 
complete sequence of undersaturated alkaline rocks may re
sult. 

The comparison of the mineralogy of the constituents 
in eclogite, kimberlite and peridotite revealed that the 
minerals of kimberlite and peridotite show a remarkable 
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correspondence, whereas eclogitic minerals are absent in 
kimberli te. 11 etrologically it was found that the 
clinopyroxene in the eclogite modules are invariably in a 
stage of alteration, and this alteration product consists of 
a fine grained clinopyroxene. Some undevitrified 
clinopyroxene glass was also encountered in some of the 
eclogi te nodules. The eel ogi te nodules often display 
metamorphic tentures, whereas the garnet peridotite nodules 
revealed the sequence of crystallization observed in the 
primary phenocrysts in kimberlite, and as predicted by 
O'Hara (1968) in the system diopside-pyrope at 30 kb to 
20 kb, viz. pyrope, enstatite, clinopyroxene, olivine and 
spinel. Chemically the eclogite appears to be undifferen
tj_ated, whereas the ultramafic nodules are unif'ormly 
differentiated, corresponding to the first stages of the 
normal differentiation sequence for tholeiitic magmas. The 
paucity of K+, Na+, A1 3+, ca2+ and Ti4+ in the ultramafic 
nodules, and their relatively high concentrations in all 
alkaline and kimberli tic magmas, suggest .. that the ul trarna
fic nodules can hardly be the source material for these 
magmas. The eclogite, being enriched in these constituents 9 

is a more likely parent material. The grospydites and 
kyanite eclogites, being poor in Mg2+ and Fe2+, are 
considered to be the residue during the melting of eclogite 
and the crystallization of garnet peridotite. The 
depletion of Mg2+ and Fe2+ takes place during the crystal
lization above 30 kb, where both enstatite and forsterite 
are in the liquidus whereas both grossular and omphaci te are 
in the solidus. Consequently a calcium-rich garnet and 
a jadeite-bearing clinopyroxene can crystallize. The 
excess of u 3+ may crystallize either as kyanite or as 
corundum. 

From the mineralogical, petrological and chemical data 
of the rocks and minerals concerned, a model is proposed 
for the upper mantle of the earth (120 to 38 Km) and for the 
sequence and time of crystallization of the constituents in 
kimberlite. 

Twenty new chemical analyses of eclogi tic and rl tra
mafic nodules and of their constituents and of kimberlite 
are reported. 
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The tholeiitic sill which is intrusive into the 
kimberlite at Premier Mine was also investigated, together 
with its metamorphic influence on the kimberlite. Three 
types of meta-kimberlite were observe~ and the metamorphic 
facies established. The tholeiitic sill is differentiated 
into an olivine-orthopyroxene cumulate, a doleritic zone, 
and a granophyric zone. At the lower contact a fine
grained chilled margin could be identified.· 
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Die J.iineralogie en Petrologie van Kimberliet en die ven•1ante insluitsel;-.,,, 

met soesiale verwysing na Premiermyn. 

Deur Cornelis Frick. 

Opsomming" 

Die petrochemi ese en strukturel e verwantskap tussen die na-i·vaterbergse 

alkaliese gesteentes noord~-oos van Pretor·ia is ondersoek, en daar is gevind 

dat die inplasing van hierdie gesteentes deur dieselfde tektoniese struktuur 

beheer is. Al die na,,-Waterbergse i nt.rusi es in die omgewing behoort tot die 

alkali-basal ti ese reeks, maar di t wi 1 voorkom asof hull e ni e almal gevorm het 

as gevolg van •n kontinue di fferensi asi eproses ni e. Die alkali ese gesteentes 

vorm een deurlopende reeks, terwyl die kimberliet en karbonatiet ·n afsonderlike 

reeks vorm., Gevolglik is die gevolgtrekking gemaak dat die kimberl.iet en 

karbonati et gedurende diesel fde sikl us van magmawerki ng, maar vol gens •n 

aparte differensiasieproses ontstaan het. 

Die Premiermynkimberliet bestaan uit vier aparte fases van vulkanisme, 

waarvan die volgorde bepaal kon word. Die eerste fase bestaan ui t die groep-1 

kimberliet, wat TI hoogs eksplosiewe fase was. Hierdie fase is gevolg deur die 

inplasing van die Westelike en die Oostelike kimberliet, wat minder eksplosief 

was, en wat gevolg was deur die indringing van die gange van basaltiese 

kimberli et. Laasgenoemde gesteente is voorheen as •n karbonati et beskrywe, 

maar die vergelykende ondersoek van hierdie gesteente met soortgelyke gange 

in die kimberliet van Dutoitspan, tlesselton en Jagersfontein, dui daarop dat 

hierdie gange as basaltiese kimberliet geklassifisecr behoort te word. Hierdie 

gesteente vertoon ook dieselfde mineralogiese en petrologiese kenmerke as die 

kimberliet van Benfontein, en die melilietbasalt van Spiegelrivier. Die meli~ 

li etbasal t en die basal ti ese kimber li et kan egter op grond van ai e chemi ese 

samestellings van mekaar onderskei word. 

Die glimmeryke kimberliet en die kimberlietbreksies word ook gekenmerk 

deur die toestand van geen-ewewig tussen die mineraalbestanddele. Nog die 

massiewe basaltiese kimberliet, nag die melilietbasalt toon hierdie toestand 

van geen-ewewig. Die vorm van die intrusie het blykbaar TI groat invloed op die 

mineraalsamestelling van die onderversadigde alkaliese gesteentes. Daar is ook 
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vasgestel dat die alkaliese gesteentes in die eklogietsone van die bo-mantel 

van die aarde ontstaan, en afhangende van die graad van kristalisasie van 

enstatiet en forsteriet, kan ·n hele reeks van onderversadigde gesteentes vorm. 

•n Vergelyking van die mineralogie van eklogiet, kimberliet en peridotiet 

dui daarop dat die mineral e in kimber 1 i et en in granaatperi do ti et diesel fde is, 

en dat die minerale in eklogietknolle baie selde in kimberliet voorkom. Die 

klinopirokseen in die eklogietknolle is ook meestal verander na ~ fynkorrelrige 

klinopirokseen, wat soms in gedevitrifiseerde glas oorgaan. Die orde waarin die 

mincrale van die granaatperidotietknolle gekristaliseer het volg die reeks 

soos deur O'Hara (1968) voorspel is. Die reeks is soos volg: piroop,enstatiet, 

klinopirokseen, forsteriet en spinel. 

Die chemiese analises van eklogiet dui daarop dat die gesteente ongedif

ferensief!rd is, tertvyl die peridotietknolle eenvormig gedifferensieerd is, en 

die eerste stadium van die differensiasiereeks van tholeiitiese magmas verteen-

f K+ + 3+ 2+ T . 4+ . d . 1 t f . woordig. Die a wesigheid van , Na, Al , Ca en 1 1n 1e u rama 1esc 

knolle en hulle ho~ konsentrasie in beide eklogiet en kimberliet dui daarop dat 

eklogiet eerder as die moedergesteente beskou behoort te word. 

2+ Beide kianieteklogiet en grospidiet vertoon lae konsentrasies van Mg en 

Fc
2

+, en word beskou as die residu tydens die opsmelting uhi eklogiet en die 

_ 2+ 2+. kristallisasie van granaatperidotiet. Die verarming in die kg en Fe 1nhoud 

van die eklogiet vind plaas as gevolg van differensie~le opsmelting van die 

eklogiet by ongeveer 30 kilobar druk, waar beide forsteriet en enstatiet in 

die magma oorgaan, terwyl grossul ari et-draende granaat en Jadei et•-draende 

klinopirokseen nog in die vaste toestand bestaan. Laasgenoemde fases kenmerk 

dan ook grospidiet en kianieteklogiet. 

Die mineralogiese, petrologiese en chemiese gegewens van die minerale 

onder bespreki ng, is gebruik om ·n model van die bo-mantel van die aarde vas te 

stel. Die volgorde en die relatiewe tydsduur van die kristallisasie van die 

bestanddele in kimberliet is sodoende ook vasgestel. Twintig nuwe chemiese 

analises van eklogiet, peridotiet en kimberliet, en van die minerale in hierdie 

gesteente is gedoen, en word weergegee tesame met~ volledige opgawe van alle 

soortgelyke analises wat versamel kon word. 
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Die plaatvormige intrusi e wat diskordant oor die kimberli et van Premi t.·P-

myn sny is ook ondersoek, en kon geklassifiseer word as~ tholeiitiese intrusie. 

Die plaat is gedifferensieer om ·n sane van oli vi en-ortopirokseenkumulaat, 

·n dolerictsone en •n granofiriese sone te vorm, en aan die bodemkontak kon ·n 

fynkorrelrige kilfase onderskei word. Die intrusie~ve plaat ht.'t die Premiermyn 

kimberli et in dri e tipes meta--kimberli et verandc:r, waarvan di o metamorfe fasi es 

ook vasgestel is. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

I. 

II. 

III. 

IVo 

v. 

CONTENTS 

IlfTRODUCTION 

METHODS OF INVESTIGATION 

A. 

B. 
c. 
D. 

Eo 

F. 

Polished thin section 
Volumetric compositions 
The optical properties 

The unit-cell Dimensions a.i.~d the 
d-Values 

Other techniques which were used 

The lmown Kimberlite Occurrences in 
Southern Africa 

THE GENERAL GEOLOGY OF THE AllEA 
SUR.ROUNDING PREMIER MINE 

A• 

B. 
c. 

D. 

The C01.mtry Rocks 

The Geology of Premier Mine 

The ttge Relationships and absolute 
ages 
The Structural Geology 

THE .P1tEMIER MINE FELSITE 

A. 
b • 
c. 

The Petrography 

The Mineralogy 
The Chemical Analyses 

THE PETHOGRAPHY OF THE UNivIETAIVIOHJ?HOSED KIM
BERLITE 

A. 
B. 
c. 

Introduction 

The Premier Mine Kimberlite 

The Petrography of Kimberlite :3reccia 

1. The primary phenocrystal phase 

2. The secondary phenocrystal phase 

1 

2 

2 

2 

3 

3 

4 

4 

13 

13 

14 
18 

20 

22 

23 

24 

24 

25 

25 

25 

31 

32 
49 

3. The residua phase of the kimberlite 51 

D. The Massive Basaltic Kimberlite at 55 
Premier Mine 
1. Introduction 55 
2. The petrography of the massive 56 

basaltic kimberlites 

3. Inclusions of wall-rock in the 65 
massive kimberlites 

4. The metamorphism of the massive 65 
kimberlites 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

VI. 

VII. 

VIII. 

THE PETROLOGY OF THE INCLUSIONS OF vJALL-1.WCK 
IN THE PREMIER MINE KIMBEHLITE 

A. 

B. 

c. 

Inclusions of Carbonate 

1. 

2. 

Inclusions of diopside-fels 

Inclusions of garnet-diopside-fels 

Inclusions of Kimberlite 

Diabase Inclusions 

Syenite Inclusions 

Inclusions of Shale 

The Inclusions of Waterberg Quartzite 

THE PETROLOGY OF ULTRAMAFIC NODULES IN 
KIMBERLITE 

B. 

c. 

Introduction 

The Ul tramafic Nodu.les 

Introduction 
The petrology of the ultramafic 
nodules 
The petrogenesis of the ultramafic 
xenoliths 

The Eclogite Nodules 

1. Introduction 

65 

65 

66 

66 

67 

68 

69 

70 

71 

71 

72 

72 

73 

88 

90 
90 

2. The petrology of the eclogite nodules 90 
3. The petrogenesis of the eclogite 93 

nodules 

THE MINERALOGY OF KIMBEH.LITE AND OF THE 
INCLUSIONS OF ECLOGITE AND ULTH.AMAFIC NLDULB~ 

95 

A. 
B. 

Co 

I). 

E. 
F. 
G. 
H. 

I. 

J. 

K. 

L. 

Garnet 

Olivine 

Ilmenite 

Chromite 

Orthopyroxene 

Clinopyroxene 
Apatite 
Pyrite 

J'hlo gopi t e 

Calcite 

Magnetite 

Canel us ions 

95 
102 

107 

115 

ll~ 
lJ..7 
11¥; 
15~ 

15G 

15~ 

15~ 
1~0 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

IX. 

x,. 

XI. 

XII. 

XIVo 

xv. 
XVI. 

THE PETROCHEMISTRY OF KIMBERLITE, 
1.ThTDERSATURATED ALKALINE ROCKS A.ND COGNATE 
XENOLITHS FROM KIMBERLITE 

Ao Introduction JSl, 
Bo The Petrochemistry of Kimberlite and J$L 

Related Rocks 
Ca The Petrochemistry of the Post-Waterberg 16~ 

.Alkaline Province North-east of .Pretoria 

D. The Chemistry of the Ultramafic and 1is 
Eclogi te Nodcles 

THE PETROGENESIS OF KIMBERLITE WITH SJ?ECIAL 
REFERENCE TO PREMIER MINE 

A. 

B. 

The Emplacement of the Premier Mine 
Kimberlite 

The Petrogenesis of Kimberlite 

The Model for the Formation of Kimberlite 
and Undersaturated Alkaline Rocks 

THE THOLEIITIC SILL 

A,. 

B. 
c. 
D. 
E. 

General Geology 
The ~Petrology of the Sill 
The Mineralogy of the Sill 

The Petrogenesis of the Tholeiitic Sill 
The Metamorphism of the Premier Mine 
Kimberlite 

SUMMARY AND CONCLUSIONS 

ACKNOWLEDGEMENTS 

REFERENCES 

PLATES 

19~ 

19~ 

lt;/8 
iqi 
203 

2(;) 

~ft,. 
<~<;/;2' 

~en 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

Io INTRODUCTION 

During July and August 9 1967 9 the samples were 
collected at Premier Mineo The unpublished maps by 

Uely (1962 9 mine plans) and the maps of Gerryts (1951) were 

used as base maps and the kimberlite was sampled according 

to the colour indices proposed by Gerryts. During 1968 a 

field investigation of the alkaline and kimberlitic intru
sions north-east of Pretoria was carried out ,•Ii th the aid 

of the maps compiled by Jai.~sen, (unpublished) and Visser, 

(1961). Samples were also collected from the kirnberlite 

occurrences near Kimberley, Bothaville and at Pilanesbergo 

The purpose of the present investigation was to ob
tain more information on the geology, petrology and 
mineralogy of the Premier Mine kimberlite and its related 

inclusions. According to Allsopp, Burger and Van Zyl 
(1967 9 p.165) this kimberlite pipe is of pre-Cambrian age, 

whereas the other kimberlites are of post-Cretaceous age. 
Hence a comparison between these two generations of kim

berlite was also made. Since very little information 
was available on the post-Cretaceous kimberlites 9 a 

mineralogical and petrological investigation of these 
kimberlites was necessary. 

A comparative study was al so undertaken of the ultra

mafic and e~logitic xenoliths found in kimberlites. The 

ultramafic nodules are considered by O'Hara and Mercy 

(1963, p. 296-304) to be fragments of the upper mantle of 

the earth, and by Schutte (1967, p. 2) as cumulates formed 

at various depths in the mantle. The present study 
includes a comparison of the mineralogy, petrology- and 
petrochemistry of the nodules found in kimberlites and 
alkaline basal ts. 

The "carbonatite dykes" (Daly, 1925) which occur in 
the Premier Mine kimberlite, have also been investigated, 

and are compared to petrographically similar rocks from 

the Benfontein- 9 Wesselton-, Du:toitspan- and Jagersfontein
kimberlites. 

The association of kimberlite and alkaline rocks is 

illustrated in the post-Waterberg volcanism north-east 

of Pretoria, and consequently the structural and petroche
mical relationships between the various intrusions have 

also been investigated. The tholeii tic sill, which is 
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intrusive into the Premier Mine kimberlite h3s been studied 
both in the two bore-hole cores supplied by the CoS.I.R. 
and in samples collected in the mineo A study of the 
metamorphism of the kimberlite by this sill, has revealed 
much about the nature of the matrix of the kimberlite. 

The laboratory work consisted mainly of the determi
nations of the optical 9 crystallographical and physical 
properties of the mineral constituents. The investigation 
of the clinopyroxenes necessitated the use of the techniques 
of single-crystal diffraction and of infra-red sj1ectroscopy. 
The chemical analyses were done by the National Institute 
for Metallurgy. 

The data obtained during the present investigation we.re .. 
used as a basis for the construction of a model of the 
mantle of the earth 9 and was also used to explain the gene
sis of kimberli tes and the related 1 undersaturated alkaline 
magmas. 

II. METHODS OF INVESTIGATION 

The usual methods for studying the mineralogy and 
petrology of igneous rocks were used during the present 
investigation. Under special circumstances however 9 

specialized techniques had to be adopted, 311d hence they 
will be described briefly. 

A. Polished thin sections 

Polished thin sections were found very useful during 
the investigation of small gr'J.ins of opaque minerals which 
are embedded in larger grains of transparent minerals. 
This technique was mainly used during the investigation of 
the kelyphytic rims around the garnets. 

Volumetric compositions 
The usual techniques for point counting thin and 

polished sections were used. However 9 a new method had to 
be developed for the point-counting of the kimberlite 
breccias. The volumetric composition of the kimberlite 
was determined on rock slabs of at least 10 x 10 cm, and on 
at least 3 thin sections. The point-counting of the slabs 
was done by laying a grid over the polished surfaces and 
counting the proportions of matrix material (smaller than 
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2 mm), phenocrystal material, and wall-rock inclusions. 
The thin sections were then point-counted in terms of the 
sc®e groups of constituents 9 and the values thus obtained 
were calculated as a fr3,ction of the percent~,ge m.:1trix 
material. These fractions were then recombined to produce 

the volumetric compositions. eg. 

·nonsti tuents Slab · Thin section ! Volumetric Compo-/ 
! si tion 
I 

Matrix X % xl '% xl "/o 
garnet a II x2 " a + x2 % 
olivine (first b II X3 II b + X3 t{o 
generation) 

wall-rock inclu- C II X4 II C + X4 fo 
sions 

Total 100 % x% 100 % 

c. The optical properties 

The optical axi2l angle was determined by me:::ms of a 
universal stage microscope, and conoscopic illumination. 
Hence the 2V was measured from one optid"1axis to the other, 
.JXld W:J.s checked by measuring the angles from the optical 
axes to the acute bisectrix in the extinction position. 
~t least 5 determinations were carried out on a single 
grain 9 and at least 4 grg,ins were me.qsured in every thin 
section. The average deviations found were alvT1.ys less 
th3Jl 1 ° 9 and hence a limit of accuracy of =:: 1 ° is accepted. 

The refrg,ctive indices were determined by the im
mersion methodi using methelene iodide 3,nd sulpher for 
refractive indices exceeding 1.720 9 and methelene iodide and 
phospher/us for indices exceeding 1. 794. Successive 
measurements on the SD.me garnet gr·1.in h:J.lt- indic2ted an 
accuracy of ! 0~003. 

Unless stated otherwise, the limits of accuracy 
mentioned above9 will always apply in the :rr esent discus
sion. 

D. The Unit-Cell Dimensions and the d-Vo.lues 
Depending on the amount of material avQilable, and . 

A cG- ~f o~r- .3:).!_llCJot z.; vi~k, 
the nature of the m3.terial 9 either a Gu:i:ni er camera or a ~ /\ ,.. 
Debye Scherrer C31Ilera and Co KQ(or Cu fu( radi:ttion h'J.ve 
been used. Silicon was used as an internal st8.lld2rd for 
the Guinier camera, and the usufll II solution" pill method 
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was used for the Debye Scherrer camera. 

The films were me'l.sured by means of a Hilger ond 

Watts film viewer 9 and successive me.3,suremonts of the same 

film indicated an accuracy of~ 00005 mm. A calculation 
of the accuracy of the unit-cell dimensions9 which is a 
function of this measurement error 9 as well as of the type 
of c~mera used, indic3,tes that the following accuracies 

could be obtained~-

Guinier camera(~ Oo002)i 
Debye Scherrer camera(~ 0.005)io 

Unless st3.ted otherwise 9 these limits of accuracy will 

be applicable in the subsequent discussion. 
More sophistic3.ted X-r3,y techniques were used in cert"J.in 

special circumstances 9 but these techniques will be describ

ed in the relevant sections. 

E. Other techniques which were used 

Vickers h8.rdness determinations 9 with the aid of a 

Ieitz mini-load, using a steel standard 9 were carried out on 
the ilmenite in the kimberlite. 

Differenti2l thermal analyses were used to identify 
some clay and serpentine miner3.ls 9 and the he·-::i.ted products 
vrnre identified by means of X-rays. 

Infra-red spectroscopy w~s 3.pplied to the clinopyroxenes 
in fill attempt to determine the distribution of A1 3+ between 
the tetr9,hedr3,l and octahedr'.l.l sites. 

F. The Known Kimberlite Occurrences in Southern Africa 
A.s h3.s been st'J.ted in the introduction, kimberlites 

from several localities other th:m Premier Mine have 3.lso 
been investigate<1 in 8.l1 attempt to obtain more data on 
kimberlite in general. Since some of the occurrences 
from which material h3.s been studied are not widely knovvn 9 

a list of these occurrences and a description of their 
localities are reported in table 1. This list is by no 
menns a complete cat'.J.logue on South Africon kimerli tes 9 but 
it does include most of the known kimberlites in Southern 
Africa. For a complete list of the kimberlite occurrences 
in the Republic of South A..frica, the reader is referred to 
the new 1/1 9 ()(1() 9 000 map of the Republic of South Africa 
( In Press). 
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Table 1. The distribution of kimberlites in Southern 
Africa. 

1. Pretoria district 
+Franspoort kimberlite 

Beynespoort; 20 m. east of Pretoria 
+Premier Mine; Cullinan ne:1r Pretorio.; 25°40'20"S, 

28°3l'E 
Zonderw~ter; 22 m. east of Pretoria 9 25°4l'S, 
28°33'E 
Pienaarspoort; 5 m from Hatherly st·1..tion 
Schuller-national mine; f'lrm Hietfontein 
Schuller-Kaalfontein mine; 
Klein/zonde:riliout; 16 m south of Premier Mine 
Montrose 1. )SoE of Premier Mine; 25°45'15"S, 
Montrose 2. ~28°32'E 

+Derdepoort; e3.st of Pretoria; 25°41'40"S, 28°17'20"E 
Puntlyf; 

Hietfontein No. 2 
Elmdshoek No. 1 and No. 2 
Doornkloof. 

2. Rustenburg district 
Nooitgedacht dyke; Nooitged2cht 405 
Winkelha~k dyke; Winkelha:1k 280 
Rustvoorby-Koornfontein dyke; Rustvoorby 895 
Palmietfontein 567; 37 m Nol\~.w of Rustenburg 
Stroom River 265; 25 m N.W of Rustenburg 
Va~lboschlaagte 636; 30 m N of Rustenburg 
Vl3.kl3.agte 511; S .. W. of .Palmietfontein 

Soutpansberg area 
Seta mine; 60 m west of Messina 

Potchefstroom area 
Goedgevonden near Potchefstroom, 26°40'30"S, 
26°46'20"E 

5. Kroonst:1d area 
Lace or CroV\/11 Mine; 18 m N.W Kroonstad; 27°27'S9 
27°06'E 
Voorspoed mine; 18 m N.W Kroonst3.d; 27°23'30"S, 
27°12 'E 
Ruby; adjoins Crown mine. 
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Bester's kr3,al; 12 m NoW of Kroonstad 

B3.ltimore; SoW of Crown Mine 

Norm·mdien; farm NormMdi en 

6. Winburg area 

Driekopj es; f3rm Welgegund 356 

Byrne; farm Wyno.ndsfontein 
Deeldo.m; 5 m N.E of Theron siding 
Driehoek mine; farm Driehoek 500 
Ferreiras Rust; neqr Rietspruit 
Kaal Valley; 8 m N.W Virgini3. siding; 28°02'3, 

26°49 9 30"E 
Lion Hill; farm Vergelegen 
New Compound; farm Welgegund 

+Monastery; 10 m s. Wb.rqu2rd 28°49'3, 27°25'E 
New Thor; f~rm Vrederust 
Monteleo; 1 m N.W of Lion Hill mine 
Myforres; East of Theron's Kop 

Phoenix; 1 m N.E Theron siding 28°19'S, 26°46'E 
Sweetholme; adjoins New Thor 
Theron; farm Wynandsfontein 

+Wynandsfontein (St3,r Mine\ 9.5 m N.E 

Theunissen (28°18'30 11 S 
(26°50'E 

Braklaagte9 9 m N of Theunissen 28°16'S, 26°43'10"E 
Outa116 m N.N.E of Virginia 28°02'30 11 S 9 26°56'40"E 
Loved'lle , 8 m N.W Clocolan, 28°51'40 11 S, 27°27'E 
Leeuwfontein 9 neqr Reddersburg 9 29°46'S, 26°28'30"E 

7. Boshof area 
Biesj isdam; neqr Roberts Victor 9 28°28' S 9 25°38' E 

Blaauwbosch; 15 mW of Boshof 9 28°33'30"3, 25°27'E 
Granaatplaats; between Roberts Victor and 

Blaauwbosch 
Katdoorn Pan; 12 m s.w of Boshof 

+New Elands; 3 m N of Blo.auwbosch 9 28°30'30"S, 
25°29'E 

Loxton's Dal; west of Boshof 
Oliphmt's mine; f~rm Oliph~tsfontein 

+Roberts Victor mine; farm Dampl~ats 319, 

28°28'43 11 S, 25°33'44"E 
Speculatie; adjoins f2rm OliphMsfontein 366 
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Tweelingsfont ein; adjoining f:-irm D3Jilpla,:its 319 
Vulcan; north of f:J.rm Ehauwbosch 

8. Fauresmith district 

9. 

Buffelhoutfontein; 11 m s.E of Jagersfontein 
+Jagersfontein; in Jagersfontein 29°46'S, 

25°25'30"E 
Kalkfont ein; East of J agersfont ein 
Koppiesfontein; 250 y3,rds from Buffelhoutfontein 
Vogelfontein; 

Astoria mine; 
fontein 

3 m N.W of Jagersfontein 
farm Twyfelhoek, 12 m N.Ji: of Koffie-

Ebenhaezer; near Koffiefontein 29°24'30 11 S, 24°59'E 
Klipfontein; near Koffiefontein 

+ Koffiefontein; 29°25 'S, 24 °59' 30 11 E 
P'ID.fontein; adjoins Koffiefontein est2te 
Zw'l.rtr3lldsdam; ne'.J.r Koffiefont ein; 29°20' S, 

25°15 'E 
Poortj e, near Koffi efontein; 29°26 '30"S, 25°06 'E 
Brakd'lll; ne3.r road bridge over Madder Hiver, 
N. E J acobd3.l 

East Grigualand '.:ll'ea 

Melkfontein; f~rm Melkfontein 
Zeekoeg2t; farm Zeekoeg:1t 
Abbotsford; 30°27'40 11 S, 28°50'E 
Sibi; Southern Pipe; 30°09'55"S, 28°47'45"E 
Sibi; Northern Pipe; 30°10'8, 28°47'45;'E 
lfobertSdale; 36°06'55"8, 38°49'45"E 
Clarkton 9 fqrm Cl3.rkton 30°00'30"8, 29°21 '30 11 E 
Bristol; fqrm Bristol 
Mzongwani, ne3.r Mzongwani location 
Rhamakakala, on f"J.rm Rhamak3.kala :fwn 
Mooifontein; on fqrm Mooifontein 
Mahlaki, near Mahlaki store ( 2 dykes) 
Hlangwini location; 30°06'30 11 S, 29°0l'E 
Kingscote; farm Kingscote 
Ezincuka; 
Inyongo; 

f3.rm Ezincuka 
farm Inyongo 

10. Lesotho 
+ Kolo 1. 17 miles SoW of Maseru 

17 miles 8.W of Maseru Kolo 2. 
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+Ngopetseu 29° 33' S 9 27° 4 7 'E 
Berea Plateau (2 dykes), near Maseru 
Sekh9.Illeng 28°48'3, 28°16'E 
Koenaneng 1. 28° 4 7' 30 11 S 9 28 °12' 30"E 
Koen3.lleng 2. 28°47'30"3 9 28°12'30'E 
MsrJ.k'3.bei (6 dykes) 8 miles west of Sekhameng 

+Hololo 10 miles WNW of Sekh31Ileng 

+Kao 1 29°01'3, 28°38'E 

Kao 2 2S 0 0l'S 9 28°38'E 
Kaunyane ~rea (3 pipes) 

Liqhobong (3 pipes) 28°59'20 11 S 9 28°36'4C'· 11 E 

Sol~e 6 miles SoW of Sekho.meng 

+Th~ba Putsoa 28°55'3 9 28°39'E 
+Qaqa 29°0'30 11 S, 28°52'E 
Robert Mo.khotlong (4 dykes) 29°09•s, 29901 1 E 
M~tsoku 29 905'3, 28°44'E 
Khobos dyke 28°50'3, 28°16'E 
Lemphane 28°57'3, 28°35'E 
Letseng-La-Terai; 29°00'S, 28°40'E 
Lip al eng , 2 8 ° 4 6 ' 12 11 S 9 2 8 ° 14 ' 3 0 "E 
Malib3.I!latso, 29°01 '40"8, 28°33 'E 
Matqi, 28°58'S, 28°48'E 

11. Postmg,sburg district 

Makg3.11.yene; 9 mo No W of Postmansburg, fnrm M3.kgmyene 

Metseatsididi; f~rm Metseatsididi 

Roscoe; farm Roscoe 52 

West '1.d Mine, 1 m NNE Postm3Jlsburgs- 28°19'20 11 S, 

23°04'30"E 
Postmansburg Mine; 2¼ m E.NoE. 

(28°19'10"8 Postmansburg ( 23 o06 , 8 

Blinkklip Noo 1 on f~rm Blinkklip 69 
Blinkklip Noo 2 ditto 

Blinkklip Noo 3 ditto 
Tigerkop on ftrm Tigerkop 

Mahur3. Muthla, 35 m S.W of Vryburg 

Makagene md Marnaghodi; 40 m NoW of Postmansburg 

Victory; 

Aarkop9 

De Bad; 

n eg,r Kuruman 

near Van Drutens 1 Vlakfontein 

on Va~l River, 62 m west of Kimberley 
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Kouw3.ter; 22 m from West End Mine, 4 m from M2k-myene 
mine 
Paardeberg e3.st; 27 m SoW of Kimberley 
Feisir Mine (Peiserton?); 19 m SoE of Eostmansburg 
Sanddrift; 18 m N.E. Prieska 9 29°30'40"8 9 22°56':8 
Thakwo.neng; 9 m E of Makwyene 
V '3.11 Dru ten' s; Vlakf on t ein M88 
Waterstroom Vlei M63 9 9 ms. Postmasburg 

12. Victoria West area 
Eende Kuil; 12 m s.E of Sutherland 
Br3.Yldewyn' s kuil; 600 y3rds north of Humcmsd3II1 
Cord2te's kuil; near Vosburg 9 30°47'8, 22°52'E 
Humansd3.IIl;; 

Le:ijfontein; 

neo.r Vogelstruisfontein 

32 m WNW of Victoria West 
Witputs; f'l.rm Roode Dr'J.3.i 
Balmoral; fqrm ~3.telfontein 9 20 m SoE. FrJzerburg 
Gmsfontein 9 ne1.r Bequfort West 9 31 °46' S, 22°34 'E 
Melton Wold 9 31°27'3, 22°47'E 
Byersfontein, 31°02'3, 22°32'E 
H·mover; Hmover 60 9 H3llover di strict 
Governmentl 3.2gte HV 32 9 H:mover district 
L'IDdover, f~rm Lmdover, Hanover district 
Lushoff, 30°47'3, 22°58'E 

13. Britstown are2 
B3.rends:fontein; 30 m NNW of Britsto\~1 
Pao.rde Vallei; 10 m NE of Britstown; 30°34'20"3 9 

23°28'30"E 

Brakkuilen 9 8 m NE of Britstown 
Viool skr.x2l; ne2r B2ren' s font ein 
Uitkyk; adjoins Baren's fontein 
Bl1.'l.uwboschput; 31 m Vv of Britstown, 30°38'20"3, 

23°15'40"E 
Britstovvn Common2ge; W of Town, 30°35'35"8, 

23°28'30"E 
t Lo\.ttdu.le 

14. Prieska area 

Markt; 2.5 miles SoE of Markt Homestead 
Middelwater; Middelw3.ter farm 
Uintjisberg; 

Du Plessisd:1.m; 

0 0 ne3.r Carnarvon, 30 49'8, 22 33'30"E 
5 m N.E. De Aar, 30°38'8, 24°02'E 
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Vetl3.3.gte; near Du Pl essisd'.3.Ill 
Witkop (Noeniput) 90 m N.Wo of Upington 27°32'S, 

20°ll'E 
Witberg; 40 m NoWo Prieska; 29°10'S, 22°2l'E 
Lekkerfontein; 30°2l'S, 24°38'E 
Koegas, farm Kwakw3.s, 29°12•s, 22°23 9 E 
Kaffir' s Kraal, 27 m E of C3.rn:1rvon 30°59' S, 

22°21'30 11 E 

15. Barklty West9 Winserton area 
Bumor3.l (Jubilee); 28°21' 30 11 S 11 24 °39• 30 11 E 

Besters prospect 9 N.W of Barkl1y West 
Borrell' s Kopj e; West of B3.rkl t/Y West 
Cyprus; ne3.,r Klipd'JJil 

+Fr3.nk Smith; Weltevreden, 28°15'S, 24°30'20"E 
Hqrrisdale; 10 m N. W of B3.rkley West 
Jubilee prospect mine; ne3.r Klipd~m 
Leicester; fqrm Klipdam; ne~r B3.lmor~l (Jubilee) 
Llmover; ne'.l.r Klipd'.3.IIl 
Huss el; f,1.rm Good Hope 
Victoria; f3.rm Good Hope 
Vfashington; f3,rm Good Hope 
Wringl ey' s Kopj e; ne 1.r Klipd3.ID 
Newlands No. 1 28°2l'S, 24°24'E 

11 No. 2 Close to No. 1 
II NO O 3 di t t 0 

11 No. 4 ditto 
+Doornkloof; 28°12'50 11 S, 24°30'10"E 

Exe el si or ; 2 8 ° 12 ' 2 0 11 S , 2 4 ° 3 0 ' S "E 
Mi tchemanskr2'Jl; 28°14' 40" S, 24 °30' E 

+Sover; 28°20'S, 24°30'45"E 
+Smiths Mine; 28°13'50 11 S, 24°29'45"E 
+Bellsbank; 28°03'30 11 S, 24°23'E 

Bobbejaan Mine; 28°05'S? 24°24'E 
Doornhoek; Doornhoek 84 
Sydney-on-Va~l; 28°29'S, 24°17'E 

16. Kimberley area 
+Bultfontein Mine; 28°46'S; 24°48'E 
+De Be er s Mine ; 2 8 ° 4 4 ' 10 11 S ; 24 ° 4 7 ' E 
+Dutoitspan Mine; 28°45'30 11 S, 24°48'E 
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28°44'15"S, 24°46'E 
28°46'S, 24°50'E 
28°44'30 11 S, 24°46'E 

Belgravi:,. Mine; neqrBeit House, Kimberley 
Doyle's Kopje; Kennilworth road, near Tr3.Ill Shed 
May Mine; f~rm Witpan 
Otto's Kopje; W.N.W. of Kimberley 
Pole Mine; f~rm Riverton 
St Augustine Mine; West of Kimberley 
Secretaris; 28°42'30 11 S, 24°30'30"E (3 occurrences) 
Spytfontein; s. of Kimberley 
Taylor's Kopje; 28°44'20 11 S, 24°44'E 
Therons Mine; f~rm Roodepan 
Thompson's Prospect; N.W. of Kimberley 
Wimbledon Mine; 28°49'S, 24°43'E (2 pipes) 
Southern fissures; 28°36 1 S; 25°o•E 

+Riverton; f~rm Riverton 
Phoenix Mine; f~rm Witpan 
Kimberlite on f~rm Doorn Boom 
Kimberlite on f~rrn Vooruitzigt 
Kimberlite on f~rm Alexgnderfontein 
Kimberlite on f3rm Holsdam 
Kimberlite on farm Welgevonden 
East Mine on Pa3.rdeberg East(+ 3 dykes) 

+Benfontein; 9 m e~st of Kimberley 

17. Other Occurrences 
Gamoep 32 pipes 
Kareeberge 17 pipes 
Nuwefontein 2 pipes 
Gibeon (S.W.A.) ~ 40 pipes 
Mt. Rupert(?) 
Hager's Mine; Kruis River; Riversdal.e district 
Botsw3.na; West pf Fr3.Ilcis Town, several pipes 

;YI.;. ·e. bnan 
Tanz8Jlia; Jr, 200 occurrences are lrnown 

18. Rhodesia 
Colossus Mine 
Wessels Mine 
Prospect 1 
Prospect 2 
Morwen Mine 
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19. Congo (Verhoogen) 
Zefu Pipe 
Kashiaba 
Chilongo 
Lubanda 
M'Bo Pipe 
Galo " 
Gweng, " 
Gondola fl 

Talala " 
Kambeli II 

Katipa " 
Mafwa " 
Tengo " 
Konzi " 
Lu3.nza " 
Liasa " 
Ki 'ID.do " 
Chimbwe ,, 
Congo II 

Chingululu 11 

Mispnshi " 
Fumbo " 
Mombwe ti 

Gungwania 11 

Lushipuka II 

+ 
The Kimberlites from which samples were investigated, 

during the present investig~tion 
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THE GENERAL GEOLOGY OF THE AH.EA 

SURROUNDING PREMIER MINE 

The Country Rocks 

Since kimberli te origin3.tes at a depth of more than 

100 km below the surf~ce of the eJ.rth, (MercyJ 1967, 
p.421-441) it is cle3.r that the vent along which the 

kimberli te intruded 9 cuts through all the formo.tions 

existing at higher levels in the e1.rth. In figure 1 a 

schematic section of the lmown formations presently cut by 

the Premier Mine kimberlite is represented. 

According to figure 1 the grmite b~sement is cut by 
the kimberli te vent at a depth of 8. 5 km below· the present 
surfqce. The grmite is succeeded by the rocks of the 

Black ~eef Series, which hqs a thiclmess of 176 m. The 
Dolomite Series overlies the Black Reef Series, md has 

a thickness of 1860 m9 1.11d is unconform.'lbly overlain by 
the sediments of the Pretoria Series. The Pretoria Series 
is complete up to the top of the Magaliesberg quartzite, 
and the succeeding sediments probably belong to the 
Smel terskop St3,ge. These sediments have been correl·1ted 
with the Steenk31Ilpsberg quartzite 2nd the associated 

carbon3.te-rocks in the Eastern Tr311sv3.al (Frick, 1967 p. 6). 

The kimberlite of Premier Mine is at Iresent exposed at 
this horizon, but apparently it also intruded into the 

overlying Waterberg System, which is indic~ted by xenoliths 
of Waterberg quartzite 311d conglomerate in the kimberlite. 

The kimberlite has also intruded many diabnse sills, which 
are intrusive into the Pretoria Series 9 3.rld in the upper 
600 meter of the profile a sheet-shaped body of felsite was 
transgressed. 

A.ccording to map 1 it appeqrs th8.t Premier Mine is part 

of a volc'IDic phase consisting of 11 kimberlite diatrems 

md 3. number of alk'lline intrusions. According to Sh'3.rld 
(1922 P• 83) the alkaline intrusions of Frmspoort, 
Leeuwf ont ein, Roodeplaat :3.lld Wallmannsthal, and the 
kimberlites of Fr311spoort (Fr'.Ulspoort J.R 332), and 
Pienaarspoort (Pienaarspoort JR 338) h3.ve intruded along 
the same north-north-west trending "Franspoort line". 

The kimberli tes of Klein ~onder 'fout JR 519, Beynespoort 
JR 335, Zonderwater JR 482, Montrose I and II 7 Schuller 
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(1:Uetfontein JR 214), Ka'l.lfontein JR 513, 7.nd Premier Mine 

also intruded along a line, p3.r3,llel to the "Fr.J.nspoort 

line". The direction of these two lines coincides with 

that of the post-Waterberg syenite dykes. Since all these 

intrusions are of roughly the sJIDe age, and are app2rently 

controlled by the S'J.me tectonics, it s8ems re2sonable to 

group them into the same volcwic phase. 

Since kimberlite is :J.n explosive volcanic breccia 9 

inclusions of the material through which the pipe has 

pierced C'.J.Yl be expected in the breccia. The suite of 

xenoliths of wall-rock material which has been encountered, 

includes all the rock-types usu--uly found in the formations 

shown in figure 1. However, some xenoliths of syenite, 

garnet peridotite, md eclogite are 3lso occa,sionally 

found in the kimberlite. According to Visser (1961) the 

felsite sheet varies considerably in composition and even 

grades into syenite. This could ~ccount for the svenite 

xenoliths in the kimberlite. Many post-Waterb0rg syenite 

dykes are 3.lso known in this '1.rea, which m'.:ly equ2lly well 
be considered as the source of these xenoliths. 

Apart from the ul tr3.Ill2fic and eclogi tic inclusions 9 

all the other xenoliths were derived from the country 

rocks, '.IDd hence they will be termed inclusions of wall

rock. Since the eclogitic and ultr3.Illafic nodules cannot 

be expl~ined in this way, they will be considered as 

"mantle inclusions". According to Mason (1958, p. 34) the 

Mohorovicic discontinuity is approxim'l.tely 35 1an. deep in 

crustal areas, 311.d as has been shown in figure 1, only 

the first 9 1an. could be accounted for, hence it is 

possible th~t these nodules may still be derived from 

some other source in the crust of the earth. 

B. The Geology of Premier Mine 

Premier Mine is the largest known kimberlite occur

rence in the Republic of South Africa, md is situated 

25 km east-north-east of Pretoria. It is well known for 

the discovery in 1905 of the Cullinan diamond (3,025 
carats), the largest stone ever found. 

In plan Premier Mine is ov3.l-shaped with a con

striction tow,1rds the e2st, thus creating the impression 
of two connected intrusions (figure 2). On surface the 
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pipe has a length of 860 m and a width of 400 m, :m.d on the 

520 m level below the surface the dimensions are 810x300 m. 

According to figure 2 the dips of the sides of the pipe are 
steeper on the southern 9 eastern 3nd western rims, wd it 

appears that the pipe becomes a dyke-like body in depth, 
simil:1.r to the Kimberley Mine (Williams; 1932, p 115). 
Should the present dip of the walls persist 9 the pipe 

would chwge into a dyke at a depth of 2500 m. It is 3.lso 

noticeable that the direction of elong3tion of this 
diatrem coincides with the trend of the 11 Fr3.11.spoort line". 

The wall-rock which forms the sides of the diatrem 

consists of felsite 1 and is part of a large transgressive 

sheet-like intrusion. According to Visser (1961) this 

sheet-like body consists of a variety of rock-types in

cluding feldspathized quartzite 9 felsite 9 gri~ophyre and 
syeni te. The contact between felsite and kimberlite is 

sharp without 3JlY indications of brecciation or metaso-
ma tism. The contact is usually striated 9 irregular and 
varies consider~bly in dip over short distances. 

The intrusive tholeii te sill also has sharp cont3.cts 

with the kimberlite 1 wd has cg.used intensive thermal 
met'J.IIlorphism of the kimberlite. Olivine, girnet and 
pyroxene were found at the met'l!Ilorphosed upper contact 1 

and diopside 9 amphibole 3Ild serpentine at the bottom 

contact. The meta-kimberlite at the bottom contact decom

poses easily .and results in "bad ground". The sill h3.s a 

thickness of 70 m9 a N.E. dip of 15° 9 and displays a very 

irregular surface. It cuts through the kimberlite at a 

depth of 380 m on the southern rim and at 450 m on the 

northern rim. 
At least six separate 11 c3.rbon3.ti te dykesi' which 3.re 

intrusive into and confined to the kimberlite body could 

be mapped. The contacts between the kimberlite and the 

carbonatite are sharp 1 without MY indic~tions of 

metasomatism. However, in some places near the contact 
with the carbonatite dykes the kimberlite is bleached. 
The carbonatite dykes vqry in thickness from 0.5 m to 

several tens of meters, and have very steep dips 

(60° to 90°). As C'JXl be seen in map 2 the carbonati te does 
not fill ow my fixed structur1.l p'lttern 9 3nd often cuts 
the boundaries between the different types of kimberli te. 
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The carbonatite dykes were also intruded by the tholeiitio 
sill, o.nd have suffered met3.Illorphic effects similar to the 
kimberlite. 

M'"illy sm:111 faults which h3.ve a strike dist:JJ1ce of less 
than 10 m9 ~nd dips r3nging from 7° to 20° towards the west, 
south-west and north-west are present in the kimberlite. 
Two larger f1.ul ts have a strike dist3.Ylce of nc:3.rly 70 m, 
ond occur in the eg,stern portion of the kimberlite. These 
fcml ts have .3. dip of 75° towards the east, md tr:i.verse the 
contacts between the v:1rious colours of kimberli te. 
According to W3.gner (1911 9 Po 50) chrysotile asbestos could 
be identified on the f2ult planes. 

Ne'J.r the centr'J.l portion of the pipe a large wedge
shaped9 tilted m1.ss 9 of red \lfaterberg quartzite et.nd 
conglomerate is exposed. On the 270 m level the 
dimensions of the e'J.stern md western lobes of the 
Waterberg quartzite inclusion 3.!'e 180x70 m 2nd 150x60 m 
respectively 9 whereas on the 520 m level the dimensions 
have shrunk to 70x20 m and 40x20 m respectively. The 
kimberli te in the immedi 3.te contact area of the W'.J.terberg 
inclusion usually contains a large 3.mount of small, rounded 
quartzite inclusions. This zone h3.s been ncuned the 
"boulder beds" by Gerryts (1951) 9 md is indicated as such 
on map 2. 

According to Wagner (1911 9 p. 50) four texturJ.lly 
different types of kimberlite could be discerned at Premier 
Mine. However 9 the subsequent mapping by Gerryts (1951) 
revealed 12 different colours of kimberlite. According to 
Haughton (1969, µ 231) three petrographicolly different 
types of kimberlite could be distinguished nt .Premier 
Mine. Taking these conflicting reports into account, the 
kimberlite has been tre2ted as a homogeneous kimberlite 
breccia 9 which display some v.2ri3.tions in colour. 

c. The Age-relationships and absolute ages 

Since the absolute ages of m3.ny of the olk:uine -md 

kimberlitic intrusions in the area north-east of Pretoria· 
h •,ve been determined, the genetic'.ll relationship between 
the various intrusions is better understood. 
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The xenoli ths of W'.J.terberg quartzite give,. :Jn indic J.tion 

of the m~ximurn ~ge of the Premier Mine kimberlite, and 

according to Oosthuyzen (1964) the Wo.terbcrg System is 

older than 1420 ~ 70 million years (Leeuwfont ein 8lk2line 

complex)9 possibly older tho.n 1790 ~ 70 m.y. (granite on 

Zaagkuil JR 204), but certainly younger than 1950 ! 50 m.y. 

(Nicolaysen et al., 1958). The tholeiitic sill, intrusive 

into the kimberlite 9 yields a minimum age of 1115: 15 m.y. 
by the Rb/Sr method 1 1255 ~ 50 m.y. by the K/Ar method and 
1750 m.y. by the lead isotope method (Allsop et al., 1967). 

Falaeomagnetic WJrk bv Jones and McElhinny (1966) on 

the tholeii tic sill indicates that it is of an age similar 
to the other post-Waterberg intrusions in Transvaal. 

Subsequent work by Jones (unpublished) on the Premier Mine 

kimberlite revealed a slight difference in age betw8en the 

kimberlite and the tholeiitic sill. The palaeomagnetic work 

on the Montrose kimberlite by Jones (unpublished), yielded 

an age similar to that of the Premier Mine kimberlite. 

Considering all the available evidence it appears that the 

post-Waterberg alkaline intrusions and the kimberlites 

north-east of Pretoria are contemporaneous, and consequently 

the Premier Mine kimberlite is much older than the post

Cretaceous kimberli tes from the type-locality (\"lilliams; 

1932). 
The presence of yellowish-green to green diamonds in 

the Witwatersrand conglomerates (R.aal; 1969 9 p 292) 

suggests that a third 9 and even older phase of kimberlite 
intrusion is present in South Africa. These diamonds are 

very small (Oo08 to 1.6 carats), however 9 a stone of 8 
carats has been recovered at Klerksdorp. At l\llodderfontein 

B Mine 1 and the highest production recorded was 194 carats 
per year (Mineral Resources of s. Africa; 1959, p. 48). 

According to Holmes (1936) the He/U+0.27Th ratio 

indicates that the uncontaminated kimberlite from Bultfontein 

and the melilite basalts are of mid-Cretaceous age. Similar 

determinations revealed that neither eclogite nor garnet 

peridotite is co-magmatic with the kimberlite, but that 

they are oldero The recent work by Allsop et al~, (1969) 

indicates lower Rb/Kand Sr 87/sr86 ratios for the clino
pyroxenes derived from eclogite than for those derived 
from garnet peridotites, thus indicating a more primitive 
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age for the eclogiteo Similar determinations on the 

garnets from these two rock-types revealed the s&ue pattcrno 

D. The Structural Geology 

As has been mentioned previously the alkaJ_ine intrusions 

and the kimberli te vents are arranged along the tvva north

north-west trending lines 1 viz the "Franspoort line" and 

the line through Premier Mine. According to Verwoerd, 

(1967) a line trending north-east, almost at right angles 

to the Franspoort line extends through the Premier Mine 

kimberlite and the Derdepoort carbonatite. Although no 

faults could be discerned along any of these directions it 

seems as if some structural control of these alkaline 
intrusions existso 

According to figure 3 it is clear that the post

Waterberg alkaline complexes in the Bushveld basin exhibit a..i, 

very much the same distribution pattern with respect to the 

anticlinal fold axeso At the two localities where folding 

of the floor sediments is evident, the two large alkaline 

complexes are found, viz.at Pilanesberg and north-east of 

Pretoria. At the latter locality the series of alkaline 

intrusions show the pattern of the tectonics caused by the 

folding very well, however, at Pilanesberg the tectonic 

pattern is less clearo At both localities kimberlites are 

found associated with the alkaline intrusions. 
According to the distribution of the forces during 

folding, the area at the nose of the fold is an area of 

tension, whereas the limbs are areas of compression. 

Consequently the alkaline intrusions, which are generally 
characteristic of fracture tectonics, would intrude into 

the areas of tension. 

Figure 3 also indicates that the intrusions are 
arranged along zones W{lich correspond to the directions 

fe~v-lb.i1111l 
of fracture in the strfiln elipsoid. These directions of 

/\ 

fracture also persist in the area of tension and were 

consequently more accessable for magmatic activity. 

The structural map (map 1) of the area north-east of 

Pretoria indicates that this folding of the sediments of 

the Pretoria 3eries was a rather complicated process, 

because the directions in which the forces opeT1,ted were 

continually changed as the process of folding proceededo 
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The initial forces were the stress from the north, which 

was caused by the emplacement of the Bushveld Complex, and 

the counter stress from the south which was cxjerted by 

the Halfway House granite dome. Apparently the granite 

dome was sufficiently resistqpt, and consequently no folding 

could take place west of the present fold. However, to 

tho east of the granite dome the counter force was not 

resistent enough, and consequently folding could take place. 

Since the granite dome has a circular eastern rim, the 

counter forces now acted from the south-west and the west 9 

and the Bushveld Complex exherted pressure from the north

east and subsequently from the easto 

It was these latter forces which resulted in the 

asymetrically-shaped fold north-east of Pretoria, and in 

the fault pattern, which consists of reverse faults 

(Truter9 1955) that are parallel to the south-west-north

east trending fracture zone of the strain elipsoid. All 
these faults are reverse faults with a downthrow on the 

southern side. Indicating intense pressure from the 

north-east (Truter9 1955). 
This unequal distribution of forces thus caused the 

south-west trending fracture zone to be closed, and the 

south-east trending fracture zone to be open, and 

consequently accessable to ma@natic activity. It was 

along this direction that the post-Waterbcrg syenite dykes 9 

the alkaline complexes and the kimberlites intruded. 

IV. THE PREMIER MINE FELSITE 

According to Visser (1961) the Premier Mine felsite is 
part of a large transgressive sill, which has intruded into 
the Steenkampsberg quartzite, This sill varies in com

position from syenite to felsite, and many hybrid rocks 
are developed. 

In the felsite many xenoliths of quartzite were 

encountered, and inclusions of felsite were also recorded 

in the kimberlite. The felsite exposed in the northern 

rim tunnel on the 298 m level varies in colour from reddish 

to greyish. However, no difference between these two 

types could be observed microscopically. 
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A. The Petrography 

In hand specimens the felsite is a greyish rock which 
consist of phenocrysts of clinopyroxene and many elongated 
needles of quartz in a cryptocrystalline matrix. 

In a thin section the clinopyroxene phenocrysts show 
zonal textures with intense alteration of the cores of the 
grains (photo 1). The 2V and n f- of the cl inopyroxene re-
veal that the cores consist of a more maf.nesium-rich 
clinopyroxene 9 whereas the rims are rich in iron. 

The elongated needles (photo 2A & B) were described 
by Lombaard (1932, p 128) as pseudomorphs of quartz after 
bioti te and feldspar. However 9 the measurement of the 
orientation of the individual quartz grains in the needle~ 
has led Glatthaar (1956 9 p. 28) to conclude that these 
needles are inverted trydimite. The arrangement of the 
quartz grains in the needles also resembles the inverted 
trydimite described by Wager et al. (1954) from the granophyre 
at Coire Uaigneich 9 Skyee 

The matrix consists largely of a granophyric inter
growth of quartz and orthoclase, with many small lath
shaped clinopyroxene grains 9 arranged in a trachytic texture. 
Very small lath-shaped grains 9 presumably plagioclase, 
could also be discerned in the matrix. 

B. The Mineralogy 

1. Clinopyroxene 

Large phenocrysts (1.0 to l0o0 mm in length) of 
euhedral and zoned clinopyroxene occur in the matrix of the 
felsite. These phenocrysts are usually resorbed, and the 
cores of the grains are altered to a green chlorite. In 
the cores of the clinopyroxene the 2V t -= 46°, and on the 

0 rims the 2Vt -= 48 ~ 

2. Quartz 
Pseudomorphs after trydimite occur as needles (1.0 to 

15 mm in length) in the matrix of the felsite. These 
needles usually consist of several smaller quartz grainss, 
which display a variation in optical orientation. 
According to Glatthaar (1956) the quartz which inverts from 
trydimite has an angle of 61° ~ 5° with the ori~inal c-axis 
of the trydimite phenocryst. Since his measurement yielded 
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this predicted v~lue 9 it can be concluded that the quartz 

needles represent inverted trydimiteo 

c. The Chemical Analyses 

In table 2 the chemical analyses of the Premier Mine 

felsite, Zonderwater syenite, Bushveld granite and 

Rooiberg felsite are compared. According to this table it 

appears that the Premier Mine felsite is a more dif

ferentiated portion of the syenite sill, and that it also 

differs from the Rooiberg felsite in being depleted in 

Table 2. Chemical analyses of the Rooiberg ru1d 
Premier Mine felsite, Bushveld granite 
and the Soda Syenite from Zonderwater 

l 
; 

A B C D E 

' 
Si02 75.13 77-78 74.35 75.60 55.81 

Ti02 0.20 0.52 0.09 0.24 3.12 

Al 20
3 9.96 8.81 11.23 11.54 13.58 

Fe2o
3 

1.14 1.12 0.72 0.85 4.26 

FeO 1.72 1.26 2.50 1.85 6.13 

MnO 0.08 0.06 0.02 - I 0.12 

MgO 2.20 2.78 0.78 0.30 i 2.95 
' Ca0 1.08 0.37 1. 26 1.13 3.28 

Na2o 1.89 2.57 3-38 3.20 7.38 

K
2
o 3°57 

I 
3e48 4.40 4.50 0.91 

Ho+ 1.96 1.10 0.99) 1.08 1.34 2 I ) H
2
o- 0.07 ! 0 .. 09 o .. oo) 0.09 

i ; 
P205 0.12 0.29 I 0.10 I - 0.72 I I I I I 

! 
CO2 1.22 I ! - I - I 0.13 I ! j ; 

Total iloo. 34 !1co.23 i 99. 82 ! 
' 99.82 

! 
il00.29 ! 

~ 

A+ B. Premier Mine felsite 9 Lombaard (1932, p 186) 

c. Rooiberg felsite; Visser (1964, p 128) 

D. Bushveld granite 9 Visser (1964, p 17) 

E. Zonderwater soda syenite9 Lombaard (1932, 
p 186) 
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V. THE PETROGRAPHY OF THE UNMET.Aiv'.IOH.PHOSED 
KTIJIBEILL ITE 

A. Introduction 

The term kimberlite has been defined by sGveral 
authors 9 however 9 the definition proposed ·by Dmvson 
(1967 9 p 242) is the most widely applicable. He defines 

kimberlite as a serpentinized and carbonated mica peridotite 
which occurs in diatrems 9 dykes 9 veins and sills. The rock 
displays a porphyritic texture and may contain diamonds and 
inclusions of ultramafic rocks. The latter are characteriz
ed by the presence of high-pressure minerals such as pyrope 
and jadeite-bearing clinopyroxenes. 

Wagner (1914) classified kimberlite on mineralogical 
and chemical grounds as basaltic or micaceous kimberlites. 
The average chemical and mineralogical compositions of the 
micaceous and basaltic kimberlites are compared in table __ ~• 

A classification by Lewis (1887) 1 based on the 
xenoliths in kimberlite 9 as amended by Rabhin et al., (1962) 

is as follows:-

(a) massive kimberlite 

(b) kimberlite breccia 

(c) kimberlite tuff. 
The terms heteroli~c and autolithic, which describe the 
type of inclusions in the kimberlite breccia, hnve also been 
introduced by Rabhin et al. 9 (1962). 

A combination of the classifications of Wagner and 
:labhin et al. 9 appears to be adequate to describe any 
kimberlite. The combination of any of these classific~tions 
with the shape of the kimberlite intrusion is not always 
applicable 9 since all trg,nsitions exist between pipes and 
dykes. 

B. The Premier Mine Kimberlite 

The classifications proposed by Gerryts (1951) and 
Wagner (1911, p 51) have no genetic significance, since 
neither is based on mineralogical or petrological data 9 

but on variations in colour. Variations in colour may 
reflect petrographic differences, however, the succession 
of yellow ground by blue ground in depth due to sGcondary 
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A comparison between the C hernical and 
Mineralogicru_ compositions of the micaceous 
and b~saltic kimerlites (Dawson; 1967, 
p 27/) 

Ficaceous kimberlite Bas.~l tic kimberli te 

Si02 
Ti02 
A.1203 
:E'eO 

MnO 

MgO 

Cao 

K20 

Na 0 2 
Ho+ 

2 
CO2 
P?O~ 

M9 /Fe·. 

K /Na 

*l "Primary ! 
Phenocryst s 111 

I 
I 
I 
I 

I 
l 
I 
I 

"Secondar;y nl I, 

Phenocrysts'' 

1 o Chemical analyses 

31.1 

2.03 
4o9 

10.5 
0.10 

23.9 
10.6 

2.1 

o. 31 

5°9 
7.1 
0.66 

1.8 

7.5 

9,8 

0.11 

27.9 
7.6 
0.98 

0.32 

7.4 
3.3 
0.72 
2.2 

2o Mineralogical composition 

PhlOgopite; olivine 

ilmenite; garnet 

chromediopside; 
enst'lti te; diamond 1 

Sphene; perofskite; 

zircon; picotite 

olivine; chromediop
side; 

ilmenite; garnet, 
enst3,ti te; 

di31Ilond 

Sphene; perofskite; 
zircon; 

olivine (second 
I generation); picoti te 
I 

phlo gopi t e; 

calcite 

m3.gneti t e; 

serpentine; 

apatite. 

I 
I 

I 
' I 
I 

! 
I 

serpentine; 

chlorite; calcite, 
magnetite; 

hi dro gro 8 cul ~r; 

amphibole; 

diopside. 

*1 
After Bobrisrich et al., (1959). 

l 
__i 

i 

i 
I 
i 
i 
I 
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alteration clearly invalidates the genetic significance of 

such a classification. 

The Premier Mine kimberlite consists of "primary" and 
11 secondary" phenocrystal phases which 3r e set in a residua 

phase. Olivine (rounded grains 9 first generation) 9 ilme

nite, pyroxene ond garnet usu'Jlly constitute the )rimary 

phenocrystal phase, whereas the secondary phcnocrystal 

phase consists of olivine (euhedr:::tl grains; second 

generation) 1 sphene, perofskite 9 magnetite cind apatite. 

The term phenocryst has been widely discussed, ind the term 

xenocryst is often preferred (Schutte 9 1967). However 9 in 

the present discussion the term phenocryst will be used 9 

without implying any genetic significance. Calcite and 

serpentine are common constituents of the residua phase. 

Inclusions of different kinds of wall-rock are also present 

in v~rying proportions. 
The volumetric composition of kimberlite reported in 

~3.ble 4_ has been obtained by the point counting of at least 

3 thin sections of each specimen, as has been outlined in 

chapter II. In figure 4 the amounts of primary phenocrysts, 

inclusions of wall-rock and matrix material ( secondary 

phenocrysts plus residua phase) are represented for 

different kimberlitess 

This figure cl early reveals four groups of 1dmberli te 

at Premier Mine, viz:-

(a) Group I:- The grey kimberlite of Gcrryts (1951) falls 

into this group 9 and is marked by q high content of both 

wall-rock inclusions and primary phenocrysts. This 

kimberli te is also lmown to have a relativelylow diamond 
content 9 probably due to the dilution of the kimberlite by 

wall-rock. 
(b) Group II:- This kimberlite consists only of matrix 

material, and cont:tins no diamondso The carbonati te 

dykes at Premier Mine and the massive basaltic kimberlites 

of Benfontein 9 Du Toitspan 9 Wessel ton :md Jagersfontein 

fall into this group. 
(c) Group III:- This kimberlite represents all the 

different colours of kimberlite from Premier Mine except the 

grey type md is shown in figure 5 as the eastern and the 
western kimberlites. This kimberlite contains the highest 
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THE DISTRIBUTION OF PRIMARY PHENOCRYS1S INCLUSIONS 
OF WALL-ROCK AND MATRIX MATERIAL IN THE DIFFERENT 

TYPES OF KIMBERLITE FROM PREMIER MINE 

(The names used in the legend are those that are used on 
the mine plans) 
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Specimen 

1010-42 
1010-12 

1010-41 

1010-38 
1010-40 

1010-3 

1010-5 
1010-8 

1010-14 

1010-15 

1010-22 
-=::---. 

1010-20 

1010-9 

1010-12 

Ja,e.12 

Kof.l 

Wes.3 

Jag.13 
Fs.l 

r.1on. 

Benf. 2 

Du P. 14 
Sov. 

Prioar-~ ph£r.ocrysts 
011 Px Ga Il Total 

54.4 
53.4 
55.8 
44.2 
42.1 
57 •. 1 

47.2 
58.5 
54.9 
28.0 

38.7 
40.9 
40.6 
Go.gt+5 
59.~5 
48.5*5 
59.5*5 
47.5*5 
41.4*5 

3.7 
1.3 
6.0 

4.8 
4.3 
4.2 

2.6 

2.1 

5.1 

3.2 
5.1 
2.1 

2.8 

2.1 

1.7 

l.G 

? • :· 

7 .1) 

6.2 

1.2 

1.8 

2.4 
1.2 

6.2 

4-5 
1.1 

0.4 
0.7 

·· .. 1 

2.5 
3.3 
8.5 

0.5 
0.9 

62.0 

58.8 
63.0 

55.2 
50.9 
6'2.7 

o.o 
51.8 
61.3 

62.3 

39-~ 
4L. 0 

52.5 
53.1 
n. ::l. 
n.D. 
r.n. 
!~ • D. 

N. D. 

n. :J. 

o.o 
o.o 
o.o 

Table 4. T!:E VOIG::~~~IC CC 

:;all-roe!{ 

7.6 
10.8 

3.4 
10.1 

4.9 
16.4 

0.9 
7.9 

11.6 

5.0 
24.2 

14.6 

C.3 
3.2 
1.6 

20.0 

2.9 
32.1 

012 

0.5 
2.4 
0.7 

0.5 
0.2 
o.8 

2.9 
0.9 
1.2 

4.1 
7.5 
5.1 

36.2 

43.0 
37.2 

Sph 

2.0 

2.1 

0.9 

;r 7410"'- or ,, •-,1 or-:-·· KI"·Tn~·:-nr.r•---r:-,..., J • • ii.. -..1·.) ,;.;;._,,, ... .u,) 

.J 

fI;..itrix ,Jaterial 
Fe . T:1t 

2 .r. 
1.5 
3.2 
J.Q 
3.7 
n ,"'.(.) 

1.1 

'1.1 
ro .8 
(j ? ...... '-

?.e 
6.3 

~--~-
P.G 

lq.c;*J 
, ..... _..,3 ~'. ') 

11 i;*2 . -· 
1.1 11 *l 
-I - • 'T 

lJ.o~l 

20.4 

4.1 
4.6 
1.1 

20.5 

17.7 

11.8 

3.3 

0th 

27.1 

26.5 

29.7 
31.0 

40.3 
17.5 
77. tf1 

33.4 
25.4 
31.3 
30.4 
28.1 

27.3 
39.8 
9.4* 2 

J6.tt4 

18.4 
32.9 
12.9 
22.5 

52.3 
2.8 

lJ.8 

Total 

30.4 
30.5 
33.6 
34.5 
44.2 
30.1 

99.1 
40.4 
27.1 

32.7 
36.6 
39.3 
39.2 
43.7 
l;. D .. 

!".D. 

H.D. 
N. D. 

r. D. 

N. '"'• 

lOC.O 

97.0 
67.9 

011 = First eeneration olivine 

012 = second generation olivine 

Px = pyroxene 

Ga = garnet 

Il = ilmenite 

Sph == sphcne 

Pe = pcrofokite 

r.~t = nacncti te 

0th-= others 
*l = Ca.lei te and serpentine 

*2 = Calcite 

*3 = Co.lei te and phloeori te 
*4 = r.Iatrix, ilmenite, sphcne and 

perofskite 

*5 = total olivine 
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THE DISTRIBUTION OF THE DIFFERENT PETROGRAPHICAL 
TYPES OF KIMBERLITE IN PREMIER MlNE 
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amount of phenocrystal material 9 and is known to be the most 
profi t'J.ble. Figure 5 also indic3.tes th3.t the eastern and 
the western kimberlites ~re not in any way connected 9 
consequently they are considered to be two different types 
of kimberliteo The presence of ultr8.mafic nodules in the 
western kimberlite and their absence in the eastern 
kimberlite also support this conclusion. 

(d) Group IV:- This kimbcrlite contains a higher concen

tro.tion of both woll-rock inclusions and matr=4x mo,tcrial. 
It occurs near the contact between the co.,rbonatitc dykes 

grid the western kimberlite 9 -::md is known to contain some 
diamonds. A.ccording to its bleached nattn·e 811d its 
method of occurrence, this kimberlite is considered to be 
a c3.rbonated variety of the western kimberlite. It is 
conceivable thg,t the influx of carbonates would destroy 
the phenocryst~l m'J.terial more readily than the xenoliths 
of wall-rock, hence resulting in a kimberlite enriched in 
both xenoli ths of W'J.11-rock 3l1.d matrix m:J.teri:JJ.. 

In table 4 the classification of the .P'..cemier Mine 
kimberlite is reported. This classification is b~sed on 
the volwnetric composition only, and will subsequently b~ 
verified by the mineralogical data. 

c. The Petrography of Kimberlite Breccia 

The cletssification of the Premier Mine 
kimberlite 

Group Type of kimberlite Classific3tion after 
Williams ind :~Labhin 

I 

I grey kimberlite Heteroli thic basal tic kim- I 
berlite breccia : 

II carbonatite massive b2s3l tic kimberli tel 

III 

IV 

1eastern kimberlite 

western kimberlite 

lcarbonated western 
ikimberli te 
I 

Autoli thic bas:J.l tic kim
berli te breccia 

ditto 
ditto 

The petrology of the hetcrolithic and autolithic 
kimberlite breccias from Premier Mine does not differ much 9 

and will therefore be described simultaneously. 

I 
i 
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1. The primary phenocryst~l phase 

This phase consists of the miner2ls which did not 

cryst:1.llize in situ from the kimberlite 1 3.11.d comprises the 

first gener:1.tion olivine, ilmenite 9 g3.rnet 9 pyroxene and 
chromite. 

(a) First gener~tion olivine 

Although no fresh olivine W3S encountered in o.ny of the 

samples from Premier Mine, the presence of primary olivine 

is revealed by the pseudomorphs of serpentine after olivine. 

The two generations of olivine in kimberlite h,'"'..VO been men

tioned by several authors, ho·wver no fo.ctuoJ. do.ta on the 

two generations have been reported. The frequency 

distribution diagrams (figure 6) for the ouhedral, subhedr3.l 

and anhedr8l. olivine grains in kimberli te indic'J.te that w 
average of 18 per cent are euhedr'll., 3.lld 21 per cent S'-LbhctAro. 1

1 

an« l'hus 3'1' P''" e~rif: second generation, 8.Yld 60 i:e r cent are 

of the first generation. 

The grain size distribution of the olivine indicates 

that the gr~ins small0r than 0.5 mm in diruneter comprise 

also approximately 40 per cent of the olivine. Hence it is 

concluded that the sm3ller euhedral grains belong to a 

different generation than the larger anhedral grg,ins. The 

massive bas·J.l tic kimberli te from Benfontein apparently only 

consists of second gener·:1. tion olivine (figure 6). 

Since both gener3.tions are ,serpentinized those oli vines 

ccmnot be distinguished on mineralogical g:counds, hmv0ver, 

the alteration products also reveal the differences between 

the two phases of olivine 9 and will be discussed subse

quently. 

The olivine gr3.ins occur in the fine-grtdned kimberli te 

matrix, and are surrounded by rims consisting of magnetite, 

sphene and perofskite 7 vvhich 3.I'e set in a matrix of either 

serpentine, diopside or hydrogrossular, depending on the 

prevailing stage of 3.lter3.tion or met31Ilorphism (photo 3). 
The rims 3.round the first generation olivine are more 

prominent than those surrounding the second generation 

olivine. 
Many small gr3.ins of rutile 3Ild sphene are present in 

the serpentinized first gener~tion olivine. The rutile 

occurs as small (0.0lx0.l mm), elongated needles (uhoto 4), 
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whereas the sphene gr3,ins are subhedral to '.JnhcdroJ. 9 g,nd 

arronged in clusters in the altered olivine gr2ins (photo 5)~ 

Gerryts (1951) identified these grJ,ins as zircon, however 9 

the d-values shovvn in table 6 indicate that it is sphene. 

The needles of rutile ~re only present in the olivine 

gr-:1ins which o.re 31 tered to talc or bJ.sti te, where2s the 

sphene occurs in the more intensively il..tered olivine gr~ins. 

It thus 3.PlJeqrs as if the sphene forms as a consequence of 

the re'J.ction of rutil e with Ca2+ md Si 4 +_ be,J.ring liquids 

during the :J.dV3Ilced st1.ges of serpentiniz3,tion. 

Various stages of the alter2tion of olivine could be 

identified in the thin sections. At first the olivine 

alters to 3. greenish 9 highly birefringent miner2l 9 v1hich is 

pseudomorphous ~fter olivine 9 and shows no c~solution 

phonomena of opaque minerals other than rutile. The 

optical properties of this mineru are 2V.,,<._ -= 20°, no(_ 1- -== 

1 • 5 4 2 ; :h 6 -= 1 • 5 6 2 and n x\ -= 1 • 5 7 O 9 3ll d th e d -v 21 u es 1 
,r , .. -

listed in table 7 also indicate that this mineral is 

s::i.,oni te. However 9 larger grains of talc v1hich repl2ces 

the olivine pseudomorphously 9 were 3.lso encountered. 

At this st3.ge of serpentinizqtion or even at an e3.rlier 

st:J,ge 9 colourless veins of serpentine m2y form along cracks 

in the olivine gr'lins. This colourless serpentine has 

o. low birefringence 9 'J.11.d could be identified as ~tigo;:r.i ~ 

Subsequent to this initial st3.ge of 'Jl ter:J.tion the t:J.lc 

alters pseudomorphously to a massive green serpentine which 

displays a moder:J.tely high birefringence. The more advanced 

st3.ges of 3.1 terations, rcsul ted in a v3.riety of secondary 

miner3,ls in almost ony succession. This sto.ge of serpen-

tinization is marked by the formation of small exsolution 

bodies of hematite. 

Euhedr3.l grains of colourless calci tc were often 

encountered in the green serpentine.. The green serpentine 

~lters to a fine-grained mass of either fibrous or flaky 

s~rpentine 9 the d-values of which are given in table?. 

M'JJly sm.ul needles of tremoli te 9 which are ar::-.=m.ged in a 

criss-cross texture 9 often forms in this fine-gr:..ined 

serpentine (photo 6) and may result from progressive meta-

morphism. In the more advanced st'l.ges of readjustment, 

these needles 3.re enl2rged (0.5 mm di':Uneter) and may 
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The d-values of the sphene in the nrimar 
olivine phsnocr,ystso The d-values were obt'J.incd 
b. meo.ns of a Deb e-Scherrer c:1.mer:=i, usin, Cu K::< -
radiation o 

1010-44 > ASTM 11-142 

I/Io d '.A I/Io d ; h k 1 
l 

I 

10 

9 

9 

4 

5 

1 

1 

1 

11 
! 
l 2 
I 

I 

i 

I -
I 

j 3. 231 
I I 2. 932 
I 
I 
I 

I 2. 594 
i -
I 

2.266 

I -
I 2. 067 

I -
I 
I 

l 

' 11. 738 

I -
i 1. 701 
I 

1 1. 636 
I 

i 
! -
l 
l 

: 1.488 
I 
I lo 419 

l 10 

l 10 
! 
I -

9 

I 4 

I 
! 

I 4 

I -
i 
! 

1 

i -

I 4 
j 

I 4 
I -
i 
1 

1 

2 

j.233 

3.008 

12.610 

I -

2.281 

20034 

1.740 

1.710 

1.655 

1.491 

1.421 

30 
100 

90 

5 

90 

5 
30 

5 
20 

40 

10 

10 

5 

10 

20 

10 

30 

40 

20 

10 

40 

40 

•1) plus 13 lines of low intcnsi ti es 

~-. 9::5 
3.233 

2.989 

2.841 

2.595 
2.362 

2.273 

20225 

2.101 

2.058 

1.972 

1.945 

1.848 

1.802 

1. 7 /;-1 

1.725 

1.703 

1 • 6Lt3 

I 111 
I 
111,002 

202 
200 

221,022 

Il3~220 
112/i32 

131 

312 

311 

221 

i 313 

12049310 
10429241 
I 332 
j 

I 240 
: 

224 
333 

1.551~ 11511241 

1. 527 \043 9134 
1.494 i 133 

1.418 ""li 400 
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'i'able 7. The d-values of the alterati~n products of olivine 
in <irnberlite. (The d-values were obtained by ~eans of 
a De bye :ScI1errer ca~1era, using Cu ,{o(. radiation). 

Saponite ·nue '.?ennini te .}re en-Ser-
1010-41 ASTM 6-JJJ2 c hlori te ASTM lJ-4-aJ pentine 
F, ltn n ,. 4 ;J._/ ¼J?-tJ-20 

• I~ 11 ,\ ~ .!'.) ,-
,!)1J-22A ,,;;._,_.I.,., 

; ' 
I/Io d x I/I1 d x h k 1 I/Io d R I/1

1 
d .X h k 1 I/Io d 0 

h 

- - 100 18.8 001 lJv 14.2 JOI lu 7. 276 

- - 50 9.1 J()2 40 7.J9 J.J2 1 2.39J 

- - 10 6.06 J03 60 4.72 0J3 1 2.. 3tl9 

lJ 4.540 50 4.55 11. J. 2, ()0~ 6 3.524 60 3.54 .)J4 5 2.4-64 
4 3.618 50 3.61 005 10 2.843 9v 2.84 Jv5 4 l.3'.38 
4 3.llO 40 3.01 OJ6 3 2.619 20 2.51 131,202 1 1.74:4 
5 2.613 60 2.61 13.2.0 20 2.58 132,2Jl 1 1.395 
5 2.471 30 2.48 - 2 2.476 30 2.46 132,203 1 1.5:H 
- - 20 2.26 22.0.4 2 2.281 3J 2.27 133,204 2 l.31J 
- - 10 2.JJ 009 20 2.Dl 135,204 8 1.537 
3 1.729 40 1.736 31.1.5 1 1.899 20 l.'39J 135 206 

' 
2 1.5.B 

6 1.532 70 1.536 33.0.6 30 1.720 136,207 
4 1.319 40 1.321 26.4.0 1 1.583 30 1.570 137,208 

331 - - 20 1.271 0.0.14 2 1.548 30 1.552 060,331 
- - 2 1.384 20 1.395 139,208 

I 
i i 
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replace the entire olivine grain. In the met8.Jilorphosed 

kj_mberlites where tremolite becomes the major constituent 9 

both hydrogrossular and diopside 9 whi_ch may also be fibrous 9 

form from the tremolite. ---tt,, ~~ 
In the secondarily weathered kimberlites this fine

grained serpentine alters to either ~gJt:~ chlorite or a 
blue pennini te, ~i' vu~io~ the d-values are list ea. in table 7. 

A 
An alkali amphibole showing pleochroism in blue 9 green and 
brown also occurs in places. 

Some of the larger first generation olivine grains 

may exhibit a succession of zones of the monomineralic 

alteration products described previously (photo 7). Any 

combination of these zones may occur, although the complete 

succession is not always developed. However, the consis

tency with which these zones alternate is remarkable and 

the inversion of zones was never observed. The succession 

of these zones from the rim towards the centre is as 

follows:-

i. hydrogrossular 

ii. diopside 

iii. tremolite 

iv. fine-grained serpentine 

v. massive 9 green serpentine 

vi. chlori te 9 pennini te and calcite 

All the zones may be dissected by veins of colourless 
serpentine • ., 

Aggregates of olivine were sporadically encountered in 

the Premier Mine kimberlite. In sample No. 1060-25 9 a 

large inclusion (0. 5xl. 5 cm) consisting of rounded olivine 

grains and of a myrmekitic intergrowth of chromite and 

clinopyroxene 9 were observed. Incl us ions of garnet in first 

generation were also encountered. 

b. Ilmenite 

Ilmenite in the Premier Mine kimberlite occurs as 

rounded and elipsoidal grains in the matrix, and they vary 

in size from 0.10x0o05 mm to 6.0x4.0 cm, and are composed of 

either large 9 single anhedral crystals 9 or oj aggregates of 

::::: ::i:~::~:r~:~e:;a~:: ~:::::!:•a z:!:ga::::~::ntl 
of alteration products is evident. The zone nearest to the 
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ilmenite usually consists of highly reflecting leuco.xene, 

succeeded by a zone of brown perofskite. The latter is 

mostly discontinuous and of varying thiclmess~ The outer 

zone of sphene follovrn the perofski t e zone and a1Yoears to be 

a reaction product between the perofskite and the matrix. 

'.rhe leucoxene replaces the ilmenite pseudomorphously 9 whereas 

the sphene and perofski te grains are euhedral to subhedral in 

shape. 

In the carbonated western kimberlite, these reaction 

rims are more pronounced than in the other kimberlite 

breccia~, and the ilmenite in the massive basaltic kimber-
1!. 

lites ~ in places entirely altered to sphene and perofski te., 

In areas where only leucoxene was formed the presence 

of a black material, containing minute grains of highly re

flecting rutile could be discerned. Willemse (1969) 

described similar black oxides from the ilmenites from the 

Bushveld Complex 9 and Bailey et al. (1956) identified similar 

material as a mixture of Fe2+ and Fe3+ oxides. 

L-vi the ilmenite from 1010-19 and from a s2u11ple of the 

Elandsdrif kimberlite 9 supplied by Dr. c.r. SnymcU1, a mineral 

·with a low reflectivity and red to brown internal reflec

tions was observed. Both the optical properties and the 

d-values of this material indicate that it is pseudobrookite., 

Pseudobrookite was also identified by Ramdohr (19&o) 
in the kimberlite from the Kimberley mines. 

The ilmenite from 1010-22 also shows a reaction rim of 

schorlomi te, which replaces the sphene rim. The d-values 

of this brownish garnet d,t'ereported in table 8. 

The unit-cell dimensions of the ilmenite are reported 

in table 9. These values have been calculated from the 

diffraction patterns obtained by means of a Guinier camera. 

Zoned ilmenites can be recognized quite readily by the 

doubling of lines on the X-ray photographs. Table 9 

indicates that only the ilmenites from the group I-kimber

lite are zoned, and that the ilmenite from the eastern 

kimberlite has higher a and c values than those from the 
0 0 

western kimberli te. The exact location of sample 
--re-,b+ese...t 

1060-7 is uncertain and it may s0 d~¼ivo-d f~Offl either the 

eastern 9~~ tqe group I-kimberlite. The a
0 

and the 
ot "'"~ 11 "'~i-te:.s c values of the group IV-kimberlite compare favourably 

0 " 
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The d-values of schorlomite from the J?remier 
Mine kimberlite. (The d-values were obtained 
by means of a Debye Scherrer camera, Cu K,;< 
radiationo) 

r,;Jo, }),;. l,-17 
I 

Schorlomite I 
1010-22 ASTM 7-390 

I/Io ' di I/I1 d i h k 1 

10 4.31 220 

4 3.002 50 3.026 400 

7 2.701 80 2.702 420 

10 2.584 332 
7 2.467 60 2.468 422 

10 2.366 431 

3 2.210 10 2.205 521 

1 1.981 20 10964 611,532 

10 1.909 620 
I 10 1.845 541 ! 

1 1.786 20 1.781 631 ! 
1 I 1. 734 10 1.743 444 

I 

I 

I I 6 ! 1. 676 70 1.679 640 I 
i 

I I 10 11. 611 100 1.614 642 j 

1.512*1 ) 
I 

3 
! ; ! 1. 493 I 30 800 I 

i 

*l) plus 4 lines 

with tha~of the western kimberlite, except for sample 

1060-29. The latter, however, occurs close to the contact 

between kimberlite and carbonatite, and consequently these 

anomalous high a and c values may be explained by the 
0 0 

metamorphic influence of the carbonatite on the kimberlite. 
From table 9 and figure 7 it appear$ that the group I-, 

eastern- and western-kimberlites are mineralogicaJJly dif
ferent from one another. The carbonated kimberlite also 
compares favourably with the western kimberlite. The 
massive basaltic kimberlite does not contain any ilmenite. 

c. Garnet 
According to Wagner (1911, ~ 52) the kimberlite from 

Premier Mine is very poor in garnet. However, this paucity 
i~ garnet can be ascribed to the alteration of the primary 
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Table 9. The «.. and e values of ilmenite in the 
diffe~ent kiifi.berlites from Premier Mine 

~ype of kimberlite Sample (! 00003) 
I ( :t O O 005 )i ao jco 

Group I 1010-3A 
( 5.067 (13.926 
( 5.079 (14.057 

1010-39 
( 5.072 (13.992 
( 5.079 (14.033 

1010-3B 
( 5.073 (13.987 

I ( 5.088 (13.989 

1060-10 5.069 13.960 

Group III- 1010-41 5.085 14.015 
(Eastern kimberlite) 1010-40 5.084 13.990 

1060-7 5.066 13.959 
Group IV 1060-28 5.086 14.045 

1060-29 5.01;9 13.953 

1010-35 5.065 13.97 

1060-30 5.070 13094 
1010-20 5.067 13.984 

1010-17 5.068 13.957 
Group III- 1010-42 5.070 13.972 
(Western kimberlite) 1010-42B 5.067 13.966 

1010-45 5.066 13.955 
Il 2 5.066 13.955 
1060-26 5.066 13.963 

1060-43 5.067 13.972 
1010-12 5.065 13.970 

1010-15A 5.067 130976 

1010-15B 5.070 13-985 
1010-43 5.066 13.956 
1060-32 5.067 13°954 
1010-13 5.070 13.922 
1060-22 5.069 13.963 
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{ garnet to hydrogrossular and serpentine. Consequently the 

kimberlite is not inherently poor in garnet. Since only 

the primary garnets belong to the primary phenocrystal 

phase, only these garnets will be described here~ 

The grain size of the garnets ranges from 0.5x0o7 

mm to 10.0 cm diameter 9 with an average diameter of 
1.5 cm. The garnet grains are disseminated in the 
kimberlite, and are mostly rounded 9 however, angular 

fragments of garnet are also present. The fractured 

surfaces of these garnets do not show the development of 

any secondary kelyphyte-formation (photo 8). Small 

garnets surrounded by kelyphyte are of common occurrence 

as inclusions in first generation olivine (photo 9), 
however, the reverse has never been observed. 

The kelyphyte consists of two succeeding zones of 

different mineral associations which replace the original 

garnet pseudomorphously. Depending on the conditions under 

which formation of kelyphyte occurred, both a primary 

kelyphyte and a secondary kelyphyte may result. The 

latter 9 however, fonned as a consequence of the alteration 

of the pyrogenetic constituents of the primary kelyphyte, 

to hy<iatogenetic phases. 
The primary kelyphyte consists of an outer zone of 

massive magnetite and hematite, and an inner zone of 

fibrous magnetite, chlorite and serpentine. The outer 

rim has an average width of 0.5 mm, and is usually marked by 
the absence of silicates. However, rims containing large 

grains of biotite, euhedral magnetite and spinel, hematite 
and serpentine, were also encounteredo The fibres of the 

inner zone are radially orientated and contain wedge-

shaped grains of serpentine and chlorite. Along the 

sharp contacts between kelyphyte and garnet, the garnet 

is usually altered to the same mineral association that 

forms along cracks and veins. Orthopyroxene, a greenish 

clinopyroxene, chrome spinel and magnetite usually comprise 

this mineral association. The pyroxenes are subhedral to 

anhedral, whereas the spinel is present as both euhedral 
and skeletal crystals. 

The secondary alteration of these pyrogenetic minerals 
resulted in veins bearing spinel 9 serpentine, talc, biotite 
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and hydrogrossularo The secondary alteration of the 

original garnet also yields a zonal arrangement of alteration 

products 9 and consists of an outer rim (Oo05 mm wide) of 

hydrogrossular. A broader zone (Oo2 mm wide), composed 

of serpentine 9 chlori te and opaque oxides succeeds this 

outer rim 9 and a mass of yellow to green hydrogrossular 

with patches of opaque minerals 9 distributed at r3.Yldom 9 

comprise the core of this garnet o The ct~ v°"h,c,t.s._ t:tnd r-!h1'<.i-h1,e _,·~-t.iie5 

of the primary garnets and the secondary hydrogrossular 

are listed in tables 10 and ~J respectivelyo 

Both ~able 10 and figure 8 after Deer, Howie and 

Zussman (1967) indic3.te that the garnets from the car

bonated western kimberlite and the western kimberlite have 

a similar chemical composi tion 9 :md that the composition 

differs from that of the garnet in the group I-kimberliteo 

The 1'3.tter is enriched in almandine and pyrope, whereas 

the garnet in the western kimberlite is enriched in 

grossular. Both types of g3.rnet 9 however, still fall into 

the field of the g3.rnets from the ultr31Ilafic nodules 

( P. 97. ) • 

(d) Orthopyroxene 

No fresh orthopyroxene has been found in either the 

Premier Mine kimberlite or the tailings from the waste 

dumps. However 9 in the kimberli te from ]\~onastry o.nd 

Wessel ton and on the dumps at De Beers 9 Bellsbc1.nk~ Frwk 

Smith 9 Lovedale and Brakfontein 9 occasional ortho1Jyroxenes 

were found. In the garnet peridotite nodules from Premier 

i1rine both fresh and altered orthopyroxenes were found of 

which the altered pyroxene is similar to the altered 

pyroxene in the kimberlite. 
The altered orthopyroxene occurs as large (loOx0.6 mm) 

euhedr3.l grains in the matrix of the kimberli te and do not 

have any rims of magnetite and sphene. The grains consist 
of a green 9 highly birefringent mineral which exhibits 

parallel extinction and has the following o~tical properties, 
0 0 I 

2V0<.. = 65 to 68 9 no<. = 1.554-10557; n /:. '= 1.565-1.566; 
N ~ -= 1. 569-1. 572 from which it has been identified as 

bastite. Advanced alteration of this material resulted in 

a brownish,fibrous serpentine (2Vx.-= 47°;; t"' c-= 7.5° 9 

n t' - n~ -= 0.008) which is often replaced by cu..riedral 
calcite gr-:.dns. 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

Table 10. 

-44-

The ~valwe.$ ~r~tf"eindk-es and the cornposi tion 
of th~ garnets from ihe different types of 
kimberlite from Premier Mine 9 after Deer9 ~ 
Howie ond Zussman (1967 2 p 2~). The -.:t (A)
values were obtB.ined by means of a Guin~er 
camera 9 using Cu K~~radiation 

i a
0
(i) 

I 

' ' 1 A.~.. ! o/ Ir ! fc G ; rype of kimberli te 1 Specimen i n 'JO ~ v I 'IJ 

i \ I I 

I 
I lroup I CF302 llo521 /1. 751 29.5 63.5 

I 

AC 1 j11.522 L,751 29.0 63.0 

Group III 1060-43 llo537 1.745 23 64 0 5 ; 
;/est em kimberli te 1060-26 11.545 1.758 34 55 

I 1060-29 111.533 1.750 28 60 !Group IV 
I I 

! 1060-22 I 
: 10 7 49 27 58 I I jll.580 

I I : l I 

*A~ Almandine; P ~ pyrope; G ~ grossular. 

Table 11. The a.:va.l~~ {tr.cl tt-1~-livdrdic~s .. -> of the hydro gro ssul ar 
from the orip:inal garnet in kimberlite 

!sample J Mode of Occurrence 

1010-12 

1010-12 
1010-12 

1570-34 
1060-27 
1010-17 

1010-9 

1010-9 
1010-8 

1010-3 

,1010-3 

I 
* 

Periphery of garnet 
Core of garnet 

ditto 
ditto 

ditto 
ditto 

ditto 

ditto 

Semi-opaq~e core 
of garnet 

Core of garnet 

ditto 

In <~ 0.005) 

1.817 

1.742 

Obtained by means of a Debye ScheTrer Camera. 

120042 
12.022 

11.988 
12 009 

120043 
120030 

12.023 
120028 

11.991 

llo505 

11.540 

7 
8 

12 0 5f 
11 o l) 

; 

12 
i 

i 
15 

j 

I 
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(e) Clinopyroxene 

Clinopyroxcne occurs in kimberlite both as disseminated 

grains and as a constituent of olivine - 2nd/or garnet

bearing aggregateso The clinopyroxene is present as three 

morphologicql types which cm readily be distinguished in 

hrurl specimens viz. a bright green 9 glassy type 9 a light 

green, soapy type and a dq,rk brown, silky type. Despite 

the v~riation in the surfqce charqcteristics, these clino

pyroxenes have the sqme mode of occurrence in the kimberlite. 

The clinopyroxene phenocrysts in the fine-grained 

kimberlite matrix are subhedral md r3.nge in size from 

0.26x0.13 mm to 4.0x3.0 cm. The absence of exsolution 

lamellae of orthopyroxene and the presence of zones are 

prominent features of the clinopyroxene. Exsolution 131Ilel

lae of garnet p:rr:1llel to (110) of the clinopyroxene were 

observed in the kimberlite of Monastry Mine (photo 10). 

The clinopyroxene also reveals two types of inter

growths9 viz. a myrmekitic intergrowth of clinopyroxene and 

spinel, and a myrmekitic intergrowth of clinopyroxene and 

ilmenite. The d-v3.lues obtained on the lQtter clino

pyroxene correspond vri th those of the clinopyroxene from the 

kimberli teo 

The clinopyroxene in the kimbcrlite is mostly '.tltered 

to ur3,li te 9 and the al ter8.tion is accomp'.llied by the 

e•solution of rods gnd drops of ma@1.etite. These rods and 

drops may produce a Schiller textureo 
In table 1~ the physical properties of the clino-

pyroxenes from the kimberlite from J?remier Mine are listed 1 

and in figure 9 the chemicru composition as a function of 

the optic-tl properties are represented :1.fter Hess (1949). 

Since the clinopyroxene in kimberlite contains an average 

of 2 per cent Al 2o3 ( Boyd, 1969), the variation 

diagram after Brown (1967~ ~120) could not be used. The 

dat3. supplied by Sakata (1957 9 p.165) indicate tho.ta 

correction factor of at least 0 .. 03 Rand 0.02 R for b
0 

and 

c respectively is necessary for an alumina content of 
0 

2 per cent. 
According to figure 9 the clinopyroxene from the 

western kimberlite contains less hedenbergite ond more 
orthopyroxene in solid solution than the clinopyroxenes 
from the eastern kimberlite. 
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The physical properties of the clinopyroxene from the 
different types of kimberlite from Premier Mine 

,. I 

frype of 
~erli te 

Kim- Sample n/3 2V8°_ a
0
i b

0
i C o<i( /0 a Sin~ 

._.,. __ 

Group I 1060-22 1.680 9e457 80893 5.185 75u37' 9.361 

G-roup III 
( eastern 

57° I kimberlite) 1010-40 1.694 

Group III 1010-43A 9.490 8.858 5.188 74°58' 9.365 
(western 

1Cl0-43B 9. ~-89 8.876 5-198 75°5' 9.369 kimberlite) 
1060-32 1.679 9.461 8.881 5 .. 225 75°34' 9.362 
1010-8 1.694 50° 
1060-26 1.679 54° 
1010-9 1 .681 59° 
1010-44 1.670 60° 

1060-29 1.680 53° 
I 1060-22 1.680 54° I 

; 
! 

1010-8 1.697 53° Augite inclusion. 
l 

r-roup IV 1060-28 1.680 9.457 
1 

8. 880 5.183 75°35' 9°359 
1060-30 9°456 5.011 75°20' 9°348 
1010-20 1.671 ' 

1010-22 1.694 58° 

I ! I 

The unit-cell dimensions were obtained by means of a Guinier Crunera, 

CuKo<, radiation. 

···--·-·-

-
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f. Chromite 

Chromite is present in the kimberlite as a myrmekitic 

intergrowth of chromite md clinopyroxene 9 cmd as separ3,te 

gro.ins. The 1'1.tter vo.,ry in colour from liL:,l-Lt to dark 

reddish-brown in tr311smitted light 9 :md the colour depends 

on the ~ount of (Fe2+, Mg2+) and (cr3+, A1 3+) substitution 

Deer 9 Howie and Zussman (1967 9 p. 42:b) o The individual gr·=dns 

are mostly rounded 9 311d h'.J.ve an average diai"'Tieter of Ool mm. 

Their rounded shape and m1nner of occurrence indic'.lte that 

they belong to the primary phenocrystql phase. 

2. The secondary phenocryst·3.l phase 

The miner-us belonging to the secondary phenocryst3,l 

phase are disseminited in the residua phase md occur as 

idiomorphic gr-:iins with an 2ver:1ge di sun.et er of less th·:m O o 3 
mm. This phase cryst.1.llized r:J.ther late in the history of 

the kimberli te 9 but before the kimberli te was e:in-pl3.ced, 

because flow lines around these phenocrysts were observed in 

the m~ssive bas3.ltic kimberliteso M3,gnetite 9 sphene 9 

perofski te, :J.pati te 1 phl ogopi te 'JJld second goncr.?,tion 

olivine belong to this phQse. 

a. Magnetite 

Mo.ny small 9 euhcdr'J.l grctins of di ssemin .. ted ,n:1,gneti te 

(0.2 to Oo02 mm) occur in the residua ph2ss of the kimber

lite9 md in pl:-tces they :1re 8.lso concentr".lted o.long the 

periphery of olivine gr'1.ins o Indistinct flow lines 

around m'lgneti te .'Jre also evident in the m3.ssive kimberli tesa 

The magnetite is usu~lly very fresh in polished 

sections 9 wd exsolution lqmell:1e of ulvite md hematite 

were not observed. Both the massive kimberlite md the 

micaceous kimberli te contain a L1rger :p3rcentage of m'.ig

neti te than the kimberli te breccias 9 how\_;ver, this m3.y be 

due to the smaller :JJI1ount of matrix m·J.teri3.l in the LJ.ttE:::ra 

b. Perofskite 

SmJ.11 (O.l to o. 5 mm) 9 euhedr3.l and subhedrol pheno

crysts of perofskite 9 of which mC111y show complicated 

polysynthetic twinning 9 are dissemin~ted in the residuq 

phase of the kimberlite. Similar to the mngnetite 9 the 

perofski te 2lso constitutes an import1nt p:irt of the rims 

surrounding the olivine phenocrysts. 
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Some perofski te gr·J.ins are rimmed by sphene, simul3. ting 
the re3.ction rims 3.round the ilmenite gr J.ins, :i.nd relicts of 
the l:J.tter often constitute the core of a perofski te gr::1ino 

In all the kimb0rlites investig~ted the m3,llller of occurrence 
of perofski te is identic3.l e However, the perofsl(i te con
tent of the melili te b.3,s3.l ts, m:1.ssive kimberli tes 3lld 
micaceous kimberlites exceeds th2t in the kimberlite breccia. 

c. Sphene 

Sphene shows a V'l.ri3.ble mode of occurrence in the 
kimberlite, however, the only phenocryst3.l sphene is the· 
euhedr:11 1.11d subhedru disseminr:-i,tinns in the kimberli te, 
which are concentr1ted in the rims surrounding the olivine 
phenocrystso 

d. Ap3.tite 
Apatite is present in the kimberli te as 1 J.rge sub

hedrJ.l crystals, and as small euhedral grains. The 
former C':ID be considered as a part of the phenocrystal 
phase, but the classificg,tion of the l ·1tter is doubtful. 

However, the idiomorphism J.nd the absence of inclu
sions in the apatite of the residu:J. phase indic3.te th3. t it 
should also be considered as phenocrystal m1.torial. The 

ap'l.ti te is usually present 1.s sm'.111, euhedr·-tl gr J.ins 
(0.08 mm), but lru:--ger subhedrol gr2ins (lo2x0.4 mm), which 
display a r1.di1.l orient1.tion h3.ve 3.lso been encountered. 

The m3.ssive kirnberlites are usually enriched in apatite, 
but in the kimberlite brecci3.s ap~tite is very r1.re. The 
mic1.ceous kimberlites h~ve w qp~tite content between these 
extremes. The P

2
o

5
-content, which reflects the qp3,tite 

content of the v~rious types of kimberlites, is reported in 
t3.ble 13. This t1.ble shows 2 systern3.tic incre:J.se in the 
~ 2o5-content from bas3ltic kimberlite, through rnic2ceous 
kimberli te, melili te bas'.J.l ts, alnoii tes md mJ.ssive kimber
lite to cirbonatiteso 

e. Phlogopite 

No fresh phlogopite was found in the Premier Mine kim
berlite, but some hexagonal-shaped pseudomorphs of 
serpentine 3.re present in the rims around olivine pheno
crystso These pseudomorphs may represent pre-existing 
phl ogopi t e. 
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The subdivision by Willi3.ID.s (1932) into first - wd 
second gener'1tion phlogopi te C'ill be applied to the 
kimberli tes from Sover gnd Monas try Mines. The i:'irst 
generation phlogopite probably belongs to the prim~ry 
phenocrystal phase. 

f. Zircon 
According to Gerryts (1951) zircon is a prominent 

constituent of the Premier Mine kimberlite. However 9 only 
two zircon gr2ins could be found in the 150 thin sections 
investigated 9 md both of them are considered to be derived 
from mother source thgn the kimberlite. It appenrs as 
if Gerryts (1951) has mistqken sphene for zircono 

The ]?205 content of the v1.rious kimb1Jrli tes 

Rock type 

as~ltic kimberlite (PoM) 

~

11\.v. bas'll tic kim~rlite 

v. ~ic~ceous ki~berlite 
assive kimberlite (PoM) 

~ 
ditto (Benfontein) 

v. melilite basalt 

v. 3.lnoiite 
I 

C3.rbon3.ti te (Malawi) 

ditto 

0.27 
().72 
0066 

lol4 

3066 

Re::ference 

i New '1.11.'J.lysis 

Dqwson ( 1967 9 p. 271) 
ditto 

New analysis 

Hawthorne (Personal com
munication) 

Nockolds (Barth 9 1962) 
ditto 

Garson (1965) 
ditto 

The residua phase of the kimberlite 

a. Calcite 

The petrologic:ll investig1.tion of tho C?.lci te in the 
matrix of the kimberli te reveals the presence of prim1.ry md 
secondary calcite. Owing to the extensive alteration of 
the Premier Mine kimberlite the primary cucite c~ot be 
recognized, but in the massive kimberli tes the prim'lry 
c 1.lci te is present as 13.rge anhedr'J.l gr'.1.ins which 3.re 
intergr·mul qr to the serpentineo Optic'Jlly this c3.lci te 
is cloudy and is marked by the presence of m3.11y inclusions 
of phenocryst~l m'J.terial. 

The second':U'y c·.3.lci te occurs as euhedral and sub
hedral gr·::dns which formed in both the matrix 3.Yld in the 
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phenocrysts.l phqses. Optically this c1.lci te is clear 9 gnd 

it seldom cont'l.ins any inclusions of phenocrystal m~terialo 

b. Serpentine 

A vxriety of serpentine miner'J.ls constitutes the 

L1rgest portion of the .1:Jremier Mine kimberli te, whereas in 

the m~ssive kimberlites serpentine is~ less import:mt con-

stituent of the matrixo In a thin section of the Premier 

Mine kimberli te 11.rge fields of serpentine occupy the 3.re1.s 

between the phenocryst2l phases, Jlld is often replo,ced by 

secondJry calcite. The metamorphic miner3.ls like arnphibole, 

diopside wd hydrogrossular were mainly formed in these 

serpentine masses. 

In the micaceous kimberlites 9 the serpentine occurs as 

small (0.02 to 0.10 mm), rounded inclusions in the c1.lci te, 

'v,<111cl h3,s the h:tbi t of a former gener'l.tion of olivine. 

Both the flaky 8nd fibrous serpentine .ond the mg,ssive 

green V'lriety 3.re present in the Premier Mine kimberli tes. 

The fl8ky serpentine h'3.s the following optical properties, 

n <x. -::: 1. 572, nc,' -::: 1 o 576 which compare f ·1.vour:1bly with 

mtigori teo The fine-grr1ined serpentine also .'.J.l ters to 

either a green chlorite, n-::: 1.552, or a bluish penninite 

n o<.. -= 1. 559; n X' = 1. 560. 

c. Diopside 

The presence of diopside in the residua phase of kim

berlite is only charg,cteristic of .Premier Mine, ond its 

abundance increases with w increase in the gr2de of 

therm~l metl.Illorphismo In the melili te bas2l t from Spiegel 

lliver, diopside W'l.S 3.lso identified, but since the grains 

formed part of a trachytic texture, the diopside w2s con-

sidered as part of the phenocrystQl phase. 'rho diopsi de 

in the Premier Mine kimberlite occurs as porphyrobl3,sts. 

The grains are smqll (O.Olx0°04 mm), idioblastic and form 

aggreg3.tes of radi9lly orientqted gr'lins surrounding cores 

of hydrogrossular. Diopside is also present as rims of 

radi'llly orientqted cryst3.ls surrounding the olivine 

phenocrysts. Along the edges of the masses of fibrous 

tremolite, small gr1.ins of diopside h~ve formed, indic'lting 

that it formed at the expense of tremolite during meta

morphism. 
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d. Biotite 

Sm:111 anhedrrtl gr.-1ins (0.03 mm) of pleochroic bioti te 9 

v1hich exhibit a decuss3,te texture 9 occur in the mJ.trix of 

the western kimberli teo The bioti te occupies L1rge fields 

between the primary phenocrysts 9 'IDd in these fields 
secondary phenocrysts of m.'J.gneti te, sphene 8Jld perofski te 
'.J.re embedded. The d-values of this bioti te cire listed in 
table 14. 

In some 3.I'e~s it was observed that the biotite formed 

from a green chloritic material 9 remnants of which are still 

present 9 and occur as intergr:muL1r mJ.teriaJ. with respect to 

some of the bioti te gr3.ins. Gerryts (1951) identified the 

biotite as phlogopitejl and consequently classified the rock 

as a micaceous kimberlite. 

incorrect. 

However 9 this was evidently 

e. Hydro gro s sul ar ~- (/ ,,.,µJ rf 1~ 14,_ J' cl(.._ (i;• ,t; ..J a 

Hydrogrossul:1r is one of the most prominent con-

stituents in the Premier Mine kimberlite, and increases in 

abundance with m increase in the grade of thermal meta

morphism. In the highly met1.morphosed kimberlites the 

entire matrix is tr1.nsformed into hydrogrossul~r. Apart 

from its presence in the Premier Mine kimberlites 9 this 
mineral was also encountered in the kimberlite breccias from 
Jagersfontein 9 Wessel ton md Lesotho. 

The hydrogrossular occurs 2s rims surrounding olivine 

phenocrysts 9 as cores 3.round which diopside has formed 9 

as individual gr3.ins in the s8rpentine matrix, cmd as an 

.'.JJ. terJ.tion product in inclusions of w3.ll-rock material. 

The grains of hydrogrossular are green in colour 9 

xenomorphic 9 and slightly birefringent or isotropic. The 

grain size V'"lries from O. 2 to 0 .. 02 mm 9 3.nd the physical 

properties are reported in t'.lble 15. 

f. .Amphibole 

Amphibole was formed in the Premier Mine kimberlite 

as a consequence of thermal met'lID.orphism,. and depending on 
the grade of metqmorphism it exhibits a variety of tex

tures. In the zones of low grade metamorphism the amphi-

bole is present as small idioblastic grains arrmged in a 
decussate texture in the serpentine m3.trix. .An increase in 
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Table 14. The d-values of biotite from Premier Mine 2 com-
~3.red to those of £hlogo2ite and biotite. {The 
d-v-91 ues of the biotite from Premier Mine was 
obtained b means of a Debye Scherrer camera 9 
using Cu Kocradiation. 

:Bioti tf.-1010-20 Bictite ASTM 2-0045 Phlogopite 1STM 10-493 
'. E i _"Jo t:l fl t, l' 
I I , o. ; I/I1 i OA OA I 

-I I 0 l d A ! d h k 1 I/I1 d h k 1 I 
I 

I ! 

10() 10.1 001 ---100 10.13 l 002 ! ! 
/ 

20 5. 056 I 004 I 

2 4.58 20 4°59 1109020 20 4.612 i 1109020 
BB 4. 515 ! 021 

I 

I 6B 4.079 112 
I 20 3-814 023 I 

110 
35 3. 540 I 114 

I 

3°37 100 3.37 003 > 100 3. 362 1 006 I 
I j 
I 

40 3. 283 ! 114 
I 

2 3.15 20 3.16 112 10 3 .156 j 115 
40 3.040 I 025 

1 2.91 20 2.92 113 10 2. 926 . 115 
20 2.s1s I llb 

6 2.66 80 2.66 2019130 
! -20B 2.651 131 

>100 2. 624- 116 
3 2.51 40 2.52 0049113 30 2. 522 I 008 
6 2.45 80 2.45 201 40 2. 439 I 133 

18B 2. 361 I 111 _ 
lOB 2.304: 2209040 

I 

20 2.28 0409132 lOB 2. 270 l 
I 

135 
6 2.18 80 2.18 45 2.1so i 135 

20 
I 

2 • 039 1 224 
65 I 2 0 01 7 j 0 COO 10 

!8 I -2.00 80 2.00 20B 2.ouo i 137 
20 1. 91 6B 1.914 ! 137 

il l 1.74 20 1.75 4B 1.751 139 ' I 

I 
6B 1.737 227 

6 80 1.67 45 1.677 
I 

153 I 1.68 ! 
' 

1. 54 *1 ) 
I 

: 6 I 1. 54 BOB 50 1.538 i 330,060 
i I 

i lOB 1,521 062 

*l) 
plus 5 lines. 
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the gr!J.de of met11norphism causes :1 mass of fibrous 8.Illphibole 

to form in the serpentine m,3.trix. The opticJ.l propE:;rties 

of this 3.Illphibole are n~';:: 1.590-1.600; >:"'- /\ c -= 15°. In 
'·· 

the zone where diopside becomes st1.ble 9 l~:1.rge m2sses of 

co'U'se-gr1.ined porphyroblg,sts of mnphibole are present. 

Table 15. The physical properties of the hydrogrossul 3.r 
in the m3,trix of the Premier Mine kimberli te 

D. 

1. 

I 
Specimen 

1010-9 

f,010-43 

rOl0-13 

*l) 

n <:t: 0.005) 

1.827 
12.036 

11.950 

11.961 

The a V'llue was obt'J.ined by means of a Debye 
Schcrf1er c2mera 9 using CuK0cr--1di 'J.tion 

The Massive Bas'J.ltic Kimberlite at Premier Mine 

Introduction 

The carbon:1ti te dykes comprise the group II-kimberli te 

from Premier Mine, and h'.J.ve been cl'J.ssified as massive 

basal tic kimberli tes. Daly (1925) considered these rocks 

to be true m:J.gm2tic c.1.rbon'lti tes. However 9 both Gerryts 

(1951) and Verwoerd (1967) described them .1.s veins of C'J.r

bon2ted kimberlite. 

Dykes which exhibit exactly the s3.ffie miner~lo@Yi 

pectrology 3.Yld m'lnner of occurrence qs the dykes in Premier 

Mine were encountered in the kimberlites of J2gersfontein 9 

Wesselton and Dutoitspan. These dyke-rocks were very 

fresh, md hence a. petrological investig·1.tion f.'J.cili t1.ted 

their cl'J.ssific'ltion. The Benfontoin kimberlite is a 

simil2r rock 9 wd h.'ls suso been cl3.ssified 3,s mo.ssive 

basaltic kimberlite. 

At least seven of these dykes h:1ve been mapped in the 

Premier Mine kimberlite. They v3.ry considerably in 

dimensions, however, their m3Jlner of occurrence is remark-

ably consistent. The western kimberlite has been 

intruded by an extensive system of C3.r'bonatite veins which 

are .:111 connected to a large north-south striking dyke. 
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The veins 9.I'e v:=i.riable in dimensions, md are '.J.rr3.nged in 3. 

radiql p2ttern. The individual veins occasion8..lly traverse 

the cont~cts between the western 8.Ild the group I-kimberlite 9 

cmd peters out in the· kimberli te both vertiC'J.lly ·md 

horizon t2lly. 

A zone of 15 m wide on both sides of the main dyke and 

of the veins exhibits the effects of metasom3tism. This is 

especi3.lly evident in the black western kimberlite which hg,s 

been ble:1.ched ( group IV-kimberli te) o The cont~J.ct between 

the m2ssi V8 basal tic kimberli te and the bleached h::imberli te 

is sharp. The strike and dip of both the mcin dyke md 

its br:mches v~ry considerably over short dist~nces, but 

the dip is usu2lly very close to 90°. 

Two sma.11 er dykes of massive bs.setl tic kimbcrl.i te h3.ving 

a thiclmess of 1.0 to 1.5 m were encountered in the western 

kimberlite. The strike md dip of these veins also vary 

over short distwces. These dykes, however, did not cause 

3.IlY met'J.som1.tic effects on the adjoining kimberli teo In 

the e~stern kimberlite a very prominent dyke is present, 

which has a strike di stwc e of over 200 mo It h:J.s an 

e3.sterly dip which VJ.ries from 60° to 90°, but it chwges 

considerably over short distmces. This dyke h~s 3.Yl 

2verage thiclmess of 2 m, and in the northern portion of the 

pipe it splits into two sm'J.ller dykeso The contact between 

the e'J.stern kimberlite 811d the group I-kimberlite is cut 

by this dykE.:: 9 which h'J.s not caused n.ny met,-.,som8..tic effects 

on the bordering kimberlite. 

Severo.l smul er dykes of m0.ssi ve bas·1l tic J.ciE1berli te 

are also present in the Premier Mine kimberlite. 

2. The Petrogr,.ph;v of the massive basaltic kimberlites 

The roqssi ve bqs-tl tic kimberli te from the dykes 1.t 

Premier Mine v1.ries consicler::1bly in colour, 'J.Yld black, 

blue, red, grey 'ID.d kh2ki h2ve been observed. However, 

minercuogic"J.lly 3.lld petrologically they are very simil :1r o 

They are composed of l '3.r'ge 9 rounded blebs of serpentine 9 

cilcite 'Uld brucite in a matrix of calcite, sphene, 

perofskite 9 m3.gnetite '.3.Yld serpentine. The m.:::i.ssive 

bas::1ltic kimberlite from Premier Mine is usually extensively 

altered, 3lld consequently few of the origin'Jl textures are 

evident. 
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In table 16 the volumetric composition of some of the 

mqssive kimberlites from Premier Mine are comp~red with th3t 

of some m3.ssive kimberlites mentioned earlier. The mineral 

assemblages depicted in table 16 show th~t the massive 

kimberlite from Premier Mine h3.s been altered more 

extensively than the massive b~saltic kimberlitcs from the 

Kimberley area 9 and that the sum of the serpentine and 

bruci te of the former almost equals the- olivine content of 

the 1 . ..-:i. tter · ,.,.,,.,,. .. , .. ;· ·:· ~-,.-• c-,-:' .... y,,..., •. -, \ +-~: . ...: 
(A • : · . .J _,.,~. ,_, 11r-._, ._, .· l .... : 

'L • ' ,. 

a. Calcite 

In the massive kimberlite from Premier Mine col.cite 

occurs qs l~rge rounded blebs 9 surrounded\ by rins of 

colourless serpentine which cont"J.ins euhedr1.l gr.3ins of 

magnetite, sphene 8lld perofskite. These rims closely 

resemble those found around the olivine in the kimberlite 

breccias. Relicts of serpentine are often preserved in the 

calcite blebs 9 giving the impression that the calcite 

replaced the former serpentine grains. 
In some of the less-altered material from Premier Mine 

large rounded blebs of serpentine 9 partly replaced by 

euhedral c3lcite, still persists. These serpentine griins 

are usually embedded in a fine-gr~ined matrix of turbid 

c:J.lcite which cont"J.ins inclusions of magnetite, sphene 3.11d 

perofskite. Hence it is cle~r that this fine-gr3ined 

en.lei te is of primary origin, whereas the rcpL•,cemcnts are 

a secondary phase. 

In the massive kimberli tes from the Kimberley areg,, 

the olivine phenocrysts are embedded in a matrix of 

primary calcite. The 13.tter also contains inclusions of 

sphene, magnetite and perofskite. In the melilite basalt 

from Spiegel River a calcite matrix similar to that of 

the massive kimberlites also contains abundant lath-shaped 

phenocrysts of melilite. Secondary veins, 0~2 to 3.0 mm 

wide, composed of euhedral~secondary c3.lcite 9 h~ve been 

encountered in most of the massive kimberlites. 

Staining of the carbonate with Alizarine Red S 

(Holmes, 1930) reve'Jled that the Jarge blebs of c2rbonate, 

and the m~trix of primqry carbonate consist of a pure 
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The Volumetric Composition of tho lJ:romier Mine 
massive kimberli te comp:1.red with th~t of other 
massive kimberlites 
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c-1.lcite 1 where3.s the veins consist of a rnagnesium-be1ring 

c::i.lci te. The ref'r1.cti ve indices of these different types 

of c'.3.lci tes wd their chemicJ.l compositions :J.fter Kennedy 

(1947) ne giv8n in t'J.ble 17. In table 18 the d-v3.lues of 
the primny C'J.l cite of the m1.trix of 1010-19 2re compared 

with the V'.3.lues for dolomite and C'l.lci te after Berry 3.11.d 
Thompson (1962). 

b. Olivine 

No fresh olivine w:1s found in the mo..ssivc '.:imbcrli te 

from Premier Mine, however, the presence of sor~JCmtine md 

bru.cite suggests that olivine W3.S origin~ly i.-)resont. The 

massive kimberlites from the Kimberley area cont~in ~p
preci2ble quqntities of euhedral phenocrysts of fresh 

olivine. Along the rims md in cr~cks of some of these 

olivine gr~ins serpentine is developed, but the serpentiniz1.
tion has not destroyed the origin3.l euhedr'll shape of the 

olivine grains. A yellow to brownish, highly birefringent 

ctl terqtion pro duct formed ~round some of the olivine gr iins, 

.3.Yld WJ.S identified 3.S iddingsi te. In the massive kimberli te 

of Dutoitspan the resorbed outlines of some of the olivine 

gr3,ins9 and the fine-grJ.ined olivine which constitutes a 

single phenocryst ( photo 11) suggest that the olivine W'J.S 

recrystulized. Some olivine phenocrysts from this kim

berli te were app'.l.rently melted 311d smJ.11 xenomor:phic olivine 

gr8.ins 9 which crystoJ.lized from the melt 9 occur in a 

brovmish gl'.J.ss (photo 12). 

In both the m!J.ssive kimberli tes from Wessul ton and 

Benfontein the olivine phenocrysts are 3,rrcmged in flow 
lines, indicating th3t these intratelluric ph2ses were 

orient~ted during the intrusion of the m~gma. The 

physicnl properties of the olivine from both the m3.ssive 
kimberlites and the melilite bJ.s~lt from Spiegel River U'e 
compared in t3.ble 19. The forsterite content has been 

determined according to Treger (1959, p. 37) and Yoder 3.lld 

S3.hama (1957, p. 666), from the optical properties 'Jlld the 
d-v'.3.lues respectively. 

e. Brucite 

Brucite only occurs in the massive kimberlite from 

Premier Mine, and probably formed as a consequence of the 
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The d-v·J.lues of c J.lci te from 1010-19, 
compqred to those of c~lcite and dolomite 9 

after Berry wd Thompson (1962, p 217 3.lld 
218) respectively. The d-values were 
obt~ined b mews of~ Guinier C3.11l.era, 
using Cu Kc< r1.diation • 
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olivine. The brucite is present as smJ.11 (0.()3 to Oo50 
mrn), subhedral to rounded gr·J.ins in the riii.1s of s2rpentine 9 

surrounding the lr1.rge blobs of c~cite. Some of the gr1.ins 

h~we a hexagonal outline '.ID.d display a zono.,l c.rr:_1.ngement of 

inclusions, consisting of 'J. core rich in m:i.[neti te :Jnd 

perofskite md w outer rim which is clouded by sm'lll in-
-· anctnc0tlcu.s 
clusions of op2que minerqls. The bruci te has C.1!l, low bire-

fringence, n ~ 1.590 (~ 0.010) and exhibits the following 

colours when st3ined. The brucite sttins violet to purple 

with .'.llizarine red 9 green with m,J.12chi te green ::md brown 

with AgN03 (Holmes, 1930)0 According to Holmes (1930) these 

stains 3.re diagnostic for bruci te. The d-v7.lu~s of an 

impure s3.II1ple of bruci te 3.I'e listed in table 20. These 

values indicate that this m3.teri8.l is brucite 9 and not 

colloidal mJ.gnesiumhydroxide as was suggested by Gerryts 

(1951). 

( d) Serpentine 

Serpentine occurs in the m"J.ssi ve kimbe1'"'li te o..s 

cinhedral to rounded grn.ins, which a.re p:trtly replaced by 

euhedral cnlci te. These serpentine gr1.ins resemble the 

origine .. l olivine phenocrysts which were encountered in the 

un~ltered m3ssive kimberlites. 'rhe individual, rounded 

gr·-:i.ins 3.re often zone d 9 and m3,y al so display ~ hour-gl 9.SS 

texture. The intergr'lnul3.r serpentine which forms the 

ri111s 2round the C'1lcite blebs is usuJ.lly clouded with 

inclusions of m'l.gneti te, sphene ~d pcrofski te. 

The serpentine is light green to colourless in thin 

section :llld m'.J.ssi ve 9 the fl.3,ky '.Jlld fibrous types were never 

encountered. 

e. Magnetite 

The m1.gnetite, being more resist~1t thw o..ny of the 

other constituents, h:1s survived the alter3.tion process, 

and exhibits the s~e textural features in the massive 

kimberlite from Premier Mine as in the mo..ssive kimberlite 

from the Kimberley area. The magnetite occurs as sm.~111 

euhedr.9l phenocrysts in the residu3. phase of these m'J.ssi ve 

kimberlites, ~nd are qrr3.11.ged to show a flow-line texture. 

The mqgneti te gr::dns are zoned 3lld h~ve a core with a 

lower reflectivity than the outer rim. This incre~se in 
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rcflectivi ty is prob'l,bly due to in increo.se j_n. th0 

2e2+ -content of the m'l.gneti te which suggests thJ.t the m'J.gm3. 

beC.9.trlC; incre'J.singly enriched in iron during cry st ;,llization 

of olivine wd magnetiteo 

Fxsolution lamell 'J.e of ilmenite md ul vi te are 9.bsent 

in this m3,gnetite, 8.Yld consequently the Ti02 in the 
is ti.£..S 14.,~e<.l to 

m2gneti te H1Uot be in solid solution. l\.ccording to the 

chemical an-tlyses after Verwoerd (1967) 3!1.d Smirnov (1959) 

the Ti02 content in the m1.gnetites from kirn.berlite J.nd 

carbonati te is not very high (less th'l.ll 5 p8r cent). 

A.ccording to M'1.rmo ( 1959) the Ti02 content of the magnetite 

can be used as a geothermometer. 

The a V'J.lues 3.11.d the ul vi te contents of the magnetites 9 
0 

after Lindsley (1965) for the m'.lgneti tes from t.c1.e nussive-

b'..:1.SJ.l tic kimberli tes 'J.nd C'J.rbonnti tes are listed in t'J.ble 

21. 

f. Sphene 2nd Perofskite 

Sphene nnd pcrofski te 2rc abundant in the rn'":':.ssive 

kimberli tes and in the melili te b1.s'.J.l t from i31Jiegel River. 

They J.re present 3.S small (0.05 to 0.21 mm) euhedr'11 to 

subhedr'J.l gr'l.ins in the prim'lry c1.lci te mqtrix .'.J.s well as in 

the serpentine rims in the 8ltered mqssive kimberlite 

from Premier Mineo A re2ction rel'l.tionship between sphene 

and perofskite was observed 9 ·md perofskite is often in-

cluded in the sphene gr3.ins. Ilmenite is absent in these 

kimberlites. However 9 in the massive kimberlite from 

Dutoi tspan 9 gr'J.ins of ilmenite which ,'J.re intensively 

J.ltered along the periphery to perofskite hJ..vc been ob-

served (photo 13). The absence of ilmenite in these rocks 

can thus be explained by the abundance of sphene 2.nd perofs

ki te. 

g. Ap:J.tite 

Ap'ltite occurs as euhedr'l.l gr'l.ins in the mo.trix of 

prim'lry C'll.Ci te. It is of rJ,re occurrence in the massive 

kimberlite from Premier Mine. However 9 approxim:J.tely 

30 per cent of the m3.trix of the m'l.ssive kimberlite of 

Benfontein is composed of qp~tite. 
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The a VJ.lues of" m2gneti t e from various 
rock£ es 3.Yld the content of ulvite in 
solid solution a ter Lindsle • 
The a -v1.lues were determined by 1rn~1.-.ns of 

G .o. C . C I< d. t· a uini er 3.ITI.era, using u . ("';•·· r::.t J_:J. ion 

=Section 

1-------i---------+---------+---
:1210-1 8.372 1d p Massive kimberlite 
! P.T .. r • 

!1210-16 

!1010-19 
l 
:1010-45 

8.393 
8.380 

8.379 

5 ditto 

2 dj_tto 

2 ditto 
I 

i])er 1 8. 388 3 Carbono:ti t0 Derdepoort 

;Twe 1 8.379 2 II Twee Rivier 
' 
iSal t 1 8. '376 1 ti Sal tp·:m 

h. Melili te. 

Melilite is very susceptible to ~lter~tion 9 conse

quently its presence in the m3.ssive kimb-.;rli te from .Premier 

Mine is unlikely. In the .Benfontein kimberlite many 11.th

shaped pseudomorphs of c'Jlci te 3.fter mclili te n.ro o.rrw.ged in 

a "criss cross" texture (photo 14) very siHil.--:tr to the 

textures described by Watson (1967 9 p.315) for the kimber-

lites from Canada. The melilite phenocrysts in the 

melili te- bas'Jl t from Spiegel River Cl.re :,1.lso l3.th-sh3.ped, and 

di splay the same texture ( photo 15). 

According to Von Eckerm911.n (1967 9 p. 305) the Swedish 

kimberlites qlso cont~in lath-sh3.ped phenocrysts of melilite 9 

which displ3.y the sgme textur8-l fe.'.1.tures as those described 

from Benfontein. 

From the discussion presented on the kirnberlite 

brecci3. and the m3.ssive b3.SJ.ltic kimberlite it is clear 

that these two rock types differ only in the presence of 

primary phenocryst1l. m'J.teri 21 in the kimberli t e breccia. 

Hence, it is evident th~t the massive kimberlite represents 

the matrix phase of the kimberlite breccia, as was defined 

on p3.ge 27. , 8.lld should be considered as the solidified 

equiv.'J.lent of the kimberlite magma, after the vol:::i,tile 

constituents have escaped. 
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3. Inclusions of W'l.11-rock in the m~ssive kimberlites 

None of the m:J.ssi ve kimberli tes contains signific:JJ1t 

3.J.TI.ounts of wl11-rock xenoli ths. About 30 per cent of the 

thin sections show the presence of sm1,ll inclusions of 

serpentinized wul-rock 9 and in the m~1ssi ve kirnberli te 

from Premier Mine the inclusions of wall-rock are even 

1 ess 2bu.i1.dmt • 

.An inclusion resembling a possible pre-existing g3.rnet 

gr'l.in was observed in 1010-19. This xenolith consists of 

on outer rim of nngneti te cmd C'],lci te? ,-,_nd is succeeded by 

successive rims consisting of serpentine 7Jld CQlcite, 

serpentine, m'1.g.neti te and fin 'll.ly 3. core of c:-uci te, veined 

by serpentineA Although fresh garnet is Rbsent in this 

kimberli te 9 this incl us ion exhibits the tenturu phenomen1. of 

8.ll origin'1.l g2rnet inclusion. 

The met8.Illorphism of' the m3.ssive kimberlites 

The m'.lssi ve kimberli te dykes h3.ve been met·worphosed 

by the tholeiitic sill which is intrusive into the .Premier 

Mine kimberli te. The met 11norphosed bJ.sJ.l tic kimberli te 

consists of lJ.rge porphyrobl2sts of arnphibole md diopside 

which are embedded in a matrix of serpentine md '.J.rnphiboleo 

The sphene 1.r1d magnetite have survived the effects of 

therm.::il met'J.lllorphism 'llld occur as idiomor11hic gro,ins in 

both the amphibole ~nd diopside. 

The original porphyritic texture of the nv.ssi ve 

kimberlite is destroyed by the met'JJnorphism, but the 

kimberli te breccia 9 which hg,s been met::unorphosed in the 

s.'.1.ffie f'?!.cies 9 still reve'l.ls the origin::il kimborli tic textureo 

A thin section cut across the cont~ct (photo 16) indic~tes 

th<::tt '3.l though the kimbcrli te h[l.s been c3,rbon 1.ted, the 

cont3.ct between the m3.ssive kimberlite 3.Yld the kimberlite 

breccia is shg,rp. 

VI. THE PETHOLOGY OF THE INCLUSIONS OF 
WALL-ttOCK IN THE J)HElVIIER MINE KIMB~i.UiI'rE 

A. Inclusions of Carbonate 

From figure 1 it is cle3.r that the Premier Mine 

kirnberlite must have cut through the Dolomite Series, 3.lld 

consequently it is likely th3,t the carbon2tc inclusions 

ho.vc been derived from this source. The inclusions are 
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usually met·1.morphosed 9 and those in the met:J.-ki111bei'"'li te h.1ve 

been subjected to polymet J.morphism 1 hence the m0t ·Jnorphic 

influences of the kimburli te are obliterated. Since the 

rnet:Ui10rphic effects of the kimberli to on thu w1ll-rock 

inclusions 3.re import7.Ylt geothermometers~ only the 

inclusions in unmct71norphosed kimberlites have been studied 9 

in order to determine the temper-1ture of intr1.,u3ion of the 

kimberli te. 

Two typos of nodules, viz. a diopsidc-f8l:::: wd a 

g~rnet-diopside-fels could be identified, .All the xenoli ths 

are rounded to elipsoid~l in shqpe 'Uld v3.ry in size from 

0.5lx0.30 mm to 10.0x4~0 cm. The c~rbon~te inclusions ~rG 

evenly distributed throughout the kimber1ite 1 but it appe1.rs 

as if the western kimberlite is enriched in these nodules 

rel'.J,tive to the other types. This m3,y be due to the f'lct 

th:J.t they vvould be more conspicuous in the bl:J.ck kimberli teo 

(l)The Inclusions of diopside-fels h2ve a grmulitic texture 

and consist of sm3,ll (0.13x0o07) 9 xenobl:J.stic gr--.ins of 

diopside md spor2dic g'lrnet in 2 matrix of colourless 

serpentine. The miner~logy indicates that these xenoliths 

represent a. silic3.-beJ.ring dolomite which h3.s been met1,-

morphosed in the hornblende-hornfels f7,cies. According to 

Wcjnkler (1967, p 46) the lower bound1.ry of tbis f1cies is 

535°C at 1 kb pressure w.d 520°C at O. 5 kbo 

2. The Inclusions of g?..rnct-diOT)side-f'els 

These inclusions 2re zoned 3.nd show a reri1-:~rkJ.bl e con

sistency in the succession of monomineralic zones 9 viz.; 

from the periphery to the centre of the inclusions they 

consist of the following minerals; hydrogrossul2r, diopside1 

grossular, tremolite md serpentine. 

The hydrogrossular zone which forms an outer rim 

approximately 0.1 mm wide 9 consists of green xenobl2stic 

hydrogro ssul3.r 9 crowded with sm:J.11 inclusions of opaque 

miner3J..s, whereas the grossul3,r of the iwi 11er zone is 

coarser-grJ.ined 9 colourless, idiobl'J.stic o.nd free from 

inclusions. The unit-cell dimensions of these two types 

of garnet are given in table 22. 

In the diopside zone 9 the clinopyroxcne er-,,ins are 

small, idioblastic 1 md arc radi:-i.lly oricmt1,ted tovnrds thE 
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centre of the inclusion. The diopside is colourless 

with /• c -= 40° o The d-v.qlues are reported in table 

3 4' µ 0. ; 0' 0 .- <;I.~ '& 2 

The brownish tremolite 9 which -:1lters to diopside JJ.ong 

the outer periphery constitutes the trcmolitG zone 9 wd 

dis pl 'l.YS the s'lJrle r -::.di 1.l t,~xture 1 described for the 
di opside zone. The core of thes8 inclusions consists of 

3. m2ssive green V7.riety of serpentine J.nd of the fl-:iky 

n....11.tigor.ite, described previouslyo The presence of Sin'1.ll 

xenoblo.stic grnns of m'l-gnetite 1 ch8.lcor;->yrite 2nd ch·=ucosi te 

::md of large idiobl2stic gr7,ins of c11ci to which rGpLwe the 

nLJ,ssi ve serpentine 9 is char'l.cteristic of this zone. 

The d'l.t3. presented indicJ.te that no equilibrium exists 

in these nodules 9 'lnd hence the fqcies cl·;.ssific?.tion is 

in:J.pplic1.ble. Since the petrologic'l.l dqt3. indic7.te th:tt 

the kimberlite pipes formed within a short time-interv~l 9 

this lack of equilibrium C3Xl be explained quite re'J..dilyo 

The coescistmce of diopside and grossular in these inclu

sions9 can be considered to represent the highest 
temper.ature at which they have been met3Jllorphosed. 

According to Winkler (1S67 9 p_64-79) this indicates a 

temper3.ture of 520°0 to 540°0 for a pressure of 0.5 to 2o0 

kb respectively. 

B. Inclusions of Kimbcrlite 

Inclusions of 3Xi older kimberlite have been observed 

in all the different types of kimberli te fron lJrcmier Mine. 

The inclusions arc rounded to elipsoid':11 in shaJJe, 3Ild 

vary from 5.0x3.0 mm to loO cm x 6.0 mm in size. In thin 

section these inclusions could be distinguished owing to 

dj_fferences in colour md texture comp3.red to the host 

kimberlite. The miner3J.ogy of these inclusions is iden

tical to thJ.t of the host kimberlite, except that the latter 
is less qltered. 

First- J.lld second gener3.tion olivine, as well as 

ilmenite 9 clinopyroxene 'JJld g9.rnet surrounded by 

kelyphyte occur in these inclusions, :J.nd the matrix also 

cont~ins secondary phenocrysts of sphene, perofskite and 

magnetite in a residua phase of serpentine, t.alc, chlorite9 

calcite, ~nphibole 'ID.d diopside. Carbon2te, shale 9 and 

syGni te inclusions have al so becm observed in these xeno

liths of older kimberlite. 
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The a
0

(X) values of the g3.rnets in thu 
C'.lrbonate inclusionso The a -values were 
determined by mems of a Deby~ Scherrer 
C3.IIlera 9 using Cu R'..0,r3.di2tion 

iSpecimen a CR) <+ 0 .. 005) 
0 -

Type of g :,rnet 
! 

11010-12 
i 
i 

:1010-14 
I 

11010-8 

120028 

12e010 

11. 981 

hydro gro s sul ar 

ditto 

grossular 

Since the eastern and western kimberlites h-·,vo 

intruded into the group I-kimberlite, the presence of in

clusions of older kimberlite in this case ccu.1 b0 explainedo 

However it is difficult to explain the presence of kimber

lite inclusions in the group I-kimberlite. These 

xenoliths may h'J.ve been derived from a pre-existing phase 

of kimberlite 9 which did not reach the surf~ce or they m3.y 

represent ejected fr~gments of kimberlite which were re

enclosed in the kimbcrli te magmao The la.tter expl3.Ilation 

requires a semi-solid "m:1.gma" of kimberli te which cont·1ins 

an active gaseous pha.se. The presence of xenoliths dLrived 

from the wall-rock near the surf7.ce in these inclusions of 

kimberli te indic'J.tes that they could not have been derived 

from a pre-existing kimberlite phu.se, and consequently they 

h2ve to be considered as ejected fr,,gmcnts of kimberlite 

which became re-enclosed in the semi-solid 111112,gm:.J. 1
'. 

c. Di'.lbase Inclusions 

The diab'J.se inclusions are rounded to e1ipsoidal in 

shape, md of vario.ble dimensions. The cwnuJ.·.1.s ortho

pyroxene is altered to ur3.li te or tqlc 9 wd the inter

cumulus feldspar is '.lltered to epidote 8Jld a brovvnish 

serpentine ( n '= 1. 579) with d-v3.lues simil ~r to those of 

&'llesi te. Small euhedral grnns of ap'J.tite as well as 

magnetite 9 which is extensively altered to hem1.tite 3.Yld 

which cont'J.ins exsolution 13.Illellae of ilmenite, occur in 

this brownish !J.ffiesiteo Both the cumulus and intercwnulus 

clinopyroxene have the following opticJ.l properties, 
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2V
1
,\ --= 58° ~ ~ ,. c --= 37°, n ,·_ -= 1. 662, n 1-· '::: 1. 670 2nd 

n. '::: 1.687. The clinopyroxene is rtltered to W.."'~tlite, 

biotite ':llld g1.rnet. The g1.rnet in the core of the pre
existing __ clinopyroxene belongs to the 311.drJ.di te -gros

sul~ri te series (n = 1.861; a = 12904 °A) whereas the 
0 

g:1rnet which formed along the rims consists of hydrogros-
sular. 

Spor~dic gr~ins of idiomorphic c:u..cite W8re formed 

in these inclusions, tmd porphyroblasts of 2:i:;1.phibole, 

epidote, hydrogrossu.13.J:' and diopside h:J.ve been 8ncounteredo 

The mineralogy thus indicates th~t these inclusions are in 

a st2te of disequilibrium, but the presence of uralite, 

diopside, J.mphibole 9 epidote md amesite indicates that the 

hornblende-hornfels fo.cies prevailed. 

D. Syenite Inlcusions 

The syenite inclusions vary in size from o.5xo.4 mm to 

several meters in di3.IDeter, and consist mainly of clino

}?yroxene, alk'1li-qmphihole, sphene, apatite, serpentine 
2nd opaque oxides. The volwnetric compositions of some of 

these inclusions are comp?~red in t':l,ble 23. 
The clinopyroxene occurs as sm'J.11 (0.19x0o04 to 

l.28x0.14 mm) subhedr'J.l gr:1ins, which 3.re often altered to 

bioti te. The optic3J. properties of the clinopyroxene 3.re: 

2V i(, '::: 54 o to 58° 9 ;-(" C = 43° 9 n, · -= 1. 675 9 n/ -::: 1 • 687 
8Xld n ,··. = 1. 696. The original .-: .. : .. , :: · · '.'. ~, texture is still 

I) 

very evident in these inclusions. Biotite which formed 

from the clinopyroxene occurs 3.s sm:J.11 (0.14 mm), xenobl1.st

ic porphyroblasts, 3.!ld h2ve the follov1Jing optic::u properties~ 

2V . .,.. .. ~ -= 20°; n:'.;).(_-::: 1.594; n p ':::: 1.644; n X''-= 1.646. The 
., . I 

ukali-amphibole has a gr~in size of 0.6x0.4 mm, and is 

present in both the serpentine, 1.nd around the edges of the 

clinopyroxene gr~ins. The 1.mphibole is pleochroic from 
bJueish-green to yellowish green,.. --=1, . ,i ,l 

'.I 

The euhedr1.l sphene v~ries in size from 0.61x0.38 mm 

to Oo05x0o02 mm, h1.s 2Vr, = 28° Md oc-curs 2s inclusions 
in the s@rpentine. The euhedr3l ap'lti te cryst-:tls 

(0.06 mm) qre embedded in the biotite :J.nd the serpentine, 
wd are present in 11,rge concentrations in the syeni te 
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inclusions. The m1.gneti te gr.1.ins r~ge in sj_ze from 
O. 03x0. 01 to O. 90x0. 38 mm and displo.y alteration rims of 
hematite and exsolution larnellae of ilmenite pc.r:ulel to 
(.l.11) of m'1.gnetite. Exsolution lamellae of ilmenite 
par1llel to (100) of m3.gnetite which represents pseudo
morphs after ulvite (Willemse, 1969') hqve -Jlso been 
encountered. 

The fine-gr~ined serpentine in the m~trix of the 
inclusion has n max~ 1.535, n min: 1.528 and the same 
d-v.'J.lues as 3.mesi te. The 3.ffiesite still shows the original 
subophitic intergrowth which usu~ly characterizes the 
unaltered syenite. The origin of these inclusions c~n be 
ascribed to either the post-W3.terberg syenite dykes or to 
the syenite which constitutes the lower portion of the 
felsite sheet (Visser 1961). Since no syenite dyke is 
known from the immediate vicinity of the kimberlite in
trusion, the latter explan9,tion is more likely. 

E. Inclusions of Shale 

Many 8.11.gular md rounded inclusions of mct21norphosed 
sh~le are present in the Premier Mine kimberlite. They 
consist of small 11 9.11hedr3.l porphyroblasts of biotite, 
diopside, m~gnetite? chlorite, calcite, tremolite and 
hydrogrossular. These xenoliths are often zoned, md show 
succeeding zones of hydrogrossular, diopside 2nd tremolite 
from the rims to the cores. In some cases the origin~l 
sedj_ment'lry layering is preserved and m3,y even be ::i.ccentu3.ted 
by the thermal metJ.ID.orphism 11 by the development of mono
mineralic layers. 

The source of these inclusions appe1.rs to be the 
shale horizons of the Pretoria Series, ru1.d the met.miorphism 
belongs to the hornblende-hornfels facies. 

F. The Inclusions of Waterberg Quartzite 
The inclusions of Waterberg qu'1.rtzite and•W.J.terberg 

conglomerate are the most abund'Ult wJll-rock xenoliths, 
9.Yld are confined to the group I-kimberlite. These inclu
sions h qve been observed on the- 520 m 1 evel, which 
indic3.tes thg,t they h1.ve sunk for at least 520 meters in 
the kimberlitic m3.gma. 
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Table 24. The volumetric composition of the inclusions 
of Waterberg quartzite in the Premier :Mine 
kimberlite 

;Srunpl e 1010-32 1060-19 
I 

iQu.3.rtz 59.1 L.1.-7.0 

/Feldspar 10.7 14.3 
l 

!Matrix 30.2 38.7 

I !TOt'),l 100.0 100.0 

Similar ultr:un3.fic and eclogitic xenoliths are known 

from alk3line b3.sal ts. Eclogi te has also been recorded in 

the nephelini te series at Haw3.il (Yoder 3.11.d Tilley, 1962), 

in the alkaline lavas in Tanz'.1.Ylia and UgJJ1da (Saggerson 9 

1968), 3.11.d in the kimberlite breccias in Australia (Mason 9 

1968); New Zeal.md (Dicky 9 1968) '.J.TI.d Arizona (W:1tson wd 

Morton, 19-69). Ul tr.1.filafic nodules are more abundant in 

,'.l.lk~line l:1v~s and have been found in the nephelinites at 

H2waii (Jackson 9 1968) 9 the nlk~line b'.l.s:u ts f:-com J:.,,p311 

(Kuno 9 1967), the 'J.lko.line bas3.l ts from Frince :_,,.nd Germw.y 

(Frechen 1963; Ernst, 1935) and from many other occurenceso 

Petrologic9.lly simil.'lr ul tr7.Il1afic rocks g,re 1mown from 

Norway, Germwy, South Africa 'l.rld TihodesiCt, "!'.Jut these 

ul tr'1II1'lfic rocks occur as lenses in highly folded b1.sement 

gneisses. The 11 3.lpino-type" peridotites from Turkey 9 Cub:1 

and Cyprus rtlso consist of ul tr'1.ffi3.fic rocks which are 

petrogr1phic3.lly simil'J.r to the nodules in kimberliteo 

B. The ul tr3.Illafic N.odul es 

1 Introduction 

Three types of ul tr1JI1afic nodules arc present in 

kimberli te 3,nd 1.t Premier Mine represent1.tives_ of e2ch h'J.ve 

been encountered 9 viz. garnet peridotite, spinel peridotite 

ond pyroxenite. In h3.Ild specimens the g'J.Tilet peridotite 

consists of 12rge orthopyroxene md g'J.rnet gr-·,ins in a 

dense olivine matrix. The spinel peridotites are 

identical except for the 3.bsence of g-irnet and the presence 

of spinel. The pyroxenite nodules consist of cumulUS 

orthopyroxene md often g~rnet in an intercumulus m'ltrix 

of olivine --md clinopyroxene. 
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These nodules v-::try in size from less th~1 1 cm to over 

40 cm in di31Ilcter; they 1.re roundc to elipsoid,~ in sh3.pe, 

--md often flqttened into disc-shaped nodules. The outer 

surf1.ces 1.re snooth md polished when found in situ, however, 

they displcw rough surf'l.ces when found on thG w1.ste dumps, 

owing to differenti~i we~thering of the components. 

Nodules occur only in the western kimberlite ~t 
~;?remier Mine, ·md' 1.ccording to Gerryts (1951) the levels 

closer to the surf~ce cont'J.ined more nodules th'J.11 the 

levels exposed 'J.t present. During the present investig:1-

tion it w1.s observed th3.t there is m -:1.bundwce of nodules 

on the 298 m l~vel, some on the 353 m level 8.nd only 

occ3.ssion3.l ones on the 487 m 1 evel. The nodules occur 3.S 

o. :he0:p of unorient1.ted boulders which displ w neither 

gr~ding nor flow lines. They 3.re concentrated in the 

northern rim of the western kimberlite, ~nd only isol3.ted 

nodules were found in the southern rim of this kimberlite. 

2. The petrology of the ultr::un~fic xenoliths 

A section through m ul tr7Jilafic nod1JJ.e found in situ 

reve~ls 3. zone of qlter'l.tion, which v1.ries in thickness from 

4.5 cm to 0.5 cm, with w averqge of 3.0 cm. For obvious 

re~rnons the nodules collected from the waste dumps did not 

h8.ve 3.ny '11 ter1tion rims. 

Although the olivine wd orthopyroxene h~ve suffered 

ol teration, the origin3.l texture of the ul trJ.II1afic 

nodules is still preserved in these 'J.lteration rims. 

The g:1rnet 'lnd the s por.Q.dric 1.1 cl ino pyroxene grains have 
resisted the 3.1.teration. 

The origina.l, l:1rge subhedr3.l grj,ins of ortho

pyroxcne are repl~ced pseudomorphously by a gre8n t3.lc 

which has a high birefringence, straight extinction and the 

optical properties reported in t9.ble 25. This t,uc 

yielded a very poor X-ray diffr'..l.ction p3.ttern 1 Uowever, in 

table 26 the d-values recorded both with a DebyeScherrer 

camera and with a diffractometer are listed. The 

diffractometer charts of 893 rn5 and 893 In6, also rev-ea1ed 
prominent c~lcite lines, indicqting the effect of the 

replacement of t3.lc by second.qry C'llcite. A D.T.A. 
recording of this m3.teri:.tl also yielded the peaks which are 
chqrqcteristic for t~lc. 
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Table 25. 

S3JI1ple 

893 I 

893 I 

893 I 

893 I 

893 I 

893 I 

893 I 
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The optical properties of the talc, 
repl ·1.cing the orthopyroxene in the 
al t0ration rims of the ul tr.:unafic 
nodules 

2V n<D(,v 11p n,;, 

12° 1.550 1.562 1.571 
1.549 1.560 1.571 

17-21 ° 1.542 1.562 1.570 
1.546 1.565 1.570 

48° 1.551 1.565 1.570 
1.548 1.561 1.570 

22° 1.538 1.566 

The kink b.'J.Ylding, undulatory extinction 9 and recrys

t .:..llization phenomen3. which ch·J.ra.cterize the original 

orthopyroxene gr3.ins, are preserved. Relicts of 

orthopyroxene are present in the replacements, which are 

also tr3.versed by veins of colourless serpentine. 

Eu.hedr.:J.l c3.lci te gr1,ins .9.re 3.lso prominent in these talc 

pseudomorphs. 

Although the olivine h3,s been tr3.11sformed into~ 

v~iriety of :J.l ter3,tion products in the zones of ::i,l tc1·ation 

around the ul tr!JJD.o.fic nodules, the origin.11 t cxtures 9 which 

·were observed in the unaltered portions of these nodules, 

qre still preserved. The meshwork of colourless serpentine 

is 'llso mostly still preserved in these rims of alteration. 

1he 'llteration products which formed as a consequence of the 

3.lteration of the olivine include a greenish talc with 

the following optic8l properties, 2Va ~ 33°, n max: 1.565; 
n min 1. 539 .3.Yld n 6 -11cL = O .. 016. The grJ.ins close _to 

the surface are more extensively altered, 3.Ild a d3.rk 

coloured fibrous serpentine replg,ces the tuc. 'rhe 

optical properties of this fibrous serpentine are n~ = 
1. 546, and nt = 1. 551, and it was identified ci.s antigori te. 

According to the d-v·uues, the meshwork s0r-pentine 

between the olivine grr:dns consists of a mixture of 

3.11.tigorite and lizardite (t2ble 27). The rcfrl1ctive 
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Table 26. The d-v1.lues of t~lc 2 compared to those of the 
t1.lc 2 which repl 1.ces the orthopyroxt,:;ne in the 
al ter~J. tion rims of the ul tr-.:uru,fic nodul eso 
(The d-vqlues of sJ.mple 893 In bave been ob
t~ined by mews of a Guinier c~mera, using 

Ce~.+ Cu Koc. rJ.di:J.tion, :J.nd the d-v3.lues of 893 rn
5 ~ 3.Yld c. have boen obtained by means of a dif

fr3.c~ometer 2 using Co K r2diationo) 

8~3 I~ 893 In5 893 In6 To.l c .:\.STiVI 13.558 
E,,/,.,. no- ~JQ 41, ~J.:l. 

I/Io d 
0 .A. I/Io d 0 A I/Io d 0 A I/I1 d 0 A h k 1 

100 9.34 002 
10 4.65 6 4.62 6 4.60 90 4 .• 66 004 
10 40547 30 4o55 0209111 

4 ·3. 510 114 
1 '3.430 113 

8 3ol48 10 3ol4 10 3ol3 100 3.116 006 

1 2.892 025 
12 2.629 202 

4 2.601 30 2.595 132 
10 2.504 5 2o49 4 2.50 65 2.476 1329204 

16 2.355 008 

20 2.212 134 
1 2.196 10 2.196 20b 2 
1 2.127 8 2.122 204 2 
1 1.996 20 2.103 13b 2 
1 1.916 6B 1.930 136 2 

40 1.37C Oc,(1 010 
1 L,731 1.725 242 2 

2 1.667 20B 1.682 244,138 
3 1.559 20 1.557 0o0ol2 
8 1.532 40 1. 527 * 0609332 

* plus 9 lines. 
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Table 27. 

1010 In F.-1,,, t1A,1fl44 

I/Io I d 0
A 

7 

3 
10 

4 

2 

3 
11 
I 2 

11 
! 
!1 
I 

I 

1 

4 

8 

4 
2 

2 

4-596 

3.879 
3.648 

2.965 
2.654 

2.525 
2.492 

2.454 
2.425 

2.146 

2.095 

1.791 
1.748 
1.738 
1.711 
1.614 
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The d-values of the meshwork serpentine in 
the ultr'.lIIlafic inclusions 2 and those of 
antigorite and lizardite. (The d-v:J.lues of the 
serpentine have been obtained by means of g, 

Guinier C3.ffiera using Cu K,-<.. radiation 

8 

4 
6 

300 

25 
2 

4 
8 

70 

10 

40 

10 

6 

6 

8 

20 

20 

4 

4 

4 
12 

25 

14 

4 
10 

2 

2 

4 

Antigorite ASTM 7.417 l liznrdi te *1 ) 
j 

4.62*2 

4.27 
4.01 
3.63 

3.51 
2.88 

2.59 
2.57 
2.52 

2o46 

2.42 

2.39 
2.35 

2.237 
2.208 

2.167 

2.150 
2.126 

2.035 
1.886 
1.830 
1.815 

1.781 
1.755 

· 1. 736 

I 1.688 
I 

' ' 

h k 1 

020 

910 I 
I 

811 ! 
1029102; 
202,302 
14.0.1 
930 ; 
11. o. o I 
16.0.l 

931 
il8.0.0 9003 

I 11.0.11 
I I 

I 403? I 
I 15.0.2 I 

-I 16.0.2; 

832 
16~0.2 

932 
11.3.2 

15.0.3 ! 
I 

15.0.3 j 
' 

004 i 
I 

933 : _j 
10.3.3 ! 

i 

17.0.3 ! 
21. 3 .1 i 

i I 
: 1. 640 I 

I 

22. 3.1 l 
! 1. 584 *3 ) 

1 

14.0.4 i 

' 

I/Io d 0
A 

15 

5 
60 

35 

20 

15 

5 

4.55 

2.499 

2.447 

2.145 

1.789 

u) d-values after Montoya 9 J.W. md G.S. Baur, (Amer. 
Min. 1963; p 1232) 

*2) plus 7 more lines 
*3) plus 14 more lines 
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indices of three specimens of this serpontt:nc o..rG comp:1red 

to those of 3Jltigorite 1ncl liz'J.rdite 9 J.fter })eer, Howie 

and Zussmcm (1967 9 Po 242) 9 in t3.ble 280 The correspondence 

of the determined rofrri,ctive indices with thos,~ of IDtigo

rite and liz'l.rdite shows th3.t these two minerals constitutes 

the meshwork serpentineo 

On the outer surf-:we of the nodules the mixture of 

antigori te 3,nd lize1rdi te is 3,l tered tc J. blue chlori te 

ho.ving n = lo 566, showing d-v~lues simil~r to those of 

pennini teo In these outer rims of the ul tr~vD.~_1fic nodules 

bi o tit e is 3.l so present which h 'J. s 2Y)-:_ -:;: 13 ° to 2 5 ° , 

n,x = 1. 578 9 n -~~:. = 1. 610 wd n _>"': -:: 1 o 611. The p8ridoti te 

nodules from Riverton consisted almost entirely of a similar 

bioti te. 

Close to the frosh portions of the nodules 1 the relicts 

of olivine '.3.re surrounded by 8. brovm., highly birefringent 

'.11 teration product 9 which w~s identified as iddingsi te. 

The presence of the meshwork serpentine r1ccomp111ied by 

fresh oli vine 9 md of the 3,l ter3,tion zones 2round the outer 

rims of the ul tr,1mqfic inclusions 9 indic'J.tes that two 

ph7.ses of q,l ter:J.tion h1.ve been induced on the ul tr un1.fic 

nodules 9 n 1,mely the prim7,ry ph7,se which c·J.usud tho meshwork 

serpentine to form 9 'IDd 3. sscond :1ry ph'J.se during vvhich t ·tl.c, 

serpentine :md pennini te were developed. The presence of 

:.::i.l ter·1.tion rims '3.round th1;:; nodules found in situ 'IDd :tie.·r 
2bsence in the sp8cimens collected on the WJ.ste dumps 

inv7.lid1.tes the idea of weathering 2s an 'lgent of 

alteration. 

RegJ.rding the stJ.bili ty regions of the minerals 

under consideration 9 the experiment 1.l work by Bowen and 

Tuttle (19499 p.439)9 Roy md Roy (19579 p. 574) c~d 

Pistorius (1963) indic,qtes thJ.t the trmsfori..12.tion of 

serpentine to olivine tnJrns place at 500°C 9 whereas the 

tr3.11sform3.tion of tJ.lc to forsteri te 3.nd enstnti te takes 

place 3.t 700°c 'lYld 800°C respectively 9 depending on the 

prevailing pressureo Since the meshwork of sGrpentine is 

never :tl tered to either olivine or talc, it io cl e1.r th 3. t 

t:1ese nodules were not met'lmorphosed qt temper-~tures 

exceeding 5or 0 c in m environment enriched in water• j-V -~ 

According to the ph:.1se di:1.gr1.l1ls mentioned t7.1C would form 'J.S 
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Table 28,. Th8 refrqctive indices of the meshwork 
serpentine ~t11ti orite ~nd liz~rdite 
after Deer, Howie n.nd Zussmon ~~?7 2 p.242) 

jSpecimen /.., o( ( ::= 0 o 00 3 ) ' . 'lt'tf' (~ o. 003 )! 
I i 

1010 In5 10567 1.571 

1010 In4 10559 1.568 

Antigori te 
( 1.558 1.562 
( 
( 1.567 1.574 

; ( 1.538 1.546 Lizqrdi te ( 
( 1.554 1.560 

:1010 In5 1.539 1.546 

a stable phqse at or below this tempc.r'J.ture from both 

olivine 311.d enst.·1.ti te. Serpentine would o.lso be st1.ble 1.t 

this temper3.ture 3.nd would form 3.t the expense of olivineo 

Hence these qlteration rims could have fanned in 3Xl 

environment enriched in w3.ter 3.t or below 50C°C, ~o~ 

would represent the conditions in the kimb8rlite m3.grna 

during intrusion fairly closely. 

According to Roy qnd ~oy (1957 9 p. 574) the temper~ture 

'lt which serpentine tr3.11sforms to forsterite, t3lc 'IDd 

V'J.pour is not 3.:ffected by pressure 9 however 9 Pistorius 

(1963) indicates that the temper:1ture increases with 3.Yl 

incre~se in pressure. Consequently the meshwork serp~ntine 

could h'we formed at even higher temperJ.tures Jnd 

pressures. 

In table 29 the volumetric composition of the three 

types of ul tr3.II13.fic nodules found at .Premier Mine is 

compared with the volumetric composition of some eclogite 

nodules. Since the former 9...-re co,3.rse-gr3.ined, these 

determinations have been c:u-ried out on n.t 1 e2st 5 thin 

sections for e'J.ch nodule. 

According to the volumetric composi tj_ons of the 

ul tr1.TI19.fic nodules it is evident citiclt'J.ble 29 th'lt the.se 
nodules consist of orthopyroxcne 9 clinopyroxene, olivine, 

g3.rnet :md a clinopyroxene chrome-spinel intergrowth. 

Table 29 indicates that the clinopyroxene content in the 
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Table 29. 

3;>ecimen 01 

3ultfontein 3u.l. 62.5 
*3 

Bu.6. 56.4 

3u.7. 74.5 

3u.3. 85.2 

Bu.9. 84.2 

fi'ran·~ s.~-1i th FS 2 55.8 

FS 4 76.0 

Dutoitspan 67.7 
Du.P~2 

Premier Mine 54.5 
93In

1 
Premier Mine 68.6 
893In

2 
re17ier Mine 54.2 

J93In
4 

remier Mine 58.5 
893In

5 
?rcmi~r Mine 59.9 
'393In.~ 

·;) 

Premier riine 63.5 
393In

7 
reraier Mine 60.l 

893In
8 

render i~Hne 60.9 
393In

13 
remier Mine 61.9 

_9311 

remier Mine 71.8 
93In

15 
remier Mine 42.7 
93In

17 
remicr Hine 73.6 

)93In
18 

remier Mine 66.0 
93In

19 
remier Mine 84.9 
93In

21 
:> • renuer Mine 75.3 
__ 93In

22 i 

-79-

The volumetric composition of ecloP:ite and ultramafic 
nodules from kimberlite and kimberlitic-breccias*V. 

I 

I •2) I I 
I ' I Ga. ')px Cpx Sp. . He. Se. Ky. I Plag. Jth. 

! 

A. Ultramafic Nodules. 

31.9 5.2 0.4 

33.0 6.9 3.7 

19.9 1.5 4.1 

7.4 7.4 

15.8 

38.3 5.8 0.1 

22.5 1.1 0.4 

21.0 0.8 10.5 

1L6 15.4 4.3 0.5 7.1 6.6 

26.5 2.3 2.7 

1L1.0 14.7 8.5 8.6 

16.5 0.4- 13.3 11.0 

14.7 2.9 12.3 10.2 

19.6 5.4 5.9 5.6 

27.9 1.8 0.8 9 .,1 

29.2 2.1 7.8 

38.1 

24.4 1.3 2.5 

56.4 0.6 0.3 

24.J 2.4 

26.7 5.8 1.5 

13.6 1.5 

113. 1 2.6 4.0 
i 

! I ! 
i ' ! 

j 
Total

1 

lJJ.J 

lOJ.J 

lJJ.J 

lJJ.J 

lOJ.O 

lOJ.J 

lJ ). J 

lJJ.J 

10). JI 

lJJ.l 

lJJ.J 

lJJ.O 

lJJ.J 

lJJ.O 

lJJ.J 

lJJ.u 

lJJ.O 

10J.O 

lJJ.J 

lJJ.0 

lJJ.O 

lJJ.O 
I 

I 
110 J. u 
! 
; 
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Specimen 

D . ... rer:aer Mine 
893In

23 
Premier Mine 
1010In

3 
Premier Mine 
1Jl0In

5 
?re":'ier Mine 
lC>HHn 

5 
Premier Hine 
1DlJin

7 
Premier Mine 
1Jl0In

3 
?re:-:1i.?.r Mine 
1JlJin

10 
Premier Mine 
1010In

2 
Jar,0rs.fontein 
Ja 11 

.JI.. • 

Ja~-2:rsfontein 
Ja 5. 

ve Jeers DB4 

DB5 

'":ir:1~:>e.r ley Xi 1. 

'-la tsoku (LBH ) 
35 *4 

,r., 
;.:.J .ixcelsior 
(CSE 1) 

X 

Kamfersdam 
(A,\B L)53) 

~m/351 Jager-s-
f:mtein 

Bu 1 t fontein 
16/172 

3ultfontein 
27 /172 

;1atsoku L3M
24 *5 

LBM
27 

LaM
25 

LBM
19 

L3M
28 

L"3Ml3 
L3M

21 

.L7U\o 

L3M
30 

L'3M
39 

UJM29 

I 

i 
01 ::>px 

82.9 12.2 

39.5 

63.5 14.0 

40.3 54:. 7 

66.5 23.B 

80.5 12.5 

71.3 13.6 

70.7 26.8 

41..6 44.8 

78.7 16.5 

68.4 3~.2 

5,.1.0 29.7 

62.8 29.3 

34 -
63 6 

77 

96 9 

98 -

99 -

100 

75 24.4 

73 25.0 

71 25.8 

69.9 29.6 

69.5 25 .. 3 

67.7 31.7 

66.8 28.3 

65.6 12.0 

55.3 29.1 

55.1 31.9 

-80-

* 2) ; 

Cpx Ga. Sp. He. Se. Xy. Plag, Jth. l':ltal 

3.1 1.8 100.J 

1.9 5.7 52.9 lJJ.J 

9.8 ,1.4 6.1 2.2 100.J 

2.9 2.1 L)J.0 

=-~. 5 11.7 2.5 lJJ.O 

4.3 2.7 100.0 

8.7 5.9 lJJ.O 

2.5 100.0 

13.5 99.9 

2.1 2.7 lOJ . .J 
I 

1.4 lJJ.0 

6.3 10J.J 

7.5 0.4 10).J 

34 26 

9 2 

7 16 

2J.5 5 

2 -

1 -

10-J.O 
I (). 5 0.1 lJJ.O I 

1.6 0.4 luJ.O 

0.7 1.7 D.3 0.5 lOJ.J 
I 

0.3 0.2 lJJ.J I 
i 

2.3 1.7 1.2 lJJ.J I 
0.6 lJJ.O 

2.5 1.7 0.4 u.3 lvJ.J 

20.8 ~.8 0.7 0.1 lJJ.J 
I 

; 

1.8 3.1 ! 0.3 0.3 lvJ.J 

I 1.0 i 0.6 1.5 lOJ.J I i I 
I I I I I t I 
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! * 2) 
JJc~imen 01 Opx Cpx Ga. Sp. ~1e. Se. Xy. Pb.g, 0th. Tot:-.. 1 

r·latsoku LBM 
1 

6-4.7 25.0 2.9 5.0 1.1 0.3 lJJ .. J 

~ 3!'126 62~6 37.4 L).;·.J 

LBM2 61.5 33.2 J.5 2.4 1.5 J.3 lJJ.0 

LBM 
14 

61.3 28.6 8.6 0.3 1.2 lJJ.v 

LBM~H 6J.9 37.7 J.5 0.9 lJJ.J 

L3M
16 

50.7 33.8 1.8 0.7 1.1 1.9 lJD.J 

L1M
3 

58.5 31.7 2.1 5.1 2 .. 1 0.5 L).J.O 

L3M3.1 
53.0 39.2 2.0 0.2 J.6 10.J.,J 

.L3M
7 

55.8 31.9 0.3 9.4 2.2 0.4 l.JJ. J 

LBM
15 

55.8 36.5 2.2 3.9 J.B 0.8 lJJ.J 

L8M 
5 

55.2 26.4 ,J.2 9.5 ·1. 7 10 ;, .0 

.L:3M22 52.2 37.1 5.6 1.4 2.5 1.2 10) .0 

LBM4 50.3 44.7 1.0 3.5 0.4 lJJ.J 

LBM8 42.3 52.7 0.1 4.3 J.5 lOJ.J 

LBM
17 

42.1 50.5 6.7 0.5 0.2 lJJ. J 

L3M
11 

40.5 54.4 ,1.1 1.0 luJ.0 

~'JM12 3-1.l 31.6 15.8 15.6 2.9 lJJ.J 

" 31.8 38.5 8.0 
32 

12.6 7.7 1 •. J lJJ.J 

" 28.3 60.8 5.1 3.7 0.4 1.7 lJJ.v 
23 

" 21.3 6J.2 
41 

14.9 0.1 3.5 lJJ.J 

II 17.3 69.3 5.5 6.5 0.8 0.7 lJJ.J 
6 

" 
16.2 33.2 18.1 1.9 29.2 1.4: lJJ.O 

·1 1t 
" 15.7 ,;5. 3 27.8 9.0 2.2 lJJ.J 

33 

" 14.7 57.2 16.4 5.5 6.2 10.J.O 
38 

" 8.0 56.v 33.4 1.5 1.1 10). 0 
37 

" 2.6 83.B - 10.7 2.9 1 •. n.0 
10 

" - 64.3 18.3 13.9 3.5 10).0 
18 

" 34.1 3-1.0 26.l 5.8 lvJ.O 
36 

Dunite 66ULUP-25 95.6 - 1.3 - - 3.1 1.JJ.O 
*6) 

66~(AP 1 97.7 0.1 0.8 - - 1.4 lOJ.J 

Lherz::>lite 68BAL- 76.1 17.5 5.5 - - a.9 lJJ.0 
3 

66PAL-3 57.9 29.9 11.2 - - 0.9 lJJ.J 

G Lherzolite 23.7 12.1 33.5 22.1 - 3.6 lJJ.0 
55 SAL-1 

G ?yr'>xenite --- - 62.1 I 36.9 - 0.5 J.5 lJ J. J 

53 SAL-11 I 
,... Pyr:-oxeni te - 8.7 53.2 I 34.4 - 3.0 0.2 lJJ. J ·,A 

58 J1~L 7 I :i: Pyroxenite - 16.2 65.6 16.2 - 11.4 0.3 lJ1.LJ 
I 

S8 SA.L-26 I l i i 
I 
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·- : Specinen 

*2) 
'i'Jt.:il ,3.,.>ecimen 01 Opx :~x Ga. Sp. I'1e. Se. X.y. Plag. 0th. 

.... ?y~~xenite - 2J.O 63.5 11.2 - 0.2 v.l luJ.0 t:i 

,SAL 24 

G ·:c>v""·1xeni te - 22.0 70.5 7.3 - tr J.2 lJJ. J 
~3 .iL 6 
.. -

B. Eclo~ite Nodules. 
-

-l'.'.>bcrts ·ricto~J , 38.2 55.4 6.4 lJ J .J 
N 

l 
bJerts Vic t '.lr 23.l 75.3 1.6 lJJ.) 

RVr.:: 
:.) 

,bbcrts Victor lJ.l g1.3 8.6 1)).J 
::;.,v 

5 
:iobcrts Victor Fl 25.7 -19.5 19.9 ·1. 9 1 )J.) 

F 
2 

59.4 15.6 2.2 22.8 1)). J 

F 
3 

33.2 56.9 4-. 9 lJ}.J 

J!l~c:r sf-:n1te in Ja. 42.l 42.9 15.0 lJJ.J 

~oved.'.:.lle B 3 
2 

60.9 38.7 0.4 lJ J. J 

821\ 55.6 34.-1 10) • .J 

3 1 65.0 25.2 9.8 lJJ.J . 2 2 
*7 

G~.rni2t ]Udge 1 4,8.2 4-3.2 8.8 L)J.J 
Arizonc1 

2 88.3 9.8 1.9 lJJ. J 

3 92.9 5.0 2.1 L)J.L·1 

4 78 20 ~ 1);. J 

5 46 36 18 lJJ . .J 

6 51 29 2J lJJ.v 

7 5-1 35 ll lJ J. 0 

8 59 33 j 8 ! lJJ.0 
! 

! 
I 

9 ! 62 j 33 5 ! lJJ.O 
I ' 

*l) Described by ~:,ratson, (1967) from Arizona. 

*2) Includes, chromite, spine!~ kelyphyte and myrmeiite. ryhen garnet is 
present it i~plies kelyphyte, and ryben ~arnet is absent it is myrme~ite. 

01 = olivine; Jpx = orthopyroxene; Cpx = clinopyroxene; Ga= ~arnet; 

Sp= kelyphyte/myrmekite; He= hematite; Se= ser?entine; Ky= ~yanite; 

Plag = plagioclase; 0th= other minerals. 

*3 Own Jeterminations. 

*4 Siebert, (1969). 

*5 Rickwood et al., (1968). 

*6 Jac~son et al., (1969). 

*7 ~atson et al., (1969). 
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ul tr:llil?..fic nodules r-1.rely exceed 10 per cent 11 and th3.t the 

high contents observed in the nodules from Haw3.ii (J-3.ckson 

and Wright, 1969) are seldom found. Since too little dJ.t?.. 

~ 1mown 1.s yet~ it is not -possj_ble to prod.-i::.c~ .JJ1_ 3.ccur'l.te 

comp-=i.rison between the ul trwnJ.fic nodules in kj_qberli te 

1nd those found in .3.lk'iline b3.s-1,l ts. An ':"'..ttempt h7.s 

nevertheless been m1.de by using the d:1.t1. provided in t'lble 

29, qnd by r8presenting it on the di3.grim ~fter Jickson 

( 196 8) ( figure 10 ) • 

The volumetric compositions determined during the 

present study h1.ve revealed th3,t: 

1. g1.rnet md chrome spinel do not coexist other th'ln 

in a kelyphyte rel1.tionship. 

2. ilmenite is :~l w3.ys 3.bsen t in these nodules 9 .md 

th3.t the opaque minerals recorded in t3.bl e 29 a.re 

hem3,tite. The l'J.tter app:J.rently formed :1.s a consequ~nce 

of the sccond·J.ry 21 ter:ition of olivine 3.Yld pyrox\Jne. 

3. two types of spinel-bel.Y'ing ul tr21.rnJ.fic nodules 

occur, whieh"':::-re the kelyphyte-bearing nodules JJld the 

myrmeki te ben.ring nodules. Since the former ones often 

reve'll the presencu of very sm?,11 relicts of g·',Tnet 9 they 

will be described henceforth 3,s g:'3.rnet peridoti tes. The 

myrmeki te-be7.ring nodules do not show -my relicts of g1.rnet 9 

711d will be termed spinel peridotites. 

4. A..t le'l.st two types of g7,rnet pericl.oti tes were 

found which displ'l.y completely different textures. The 

cumul'l.te type which cont3.ins more thm 50 per cent of 

pyroxene 3.nd which will be termed pyroxcni tes 9 where'1S the 

other nodules will be descri bt::d :"1S gJ.rnet IE ridoti tes. 

The pyroxenite nodules consist of orthopyroxene 9 clino-

pyroxene9 olivine 3.Yld either spinel or garnet. However 9 

pyroxenite nodules in which g3.rnet 3,nd spinel coexist 

other thm in .3, kelyphyte rel::1 tionship hJ.ve not been 

found. 

In _figure. lQ the volumetric composition of some of the 

ul tr'1II13.fic 'Uld eclogi tic nodules h':ls been plotted on a 

v1.riation diagr'.lIIl showing olivine, orthopyroxcme, clino-

pyroxene 3lld g1.rnet. This figure indic3,tcs th:J,t g1.rnet-

h~rzburgite predomin~tes ~nong the peridotitic nodules '111.d 

th2t g~rnet lherzolite also occurs. The pyroxenite 
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Garnef 

THE VARIATION IN THE GARNET OLIVINE ORTHOPYROXENE 
AND CLINOPYROXENE CONTENT OF THE NODULES IN 
KIMBERLITE (VOLUME PERCENTAGES) 

. 
OnhoPyroxene I • • • • • . . . ,-., ,., - •• -~ 
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Cl,r,opyroxene Garnef 

FIG.10 
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nodules 1.re '1.11 lherzoliteso According to Jackson, (1968) 

the nodules in the nephelini te series 1.t H2w2ii 3.I'E:; prt,;

domin,_mtly h2rzburgi te? lherzoli tt: ·J.Yld g3,rnet wehrli te. 

However9 in the ul tr1.In1.fic nodules from kimb0rli te as well 

3.S from the nephelini tes 9 8. c or;1pl ete gr 1.dJ.tion occurs 

between 8.11 these rock-types. 

Petrogr",phic·1lly the g7,rnet- -md spincl pei--·idoti tes 

'.l.re simil 1.r to the 8.lpino-type peridoti tes fr01n Turkey 

(Vw der K'l.1.den 9 person2l communic J.tion). Thes8 rocks 

consist of lqrge (4o0 mm) euhedru 'J.Yld subhtJd:c~tl 'Uld often 

lenticulqr orthopyroxene gr'l.ins in 'l. fine-gr~ined m1.trix of 

olivine. The orthopyroxene rtrely contqins inclusions of 

olivine, but g1.rnet gr1ins '.J.re frequently present in the 

orthopyroxene. Around the periphery of the l:J.rge ortho-

pyroxene gr1.ins, :md often extending into the gr2ins 9 'l 

fine-gr1.ined, grmular 9 orthopyrox8ne of ex~1.ctly the s J.ffie 

composition as the host gr'J.ins, w1.s obst;;rvedo This 

texture (photo 17) is only present in the peridotite nodules 

in which the olivine grJ.ins are also gr·:nulated. 

The 11.rge orthopyroxene cryst·1.l s exhibit a type of 

trwsl2tion twinning which simul 1.tes the kink b"'mds 

described by Ernst, (1967) from the nodules in the Eifel 

repion in Germ3.ny. The undul7.tory extinction of these 

orthopyroxenes (photo 18) :<..lso corresponds to that-:~.___._~·;_,..;.··~.;.., 

described by Ernst, (1967), 111d 1.ccording to H.1leigh 

(1967 9 po 199) both the undul'J.tory extinction -ma. tr·:msl'l

tion1,l-twinning indic'lte deform7.,tion under high stress. 

The fine-gr1.ined orthopyroxene does not show -my of 

these stress phenomen2, nor my e-xsolution 1 -unelle1e of 

clinopyroxene 9 h~nce this granul1.tion took pl7,ce due to 

recryst1.lliz1.tion 'lt reduced pressures of orthopyroxene 

strained previously at elev1.ted pressures where complete 

solid-solution of clinopyroxene w~s possible in the 

orthopyroxene. 

Olivine is the major constituent of thc..-:i~-- ul tramafic 

nodules and occurs as large anhedral grains which ranges 

from 4,75x2.85 mm to l.66x0o90 mm in size. In the 

nodules where grsi,nulation of orthopyroxunc is cvident 9 the 

olivine is equigranular 9 rounded and varies from 0~45x0o70 
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mm to 0.40x0.25 mm in size. In one pcridotitc nodule 

(893 rn
5

) the formation of f ine-grained 9 equigranular 

olivine along the periph8ry of these large olivine 

crystals has been obs~rved (photo 19). Th8 large olivine 

grains al so exhibit kink bands and undulatory extinction 

simulating the textures observed in the orthopyroxene 9 

whereas the granular olivine does not show any of these 

phenomena. According to H.aleigh (Jackson et al., 1969) the 

original large olivine was deformed under a considerable 

stress 9 whereas the granular olivine formed as a consequence 

of the recrystallization of the formero ;Since :nodules 

contg,ining either garnet or spinel were found associated 

with the recrvstallized olivine 9 it is obvious that this 

recrysta,llization must have occurred at pressures close to 

20 kb and at a temperature of appr0ximately l 9 000°C 
(O'Hara, 1968). 

Rounded grains of pink 9 purple 9 red or orange garnets 

are included in the olivine and orthopyroxene grains in the 

ultramafic nodules. These grains vary in size from 

4-,75x2.90 mm to 0.25x0.2 mm 9 and are characterized by 
kelyphytic rims of a variable thickness. Most of the 

garnets are extensively cracked and along these cracks the 

development of the mineral phases which arc present in t11e 

kelyphytic rims 9 took place. 

Tb.8 kelyphytic rims consist of an outer zono of 

coarse-grained material ( ~~ 0.6 mm) and an inner zone of 

fine-grained fibrous material (0.02 to 0.06 ElI:l in size) 

(photo 20). The coarse-grained material consist of a 

reddish brown s~inel (picotite) 9 a colourless clino

pyroxene and a dark brown clinopyroxene. The latter 

has the following optic~l properties 9 2Vt = 60°, 

n v( -== 1. 670, and shows the same d-values as these of 

diopside. The picoti te occurs as s,11all euhedr .11 grains 

of 0.2 mm diruneter, and also as skeleton crystals. B0th 

varieties of clinopyroxene are present as small (Oo03 mm) 

xenomorphic grains which display a high birefringence 

and a typical pyroxene cleavage. Apart from the primary 

constituents the following alteration products were also 

identified; homatite 9 magnetite 9 talc 9 serpentine and 
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biotite. The electron-microscope photograph of a nodule 

from Lesotho taken by Nixon 9 Von KnoYf'i;,j ;::U-W- Tlooke (1963) 
revealed the presence of spinel, pyroxene and talc. 

In the spinel-peridotite nodules 9 garnet is absent 
and spinel-pyroxene symplectites are abundant. The latter 
had been described by Holmes (1936) as an eutectic crystal
lization of spinel and pyroxene 9 or as a replacement of the 
one mineral by the other. 

The symplectites consist of an orthopyroxcne grain 

rj_mmed by a brovvnish·· clinopyroxene 9 and veined by "worm

like" lamellae of spinel ( picoti te). The L,-ttte:r form a 

continuous network which even extends into the clinopy

roxene rims (photo 2]_) o These symplecti tic intergrowths 

usually disl)lay a rounded shape, and are enclosed in 

either olivine or orthopyroxeneo The physical properties 

of the spinel and the clinopyroxene are very similar to 

those of the primary phases in the kelyphytic rims 
(chapter VII). The orthopyroxene in these nodules also 

has the same .u2o
3 

con½~nt)as thf; orthopyroxene in the 
(o.p~rd.•X lb 

garnet peridoti tes.~ Consequently it is clear that these 
symplectites also resulted as a consequence of the 

equilibration of garnet at prt-ssures belovv 2(, kb and at 

a temperature of approximately l000°C (O'Hara 9 1967). 
Spinel-bearing peridoti tes 9 in which the s~;inel phase 

is present as subhedral intergra.nular gra.ins 9 and where 

neither symplectites nor kelyphyte is present, have also 

been observed. These nodules do not contain any garnet, 

and the orthopyroxenes are also marked by an increased 

content of A.1 20
3

• Clinopyroxene is also a more prominent 

constituent of these nodules, and these clinoyyroxenes 
are cr3+-bearing and resemble the clinopyroxene in the 

symplectites closely. It appears that the spinel phases 

in these nodules crystallized directly as such, and con

sequently it is apparent that these nodules crystallized 
0 well below 20 kb pressure and 1000 C. 

Clinopyroxene is very rare in the garnet peridotite 
nodules 9 but more abundant in the s~inel peridotite 9 due 

to the equilibration of garnet. In the clinopyroxene
bearing peridotites the clinopyroxene occurs as large 
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(7.1Ox2.4O to o.5oxo.4O) subhedral to lens-shaped grains 

in the olivine matrix. Although the clinopyroxene does 

not exhibit the stress features described for clivine and 

orthopyroxene 9 it shows similar recrystallization phenomenao 

The pyroxenite nodules consist of ortho)yroxene 9 clino

pyroxene, olivine and ei tht.!r garnet or spinel. _1U though 

the mineral constituents of these nodules arc:) the same as 

those of the peridotites both the mineral proportions and 

the textures varyo The orthopyroxene cumulus crystals 

exhibit a fine-gr~ined exsolution of clinopyroxenc along the 

( lr.{1 ) direction of the orthopyroxene, simulating the 

Bushveld-type of orthopyroxene (Hess, 1952). The sub

hedral to anhedral intercumulus,clinopyroxene is 

polysynthetically twinned, and is accompanied by olivine 

and spinel. The cumulus garnets are euhedral to rounded 9 

and are altered to kelyphyte in the same way as the 

garnets in the peridoti te nodules. 

The petrogenesis of the ultramafic xenoliths 

The orthopyroxene of the peridotite nodllles does not 

show exsolution lamellae of clinopyroxene, w;1erc2.s the 

orthopyroxene in the pyroxenite 

phenomenono Consequently 9 the 

at lower·ber,,~~, whereas the 

at more elevated bewv,0,).iU~. 
f:" 

nodules does show this 

pyroxenite nodules formed 

peridotite nodules formed 

- . -
. .) .l - ..... "- ... , 

--- 1 t t - (--t The pyroxenite 
~ 

nodules were not derived from ul tr31Ilafic cumulates in the 
crust of the earth 9 because they contain pyrope garnet and 

show no reaction rel~tionship between olivine and enstatiteo 

The stability field for pyrope garnet indicate that these 

nodules formed at pressures exceeding~& kb. The 

spinel-pyroxenites however formed at pressures belowcl0 kb9 

but must have crystallized above 5 kb, because there is no 
reaction relationship between olivine and pyrc:xene. 

The garnet peridotite nodules show the coexistence 

of garnet 9 enstati te and olivine without a11y exsolution 

phenomena in the enstatite 9 and they also show sitns of 

deformation at high pressures. Consequently it is con

cluded that these nodules formed at high pressures. 
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According to the system diopside-pyrope 9 O'Hara (1968 9 

p 84) it is obvious that enstatite and garnet would 

crystallize before·olivine at 30 kb pressure. At this 

pressure the olivine l;q, t.1idus falls below the enstati te 

l·1'1,t.tidus 9 and hence garnet-enstatolites would crystallize. 

At 27 kb the olivine /;4e4idus enters the crystallization 

surface 9 and olivine would st:.1.rt to crystallize, resulting· 

in garnet-harzburgites.. At a subsequent release of 

pressure from 27 to 20 kb 9 the diopside solidus curve enters 

the crystallization surface 9 and the four-phase lherzolites 

would be able to crystallize. During this stage the 

garnet pyroxenites can also crystqllize depending on the 

composition of the liquid. At 20 kb the s~:dnel solidus 

enters the cryst,lllization sequence 9 and garnet disappears .. 

From this stage the spinel peridoti tes and spinel 

pyroxenites can crystallize. The spinel which forms below 

20 kb would crystallize as individual 9 eulrndral grains 9 

similar to that of the regional peridotites (photo 22) 

(CF298 ) + (1010 In6 ) and not as symplectite 9 which is an 

equilibration phenomenon at decreasing pressures. The 

spinel-peridoti tes ( CE1

298 ) and spinel-pyroxeni tes 

(1010 In6 ) thus represent material which for111ed below 

20 kb, whereas the symplectite bearing spinel-peridotites 

formed at higher pressures. 

The thin sections of the alpinotype peridotites, 

kindly supplied by the late Profo J. Willemse, and of the 

regional peridotites from the Pafuri-area suggest that these 

rocks have cryst=tllized below 20 kb, because tl1e ortho

pyroxene contains exsolved lamellae of clinopyroxene, and 

the spinel grains are euhedral. 
The recrystallization phenomena observed in the 

olivine and orthopyroxene grains are also present in the 
alpinotype-, and regional peridotites, and indicate that 

the recrystallization took place during an increase in 

temperature and a decrease in pressure. Since these 

nodules were transported from the upper mantle to the 

surface of the earth, it may be that the ada,ptation 

occurred during the ascent of the nodules. 
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c. The Eclogi te Nodules 

1. Introduction 

The term eclogite is used for a large variety of rock
types, ranging from the garnet-pyroxene-bearing xenoliths 
in kimberlite and alkal.ine basalt to the hieh-pressure rocks 
in metllinorphic complexes (regional areas)o Haily (1822) 
originally described eclogite as a rock consisting of 
diallage (omphacite) and garnet 9 accompanied by kyanite, 
zoisite, amphibole 9 quartz 8Xld pyrrhotite. According to 
Bskola (1921) the ·,yroxene is Jadeite-bearing and the 
garnet cont~ins appreciable amounts of almandine and 
pyrope. 

Both the varied occurrence and the difference in the 
composition of the clinopyroxene and the garnet have led 
Smulikowski (1968, p 89) to classify the eclogites into 
three types, viz~ 

1. Regional eclogites 

2. Alpino-type eclogites 

3o Eclogites from kimberlitic and alkaline 
basaltic lavas. 

Becke (Smulikowski 9 1968) uses the term eclogite only 

for the garnet-pyroxene-rocks found in hieh-grade 
metamorphic terrains, and applies the term griquaiite to 
the garnet-pyroxene rocks found in kimberlites. However, 
since the minerals mentioned in Haliy's definition for 
eclogi te have been found in the eclogi tes from the three 
different types of occurrences, the use of a new term 
seems hardly justified. Since the origin of these three 
types of eclogites is completely different, the term 
eclogite should only be used as a descriptive name, without 
implying any genetic significance. 

2. The petrology of the eclogite nodules 
Eclogitic nodules from the following kimberlite 

occurrences in South Africa have been investigated: 
H.oberts Victor, Brakfontein, Lovedale and Jagersfontein. 
These four occurrences are by no means the only ones 
from which eclogite is known in the Republic of South 

Africa. 
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In the hand specimens the eelogi te nodules consist of 

large grains of honey brown to red garnet and pale green 

clinopyroxene. No distinct l~yering sim11lating theu.) 

cumulates from layered intrusions could be cU_'.JCernedo The 

nodules are usually round,-·· to elipsoidal in sha~rn, and 

show no alteration rims like the ultramafic nodules. 
These e£logite nodules consist largely of garnet and 

c1inopyroxene 9 and the following accessory minerals have 

been identified by different researchers~ kyani te, 

corundum 9 pl agioclase 9 spin el II diamond, phl Qgopi t e (?) 11 

zeolites, quartz 9 glass, pyrite and second generation 
clinopyroxene, ~~A,~Q:'ld et a.£. {I'll, 9). 

The volumetric composition of 10 eelogite and kyanite 

eclogite nodules determined according to the technique 

described for the ultramafic nodules 9 are reported in 

table 29 arid are plotted in figure 10. The garnet 

content varies from 1506 to 81.3 per cent and gives a 

wider variation than that observed by Rickwood et a1,9 

(1968). They found a variation in the garnet content 

from 28 to 83 per cent. Howev8r 9 the nodul 8 F 2 \,1i;mich has 

a garnet content of 1506 per cent 9 shoHs an extensive 

alteration of garnet to kelyphyte 9 and may thus have 

contained a much higher percentage of fresh garnet. If 

the kelyphyte is recalculated as original garnet, the 

garnet content ranges from 34.4 to gr.o per cent, with 

an average of 56.5 per cent,which compares well with the 

50o5 per cent observed by Rickwood et alo 9 (1968). 
Unfortunately these authors did not mention whether 

kelyphyte was includedo 

No two-pyroxene-garnet-rock has been observed among 

the eelogites from the kimberlites 9 however 9 an eelogite 

nodule from the nephelinite series at Hawaii, which 

consisted of two pyroxenes and garnet has been described 

(Yoder and Tilley 9 1962). 
According to the system diopside-pyrope (O'Hara, 1968) 

the association garnet clinopyroxene cryst~:ulizes in the 

tempera.tu.re-pressure range of 30 to 40 kb, and 1650 to 

l 700°C. The ratio of clinopyroxene to garnet given by 

;.lickwood et al. (1968) indicates eutectic crystallization 

*1 )Subsequent research has led to the discovery of layered 
eclogi te nodules from H.oberts Victor. 
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at 37 kb. The two-pyroxene-e clogi te nodule from Salt 
Lake crater 9 Hawaii (Yoder and Tilley 9 1962) indicates 
crystallization at somewhat reduced pressures, v<l1ere the 
enstatite solidus exi.sts 9 and probably formed in the 35 to 
'30 kb region. A.ssuming the effect of other constituents 
to be negligible, it appears as if the eclogite nodules 9 

found in kimberlites 9 crystallized at pressures exceeding 
32 kb, and at a depth exceeding lOC km. 

The garnet grains vary in size from 0.2 to lOoO mm 9 

and are xenomorphic to rounded in shape. The colours vary 
from a dull brown to a dark red, and inclusions of 
clinopyroxene in garnet and vice versa are common. 
Around the uneven outlines of the garnet grains, rims of 
kelyphyte are often presento A large variety of mineral 
phases have developed in some of these kelyphytic rims 9 

however each mineral assemblage usually forms a distinctly 
separate rimo 

The following two mineral assemblages are the usual 
ones; an outer one which consists of spinel, a colourless 
clinopyroxene, a brownish clinopyroxene and pyrite (photo 23) 
and the inner one which consists of plagioclasc, quartz 
and pyroxene ( Dhoto 24) o Both thes,3 rims h.1ve suffered 
extensive secondary alteration resul tine in bioti te, 
talc 9 chlorite and zeolites. 

The spin el grains occur both as small ( 0 .1 mm) 
euhedral gr3,ins 9 and as skel ston crystals in the kelyphytic 
rims. The manner of occurrence of these grains simulates 
that of the spinel in the ultramafic nodules9 however the 
grains are light brown in colour and more hercynitic in 

compositiono 
Plagioclase was only encountered in the kelyphytic 

rims of the kyanite eclogite nodules 9 and it was present as 
small (O.lx0.01 mm) lath-shaped grains, which are 
polysinthetically twinned. Associated with the plagioclase, 
small anhedral grains of quartz are often encountered. 
Both the method of occurrence and the stability fields for 
plagioclase :inifticate that these rims formed at pr cssures 
below 10 kb (O'Hara; 1968 9 p 13). 

The kelyphytic rims in the eclogite nodules from 
Lovedale and Brakfontein also contained r:nnall e1.,1.hedral 
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grains of pyrite. They are usually present in the spinel-
clinopyroxene rims. The clinopyroxene in these rims closely 

simulates the clinopyroxenes in the rims around the garnets 

of the ul trarnafic nodules 9 and both the brovvnish and colour

less varieties were found. Zeolite (2V?G ~ 25°), chlorite 9 

talc and phlogopi te (table 30) are associated with the 
prj_mary kelyphyt e minerals o 

The eclogitic cl inopyroxene is present as subhedral 

to anhedral grains with a grain size of 1.0 mm. These 

clinopyroxene grains are surrolmded, and often ~1artly 

replaced, by an extremely fine-grained material 

( < 0.,005 mm) (photo 25). In places where thi8 material is 
coarser-grained, it yields almost the same birefringence, 

refractive indices and extinction angles as the large 
eclogitic clinopyroxene. The d-values of a s~nple of this 

fine-grained material, which was hand-sorted; correspond 
-~-,~>,.,.;.l with those of the host-clinopyroxene, except for the 

/ 

broader lines, due to effects of particle size (table 34)o 
In some of the eclogite nodules the alteration 

products of clinopyroxene become very fine-grained so that 

aggregate polarization is no longer evident 1 and globulites 

and margarites (photo 26) could be identified. In nodule 

B2B2 from Brakfontein a dark-brovm isotropic subst.mce, 

which contains very small crystallites (photo 27) was 

observed, and was ic1entified as glass. ConsequGntly i_ t 

was concluded that this fine-grained clinopyroxene repre

sents the crystallization product of an orie;inal clino

pyroxene which was re-melted. According to the system 

diopside-pyrope at 40-30 kb (O'Hara 1968), clinopyroxene 

is the first phase to enter the liquidus on a relief of 

pressure. 
Kyanite is present as large, euhedral grains in the 

alteration products of the eclogite nodules, but it is 

never associated with either the spinel - or plagioclase
bearing kelyphyte, but with the fine-grained clinopyroxene. 

The petrogenesis of the eclogite nodules 

The phase experiments done by O'Hara and Yoder (1967), 
O'Hara and Schairer (1963), Kushiro (1965) and Davis (1964) 
on the system diopside-pyrope indicate that these two 
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Table 300 

RV 

I/I
0 

10 

1 

1 

2 

10 

4 

4 

1 

1 

10 

3 

5 

1 

7 

7 

1 

The d-values of phlogopite which formed 
in the secondary kelyphytic r:i:Jnso (The 
d-values were obtained by means oi 8, 

Guinier camera 9 using Cu KOir-r~diation 

1 r-dfV\ ~"- 411 
ASTM 10-493 

d 0 A 1/11 d 0 A h k 1 

10023 100 10013 002 

50063 20 5.056 004 

20 40612 110,020 

BB 4o 515 021 

6B 4.079 112 

3o 910 20 :3. 814 ()23 

30582 35 30540 114 

3.362 100 30362 006 

30224 40 3.283 114 

10 3.156 115 

3 .. 024 40 30040 ('25 

209125 10 20926 115 

20 2.818 116 -
20647 20B 20651 131 

20620 100 20624 116 

20516 30 2.522 008 

20433 40 20439 133 

18B 2.361 117 

lOB 2.304 220si040 

2.277 lOB 2.270 135 

20174 45 2.180 135 

20 2.039 224 

2 .. 013 65 2.017 Oo0.10 

1.995 20B 2oOOO*l) 137 

plus 6 lines 
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miner9.l~ ~l<M1,e ~!~•t ~t ~~:,U,TW eKC~~:tgg >0 k.o_ ifhc 
eutooticum for this system becomes incre~singly rich in 

clinopyroxene with qn incre'lse in pressure. 0'H3.Ta gnd 

Yoder (1967) h':l.ve shown th3,t 3.t 30 kb enstfltite enters the 

solidus phase, resulting in the crystllliz'.:ltion of a two-

pyroxene-eclogi te. In the 25-27 kb region olivine is 

st1ble, cq,using g'1.rnet-peridotite '1.nd gqrnet h~rzburgite to 

form, 9.lld hence eclogi te C9.Ylllot cryst'lllize. The eclogi te 

thus cryst'lllized 3,bove 30 kb, where the volumetric pro

portions of gqrnet md clinopyroxene v'1.ried according to the 

pressure. This v1.ri'ltion necess3.rily resulted in the 

system'ltic chemic1.1 v3,ri1.tion observed by Yoder -ind Tilley 

(1962, P• 518). 

Yoder wd Tilley (1962, p. 4 70 to 518) expl::1ined the 

presence of kyanite in eclogite, but they only investiglted 

regional eclogites, consequently their results m:1y not 

necess~rily apply to kimberlitic eclogites. The potenti:ii 

source of All)3 in both g1.rnet 3.nd clinopyroxene, and the 

presence of kyg,nite in '11tered pyroxene indic3te that the 

reactions: 

1, Clinopyroxene + Ca-tscherm3.k molecule ---~ kyanite + 

diopside + grossul·Jr + liq_uid (Fo + :Ein) 

2 • ( gr o s sul 1.r + pyr ope) g1,rn et ----4 ky ani t e + C 3.-

t s eh enn'1.k molecule be'1.ring diopside + liquid 

(Fe+ En) 

may h'lve cq,used the form1.tion of ky'IDi te. Both these 

re8.ctions 'lre chemic9.lly V'llid and the miner:1ls on the 

right hmd side of the equations 1.re st'1.ble :1.bove 30 kb 

(O'Harq, 1968)~ The melting of clinopyroxene observed in 

some nodules would C'J.use the form3.tion of kyani te at 

pressures exceeding 30 kb, and olivine 3.Ild enst,1.ti te would 

still be in the liquidus (O'H~ra9 1968), 

A. 

VIII. THE MINERALOGY OP KIMBERLITE AND OF THE INCLUSIONS 
OF ECLOGITE JLWD ULTR.AMAFIC NODULES 

G'.lrnet 

Occurrence 

Sever'11 types of g3.rnot 3.re present in the Premier 

Mine 8.Yld other kimberlites~ Since m3.Yly of these g3.rnets 

.".).re of second'lry origin, very little work h3.s been dnne on 
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them apart from determining their physical properties. 

The primary garnets which occur in the ultramafic and 

eclogitic nodules 9 and as primary phenocrysts in the 

kimberlite 9 are extensively cracked and 3.ltered to 

kelyphyte. The mineral phases in the kely:phyte vary 
considerably from one rim to anothero 

The garnets from kimberlite and the ultrarnafic nodules 

vary from orange to purple in colour, and the eclogitic 

garnets are usually honey brown to dull bro\~Lish red in 
colour. 

In the Premier Mine kimberli te fresh garnets are very 
scarce, owing to the extensive g.J_teration of the primary 

g~rnet to a light green hydrogrossular. The hydrogrossular 

as well as an almandine-rich grossular are the main 

secondary garnets in the Premier Mine kimberlite, and they 

form large masses in the kimberlite matrix. The formation 

of these secondary garnets can be ascribed to the meta

morphic influences of the tholeiitic sill. 

2. The mineralogy of the garnets 

The different reflections of a garnet powder, obtained 

by means of a Guinier Camera, using silicon o.s an internal 

st:llldard and Cu K~radiation, have been indexed according 

to the method after Klug and Alexander (1954 9 p. 344.) The 

indices thus obtained correspond to the indices supplied 

by ASTM 2-1008 and Bobr~cvich et al., (1959). By using 

the refr3.ctive index and the unit-cell dimension the 

molecular proportions of pyrope 9 almand.ine and grossular 
were a.etermined after Deer 9 Howie and Zussman (1967, p,a:8)0 

In appendices 1, 2 and 3 the physical properties anu 
the composition of the garnets in mo~ percent~ges of the 
garnets from kimberlite 9 garnet peridotite and eclogite 
respectively are given. According to figure llA the 

grossular content of the kimberlitic: garnets remains 
fairly constant 9 but a Mg2+/Fe2+ substitution is presents 

The variation in the pyrope, almandine and grossular content 

in the garnets from the different South African kimberlites 

overlaps completely 9 and shows almost the same average 

values (figure llB). 
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Figure llC indicates that the g~rnets from garnet 

peridotite nodules show a distribution similar to the 

kimberlitic garnets for the mol .. percentages of :pyrope 9 

almandine and grossular. The Mg2+ /Pe2+ substitution 

recorded in the kimberli tic g::1rnets is also :present in the 
garnets from the garnet peridotites, however 9 the latter 

appear to have a more rc;stricted variation. 

In figure llD the di stri but ion of these tln'c;e com

ponents in the eclogi tic g:i.rnets is represented n.nd the 

pronounced scatter is evident. The eclogitic go.mets show 

essentially the sme distribution as the garnets from 

garnet peridotite 9 but some are more enriched in grossular, 

and have a more extensive Mg2+/Fe2+ substitution. The 

gf:trnets from kyani te eclogi tes, corundum eclcgi tes and 

grospydites are more enriched in grossular. Hence, two 

definite v~riation trends are apparent in the eclogitic 

garnets 9 viz. an enrichment of almandine, and an enrichment 
of gx-o ssular. 

According to figure llE the garnets from kimberlite 

and from garnet peridotite have the same pyrope 9 grossular9 

and almar1dine contents 9 whereas the eclogitic garnets are 

more enriched in grossularo The garnets from the Premier 

Mine kimberlite have a composition similar to the garnet 

from the garnet peridoti t es ( figure llP). 

The chemistry of the garnets 

The chemical analyses and the molecular percentages 

of garnet end-member molecules of the garnets from kimber

li te, gg,rnet peridoti te, eclogi te and grospydyte are 

reported in appendix 4. The main garnet molecules have 
been calculated after the method proposed by llickwood 

(1968), in the following sequence, pyrope, uvarovite, 
. t al d. Th 11 '· 

2+ d T. 4+ grossular, andradi e and man ine. e 1•Jln • 
1
an i 

2+ 4+ res~t,,11"'~ 
cations have been added to Fe and Si "before the calcu-

lation of the molecular !Brcentages. The presence of e.xces.s 

Si02 , Al 2o3 in the molecular norms should be ascribed to 

the presence of kelyphyte in the analysed garnets. The 

frequency distribution diagrams for the Cao,·· Cr2o3 and Ti.0
2 

contents of the garnets from the different percentages are 

presented in figures 12A 9 12B 9 12C and 12]) respectively. 
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These diagrams yielded the following median values: 

% CaO 'ft Cr2o3 'fo Ti02 
kimber.Jiti.c garnets $.~ 1.S- Oo~ 
garnet peridotitic 4.5 l.b 0.2 
garnets 

eclogi tic garnets $or} 0 .. 3 0.4 
grospydi te garnets 1qoo 0.2 0.2 

These median v9lues indicate that the g,:1,rnets from 

eClogite and grospydite, are characterized by a high 

grossular and a low uv8.rovi te content compared \vi th garnet 

from kimberli te and garnet :9eridoti te. The Tj_0
2 

content 

indicates that, according to the phase diagrruns by 

McGreggor (1965, p. 138) 9 the g3,rnet peridoti tes and 

grospydi tes formed under the same pressure conditi,ons, and 

that the higher Ti02 content of kimberlite garnets should 

be ascribed to its formation under reduced pressures. The 

intermediate position of the eclogi tic gJ.rnets vv'i th respect 
to the CaO and Cr2o3 contents, and the higher Ti02 content 9 

indicate that this ma.terial can be considered to be the 

source material of the kimoerlite magma, and the gros-

pydi tes and gg,rnet peridoti tes should then be viewed as the 

residue and cumulate phases respectively of the kimberlite 

magma. 

The variation in the molecular proportions of pyrope, 

almandine and ugr::mdi te (uvarovi te, grossular 8l1.d 

andradi te) for the various parentages of g.::1.rnets is given 
in figure 13. The complete overlap in the composition for 

the g::1rnets from kimberlite and garnet peridotite as well 

as the variable Mg2+ /Fe2+ r.1.tio 9 and the increased 

grossular content of the eclogitic g~rnets are also 

evident in this diagram. Two trends of enrichment can 

be distinguished in the grirnet compositions, viz a pyrope

almandine and a pyrope-grossular trend. 

Conclusions 
1. The g3.rnets from kimberlite are very similar to those 

in the garnet peridotites, except that the latter are low 

in Ti02• 

2. The eclogitic gJ.rnets are more enriched in Fe2+ and 
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Ca2+ than the garnets :from kimberlite or garnet peridotite. 

3 o 'J:wo variat1_on trends could be discerned in t11e garnets, 

viz. <.. a) pyrope-almandine variation trend 

(b) pyrope-grossular variation trend. 

4. According to the stability fields for pyrope and 

almandine above 20 kb pressure (Boyd and Rn.gland (1959), 

Yoder (1955) and Yoder and Chinner (1960~ p. 81-83)9 a 

decrease in temperature at a constant pressure would cause 

a garnet on the join almandine-pyrope 9 to become enriched in 

almandine content. However; this only aoplies ·when the 

Mg2+/Fe2+ ratio in the system remains const8.11.t 9 when no new 

mineral phases fo:;,n, and when the distribution coefficients 

do not change with the change in pressure and temperature, 

'\Ti thin the sequence of ul tramafic rocks md eclogi tic rocks 

the first and second conditions are constant~ but the third 

may change. But should the distribution coefficients re-
. t t . t. . M 2+;LI 2+ b t · t t · · main cons an , a varia 1.on in g .re su s 1 u ion is 

possible !or a decrease in temperature at a constant pressure 

during crystallization of the mae:-,rma. This p.cocess would 

then be able to account for the variation in Mg2+ /}}'e2+ ratio 

of the garnets from the ul trainafic nodules. 

The grossular enrichrncr. t in the grospydi te garnets can 

be explained by the extracti .JJ... of Mg2
-i- and Fe2+" due to the 

partial melting of eclogite at 30 kb pressure~ and the tor

mation of a garnet enriched in grossular. The Mg2+/Fe2+ 

variation in the eclogitic garnets 9 could aiso be ascribed 

to crystallization during the slow decrease in temperature, 

at a const8.Ylt pressure. 

B. 0livine 

1-. Occurrence 

Olivine o-~curs in both kimberlite and the ultra-

mafic inclusions. In the kirr·berli te a first generation 
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(primary phenocrysts) and a second generatj_on (secondary 
l)henocrysts) could be distinguishedo 1rhe former phase is 
lJresent as large rovnded inclusions 9 which are gener3.lly 
altered 9 in the residua phase 9 whereas the latter phase 
is present as small 9 fresh, euhedral phenocrysts. In 
the massive basaltic kimberlites the latter phase pre
dominates, vvhereas the basaltic kimberlites consist mainly 
of first generation olivines. 

The olivine in the ultramafic nodules comprises the 
intergranular material, having crystallized after the 
orthopyroxene. This olivine displays kink lia.nding, 
undulatory extinction and recrystallizatton phcnomenao 

2. The mineralogy of olivine 

In appendix 5 the ,'.-; itad,ea.eQ d·V•lues·· oi olivine from 
garnet peridotite~ peridotite and second generation olivine 
from kimberlite are compared to the data supplied by 
Eliseiv (1S55), and Yoder and Sahama (1957, p. 4-76). The 
indices of the latt8r authors have been accepted to cal
culate the a

0 
and c

0 
values and subsequently the indices 

were checked by comparing the experimentally determined 
Sin2e values and the values calculated according to 
equation (1) o 

It was found that the h k 1 values supj;>lied by Yoder 
and Sahama are correct and that the 030 reflection of 
Heckrood~ (1958) and Elesiev,(1957) should be 120e. The 
unit-cell dimensions and the d130 values for the olivines 
arc listed in appendix 6 9 together with the forsterite 
contents after Jambor and Smith (1964, p. 7'3€/) and Yoder 
and Sahama (1957) respectively. The curves by Heckroodt 
and El esiev were not used 9 owing to the wrong indfC.es 9 and 
the curves after Johanbagloo (1969, P• 247) were also not 
used owing to the fact that the composition calculated 
from the chemical analysed specimen from Premier Mine dif
fered from the composition obtained by means of his 
curveso 

The frequency distribution of the forsterite content 
of the olivine in kimberlite after the d130 values shows 
a bimodal distribution at forsterite 98 and forsterite 919 
and a modal value of forsterite 96 for the ultra.mafic 
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nodules (figure 14A). Appendix 6 shows that the for-
sterite content of the second generation olivine corresponds 
to that of the olivine of the massive basaltic kimberlite 9 

which has a forsterite content of 90 per cent. 
The optical properties and the forsterite content of the 

olivine after Troger (1959, p. 37) are given in appendices 
7 and 8 for kimberl i te and ul trarnafic nodules res;_1ecti vely o 

The frequency distribution of forsterite in the olivines 

from these percentages gives the following modal values: 
Kimberlitic olivines 91, regional peridotites 91 9 and ultra
mafic nodules 91 per cent ]•o. Appendix 8 also shows that 
the first generation olivines are more enriched in for
sterite than the second generation olivine 9 and also more 
enriched in forsteri te than the olivine from t:he massive 
basaltic kimberlites. 

The chemistry of the olivine 

The chemical analyses a.rid molecular percentages of the 
end member molecules are supplied in appendix 9. The 
molecular proportions of Ca2SiO49 Mg2Si0

4
9 and Fe2SiO

4
9 and 

Ni 2SiO4 1 Mg2SiO4 and Fe2SiO4 are shown in figures 15A and 
15B. These diagrams indicate that the olivine from the 

garnet peridotite nodules are the most enriched in 
f0rsterite 11 and that the olivine from the peridotite nodules 
plot in a line becoming increasingly enriched in fayali teo 
Neither Ca2SiO

4 
nor Ni 2SiO

4 
are prcsent in signifj_cant 

quantities in these olivines. 

From the analyses it was established that no 
systematic relationship exists between the molecular 
percentages of forsterite and the weight percentages of 
CaO, TiO2 1 Cr2O39 MnO and NiO 9 and that these ratios are of 
no use in distinguishing olivines from different paren
tages. 

The chemical analyses of the olivines from kimberlite 
also show a bimodal distribution of forsterite content9 
viz. forsterite 95 for the first generation olivines and 
forsterite 89 for the second generation olivines from 

kimberli teo 

Conclusions 

1. 1rhe olivine from the garnet peridotite no.dules is 
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more forsteri te-rich than those from the rse;ional ~•'.)erido

ti tes and from the peridoti te nodules in alkaline 1-)asal ts .. 
we.I/ w-, t;,h 

2 ft The first generation oli vines compare -fayour:_--;.bly to the 

olivine from garnet peridotite nodules 9 whereas the second 
generation olivines are enriched in fayQlite 9 and resemble 

the olivine in the massive basaltic kimberlites and in the 
peridotite nodules from alkaline basalts. 

3. The first generation olivine probably formed simul

taneously with the olivine in th8 garnet peridotite·nodules 

.. . ...,_.J.. •• - ,1 ~ whereas 

the second generation olivine 9 and the olivine irum perido

ti te nodules in alkaline basal ts 9 formed during a later 

phase at lower temperatures 1 • 

c. 
1. 

Ilmenite 

Occurrence 

The ilmenite occurs as rounded and elipsoidal grains 

or as aggregates of anhedral crystals. 

from O. l to 8. 0 IB r cent by volume. 

The aiount varies 

The ilmenite is usually zoned in the group I-kimber

lite from Premier Mine 9 and always surrounded by ri·:ns of 

alteration products. The alteration products consist of 

an outer rim of sphene succeeded by a zone of perofskite 

and terminated by a rim of leucoxene. The latteT· is the 

usual alteration product of ilmeni te 9 and also :i:orms along 

cracks in the ilmenite. The sphene and perofskite formed 

as a consequence of the reaction of ilmenite and the residua 

phase of the kimberlite 9 probably according to the reactions 

outlined below~ -

(MgFe)Ti03 + Caco
3 
-➔ (MgFe)O + CaTi0

3 
+ CO 2 

CaTi03 + 3i02 ---~ CaTiSi0
5 

:-8:x:solution lamcllae of hematite in ilmenite ·were only 

observed in the metamorphosed kimberlite from Premier Mine, 

where they occur as small 1 ens es par all el to ( 0001) of the 

ilmenite. Ilmenite grains which have been heated to 

1000°c in a reducing atmosphere and subsequently quenched 

in mercury 9 yield worm-like and dendritic exsolution bodies 
of hematite parallel to (0001) of ilmenite (photo 28). 

The d-values of the heated ilmenite are compared with those 

of the untreated ilmenite in table 31. The former 
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revealed both ilmenite and hematite lines, whereas the 
latter only reve'.1.l ed il~~-1eni te 1 mos_. 

In the ilmenite from the Monastry and K2tinfcrsdam 
kimberli tes, myrmeki tic inter growths of cl inopy:coxene and 
j_lmeni te have beGn encountered. These inteJ:.''[.;rmvths occur 
as large phcnoc~Jsts in the residua phase, Md tho d-values 
o:f the respective phases resemble those of the individual 
clinopyroxene and ilmenite phenocrysts in kimberlite. 
A sample consisting of an identical intergrowth from 
Hololo was also investigated. However, this sm1ple also 
contained garnet and rutile, which indicate that the 
ilmenite replaces the pre-existing mineral phases. 
Texturally the evidence of replacement is also very clear 
(photo 29). 

2. The Mineralogy of ilmenite 

The X-ray powder data on the ilmenite vvere obtained 
by means of a Guinier Camera 9 using CuK radiation and 
silicon as an internal standard. The pattern was 
indexed because a line of low intensity with d -= 1. 612 ° A 

was consistently recorded, but was not menti011ed by Berry 
and Thompson (1962), Hounslow and Chao (1967) o:c the 
.:\3TM cards for geikieli te. The ilmenite was ind.2xed by 
comparing the Sin2Q (Exp) values Wi~the Sin2~ (calc) 
values, and by subsequently checking the indeces by the 
extinction law - h + k + 1 = 3n where n ~ 1, 2 etc., for 
the R'3 space group" Hence this reflection was indexed as 
d122 (appendix 10). 

The physical properties of the ilmenites are compared 
wt~i, the physical properties of some of the chemical 

analysed ilmenites in appendix 11. A diagram using the 
a · and c -values of ilmenite as a function of the 

0 0 
FeTi0

3
, MgTi0

3 
and Fe

2
o

3 
content has been constructed 

by using tlte, ao "',w;i,. 4,~· ✓~~ ~¥ W,-,,,e,Ju,(I (t.f.ST:t) ~liz..t,;:J, ~d Ii Ti-~J 

~ ~ l/-~I".,,.:,. ('Jia~{1t~1)~ ~71~:l'his curve indicate& a hernati te 
content which varies from Oto 25 per cent, and FeTi03 
content which ranges from 35.0 to 52.0 yBr cer.Lt for 
ilmenite from kimberlite. The zoned ilmenites from the 
group I-kimberlite becomes enriched in FeTi03 , up to 75.0 
per cent. 
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Table 51, The d-values of natural and of heated 
ilm.eni t e 9 both from the same cryst2.l, 
Ti80. Guinier Camera, CuK~<::. radiation 

l 

I
i Sample Ti80 

Fi/,.,. nu. 43 2. 
i I 

I/I d ft. 
0 

20 

100 

90 

60 

60 

70 

20 

10 

50 

50 

4.655 

2.7301 

2.5317 

2.2230 

1.8560 

1.7153 

1.6201 

1.6130 

1.4975 

1.4624 

Sample Ti80, heated 
F;/,., no. 4-3:s 

III d 0 

, 0 '-

30 

20 

100 

0.5 

40 

60 

40 

10 

10 

80 
10 

90 

20 

10 

10 

70 

70 

3,4962 

301046 

2.7370 

2.7008 

2.5604 

2.5341 

2.2273 

2.1195 

2.0247 

1.8595 

1.7320 

1.716() 

1.6239 

1.5478 

1.5344 

1.4992 

1.4638 

Mineral 

: ! ilmenite 

hematite 
II 

ilmenite 

hematite 
II 

ilmenite 
ii 

hematite 
II 

ilmenite 

hematite 

ilmenite 
II 

II 

hematite 
II 

ilmenite 

ilmenite 

A diagram constructed -For the density as a f·unction 

of the chemical composition of the ilmenite showed that 

the density :Ls a more linear function of th0 composition 

than the C!o value.. Consequently a diagram using the 

a
0 

values and the density as a function of the composition 

of the ilmeni tes has b,::en constructed. This diagram has 

been checked by the a values and densities o:c' analysed 
0 

specimens, and it appears to be accurate ,7ithin 2 per cent 

for the various end members. 
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The a
0
-values and densities of the ilmenites which 

are reported in appendix 11 were plotted on this 

variation diagram in order to determine the va,1.--j_ation in the 

composition of kirnberli tic ilrneni tes. This diagram 

(figure 16) shows that the ilmenite/ geikieli te ratio 

varies from 72/28 to 51/41, and the hematite cuntent from 
2 to 20 per cent for kimberlitic ilmenites. This figure 

also reveals that an increase in the content of hematite in 

solid solution causes the unit-cell dimensions to decrease 9 

and the density to increase. Hence an increase in pres

sure would favour hematite to enter into solid solution 9 
a.6- c:o:1~f;Q.,.t, prf?$,.~ 

whereas an increase in t empera.ture would cause hematite to 
I\ 

e.Xsolve. 

The chemistry of ilmenite 

The chemical analyses 9 molecular percentages of the 

end member molecules, and the crystal-chemical formulas of 

ilmenite are given in appendix 12. In the calculation of 

the crystal chemical formulas the hematite in solid solu

tion was not taken into account. The FeTi03 , MgTi02 and 

MnTi0
3 

variation diagram (figure 17 A) indico,tos thc.lt the 

ilmenite from igneous rocks falls close to tho FeTi0
3 

end-point, and that the ilmenite from Skaerg~ard shows 

a differenti3.,tion sequence becoming enriched in FeTi03 
and also in. MnTi0

3 
in the 17.st st'J.ges of differentiationo 

The ilmenite from pegmatites are even more enriched in 

~/mTi0
3

, whereas the met·=unorphic ilmeni tes ho..ve :3.i.'1.Y compo

sition along,the MgTi0
3

, FeTi03 bie li~e. The composition 
of the met3.,morphic ilmeni tes depends on the chemical 

environment of crystallization, The ilmenite from alnaiitea 
is only slightly more enriched in FeTi03 than that from 

kimberlites. The ilmenite in kimberlite has the highest 

content of MgTi03 of the ilmenites found in igneous rocks 

and contain 30.0 to 50o0 per cent of MgTi0
3

• 
On the MgTi03 , FeTi03 9 :B'e2o

3 
variation diagram 

(figure 17B) a line representing the maximum solid solution 

of her:1.atite in ilmenite in subvolcanic rocks is shovm 9 

according to Edwards (1965). This diagram indicates that 

the ilmenite from Skaergaard and the metamorphic ilmenites 

plot below this line of maximum solid solution 9 whereas 
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~cnt. of Ute 
the ilmenite from alnoii tes, basal tic lavas and kimberli te 

I\ 
fall above this line. The ilmenite from kimbe::c·li te are by 

f~r the most enriched in Fe2o3 , ranging from 6 to 25 per 
cent, showing an average of 14 per cent. 

The variation in the molecular percentages J?e
2
o

3 
and MgTi03 for the different ilmenites (figure 17C) indi

cates that an increase in both constituents occu1'"'s in the 

sequence basalt 9 alnoii te and kimberli te. The j:JiO, MnO 

Md Cr2o3 contents of the kimberlitic ilmenites do not 

show any vari~tion trend with respect to either the 

MgTi03 or Fe2o
3 

contents. 

The Ti02 content 1 in kimberlite vg,ries from 1.0 to 

5.0 ier cent, md according to Dawson (1967, p 270) shows 

a modal value of 2o03 to 2o32 per cent 9 which is higher 

thm the average of tholeiitic rocks but similar and even 

low8r than that of some alk3line basaltic rocks. According 

to Chayes (1965) the C-enozoic oceanic basal ts can be grouped 

into the Ti02-rich alk~line basalts, and the Ti02-poor 

tholeiitic basalts 11 hl::;nce it is cle9.r that Ti02 enrichment 

is a characteristic of alkaline basalts. According to 

McGreggor (1965) the system Mg0 9 Ti02 , Si02 has revealed 

that at pressures increasing from 10 to 20 kb, ~md 

probably also at higher pressures 9 Ti02 goes into the 

melt. Hence the magmas which generate at hir~h :t)rossures 

( alkaline basal ts according to Yoder and Tilley, 1962) 

would be enriched in Ti02 whereas the residue ond 

cumul~tes which formed at this pressure would be depleted 

in Ti02 o The frequency distribution diagrarn for Ti02 in 

eclogi te and garnet peridoti te is represented in 

figure 18, 3Xld indicates that the g~rnet peridotites are 
depleted in Ti02 , whereas the eclogites are more enriched 

in Ti02• Hence it is concluded that th8 eclogites are the 

source materiu of the Ti02 in the mantle, and that the 

garnet peridotites are the cumulus phase which formed at 

high pressures (more than 20 kb), whereas the kimberlite 

being enriched in Ti02 represents the residual. magma. 

4. The genesis of ilmenite 

1. The Mg/Fe ratio of the ilmenite in kimberlite is 

the highest of all igneous rocks knovvn, and it corresponds 

to the Mg/Fe ratio of ilmenite in alnoii te. 
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2. The kimberlitic ilmenite must h~ve crystn:Llized ~bove 

950°c in order to be n.ble to contqin up to 25 per cent 

of Fe2o3 in solid solution 9 r:md must h:J.V8 been quenched 

during empl3.cemento 

3. The incre:1se in density :md decre~se in the lmi t-

cell vol11i11e with 'l.l1 incre'lse in Fe2o3 solid solution 

indic7.te th'1t the kimberli tic ilmenite formed '7.t elev1.ted 

pressures. The positive rel '1tionsbip between Mg~r.io
3 

'-llld 

I?e2o3 found in ilmenite 3.lso substwti'1tes this conclusion9 

since MgTi03 is believed to form 3.t elev~ted p~8ssures 

(Besson, 1967). 

4. ~ccording to McGreggor (1965, p. 138) the Ti02 goes 

into the melt in the region ~bove 15 kb 9 thus it is cle:ir 

that the ilmEmi te cryst 1llized below 15 kb. The 

myrmekitic intergrowths of chrome-diopside 8.lld ilmenite 9 

coexisting with garnet 9 indicate that the ilmenite prob3.bly 

formed close to 15 kb pressure. The 1.bsence of feldsp3.r in 

kimberli te 9 .3.Ild the presence of the myrmeki tic intergrowths 

of chrome-diopside md chrome-spinel in kimberlite indicqte 

thnt the 1.ssoci.1.tion ilmenite md chrome-dio_;Jside formed 

~t pressures of 12 to 15 kb. 

5. The source of the Ti02 for the kimberlite is the 

eclogi te zone in the mmtle of the e'1.rth, md both the 

residue !fild cumulus ph3.ses 9 viz. the grospydites qnd 

g~rnet peridotites 9 3.re depleted in Ti02 • 

D. Chromite 

Chromite occurs in the kimberlite m7.trix as euhedr'11 to 

subhedr3.l gr1.ins wd '1S 3. myrmekitic intergrowth with clino

pyroxene. In the ul tr1.ID3.fic and eclogi te nodules the 

chromite is present as smJ.11 euhedr:J.l gr·1,ins in the 

kelyphytic rims surrounding the g3.rnets. In the spinel 

peridotites 3.11.d spinel pyroxenites the chromite is present 

as euhedr3.l gr3.ins wd as a myrmekitic intergrowth with 

cl ino pyr ox en e. 

The d-v8.lues of all the chromi tes from i?remier Mine 

correspond more closely to those of picotite and magnesio

chromite thm to those of chromite (table 32.,) The a -
0 

v'1lues md the refr7.ctive indices of the chromites from 

Premier Mine comp'lre well with the v:1.l ues of the chromite 

from the Mir kimberlite wd from the Twin Sisters dunite 

(ophiolitic intrusion) (tg,ble 33)o 
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T3.ble 32. 

PM 893 In21 
Film No. 484 

Kelyphyte 

I/I
0 

d (R) 

6 2.908 

10 2.477 

8 2.053 

8 1.579 

9 1.451 

2 lo253 

1 1.187 

4 1.068 

1 1.028 

ao = 8. 215 

The d-vn.l ues of the chromite, nngn9siochromi te 
ind the spinel ph3.ses from the lTemi8r Mine 
kimberlite. The d-v'1lues obt~ined by me-ms 
of .?~ Debye Scherrer C.'1ffiera 2 using CuK , .. 
r'1di'J.tion 

M1.gnesiochromite chromite 

Berry & 1rhompson (19629 P• 195) 

I d (ll) h k 1 I d ( Il) 
- -

2 4o76 111 4 4.80 

2 2.92 220 2 2,95 

10 2.49 311 10 2.51 

5 2.07 400 5 2.08 
1 1.687 422 1 1.704 2 2 

6 1.593 333si511 6 1.602 

7 1,466 440 8 1.473 

1 1.265 553 1 1.271 
1 1.249 622 1 1.254 2 2 
1 1.197 444 1 1. 201 2 

5519711 1 1.166 2 
1 lol08 642 1 1.112 2 

5 1.081 5539731 9 1.084 

2 1.038 800 4 1.041 

ao t:: 8.277 ao ;:; 8.326 
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Table 33. 

Scunpl e 

1060-25 

1570-9 

893 In21 
893 In

4 
1010 In2 
893 In3 
893 Ing 
1010-38 

'rwin Sis-
ters '• 

Mir 

-ii7-

The physic~l properties of the virious 
types of chromiteo The unit-cell dimen
sions were obt'1ined by ffi(-;'ID.S of a Debye 
Scherrer Ccuner'l, using CuKix r1.di 1.tion 

Type of chromite a
0 

R n 

inclusion in kimber- 80142 1.810 
lite 

myrmekyte 80 212 1.935 

kelyphyte 80 215 1.936 

myrmekyte 80311 2.091 
II 80228 lo803 
II 8.315 2.105 

kelyphyte 8.170 1.860 

kimberlite 8.180 1.880 

serpentinite 8.311 -
kimberlite 8.183 1.90 

Since the 'lmount of chromite W'ls insufficient for 

chemic3.l .'.JJ13.lyses, the chemic1l composition of the 
chromite W'ls determined by m8:lr1S of the a

0
-v2lue, which 

is 'l function of the chemic-=u composition (McGregor and 

Smith, 1963)0 According to McGreggor wd Smith (1963, 

p. 410) the weight percent3ges of the constituents obt2ined 
by their curves 9 are by no m8stn.S 3.bsolute• However they 

maint'lin th~t their method is suit'lble to indicdte major 
chemic'J.l trends. The reliqbili ty of the curves are also 
improved when it is known th~t the chromites crystallized 

at the sQ.IIle temper'.ltures. 
In 'lppendix 13 the chemic1.l compositions of the 

chromites thus determined 9 3.re comp'lred to the compositions 

of chromites from str1.tiform intrusions, ophiolitic in

trusions wd kimberlites. 
Since the compositions of the chromites from Premier 

Mine were determined by mews of the method 'lfter Mc

Gregor md Smith (1963), the conclusions based on these 

results should be reg'lrded as being tent~tive. Never
theless, the compositions listed in appendix 13 suggest 

that: 
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1. The chromite from ~tratiform intrusions is marked by 

3 higher FeO/MgO and a lq-gver u
2
o3/cr

2
o3 r2tios than the 

chromites from the ophiol\tic peridotites. The 

kimberli tic chromi tes als·o follow the s3Jil.e trend as thg,t 

of the ophioli tic chromi te 9 wd displ,:iy a sequence from 

kelyphitic to symplectitic chromite becoming incre3singly 

enriched in FeO eu1d Cr
2
o3• ~hus the chromite v~1ich 

formed ~s a consequence of the equilibr'J.tion of gQl'"'Ylet 

(kelyphyte) contains incro1.sed 3.lloun ts of .Al 2o
3

, .:-md 

coexists with chrome diopside, whereas the chromite which 

cryst'1llized from g1.rnet during the melting J.lld cryst1.lli

z~tion sequence is enriched in Cr
2
o

3 
9.lld coexists with 

n.luminous enst1.tite. 

E. 

1. 

Orthopyroxene 

Occurrence 

Orthopyroxene occurs in the peridotite '.JJld pyroxenite 

nodules 9 '3Jld is also present as phenocrysts in the 

kimberliteo 1Uthough the orthopyroxene from kimber-

lites is extensively 'J.l tered to t3.lc, fresh m3.teri2l was 

obtained from some heavy concentr~tes. The heavy medium 

concentr3,tes from Br1.kfontein 9 kindly supplied by Dr. C • .2. 

Snyman, cont:i.ined a d1.rk-broVJ11., "glassy" orthopyroxene, 

which h'J.s the s:1.me physic'll properties 'J.S the other 

phenocrysts of orthopyroxene. A thin section of this 

"glassy" orthopyroxene, however 9 3.1 so dis pl 3.ys the 

presence of '1 fine-gr1.ined glassy orthopyroxene, simul1.ting 
the m1.terial described from the eclogitic clinopyroxenes. 

2. The mineralogy of orthopyroxene 

The unit-cell dimensions of orthopyroxene were c·3.lcu

lated by using the 060, 1400, 004, 1200, 002 md 040 

reflectionso These indices were checked for one s::unple of 

orthopyroxene 9 by determining the a
0

, b
0

, c
0 

dimensions 
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by meo.ns of a Weissenberg Si_ngle Cryst·7,l C:.1rner2:. 9 and sub

sequently c2lculqting the s;n 2b}(Calco) v--ilues. ~Chese 

latter V':l.lues were comp3.red to the Sin2G CExp) v'.Jlues 9 

obtqined by me3.Ils of 3. Guinier C2mera 9 for the 6 

rGflections mentioned previously 9 ·1.11d revealed 2 difference 

of less than 0G0C027 9 which is close tc the error uf mea

suremento 

The unit-cell dimensions thus determined~ the 

molecular percentage enstqti te 3Jld ihe Al VI content after 

Brown (1967) :1re reported in 3.ppendix 14. The optical 

properties and the mol ecul ':1r :fB rcentJ.ge of ennt:·.::.ti te 

after Troger (1959) for the different ortho·:)!jruxenes are 

::tl.so supplied in 3,ppendix 14. 

The frequency distributions of the rnolecula.r percen

t;7.ges of enstati te in the orthopyroxencs as detcrt11ined frcm 

the optical properties are depicted in figure,:;, for the 

V1.rious rock-types. This diagr·lJll indic3.tes tll.2t the 

orthopyroxenes from g1-rnet · peridoti tes 9.re ·1i.10re enriched in 

enst3.ti te than tbose from peridoti tes 9 ,md thJ..t the 

kimberli tic orthopyroxene 3.ppe7.rs to hJ.ve ;1, bimocLu distri

b11tion9 corresponding with the g1.lnet peridoti tes -md 

peridoti teso However 9 this b'i~d:J.l distributicn m:'1.Y g,lso . A 
be due to insufficient s0:1.mpleso 

The molecula.r fercent3.ge of Al 3+ in the orthopyroxenes 

wis determined from J. combinition of the molecul:1r per-

centage enst1tite '.lfter Hess 9 and the 6 d (10.3.1) -~« . 
(0.600.) and/21.1) qz - (060) values according to tne 

method described by Zw3.an (1954 9 p 206-209). The mol ecul :1r 

d,;.&17,-;J.,~~Oh ca2+ was determined from the ensto:tite content 

after Hess 9 and from the ~ d ( 20. 3) qz - ( 06C) according 

to Zwa3.Il (1954). These·values a.re reported in appendix l5o 

The frequency distributions of the mol. per cent Al 3+ 

after Zw8.an~ 8Xld the Al VI content in the same orthopyroxenes 

after Brovm qre comprired in figure 2(D. This fi3ure 
3-:- . indicates 3. mod1.l v1,lue of Oo 027 -p.-. i __ .nt Al in the 

orthopyroxenes 1 and of 00022 r .~ :::nt .,U VI 1 which indicates 

th3.t the alumina in the orthopyroxene !Uostly enters the 

Y position. The chemical malyses of the orthopyroxenes 

in the ul tr'.urnfic n0dules indicate that the modal Al 3+ 

content in the orthopyroxenes in these nodules is Uo05 9 
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which is rnuch higher tl1an the value observed by mero1s of' the 

curves aft er ~waan ( 19 54) • Huwever the Al 
2

\- ,
7 

cc.mt en t in 
J 

the orthopvroxenes in peridotite nodules exceeds that of 

the orthopvroxenes in ga:r-net peridotites 9 consequently the 

v1.lue of (' c r 5 mav g,gg,in be too hi_p-ho The 8119.1 \rses of 

orthoovroxenes from the ga~net peridotites from ~remier Mine 

indicate an even higher 1\.1 3+ content~ viz. (',.090 Hence 

the conclusion regarding tlle Al VI; A.l IV distribution in the 

orthopy .r"·oxenes as was determined by means oi' -1.C-rays 9 s.rioula 

be ~µplied with caution. 

:rhe chemistry of the ort110 pyroxenes 

·rhe chemical analyses gnd the molecular no.c:u1s oi tne 

ortho_pyroxenes from tne garnet pe1·idoti te nodules and from 

ldmberlites are listed in appendix 16. The molecular norms 

of the orthopyroxenes were calculated according to the 

method proposed by Kushiro (1962). This metnod of calcula-

tion facilitates the constant distribution of Na+ between 

acmite and jadeite 9 gnd consequently it results :in a molecular 

norm in which the acmite and jadeite val1J.es ax·e comp8.ra.ble. 

The structur:11 formul-1.s were calculated from these moleculg,r 

norms according- to the metf1od suggested bff ~.:ress (1949). 

Because the molecular norms were calculated according to the 

method described above 9 the resulting structural iormul3.s 

have comparable A.l VJ/ U IV ratios 9 but the structural formulas 

do not corres ·;ond exactly to tne ideal pyroxene fori11ula. 

Al though several factors may in1luence trie Al VI/Al IV ratios 

obtained in this way, they can be used on a comparative 

basiso 

The variation in the composition of t1le orthopyroxene 

is s110wn on figure 2f 9 wnich indj_cates that the orthopy

roxene from the peridoti te nodules in alkaline bas,11 ts 

generally contain more Fe3i03 811d diopside in solid 

solution than the orthopyroxenes from the ga.~-net peridoti te 

noduleso The l:1tter 9 however, comp~res favouribly with the 

garnet peridoti tes in pneiss m.:isses ( eg. A.lmklovdalen), 

Du 11.ietz (1935), whereas the orthopyroxenes from kimberlite 

overlaps with the orthopyroxenes in peridotites and garnet 

peridotites. 
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THE VARIATION IN THE CaSiO,, MgSiO
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The weight percentage of .u2o 5 9.s a function of the 

diopside content in solid soluti.on (figu.re 2-a) shows the 

same distribution for the orthopyroxenes from 1Joth tn;es of 

g:1rnet peridotites, whereas the orthopyroxenes from the 

peridoti te nodules from al :<::al ine basq,l ts are enriched in 

\1 20~. The kimberlitic orthopyroxenes overlap with those 

fron1 peridoti tes 9 md :1rc even mo:re enriched in both 

U 2O .5 3..-nd diopsideo 

The distribution of u 3+ between the£... 3.11d Y positions 

of the orthopyroxenes (appendix 16) indicates that both the 

peridoti tic and kimberli tic ort110pyroxenes are enricn~d in 

1U IV, whereas the orthopyroxenes from garnet peridoti te 

show a variable ration of Al VI;,u IV but are generally more 

enriched in ,U VI. The results obtained by .illea.ns o1 X.-ra.ys 

also yielded the same increase in the AlVI content of the 

orthopyroxenes in the sequence kimberlite 9 peridotite, garnet 

peridoti teo 

The distribution of A1 2o5 
and Cr2o

5 
as a function of 

the Mg2+ content of the orthopyroxcnes shows a much higher 

value for the kimberlitic orthopyroxenes than for the 

orthopyroxenes from the ul tramafic nodules ( figure 2.8). 

The ~li' 3 content incre3,ses in the orthopyroxenes in the 

sequence g1.rnet-peridotite 9 peridotite 9 kimberlite. 

4. 

1. 

8onclusions 

The ortnopyroxene from kimberlite compares favourably 

with those in the peridotite nodules 9 but diffe.rs considera

bly from the orthopyroxenes in the garn~t peridotites 

(figures 24-27) o 

2. rrhe content of cr20y A.1
2

O 
5 

and diopside in solid 

solution in the orthopyroxenes increases in tne sequence 

e,arnet peridoti te 9 peridoti te 9 pyroxeni te 9 kir~berli te. 

The orthc:pyroxenes from the spinel peridotites md the 

ga1net peridoti tes 9 however 9 are identical 9 w":iich 

indicates that only the garnets from the garnet peridotites 

are equilibr~ted to form spinel and that the ortJ·;_opyroxenes 

in these nodules are therefore still the same as in the 

original gg,rnet peridoti te nodules. 

3 o The decrea~e in :\.1 TV content of the orthopyroxenes 

in the sequence 1
- imberli te 9 peridoti te 9 garnet _peridoti te 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2022

THE VARIATION IN THE WT¾ Al
2
O,/DIOPSIDE 55 MOL,¾ IN THE ORTHOPYROXENES FROM VARIOUS ROCK -TYPES 

---/ E)"\, 
/ \ 

/ \ 
/ \ 

/ \ 

/ \ -/ \ .,,,. / / 

--.__...__ ................ 

--- ----
+ 

LEGEND 

Orfhopyroxenes from Garnel Per,dofde 

X Ddlo Reg/on a/ Garnet - Pendof ife 
........ + DJ/lo IOmberltfe ....... 

....... 

s.o -

/ K 
/ ,,,., 

/ / I 
/ / ' / / I 

....... 

', 
" 

0 Diflo Pertdofite 1n Alkafrne 8asalf 

l 
~ () 

~ 
ot.<'I 
~ 
~ 

I / I 
I I I 

I / I 
I / I 

/ 
I / ~ 

I I I 
I I + 

I I 
I I 

I I 
I I 

+ 

1D 

I 
I 

I G, I 
\ I 

\ ------✓ --\- - -=..::::-....._-

+ ', 
" ', 

'\ 
\ 

+ 

+ + 
- - - - - - V+ X '-"I::_, + "---- /,, ' 

/ 

-- ' ------------~-------------- -- --- - -- - -, ----+ 

\ 
\ 

'\ 
'\ 

'\ 
'\ 

'\ 
'\ 

'\ 

' ' ' ' ' ' 
+ 

' ' ' ' ' ' ' ' ' ' ' ' ' ' 
/ ', --- • J ----

/ 

,_ -- --
' -- I -, I ',, - --- I '-.._ 

I __ .;.,_ / --
/ - -- - - -- . -.... , / ----, 

I ---. ' / '-..,_ 

- • )( J / ----

/ - • I / 

X _,,.. 

I ,- •)( X / • / 
I ,,.,,, • X I ,,,-

/ ,, • I ,,, 
I 

/ X • I -
/... . -

I,,. >< ' I __ /

/ • I --

/ -/ / ---v / -

' ' 

* 
/ -✓-----~--

0 ' f.O 
I 

2.0 
I 

3-0 
, 
'+-0 5-0 

r 
(o,0 

T 

7.0 
I 

8-0 
I 

9.0 
7 

10.0 

D/opst'de 55 Mo/. % .. 
FIG. ·Q. 

' 

M 

'\ 
'\ 
'\ 

' \ 
+ 

/ .,,,. 

., 
11.0 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

1 
~ 
I...~ 
u 

~ 

~ 

2.0 

THE VARIATION IN THE WEIGHT PERCENTAGES OF Cr,.0
3 

AND 
Al90> FOR THE VARIOUS MOL. PERCENTAGES OF Mg/&+ IN THE 

ORTHOPYROXENES FROM VARIOUS UL TRAMAFIC NODULES 

LEGEND 

+ f</mberlde 
• Garnef Peridofife ,n ff,-mberlde 

/ 

/ 
/ 

+ 
+ 

• Pendoflfe m Alkalme Ba5a/f 
x Re,]'onal Garnef Pendofife 

\ 
\ 

/ + 
/ v----~ 

/ / + /\ \ + 'l. ..... \ - ---{+- -=l + J _______ ., 

✓-. ' +------ / / ...___......., . ----- ___ .,,,.... 
I • ---------- -- -=-
t X --

'- • X 
' . \ 

I

\ 
0 , ______ _ 

-- ==-, 
,. g 

- --
I ----- - ----

2.0 

2.0 

f.O 

0 
2.0 

_... '"+" --- \ - \ 

I 
/.8 

--- \. 
,✓ ---- + + \ 

✓- -.- - -- - ( t + + + \ 
I ~ -- .----........ ' 
I • '- + .._ ___ - - - +) ' ',...... -------- ...... , ' • --.... + -- - . \ 

'- ...._ • X -._ - - - - - - • 4f. _,,I 

-------- -------- -- --------
f.9 

Mo/ % Mg 2+ 

I 

1.7 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

indicsi.tes an increase in the pressure of f c_)rm=iti0n frum 

kimberlite to gsi.rnet peridotite (Thompson 9 1947). 

4. The contsnt of diopside in solid solution :::md of 

A1 2o3 (3.ppendix 1b) c·m be used as indic'.l.tL:.ms of the 

temrer3.ture 3.Ild pressure conditions in the e~rth at 

which the V'1rious orthopyroxenes cryst8.llized. The fol

lowing osttm:i.tes were nnde by using the pho.sc c1i3,gro.ms of 

Boyd o.nd Engl ond (1964, p. 158) '.J!ld M2cGreggor o.nd Ringwood 

(19641 P• 162) iD determine the pressure 9 and the c1io.grws 

3.fter Boyd qnd Sch3.irer (1964) 3Jld Davis and Boyd (1966, 

3571) to determine the temper7_tureo The phase Lli3.gr3.lll. 

qfter Green md Ringwood (1967, p. 155) hg,s been used to check 

the esttmations wd to correl2te the depth in 1d. lometero 

Type of Nodl le 

!Garnet peridoti te 

peridotite 
pyrc.·xeni t e 

orthopyroxene in 
ikimber).i t e 

F. Clinopyroxene 

1. Occurrence 

i 

[ Pressure (Kb) i 
' 

32-30 

29-24 

25-20 

18-32 

Temper'lture I Depth (Km) 

( oc) ! 
1100 110 

1200 to 1300 i 70-100 

1300 to 1400 I 60-70 

1100 tc: 1400 ! 50-110 

J 

Clinopyroxene occurs as phenocrysts in the rremier 

Mine kimberlite and as porphyroblasts in the meta-kfmberlite. 

The eclogi te and pyroxenite nodules invariably contain 

clinopyroxene 9 whereas the garnet pericJ.oti tes -.- - often 

contain a small amount of clinopyroxene. In the kimber

lite the clinopyroxene is present as primary phenocrysts or 

as a myrmekitic intergrowth with chromite. In the 

garnet peridotite the clinopyroxene occurs as large 

euhedral to subhedral grains in the olivine rnatrix9 and 

in the pyroxenite nodules it is present in both the 

cumulus and intercumulus phases. Exsolution lamellae of 

orthopyroxene 11 kinkbanding and undulatory extinction do 

not occur in the clinopyroxene of either the kimberlite or 

the inclusions in kimberlite~l) Texturally it appears as 

*1
)Recent investigation proved undulatory extinction in the 
eclogitic clinopyroxenes. 
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if the clinopyroxene crystallized after the garnet and 
orthopyroxene 9 but before the olivineo 

The clinopyroxene in the eclogite nodules is altered 

to a fine-grained 9 micro-crystalline phase along the outer 

rims of the grains 9 and also in the central portions of 

the grains. The d-valuGs of this fine-grained clino

pyroxenG phase are compared vvi th the d-valucs of the 

unaltered clinopyroxene from the sa~e eclogite nodule in 

table 340 This fine-grained clinopyroxene i:3 also often 

transitional into a brovvnish glass 9 which indicates that the 

original eclogi tic clinopyroxenes were partially melted at 
some stage. 

A light greE.::nish "glassy" clinopyroxene was also 
observed in the kimberlite from Lovedale 9 however 9 in 

thin section this material resembles the phenocrystal 

clinopyroxenes in kimberlite 9 by being completelY. crystal-
line. The d-values of this clinopyroxene are compared with 

the fine-grained 9 and eclogitic clinopyrox0nes in table 340 
Three types of phenocrystal phase clinopyroxenes occur 

in the kimberlites 9 viz. a vivid green 9 glassy type 9 a dark

green silky type, and a light green soapy type. The d

values of each of these types of clinopyroxencs are com

pared with those of the clinopyroxenos from eclogite, 

kyani te eclogi te 9 garnet peridoti tc 9 c·~Comphaci te 

(Clarke & Papike, 1968) 9 P2 omphacite (Coleman, 1959) and 

Ca-Tschermak-bearing cl inopyroxene ( Sakata, 1957) in 

appendix 17. This table indicates that the d-values of 
P2 omphacite differs slightly from those of the c'Q/c 
clinopyroxenes 9 and that the d-values of the different 

morphological types of clinopyroxenes also differ slightly. 

The d-values of the various igneous and metamorphic 

clinopyroxenes in the Premier Mine kimberlite are com

pared in table 35 9 however 9 the d-values of these pyroxenes 

do not vary considerably. 

2. The mineralogy of clinopyroxenes 

The optical properties of the various clinopyroxenes 

are listed in appendix 18. The data indicate that the 

eclogitic clinopyroxenes have a 2Vt ranging from 64° to 

73°, but mostly exceed 70°0 This high 2V is probably due 
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Table 34. 

' 

The d-values of the clinopyrox8ne from Love
dale kimberlite, compared to the "glassy" 
clinoµyroxene and the fine-grained clino
pyroxenc in the eclogite nodules. The d
values were obtained by means of a Guinier 
Carn.era 2 using CuKo( radiation 

·1 Clinopyroxene 
Lovedale kimberlite 

l 

Glassy Fine-grained 
clinopyroxcne clinopyroxene 
Lovedale kimberlite in cclogite B

2
B 

I ..-"'./ ~/ :?::°!:i Lovedal e 
I...:.,----=--,; t'\1\:.-:.-.&..;tl...;:;;.O_• .;:;i:4::.:.31:.11S~----+--r-_,:__;· !'."\--.;..;.111.:..0.;;.._• -111F4-::..;::3:;....0,_:__ ___ ---1---1BJ~""L.:;.;a-t..-L.11h~o-;-i4._4-1r¥O-.-.. ---+ 

! I/Io d ft I/Io d ,9 I/Io I d .41 

1---...;.......------+-----+--------+------i~---___. 
I 4 
I 5 

i 

3 
10 

6 

6 

1 

4 

5 

I 5 

I 

4 
5 
5 

1 

3 
2 

4 

4 

3 
2 

4 

3 
1 

7 

3 
1 

7 

i 5 

40397 
30314 
3.184 

20969 
20903 

2.874 

2.57s 

2.538 

2. 512 

2.476 
2.260 

2.193 

2.18'3 

2.122 

2.1112 
2.0859 

2.0145 
2.0115 

1.9779 
1.9564 
1.8057 

1.7929 

1.6589 
1.6210 

1.6056 

1.5261 

l.Lt950 

1.3959 

i 3 1.3726 

2 

7 

7 

10 
6 

5 
5 
2 

7 

6 

4 

6 

6 

2 

3 

3 
3 

4 
6 

3 

2 

3 
1 

9 

1 

2 

6 

4 

*Broad and often diffuse lines. 

4.45s 

3.335 
3.222 

2.986 

2-936 

2.891 

2.558 

2.532 
2. 518 

2.501 

20284 

2.204 

2.190 

2.146 

2.127 
2.1026 

2.0339 
200153 
1.99·33 

1.9644 

1.8050 

1.7437 

1.6579 

1.6230 

1.6101 

1.5445 
1.5001 

1.4.150 

3.324 
3.212 
2.984 

2.964 

2.s90 

2.550 

2.521 

2.496 

20468 

2.254 

2.204 

2ol92 

2.180 

2ol20 

2.1016 

2.0115 

1.9923 
1.9624 

1.6600 

1.6224 

1.4996 

1.4939 
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Table 35. The d-values of clinopyroxenes ta.ken from kimber
li teo The d-values were obtained by means of a 
Debye Scherrer Camera 2 using Cu Koe: radiation 

44 4 u-1 I, /, \ ... ILL.~ 41;,·-, J-.~ J 
~ 

1010-3.A l 1010-3B 1010-22B1 1010-22B2 1010-20 1010 In1 

I/Ic d (11) I/Io d CR) I/Io d (~) I/Io d (2l) 
I 0 

I/Io d (.it) I/Ic d ( :1.) 

1 3.266 1 30332 2 30336 6 3.525 8 3,. 344 

4 3.170 5 3!\210 2 30232 5 3. 214 
10 2a953 10 2.988 10 3()038 10 20991 10 2.991 

10 2.873 1 2.861 5 2(1887 2 2.891 4 2.865 
1 2.554 

10 2.480 10 2->494 9 2.521 9 20529 9 2.523 8 20531 

2 20256 5 2.299 4 2.298 4 2.304 
1 2ol64 2 2ol83 5 2.203 4 2.213 4 2. 212 1 20201 

3 2.100 4 2ol03 5 2.129 4 2.139 4 2.140 1 2oll7 

4 2.004 4 2.007 3 2.039 3 20041 4 2.045 8 2 0 019 

3 20009 3 2.009 4 2.cno -
2b 1.801 2 1.965 4 1.967 1 1.892 2 1.952 

2 1.824 1 1. 837 1 1.832 2 10 815 

lb 1.739 6 1.726 6 1.743 2 1.7530 6 1.752 2 1.746 

1 1.653 3 1.647 2 1.669 2 1.678 3 1.669 3 la669 

4 le608 9 la606 7 1.622 7 1.625 8 1.622 8 lo6l3 

4 lc,522 1 1.537 3 1.531 

4 1.487 1 10485 4 lc,496 2 1.500 3 1.506 

3 lc439 3 1. 1l90 1 lo496 

4 1:395 9 1.396 5 1.420 
1 1.418 5 1.410 

2 1.406 1 1.421 

2 1.339 1 1.364 5 1.327 2 1.330 4 1.331 2 1.370 

3 1.310 

2 1.263 4 1.271 5 1.283 2 1.286 4 1.284 4 1.283 

3 1.264 1 1.256 1 1.263 

2 1.230 4 1. 231 

3 10249 

1 1. 3 10 215 

2 lel71 

1 1.068 4 j 1.146 

i 1,073 4 
1 1.059 3 1.073 

t 

2 I 1. 050 i 
i I j j 

I 
i 
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- i 3; .-

EXPLANATION TO THE SAMPLES INVESTIGATED~ 

l010-3A Clinopyroxene in kimberli te 

1010 3B II -ditto-

1010-22B1 Clinopyroxene which formed in the meta-
kimberlite 

1010-22B2 Diopside from the carbonate inclusion 

-ditto-

1010In1 Augite from a diabase inclusion. 
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to the high I\13+ content in these clinopyroxones (Hess, 

1949)0 The opticaJ_ properties of the various clino
pyroxenes are plotted on the MgSi0

3
, FeSi0

3 
and CaSi0

3 
variation diagram after Trager (1959 9 p. 62). This 
dia6,ram ( figure 2c/+) shows that the cl inopyroxenes from the 

ultramafic nodules are more enriched in diopside that those 

from the kimberlite, however, the amount of enstatite in 

solid solution appears to be the approximately same in both 

types of clinopyroxeneso The composition of the clino

pyroxenes from the different kimberlite occurrences shows 

a similar distribution as those from the Premier Mine 

kimberli te. 

The frequency distributions for FeSi03 and CaSi03 
contents in the kimberlitic and ultramafic clinopyroxenes, 

as determined from the optical properties, are shovvn in 

figure 30, and indicates the modal values of 5 per cent 
FeSi03 and 48 per cent CaSi03 • Hence thes0 clinopyroxenes 

would aJ_ so have a modai vai ue of 4 7 per cent MgSi0
3

• Ac

cording to figure 25 it is ovident that the clinopyroxenes 

from the kimberlite and the ultramafic nodules have an 

orthopyroxene solid solution content ranging from Oto 36 

per cento 

The unit-cell dimensions of the clinopyroxones were 

calculated from powder photographs by means of the 002,060 

and 600 reflections 9 and the angle~ was calculated accord

ing to the 531 and (53T) reflections, using the formulas: 
Sin2g ; n I\. 2/ d2 2 
i/d2 -= h 2/a

0 

2sino/3+ k2/b
0 

+ 1 0
0 

2sin2,8 - 2h1Cosfi /a
0

c
0

Sint;: 

The indices 002 9 060 and 600 after Sakata (1957) could be 

checked by means of a Weissenberg single-crystal camera9 

and were found to be correct. The unit-cell dimensions 

of the clinop;yroxones thus calculated are listed in 

appendix 19. 
Since omphacite belongs to the P2 space-group, and 

ordinary clinopyroxenes to the c26 space-group, the 

Weissenberg single-crystal photographs for the hkO, hkl 
ancl hk2 reflections of the "gl 8.ssy" pyroxene, the 

eclogitic clynopyroxene, and the kimberlitic clinopyroxenes 
could be indexed. It w~s found that all these clino
pyroxenes conform to the c2/c space group, and hence they 
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THE VARIATION IN THE MgSiO,,FeSiO, AND CaSiO3 CONTENT OF THE CLINOPYROXENES 

FROM KIMBERLITE AND ULTRAMAFIC NODULES AFTER THE OPTICAL PROPERTIES, 

USING THE CURVE BY TROGER 1959 
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THE FREQUENCY DISTRIBUTION OF THE MOL. PER CENT FERROSILLITE, WOLLASTONITE AND THE WEIGHT 
' PERCENTAGES MgSi0

1 
AND Ca-TSCHERMAK S MOLECULE IN THE CLINOPYROXENE IN KIMBERLI TE 
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3.re considered as c~iopsides rather than omnhaci tes. 

The Ca2
+, Mg2+ and Fe2+ variation dia~ram after Brovm. 

(1967) could not be used for the clinopyroxenes investigat8d 9 

due to the fact that the A.1 2o
3 

content causes the bo values 
to decrease (Brown 1967). The content of Ca-Tschermak 
molecules of the clinopyroxenes could, howGver, b8 
estimated according to the diagrg,m after Sak3.ta (1957). 
However, since the curves provided by Sakata w0re con
structed for pure diopside, a correction factor had to be 

introduced for the 5 per cent of FeSi0
3

• This has been 

done by applying Vegard's law, and by using the unit-cell 

dimensions of diopside and hedenbergite after Strunz 
(1967). 

The curves supplied by Sakata (1957) are not applic

able to the eclogitic clinopyroxenes, owing to the presenc8 
of jadeite and ac,mi te. The weight p0rcento.ge of 

CaAJ. 2Si06 in the kimberlitic clinopyroxenes after Sakata 

(1957) are reported in appendix 19, and the frequency 
distribution di1.gram, d ~i icted in figure 30, in:Jicates 

1. modal Ca-Tschermak molecule content of 11 per cento 
Tfie mole per cent C8.MgSi2o6 in the clinopyroxenes 

was determined by means of the 28(220) Cu Kol-. value g,fter 
Davis and Boyd (1966; p.3572), and the weight percentage 
of MgSi0

3 
by !!leans of the ,0 ol- e t_(311) -· { 3 i o)} 

value after Kushiro (1964, ~101-108). These values, 
together with the percentages of Ca.MgSi 2o6 an.cl MgSi03 , are 
reported in appendix 2D. The frequency distribution for 

the MgSi0
3 

values in the kimberlitic clinopyroxenes are 

depicted in figure ~O and yield the following modal valu~ 

. . 21 per cent • 
3'6 ~r cet16' 

The diagram constructed by Essene and Fyfe (1967, 7) 

figure Ji,, which shows the augite, jadeite and acmi te 

contents of clinopyroxenes as a function of d221 CR) 
and rv,B 9 in~icates that the eclogitic clinopyroxenes are 
more enriched in jadeite and acmite than the clinopyroxenes 
from kimberlite or ultr9Jllqfic nodules. The latter two 
types of clinopyroxenes overlap completely, and some of 

the kimberlitic clinopyroxenes also f'l.11 into the eclogite 
field. 
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THE VARIATION IN THE AUGITE, ACMITE, JADEITE CONTENT OF THE 

VARIOUS CLINOPYROXENES, AFTER ESSENE AND FYFE ( 1967), 

USING nil ANO dH, OF THE CLINOPYROXENE 
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Augde Jadetfe 

LEGE ND 

Chnopyroxenes from 1(,-mberltfe 

o Cknopyroxenes from Ec/09/fe 

6 Cknopyroxene from Garnet - Pendofife Node1/es 

FIG. Q../;,. 
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In table 36 the infra-red absorption pea~~-s of diopside 9 

hedenbergite 9 jadeite and kimberlitic clinopyroxene are 
compared with the absorption peaks found by Mcenke (1966). 
Inspectton shows that jadeite 9 fassaite and augite exhibit 
some peaks different from those characteristic of the other 
cl inopyroxenes. "rhe consistancy of certain peaks at the 
wavenumbers cm-1

9 1080 11 970 9 95( and 510 in all silicates 
indicates that these absorption peaks are caused by the 
SiIV_ O vibrations. The MgVI_ 0

9 
l!'eVI_ O and Cao vibration 

peaks have also been established more or less clearly 9 there
fore it is concluded that the peaks unaccounted for" shou.ld 
be ascribed to Al IV_ 0 9 !U VI_ 0 or Na - 0 bondso The pre

dominance of the 440 and 790 absorption pea.Ks in fassaite 
and the 720 and 740 peaks in jadeite indicates that the 

VI , IV 720-7 40 peaks are due to .U - 0 bonds 9 whereas tne Al - 0 
bonds are represented by the 440 and 790 -~eaks. 
3. The chemistry of the clinonyroxenes 

In apDendix 21 the chera.ical analyses and the molecular 
norms of the various clinopyroxenes are supplied. The 
molecular norms were calculated after the method suggested 
by Yushiro (1962) 9 with the view to obt1,i:ning comparable 
values for the jadeite and !';a-Tchermak rnolecul e contents. 
The Al 3+ which was over after all the allocations had been 
made was distributed in equal proportions between the X and 
Y positions a!ter the method sutgested by Hess (1S49J. The 
amounts of cations in the pyroxene formula were subsequently 
calculated after the method by Hess (1949). Since the 
calculations were carried out in such a way tnat the 
molecular contents and the U IV/ A.l VI ratio could be aliplied 

for the petrological interpretation of the analyses9 the 
structural formulas in appendix 21 do not conform to the 

ideal pyroxene formula. 
In figure (J.1 the frequency distribution of t11e contents 

of Fe0 9 NaC' + K20 9 jadeite (mol. per cent) and MgSiC 5 (mol. 
per cent) in solid solution in the clinopyroxenes in eclcgite, 
kimberli te and ul tram.afic nodules is depictedo ~Chis diagram 
indicates that the Fe0 9 Na2o + ¥ 20 9 jadeite and enstatite 
contents of the kimberli tic and ul trarnafic clinopyroxenes a.re 
simil:1r 9 whereas the eclogitic clinopyroxenes are enriched in 
Na2o + K2o and jadeite 9 but impoverished in FeO and enstatiteo 

The variation in the diopside 9 acmite 9 hedenberbite 
contents (figure~~), calculated from the chemical 
analyses 9 of the kimberlitic clinopyroxenes corresponds 
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Table 36. The infra-red abaorptior: pe~k:-.:; in c□-l for the Vu.rious clinopyroxcnes. 

Vu.lues obtti.ined by me::.u-n of a Pitndn 1:lmcr infra-J."'ed ~pectror.1eter, usine NaCl pris~s and KJ3r discs. 

cur1~esi2o6* 2 CaFeSi206* 2 NaA1Si206H2 AuGi te*2 ~ . t H2 Ti 4 5 0; tT. '.). A. Ti475; U.S.A. n.E.l New 
XOn Po~~ecl.e.r Zealand Ti200 P. "Tine ... assa1 e DiOpside Hcdenbcreite Jadiute 

Mg~-0 
Pe -0 405 405 408 410 412 380 380 400 

AlIV-0 435 440 450 440 

Cao*1 475 472 470 465 475 460 477 

SiIV-0 512 515 515 515 510 495 515 490 

NaVIII-0 590 575 

naIII_o 615 . 
~ 

,.,;,,_VI O 
630 640 620 ,;1Gv1- 635 630 637 640 630 

Fe -0 

Al i/I_J 672 672 676 670 G70 670 670 
690 

AlVI_O 718 710 715 720 
748 740 

AlIV-0 760 
I 790 785 t-' 
~ 

1~ VI 0 
I\) 

;·j 6VI- 86D 870 860 860 870 850 860 875 880 I 

Fe -0 870 

SiIV_O 925 920 940 915 925 915 910 

SiIV_O 970 970 995 970 970 960 950 950 955 

Ca-o*1 1035 

SiIV_O 1080 1078 1065 1070 1070 1070 1065 1030 1070 

til u~ually ver-J weak ii:2 
0(.. 

Vt.·.llucs after r.~Jnke ( 19G6) 
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closely to the variation in the clinopyroxenes from tne 

ul tramafic nodules9 However the latter nave a more 
restricted variationo The eclogitic clinopyroxenes 

partly overlap with these clinopyroxenes, and then 

extend tow::trds the hedenbergit<::: corner of the diagramo 
This enrichment in hedenbergi te contradicts the ~'eO 
distribution snown in fi£Ure ;;J:/.. and may be due to the iact 

that an increase in A.1 2r
5 

and Na2o in the eclogi tic 

clinopyroxenes (appendix 21) results in a decrease in the 

Fer content. The clinopyroxenes from grospydites and 

kyanite eclogites 9 which were also taken into account in 

the compilation of figure 3'1-, are marked by a low content 

of Fer. ~ence it appears that the eclogitic clinofyroxenes 

are enriched in FeO, compared to the kimberLitic and ultra
mafic clinopyroxenes. The variation in the diopside, 
acmite and hedenbergite contents of clinopyroxenes from 

alkaline rocks after 'ryler and King (1967 J are also shown 

in figure as. 
The variation in the Mg2si2o6 • F'e2si2u6 and 

Ca2si2o6 + NaA1Si 2o6 contents o1 the various clinopyroxenes 
are depicted ir figure ~q. These values have been obtained 

from the chemical analyses in appendix 21. Tl1is diagram 

indicates that the clinopyroxenes from the ul tra,.nafic 

nodules and from the kimber.:.ites fall in almost the same 

field, showing a low Fe2s12o6 content, a high content of 

diopside and a maximum solid solution content of 22 per 

cent of enstatite for the kimberlittc clino_pyroxene and 
32 per cent for those derived from the ultr~nafic nodules. 
The clinopyroxenes from the eclo?ite inclusions in kimber

lite fall above the diopside-hedenbergite join, and are 

enriched in jadeite with respect to the clinopyroxenes from 
kimberlite and from the ultramafic xenoliths. 

·rhe variation in the Mg2:-H2o6 + l!'e2s12o6 and 
NaA1Si2o6 contents of the various clinopyroxenes is snown 
in figure 30 This figu.ce indicates that tne cl ino-

pyroxenes from eclogite in kimberlite are more enriched in 

jadeite than the clinopyroxenes from kimberlite or from 

the ultrarnafic nodules found in kimberlite. The jadeite 

content of the clinopyroxenes from kirnberlite and from tne 

ultramafic nodules in kimberlite overlaps markedly. 
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The Al IV/ A.l VI variatj_on diagram after Wni te (15J64; 

p. 883) for the various clinopJroxenes listed in ap1,endix 21 
VI shows that A.l predominates in the cl tnopyro:x:enes fro111 

eclogi te nodules ( figure ,~ i ) • 'rhis diagram al so 
indicate an increase in the rq,tio U VI/ U IV in the sequence 

from iflleous to kimbl--_;rli tic and ul tramafic clinopyroxenes 
to those found in grospydite 11 kyanite eclopite and eclogite 

found in kimberlite. A.ccording to White (1964) this in
crease in the !\.l VJ/ U TV ratio reflects an increase in the 
pressure of formation of the clinopyroxenes in this sequence 
of rock-types. 

The diagram showing the weir.ht percentages of SiU2 , 

and A.1 2o
5 (figure 38,) has been used by Le Bas (1S62J 

to distinguish between tholeii tic and alkaline basal tic 
cl ino pyroxenes. This diagram inaicates that t.i.1e clinopyrox-
enes from ultramafic nodules and kimberlite resemble 

tholeiitic clinopyroxenesl' whereas the eclogitic clino
pyroxenes range from tholeii tic to per-alkaline in compos

i tiono The eclogitic clinopyroxenes are also marked by a 
much larger variation in Sir2 3Xld Ali'1

3 contents than the 
kirnberlitic or ultramafic clinopyroxeneso 

The ratio of A1 2o
3
/cr2o

3 
(expressed in percentages by 

weight of the clinopyroxenes ( figure Yi t'\_) show a complete 
differentiation between the pyroxenes rich in Cri'3 and 
poor in A.1

2
0

3 
and vice versao The clinopvroxenes from 

kimberlite md ultramafic nodules are rich in Cr2o5 and 
poor in A.1

2
0

3 
( chrome-diopsides) and the eclogi tic clino

pyroxenes are poor in Cr2o
5 

and rich in A.1 20 5 (jadeite

bearing diopsides). 
The atomic ratio AJ. 5+/si4+ represented in 1igure 

3JB after Kushiro (1 ':;;60 J shows that all t.r1e clinopyroxen8s 
concerned, constitutes a sequence which is characterized by 

a more rapid increase in Al)+ than is necessary for the 
AlIV/SiIV substitution and hence differs from the sequence 
usually evident for igneous clinopyroxenes (Kushiro 9 l 96C1 ). 

The variation trend for kimberlitic and ultraAafic clino
pyroxenes shows that Si4+ changes from 2.0 to 1.80 9 whereas 
the Al)+ content changes from OoCo to Oo30o Hence a 
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systematic increase in AlVI is evidertt in thes~ clinopyrox

enes. The eclogi tic clinopyroxenes show o., Si 4+ v.2ri2tion 

from 2.0 to 1.80 9 .'.JXld a JU 3+ vari2tion from 0.2 to more 

than 0.89 consequently the AlVI wd jadeite contents in th8ss 

rocks are m'J.rkecUy increased. The igneous clinopyroxenes 

usually plot along the line indicated in figure 37B 
(Kushiro 9 1960). 

Conclusions. 4-. 
1. The clinopyroxenes from ul trcunafic nodul os and kirn-

berlites are ~like in '.1.lmost 111 ~spects 9 but the clino

pyroxenes from the ul tr'lJil:1.fic nodules show a much l:1.rger 
v:iri3.tion in composition (o.ppendix 21). 

2. The clinopyroxenes from eclogites qre different from 

the clinopyroxenes from kimberlite and ultramQfic nodules 

in 3.lmost 8.11 respects. The higher 1U VI, j 2dei te, 

FeSi03 , Al 2o3 , Na2o and K2o contents are very ch2racteristico 

The clinopyroxenes from grospydites md kyanite eclogites 

differ even more from the clinopyroxenes in kimberlite 1 

ultr3.ID.afic nodules :.md eclogite, by being very low in Mg0 9 

FeO and Ti02 contents. 

3. The v·-::i .. ri2tion di2grAJI1s thus indicate that the eclo-

gi tic clinopyroxcnc formed D.t the highest pressure, md is 

completely different from all the other pyroxcnos. The 

clinopyroxones from grospydites ~~so formed nt n high 

pressure, (However, lower thm cclogite) wd is m?J.'ked by 

Q lower content of MgO, FeO .md Ti02• The ultramafic wd 

kimberli tic clinopyroxenes formed 8.t an even lovver pressure, 

and 3.re mqrked by a v:1.ri'J.ble contEmt of orthopyroxene in 

solid solution. 

4. According to Kushiro (1962) the ·JJilount of Ca
Tschermak's molecule in clinopyroxene cm be useu as :ID 

indication of the pressure of form'J.tion. The work done by 

Boyd wd England (1963), 0 'H'J.ra (1963) 1 Bell (1964) and. 

Yoder (1950) 3.lso support this contention of Kushiro. 

i. . ·•- ~ ·: ·~· 
• ! 

(': :, ....... 
_I ' • ,; 

____ ,.._., -"'. · . x _· -:::-~ ::•, 1 ~- According to the system 

diopside-enstQtite by Davis ond Boyd (1966) o.nd Boyd and 

Schairer (1964) the amount of enstatite in solid solution in 
the clinopyroxcne C'JJ'.l be used to determine tho tcmperqture 
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of formation 9 because the diopside sol vus is not infl uenc0c1. 

greatly with '.JJl incre3.se in pressure. The estim~:ttes of 

the temp er2tures which arc summarized below have been b3.s8d 

on both the optic:J.l and chemical cb.to. for the kimberli tic 

and ul trcunafic clinopyroxenes 9 3.Yld only on the clwmical d'J.ta 

for the eclogi tic clinopyroxcnes9 

Clinopyroxene from eclogite 
II " ul tr3.I!l 1.f i c 

nodules 

Clinopyroxene from kimberlite 

G. 

1. 

An3.tite 

Occurrence 

Temp (°C) 

1400 

lLtCO to 900 

1350 to 900 

Apatite occurs in the residua phase of kimberli te as 

small euhedral grains 9 and as l:1.rge 9 r3.dio.lly orient2ted 

gr1.ins. The 3.IIlount of apatite in the kimberlite brecci'ls 

a.re much lower th:m in ei thsr the m'.J.ssive basal tic kimber

li tes or the micaceous kimberlites. 

2. The mineralogy of apatite 

Since either F-, Cl-, co
3 

or OH groups c.~in rcpl3.ce 

one another in the structure of apo.ti te' Dllcl b ccnuse it 

cryst1.llized :i.s the la.st ph1.sc from the r0sidua ph:1.se of 

kimberlites 9 it is an importmt indic~tor of the composi

tion of the vol'l.tile phg,ses in kimberli te ID8.8'fil'J.S. 

According to McConnell (1958 9 p.110-111) the various 

M.ionic replacements in the ~p1.tite cm be determined by 

the unit-cell dimensions ::U1.d the d-v~lues of the 11.2 9 

30. 0 and 21. 3 reflections. The nw and ( nw - n e) values 

for apatite can also be used as a criterion to distinguish 

between the v~rious types of apatite (Deer, Howie and 

Zussm8ll 1967 9 p. 507. 

The apatite from the Premier Mine kimberlitc (1010-43) 

has the following physical properties: nw-= 1.636; n£ t:: 

1.632; a = 9.36 R; co ;:: 61186 R 3lld o/a -= 0.733, which 
0 

correspond very well with the physical properties of 

fluorine-apatite. According to Huss el et n.J .. , (1954) the 

ar10.ti te from the Ph3.laborwa carb--mnti te is also enriched in 

fluorine. 
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The d-:1ta presented thus indicate th~-:i.t the ap~.:i.tite 9 whicn 

w2s the l"J.st rn.iner·.11 to cryst illize in the s0condary pheno-

cryst'll ph-:1se 9 is enriched in fluorine. Cv:nscquently it 

m~ b0 concluded tlnt the: vcl2tile ph~J.ses of both the 

Premier Mine kimberli te 3,nd the Ph:i.l 2borw3. carbonati te were 

enriched in fluorine. 

H. Pyrite 

L"J.rge1 euhedr3.l 6rr-:i.ins of pyrite ci.rc pros,.)nt in most 

kimberli tes. These pyrite gr·-iins V:Jry in size from Oo 5 

mm to + 2. 0 cm. In the nodules of eclogi te 'J.ncl g"J.rnet 

periclotite pyrite w-is 3.lso encountered. In the former 

it occurs 8.s sm3.ll euhedr~tl gr".d_ns in the kelyphytic rims 9 

and in the 13.tter it is present in the 'Jlter2tion products 

of olivine. 

The unit-cell dimensions of the pyrite h"J.ve been 

c2lculated from powder photogr3,phs by using the indexing 

after Berry and Thompson (1962 9 p. 87). According to 

Sutherland (1967 9 po8l) 1~ increqse in the content of Ni 2+ 

and Co 2+ caus8s the a
0
-value to increase significm1tly. 

The a
0

-v:1.lues reported in t'.J.ble 37 for the pyrite fr0m 

Bcllsbmk 'J.lld Premier Mine 9 indicate low Ni 2+ and Co 2+ 

values. 

Ap:.rt from pyri te 9 other suli1hides like ch,-0_copyri te9 

pyrrhoti te, ch7,lcoci te ".nd borni te h1.vc been ic7_cntified 

in the kimberli te '111.d in the w;]l~·ock xenoli ths, these 

sulphides 'l.re 1.lso present 7,s minute gro.ins in the ul trB.

m'lfic nodu.l es 9 but were never observed in the eclogi te 

noc1ul es. 

According to Freedman (1959) pyrite cm form :J.S a 

consequence of the reaction of H2s with ir0n-hydroxide gells 

3.r1cl even with magnetite. The presence of m3.gnetite in 

kelyphytic rims h'l.s 'J.lrcady be8n described? cons0quently the 

penetration of H2S into the 8clogi te nodules, could h'3.ve 

caused the pyrite to form in the kelyphytic rims. 

The pyrite in the kimberli te m2y thus h'J.ve origin2ted 

o.s a result of the 3.ctivi ty of H2s in the volcmic g1.sses 9 

8lld consequently the pyrite should be considcr8d as a f~irly 

late product of the cryst,1.llizo.tion. 

I. Phlo gopi to 

In the mic':l.ce0us kimber1ites from Sover 9 Bcllsb'lnk 9 
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Table 37. 

Specimen 

Nigadoo 

Backbay 

Premier Mine 
II II 

II II 

II II 

II II 

II II 

II II 

II II 

" II 

Bellsbank Be 
II Be 
II Be 

-154--

The unit-cell dimensions for pyrite from 
kimberlite. Obtained by means of Guinier 
~amera, using Cu Koe radiation 

ao CR) Reference 

5.4163 Sutherland (pyrite) 

5.4203 Sutherland (Ni + Co 
bearing pyrite) 

Ti67 5.414 <: 0.002) (pyrite) 

Ti68 5.411 (: 0 .. 002) - ditto 

Ti69 50408 II - ditto 

Ti73 5.412 II - ditto 

Ti74 5.409 II - ditto 

Ti75 5.411 II - ditto 

Ti70 5. 415 II - ditto 

Ti71 50416 II - ditto 

Ti72 5.413 II - ditto 

11 5.408 II - ditto 

12 5.413 II - ditto 

13 5.410 II - ditto 
I 

Monastry and Swartrugqens two generations of phlogopite are 

present. However 9 in the Premier Mine kimberlite no 

phlogopite was observedo 

The first-generation phlogopite occurs asJarge, 

euhedral to rounded 9 primary phenocrysts in the kimberlite 

matrix. This phlogopite is usually pleochroic 9 with a 

2V~ ranging from 15° to 25°. 

The phlogopite in the matrix is present as small 

euhedral grains which constitute large p..u-cer,~cs.in the 

residua phase. This material is pale brown in colour 9 

less pleochroic and has a 2Vo( ranging from 15° to 25°. 
Ii _ ;_·• -.. ,,: --~ ~~:?. l-h-e chemical analyses and structural 

formulas of 8 kimberlitic phlogopites 9 calculated on a 

basis of 16 oxygens per unit cell are compared to those of 

the phlogopites from carbonatites and metamorphic lime
stones. This table indicates that the metamorphic 
phlogopites are more enriched in Mg2+9 than those in kim

berlites9 and that no chemical difference exists between 

' 

I 

I 
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the first- wd second-gener3.tions of phlo 6opi te in kimber-

li te. According to Aoki 'IDd Kushiro (1968) the 

phlogopite in eclogite nodules wd in kimberlites m3.y be 

derived from the mwtle, However 9 the d.3.t.'.1 p:i-:--esented on 

p'J.ges S"I o.,,d q3 hqve 3.ll indic2ted 3. second:::i.ry origin for 

the phlogopite in the eclogite nodules. The m'JJLner of 

occurrence of the first-gener'1.tion phlogopite 9 however, 

suggests that this ph'l.se could h1.ve formed in the m'JJltle. 

J. Calcite 

As h1.s been mentioned previously, prim3.ry cl.lei te is 

present in the residu3. phase of kimberlites, :J.nd the 

prim'J.ry c8.lci te from mic1.ceous and ID'.1.ssive b'3.sal tic kimber

li tes exhibits the s::une textur3.l features :J.s the c.3.lci te 

observed in the Glenover '.IDd Derdepoort c3.rbon~tites. 

The presence of secondg,ry calcite in the m.J.trix of prim1.ry 

cglci te is a prominent feature of these kimberli tes and 

iherfore tre or:igin~ trJ.ce element distributions of the 

prim'J.Ty calcite m'1.y h'J.ve been influenced. 

The refr3.ctive indices of the c'Jlci te were mentioned 

::md discussed on p2ge 58, 1.11d indic2ted th:J.t the prim'1ry 

c3.lci te is composed of C'7.C0
3

• The D. T. A. curve for an 

impure s'1mple of cqlcite from the massive b'1.saltic kimber-

lite '1.lso corresponds to the curve for c9lcite. The 

chcmic'1.l an.'1.lyses of the cqlcite from kimberlite 311.d 

c~rbonqtite, listed in 3.ppendix 23-, h'l.ve been plotted on 

the system C'J.lcite, dolomite wd wkerite in figure 3~ 
3.fter Goldsmidt et 3l. 9 (1962). This figure indicates 

that the calcite from the .Premier Mine kimberlite h:J.s the 
ssune composition 3.S th8.t of the Russim kimberli tes, :md 

th~t they correspond to the c3.rbon'1tes from the sovitic 
c 3.rbonati tes. 

K. Magnetite 

M3.gnetite occurs in the kimberlite breccias md in the 

m~ssive b3.s:J.ltic kimberlites. In none of these rock-types 

could exsolution l'l.IIl'J.llae of u.lvite or ilmenite ever be 

discerned in the m.2gnetite. The mg,gnetite is present as 

small euhedr3.l to subhedr~l gr'lins, which are dissemin'J.ted 
through the residu'1. phase. Euhedr1.l m'1.gnetite as inclu

sions in the prim'1.ry phenocryst'11 phqse W'1.S never observed, 
but the presence of the m'1.gnetite 3.lon~ the outer peripheries 
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THE VARIATION IN THE COMPOSITION OF THE CALCITE 
FROM KIMBERLITE AND CARBONATITE 

After Goldsmidt et al (1962) 
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The unit-cell dimensions 8nd the densities of 
ilmenite from kimberlite and carbonatite 

S'1Illple ao ( 0 A.) D Lteference 
( :t 00002) 

Kimberlite Mir. 4.67 Smirnov (1959) 
II Zarnitsa 4.82 ditte 

Hocheifel-b3.s·u t 8.465 Huckenholz 
(1966) 

II -b3.S~ll t 8.460 II 

olivine g9.bbro. Skaer- 8.450+ Deer, Howie, 
g:1.erd Z u. s sm .':'.Jl (1967) 

m1.ssi ve kimb. 1210-1 8.372 Premier Mine 
II II 1210-6 8.393 ditto 
II II 1010-19 8.380 ditto 
II II 1010-45 8.379 ditto 

Der. 1 8. 388 Derde-poort 
Twe. 1 8.379 Tweefontein 
S8.l t. 1 8.376 S'J.l tp111 

*Homogenized m9.terial. 

of the primqry phenocryst~l ph3.se is of common occurrence. 
The maf.netite content of the m~ssive kimbcrlite exceeds 
th:.tt of the kimberlite brecci,1s, but this may be due to the 
difference in the 3..IIlounts of residu3. phase m7,teri::1,l present 
in the two rock-types. 

In t3.bl e 3t; the unit-cell dimensions and the densities 
of the m1.gneti te in C'1.rbon2ti tes 9 kimb(;rli tes, b.'.J.S~ ts 'Jlld 
str1.tiform intrusions 3.re comp1.red. In Appendix 23 the 
chemicql cm1.lyses of magnetite from carbon'.:ltite, kimberlite 
wd thol eii te b9,s3.l ts 9,re comp;.u-ed. A.ccording to the 
molecul:1r norms c:1lcul 'lted on .'3, b':lsis of 32 oxygen 1.toms 
per unit-cell (appendix 23) it is cle8.r th'.J.t the m3.gnetites 
of c9.rbon~tites Rnd kimberlites 1.re more enriched in Mg2+_ 

spinel th::m the m3.gnetite from the other rock-types. This 
incre3,se in Mg2+-spinel content of the magnetite in kimber
lite 'JXld carbonatite is probably due to the more magnesium
rich environment from which the m3.gneti te cryst.'J.llized. 

According to appendix 23 the m3.gnetite from tholeiitic 
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rocks gener:1lly has a higher ilmenite contE::nt thffil the m'J.g-

neti te from kimberlite md C'1.rbonatite. The overlap be-

tween -tthe ilmcmi te content of m'J.gneti te from the l'J.tter tw~ 

rock types is 1.lso a very prominent fe~ture. It thus 

'.J.ppe'J.rs th1.t the ini ti ':'..l temper3.ture :J.t which m3,e:,neti te 

cryst~llized in kimberli te wd c::1.rbon3.ti te w1.s lower th'Ul 

the temper1.tnres of cryst1.lliz3.tion of the tholeii tic rocks, 

since only 3. limited 'Ullount of solid solution w:.s possible. 

The presence of sphene, ilmenite md perofskite in the 

m'J.trix of kimberlite 1.Ild cqrbon3.tite cle~rly indicttes th~t 

the l"lck of Ti02 in the kimberlite m'J.grrn W'1S not responsible 

for the limited solid solution. 

The 'J.bsence of exsolution l~nell3.e in the m2gi1etite 

from kimberli te wd C'J.rbon3.ti te J.lso indicates- that 

cooling subsequent to cryst:tllization w1.s r'.J.pid. The 

presence of 3 low concentr~tion of Ti0
2 

in these m~gnetites, 

however, also contributed to the 3.bsence of exsolution 

1 ~ell 1.e. 

L. Conclusions 

The miner'J.logicJ.l md chemic1.l d1.t3. p:-cesented in this 

ch3.pter indic3.te th'.3.t the miner9ls in the ul tr:.mq,fic nodules 

7.re simil'.3.r to the prim3.ry phenocryst'll. miner.~s in 

kimberl i te. 

The miner~ls of the second1.ry phenocryst~l ph3.se differ 

from those of the prim1.ry phenocryst1.l phq,se in h3,ving 

cryst'lllized 3.t lower temperatures '-Uld pressures. 

The eclogi tes 9-re ch3.r'1.cterized by high-pressure miner1.l 

ph.9.ses, which J.re completely different from the miner3,ls in 

either kimberlite or g3.rnet peridotite. The v~riation in 

the composition in the miner'll ph~ses in eclogite comp'.J.red 

to the uniformity of the composition of the minercus in 

kimberli te is also 3. very ch3.r3.cteristic fe3.ture. 

In fig. ~ the p-ir1.genesis of the v1.rious miner-tl s 

concerned is represented on an ordin3,ry par:.genGsis di1.gr3.II1° 

The inferred depths wd pressures '1.t which the v2rious 

miner.'J.l constituents formed '1.re indic1.ted on the Y-axis of 

this di 3.gr1JI1.. The miner1.l par'J.genesis di'.:1.gr'Uil w:ts then 

used to construct the model of the m-m.tle (above 120 km) 

below the South \fricw kimberli tes, which is :i.l so repre-

sented in figure 40. The rock-types indic3.ted in the model 
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was arrived 'lt by considering the miner:tl.s in the _pg,r1.gene-

sis di1.gT7.Illo For ex1.mple the presence of s)inel '::1.t 15 kbo 

in the p1.r1.genesis di1.grllil. indicg,tes th1.t S~Jinel .:)eridoti te 

should be present in the mod.el of the mwtl8 7 which is 

proposed in the right hmd side of this di~gr~no The 

succession of rock types deoicted in the right h.:-md side 

of this di'l.gr1.m corres.9onds ex~ictly to the succession pro

posed by Jqckson et 1.lo for H1,wqiio He d~rived his model 

from the investig1.tion of the v1.rious rocks 1.t I-h.W'lii. 

IX. THE .t'ETctOCHEN!ISTi1.Y C:D1 KIMBEL{LITE 9 UNDE:H.
SA.TU~{:\.TED ALK'\.LINE HOCKS AND THE CCGNATE 

Xb"1JCLITH;S ~\{GM KIMBErl.LITE 

A. Introduction 

During the present investig1.tion '3.11 3.tteapt W'J.S m'1de 

to collect 'ill tht;j 3.V3.iL1ble che.1licJ.l 'ID1.lyses oi kimberlite 

md rock-types i1ssoci:J. ted with kimberli teo Al thoue;.h 3.11 

the 3.11.1.lyses ln.ve been C'llCul '1.ted to their chemic Jl norms 9 

not J.11 tJ1e chemic'l.l w 1.lyses h7.Ve been plotted on the 

tigures in this chaptero · The 3Jl1.lyses thJ.t h·we been 

plotted were s1JI1pled qt rmdorn for e'1.ch diqgr:un. 

The unders1.turqted .1.lkl.line b? .. s1.l tic rocks include 

the 1.lnoiites 9 melilite b·1.s'1.lts 9 c1.rbon'l.tites md the other 

c~lcite-olivine-phlogopite-be1.ring rocks 9 d0scribed from 

Sweden, South West \fric 1. wa. the f";ongo o Sine e the 

miner:1.logy wd the petrology of these rocks comp;.re well 

to th1.t of kimberli te ( Von Eckermw, 1967), :md since 

these rocks '1.re mostly 1.ssociJ.ted with kimberli te 

(D'lwson, 1967) they will be r~ferred to 1s rocks rel~ted 

to kimberli teo 

The k~t'Jlnolecul~r norms of the kimberlite md the 

rel1.ted rocks h1ve been c:1lcul1.ted on g, c1tion bisis, 

following the sequence th,1.t is usu1.lly followed in the 

e qui v-u en t no rm ( Burri , 19 5 9 ) • Hence c -:il cite m d 

dolomite 1-re c1.lcul9.ted beforu the silic:1. '1lloc7,tions 9.re 

m~de for the k~ttmolecul1.r nonno 

B. The Petrochemistry of Kimberli te -md Tlel8.tcd 
Hocks. 
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The chemical analyses and katamolecular norms of all 

the available analyses of South African kimberlites are 

listGd in appendix 2q. The katamolecular norms indicate 

that most of the South African kimberlites ar0 olivine 

and nepheline normative. The kimberlites which are 
enriched in co2 may contain normative feldspar and 

enstatite. Since kimberlite is a breccia consisting of 

various xenoliths which are not necessarily related, the 

presence of enstati te or' nepheline in the norm does not 

reflect the original composition of the magma. The 

kimberlite dykes 9 however 9 which contain very few x0noliths 

of wall-rock generally also contain normative olivine 

and nepheline. Owing to the high co2 content of some 

kimberli tes the ratio of CaO+Mg0/Si02 decreases 'Ni th the 

building of normative calcite and magnesite, which results 

in the presence of normative enstatite and feldspar 1 and 

this may not necessarily reflect the composition of the 

original kimberli tic magma, since secondary calcite JS· , 
also present in some kimbcrlites. 

According to Dawson (1967 9 p., 244) the micaceous and 

basaltic kimberlites on the average contain 0.3 per cent 

Na2o, which is very similar to the sodium content of ultra.

mafic rocks. However 9 the K2o content of the micaceous 

kimberlites is much higher than that of basaltic kimbcr

lite o:tr ul tramafic rocks. The CaO, Na2o + K2o, MgO + FeO 
variation diagram represented in figure 41, indicates that 

the micaceous kimberlites are relatively enriched in 

Na2o + K2o, the basal tic kimberlites in MgO + ]'eO and the 

massive kimberlites and alno:utes in Cao. 

According to Dawson (1967, p. 270) the Cao ru1.d co2 . 

contents of the micaceous and basaltic kimberlites do not 

show single modal values on the freg_uency di stri buti on 

diagrams 1 but usually show a large range of values between 

0 and 40 per cent. However the rnicaceous kimberlites 

show more analyses in the high CO2 content region the u . .nC4.l!,~e:i 

L. ~: of the basal tic kimberli tes. The distribution of 

CaO in these rock-types also indicatesa similar pattern. 

Microscopically the calcite content of the micaccous 
kimberlite also appears to exceed that of the kimberlite 
breccias, but is lower than that of the massive kimber-
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liteso The kimberlite breccias are usually more extensively 

replaced by secondary calcite 9 and consequently the dis

tinction in CaO a_Dd CO 2 content of the basaltic and 

micaceous kimberlites is oblituratedo 

The chemical analyses and katamolecular norms of the 

kimberlites from outside Southern Africa are reported in 

appendix 269 and compare very well '11V:i. th the analyses of 

kimberlite from Southern Africa~ Similar to the South 

African kimberlites 11 the analyses which contain appreciable 

runounts of co2 contain normative plagioclase and enstatite 9 

whereas the other analyses contain normative Ca-olivine 9 

nepheline and olivine. The chemical analyses and kata

molecular norms of some undersaturated alkaiine rocks relat-
' ed to kimberlite and which include mel~lite basalts, 

alnoiites and atlantites are supplied in appendix 21:>. The 
norms of these rocks contain nepheline 9 Ca-olivine and 

olivine, and display the same constituents as kimberli teso 

The chemical analyses closely resemble those of the 

massive basaltic kimberlites and the micaceous kimber-

lites. The chemical analyses and the katamol ecular 

norms of the carbonatites and the massive kimberlites are 

given in appendix 2r}. This tg,ble shows that the car

bonatites contain mostly normative e:nstatite and feldspar, 

whereas the massive kimberlites contain normative nepheline 9 

~~-olivine and olivine. However 9 owing to the high CO2 
content of the carbonatites, the norms contain enstatite 

and feld}3par 9 and this does not necessarily reflect the 

original composition of the magma. 

The chemical analyses reported in appendices 2~ to 

Zf!} have been plotted in figures 42 to 4-5 according to the 

procedure outlined previously. 

The AFM diagram figure 42 to 45 reveals that the 

kimberlites are enriched in MgO 3.11d that they mark the 

start of the normal differentiation trend of magmas in 

general. The melilite basalts partly overlap with the 

kimberli tes II a11.d then exte:i.ld further away from the corner 

of the diagram 9 indicating that these rocks arc more 

differentiated. The analyses of the massive- and 

micaceous kimberlites are mostly concentrated in the 
overlap-3.rea. The carbonatites plot close to the F 
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corner, and extend along the F-M line, in the direction of 
the analysis of the massive kimberlites. Only the analyses 
of sovitic carbonatites have been used, because the primary 
carbonates were all found to be Errr:ic:ted in calcium in the 
kimberli tes. 

The C.F.M. variation diagram depicted in figure 43 
shows a complete gradation from kimberlite through melilite 

basalt and massive kimberlite to the carbonatite field. 
This complete gradation of rock-types could 2lso be discerned 

in the diagr8.Ill showing the variation in volatile consti~--
tuents, Si02 + Al 2o3 + Na2o + K2o, and CaO + MgO + FeO + 
Fe2o3 + Ti02 (Dawson 1967) depicted in figure 44. However 
in the latter diagram the sequence is reversed, showing a 
succession from melilite basalt, kimberlite, massive kim

berlite and micaceous kimberlite to carbonatite. 
The QLM and CLM v~riation diagrams, where C represents 

the normative amounts of calcite, m3gnesite, hemitite md 

magnetite, represented in figure 45, show a trend of 
variation indicating a sequence from melilite basalt, 
through kimberlite and massive kimberlite to carbonatite 
at the C corner. The QLM diagram, however, produced no 

variation sequence with regard to these rocks. 

c. The Petrochemistry of the Post-Waterberg Alkaline 
Province North-east of Pretoria 

Since the petrology of the alkg]_ine intrusions north

east of Pretoria has been described by Shand, (1922), Toens!I 
(1952) and Verwoerd, (1967), only the petrochemical rela
tions will be discussed. 

The chemical analyses and katgmolecular norms of the 
kimberlites md alkaline rocks from this area are given 
in appendix 29. The Na2o + K20/Si02 diagram after 
McDonnald and Katsura, (1964) indicates that the massive 
kimberli tes and the alkaline rocks fall into the alkaline 
basalt series (figure 46). The kimberlite breccias, however, 
fall into the tholeiitic rock series, but this may be due 
to the large amount of ultram3fic phenocrysts, which cause 

the low alk3li-content. 
The AFM variation diagram (figure 47) reveals that 

the kimberlites form the initi3.1 portion of the normal. 
differentiation curve, whereas the alkaline rocks form the 
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end portion. The kimberli te and massive ki1nberli te also 
show the initial portion of the melili te bas'J.l t-c2rbon9.ti te 

variation trend on the CFM V3.riation diagr81Il (figure 48). 
According to these diagr'.:uns it appears that all the 

post-Waterberg intrusions in this area belong to the 
alkaline basalt series 9 and that a kimberlite-co.rbonatite 9 

as well as a normal differentiation sequence for alkaline 

basalts could be estRblished. This suggests that all the 

alkaline rocks north east of Pretoria were intruded during 

the srune phase of magmatic activity 9 but that the kimber-

li tes and carbonatites formed independently of the alk~line 

rocks in this province 9 and thus caused the tv.ro disconnected 

differentiation trends in figures 47 and 48. 

D. The Chemistry of the Ul tr3.Illafic and Eclogi tic 
Nodules 

It has been indicated on the preceeding pages that the 

ultramafic nodules in kimberlite are petrographically 

similar to the nodules in alkaline basalts and alpine 

pGridotites. Chemically these rocks and the ultrrunafic 

differentiates of stratiform complexes are not widely dif

ferent. The chemical analyses and katamolecular norms of 

ultramafic rocks derived from all these parentages are com

pared in appendix ~. The katamolecular norms of these 

analyses have been calculated in the srune way as the kata

mol cculars of the kimberlites. According to the kata

molecular norms presented in appendix~q the nodules from the 

Russian kimberlites are mostly nepheline normative, and all 
the other nodules are enstatite normative. Consequently 

these latter nodules fall into the olivine tholeiite field 
according to Yoder and Tilley (1962 ) •.. · <, 

'-" ....... ), ... · ... The katrunolecular 

norms also indicate that these uitramafic nodules have a 

low content of diopside and feldspar. 

The chemical analyses and katrunolecular norms, 

calculated similarly to that of the kimberli tes, of the dif
ferent eclogite nodcles are r~ported in appendix 30. 
The katrunolecuiar norms indicate that some of the eclogite 

nodules are enstatite normative and others arc nepheline 

normative. The diopside and feldspar content of the 

eclogite nodules are high, and range from ~-5.0 to 85.0 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2022

l/ 

X 

X 

~ 

X 

Cao 

I 
/k-

X 

X 

X 

I 
/ 

f:eO + /:e2 03 + MnD 

/'\ 

I THE VARIATION IN Fe
2 0, ~ FeO + MnO, MgO AND CaO 

CONTENT OF THE ALKALINE IGNEAS ROCKS 

+ 

NORTH - EAST OF PRETORIA 

• • • 
+ ---------------- + • • + 

+ 

FtG. 48 

LEGEND 

• l<frnbul!le 

+ Massive Basa/he K/mberlife 
x Alko//ne Rocks 

M90 

._, 
Cf' . 
~ 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

-170-

per cento The kyani te eclogi tes are often kya,.11.i te 

normative, whereas the grospydites aro invariably lcyanite 

norm~tive, and both types are depleted in enstatito and 

olivine although it has been stressed by O'Hara (1968)~ 

Morey (1967), Green a.YJ.d Ringwood (1967) and others that 

. eel O git e is chemically similar b rd. b b.,..o_~ hc..,-t P..f'P<r"l p<.., ~-C~;::,-2-·ra.1"2 c'l 3/ 

(e'd.c- lkt thi'r IS l>C,,e /#" ,1"<",frc,,;cs--1 £te.lc:-J,fct.., !J,.,_:t: ,¥'.,;;t! ~A'- ,t,,.-.,,.,,1,~/d.,c ec:./c-ql{~. The 

MgO/CaO ratio of eclogi te is greater than 1. 0 whereas the.t 

of gabbro or tholeiite basalts is less than 1.0. The 

grospydite and kyanite eclogite nodules have an JU
2
o

3
/ 

FeO + Fe2o3 ratio of 7 times that of either gabbro or 

tholeiite basalt. The chemical analyses of olivine basalts 

correspond better to the chemical analyses of the eclogite 

except that the Mg0/.Al 2o
3 

ratio is different. 

In figure 49, showing the Na2o + K20/Si02 ratios 

after McDonnald and Katsura (1964), it is evident t11at the 

eclogi te nodules are more enriched in Si02 than the ultra

mafic nodu}es. The u_l traiuafic nodules of~ the ~s 
Q..n.(;l Je:~berf ,tes 
4if'f0rent pa:roni;agco appear to overlap completely, and 

fall mainly in the tholeiite field. Some garnet peridotites 

also plot in the high alumina basalt area. The kyani te 

eclogi tes and grospydi tes occur mostly in the alkaJ_ine 

basalt field 1 whereas the eclogi tes are concentrated in the 

high alumina basalt field. However 1 a large variation is 

evident in the latter rock-types. 

The Mg0/1i1 eO ratios of the different parentages of ul

tramafic nodule~ are represented in fig. 50" Ninety two 

per cent of the ultramafic nodules in kimberlite fall below 

the line FeO-= 0.1556 MgO~ and 62 per cent below the line 
~-1 

FeO -= 0.1087 MgO+ whereas ul tramafic cwnulates from 
" stratiform complexGs are more enriched in FeO, and plot 

above the line FeO = 0.1556 Mg0+4 The MgO/FeO ratio of 

the ul tra.mafic nodules in alk9line basal ts and in alpine 

peridoti.tes overlap with both the pcridotites in kimberlite 

Md the olivine cu.i.uulates in layered intrusions. 

A comparison of the MgO/FeO ratios of eclogite and 

garnet peridoti te nodules (figure 51) 9 indicates a much 

lower value for eclogite than for garnet peridotite. 

Figure 51 also indicates that the MgO/FeO ratio in ky9.11ite 

eclogi te and grospydi te is the same as that of eclogi te 9 
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but that these rocks are impoverished in both constituents. 

Although fig. 51 shows a tremendous variation in the 

MgO/FeO ratio of eclogi tes, no systematic v~--.,rirxtion could 

be discerned. In tabl c 3 9 the MgO/FeO rc.1tios for the 

vo.rious rocks under discussion are co1.0.p3,rcd. This table 

shows an increase in the FeO content in tho sequence gQrnet 

peridotite, peridotite, pyroxenite, grosspydite, cclogite, 
· kyani te eclogi te. 

Table 3 9. A comparison of the MgO/FeO r~1tio in 
ultramafic and eclogitic nodules 

i 
Type of Nodule Host !lock Av. Mg0/:B7 e0 ratio I 

garnet peridotite 
peridotite 

pyroxenite 

poridotite 

eclogi te 

kynni te eclogi to 

grosspydi te 

stony meteorite 

basalt of the nid-at-
lantic rid.ge 

kimberlite 
II 

II 

alkaline basalt 

kimberlite 
II 

II 

42.4 

40.5 
12.6 

25.9 

1.9 

1.7 
2.8 
1. ·3 

34,5 

The FeO + Fe2o
3

, MgO, Na20+ K2o variation diagram 

(figure 5~ shows a very limited distribution for the 

ultramafic nodules. The garnet peridotite nodules in 

kimberlite are more enriched in MgO than any of the other 

nodules, and the peridotite nodules from kimberlite com
pare J _.,yJe,II · .1··-1 .T1 with the nodules in alkaline basal ts, but 

the latter becom'e slightly more enriched in FeO + Fe2o3• 

Of the sequence of nodules in kimberlite the pyroxenite 

nodules are the most enriched in iron and they correspond 

to the iron-enriched nodules in alkaline basalts. The 

alpine peridotites fall into the peridotite field for 

kimberli tes, and the oceanic basal ts fron. the mid-atlantic 

ridge plot in the peridotite field for alkaline basalts. 

The eclogite, h7anite eclogite and grospydite nodules 

display a more random distribution in this diagrrun. The 
eclogite and some of the kyanite eclogite nodules plot 

t 
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along the,normal differentiation trend for tholciitic 

magmas, whereas other k-sanite eclogites and the gTospydites 
fall along the differentiation trend for alkaline basaltic 
magmas. 

The MgO, A1 2o3 ? Cao variation diagram (figure 53) 

indicates that the garnet peridotite nodules in kimberlite 

have a higher A1 2o
3 

content than the poridoti te nodules in 

alkaline bas31 ts.. The CaO content is very similar in 

these nodules 9 but is appreciabl~ higher in the pyroxenite 

nodules from kimberlite. The 1U 2o
3 

content of the garnet 

:p3ridotite nodules is very much the s'Wle as that in the 

pyroxenite nodules. The eclogite nodules form a sequence 

becoming increasingly enriched in Al 2o
3 

in the sequence 
eclogite 9 kyanite eclogite and grospydite, but the Cao 

content remains fairly constant 9 corresponding to the CaO 

content of the pyroxenite nodules. This figure also shows 

that the kyanite eclogite and grospydite become increasingly 

impoverished in Mg0 1 which indicates a decrease in the 

diopside content 1 and an increase in the grossularite and 

kyanite contents. The melting of clinopyrox0ne above 30 kb 9 

according to the reaction on page 950 1 would thus be able 

to account for this sequence beco:ning enriched in Al 2o3• 
According to this reaction the grospydite and ky811.ite 

eclogite should be considered as the residua on melting of 

the eclogito 9 and is characterized by a concentration of 

1u 2o
3 

and Cao. 
The variation in MgO, Cao and the Al 2o3 + Fe2o3 -

(IiJa
2
o + K

2
o) contents of the different nodules are repre

sented in figure 54. This diagram reveals that the 
eclogites 9 kyanite eclogites and grospydites contain a 
considerable :1IDount of normative feldspar and that they 

plot further away from the alumina-alkali corner than in 

figure 53. The grospydite is still the most aluminous 9 

succeeded by the kyanite eclogite and the eclogite. The 

peridotite nodules from the various parentages occupy the 

same position as in figure 53, indicating low percentages 

of normative feldspar. 

In figure 55 the variation in the normative ~:imounts 

of nepheline, quartz and olivine are depicted on the 
• Q L M diagr8Jrl after Niggli. The thermal dfvido after 
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Yoder Md Tilley (1962) and tho saturation line after 

Niggli are also shown. The peridoti tes from nlk:uine 

basalts and kimbcrlitos f'J.11 in the olivine tholeiite field, 

3.lld arc thus not the likely source material for oikaline 

basalts. The eclogite 9 ky3.11.ite eclogite anc1 grospydites 

f·-,,11 into both the alkaline b8.s'.l.l t and olivine thol eii te 
basql t fields, however 9 isolated an,3,lyses also occur in 

the tholeii te b3.s.1l t field. Since the eclogi tes are 

mainly concentrated in the alkaline bas:Jlt field, they 

appear to be the most likely source materi9J. for the 

alk:1line bas3.l tso 
The norm~tive olivine 9 nepheline 3.11.d diopside con

tents of the V'J.rious nodules are shown in figure 56. This 

figure indicates that the ultramafic nodules occupy the 

area nearest to the olivine corner 9 and th3,t the 

pyroxenite nodules are enriched in diopside. The 

eclogite analyses yield a complete scatter on the diagr3.IIl 

and contain normative diopside a...-v1d norm2tive nephuline in 

appreciable: qu3ntities. l. ·-re.:.:::. :r ,·_J' ,. 1. ·:·n_;:·u1·i~ 

r;. • The kyani te eclogi te and grospydi te contain the 

highest amount of normative nepheline wd the lowest 

percentages of olivine and diopside. 

/1 compnrison of the frequency distributions of Na2o, 
K2o, Cr2o3 , Ti02 , Cao 3Jld FeO of the peridotite n.nd 

eclogite nodules in kimberlite are shown in figure 57. 
This figure indico,tes the following modo,l distributions for 

the peridotite 'J.Ild eclogite nodules. 

Peridotite nodules Eclogi te nodules 

N a 20 .,:.. i,.,, 0. 5'Jc; 2. 0 
CaO 2.a 10. 5 
Ti02 0.2 0.5 
FeO 3.0 8.0 
kaO ,o.; o-~S-

Since kimberlite cont~ins a large amount of olivine, 

enstati te and pyrope g3,rnct 9 the composi t:Lon of which is 

similo,r to that of the corresponding constituents in the 

ultr3.Illafic nodules 9 it is to be expected that the MgO, 

Al 2o3 , Cr2o3 and Si02 contents of kimberli te vwT1ld depend 

largely on the 3ffiount of inclusions of olivine, enst2tite 

and pyrope gqrnet in the kirnberlite. None of the elements 
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listed 3.bove 3.re present 3. l1,rg0 percent-1.gc in th8 
7 ncluded phqses 9 tmrfore they cm be usGd 3.S to determine the 

source of the kimberlite m1.fJ11'1. 

The purer kimberlite m1.gm1.s 9 like the m1.ssive b'1s1.l tic 

kimberlites 9 ~re usuqlly enriched in 1.11 the oxide 

fr1.ctions summqrized '.lbove. The d'l.t'l 9resented show thJ.t 

w eclogite source m'l.teri'l.l md the cryst~lliz'l.tion of 

peridotite would be 1.ble to yield '1 m·1grrn. enrich0d in these 

oxides. The reverse 1 however 9 would certi.inly not be 

possible. Even the melting of ·?t. L1rg8 volum0 of 

peridoti te md the cryst J.lliz J.tion oi 1. sm1.ll pro.L_;ortion 

of eclogi te would not be 3.ble to produce 'J. kimb0rli te 

m~1gm1.. 

In figure 58 the projection from diopside onto tne 

Cyi 9 M,S pl:me 3.fter O'H:1r3. (1968) 1 1s well 1.s the chemic·:il 

malyses of ul tr1.m 1.fic and 6Clogi te nodules :J.I'l: represented. 

In this figure C = (mol. prop. C1.() - 3~ .e2o5 + 2Na2o + 

2K2O) x 56008; M = (mol. prop. FeO + MnO + MgC - •TiO2 ) x 

40.31; A.= (mol. prop. JUi,3 + Cr2n3 + Na2o + ~(20 + 

Ti02) x 101.96; S = (mol. prop. Si02 - 2Na2O - 2K2O) x 
60"09. The figure rcveJ.ls thqt 1.11 the m7J.ys0s f1.ll 

below the pl'llle of silic1. S'1.turqtion 9.Yld th.'J.t the 3.111.lyses 

of pyroxenite 9 peridoti te 1 eclog'i te 9 kymi te -Jclofi te md 

grospydite form 1. zone stretching from olivine to gros

sul ~r. 

Considering the phqse equilibri':1. in the system 

C3.O-MgC-JJ. 2o
3

-SiO2 ·J.fter O'H3.r:1 (.1968, p. 86-91) it 3.ppeJis 

to be impossible to consider g2rnet lherzolite 2s the source 

m1.teri1.l wd kimberlitic eclogite J.s the cumulus ph3,se 

during the genesis 01 kimberli te m·J.grru.s 9 under f J.lling 

pressures. Note in figurss _c;-~; Si and le th3.t 

the melting of 3.llY rock in this system will st 1.rt :J.t B 

(in the figures), wd th3.t with 1. decre:tse in pressure tnis 

point would move into the gqrnet ph3.se volume to A (at 

20 kb.). Parti3.l melting of a gl.rnet lherzoli te would 

thus yield~ p3.rti3.l melt of composition B 9 3.nd 2 residua 

on p1.rtiql melting of duni te, which is depl ot ed in ;U2o3 o 

The cryst3.lliz'1.tion of this pqrti"ll melt '3.t reduced 

pressures must crysttllize either olivine 9 or enst'1.tite or 

both 9 wd would not be 3.ble to produce kimberlitio eclogiteo 

Conversely; the p3.rti 3.1 melting of eclogi te would :J.lso result 
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in a liquid of composition B 9 and would yield a residua on 
partial melting which is depleted in normative olivine and 
enstati te 9 and enriched in normative anorthi te and grossularo 
The grospydite md kyanite eclogite nodules in kimberlite 
closely resemble this rock-typeo This partial melt at B 
woul·d be able to crystg,llize enstatite and olvine or both 9 
at reduced pressures 9 and would thus be able to produce 
garnet peridotites 9 garnet lherzolites and g-1.rnet pyroxen-
i tes. 

It· appears that the only way in w:1ich eclo&,i te can be 
considered as a cumulus phase from the partial melting of a 
four-phase lherzoli te 9 would be to start the crystallization 
of eclogi te at exactly the pressure of partial :nel ting. 
In order to crystallize eclogi te at this point 9 the temv3,ra
ture must be raised "substantially" (0 9 Hara and Yoder 1967 1 

Po 107) 9 and the reg,ction of orthopyroxene with liquid to 
produce olivine 9 clinopyroxene and garnet (O'Hara 1967 9 po 
105) succeeded by the inferred reaction of olivine and 
liquid to produce clinopyroxene and garnet (("''Hara and Yoder 
1967 9 p. 106) must take place. Should all this happen and 
"coincidence" places the composition of this liquid in the com
position plane of the bimineralic eclogi tes ( (1 'Hara 2nd 
Yoder9 1967 9 p. 105) it is possible that eclogite would 
crystallize with f~lling pressureo However 9 the crystal
lization of the eclogite now requires that the pressure does 
not decrease significantly 9 because then the olivine and 
enstatite phase volumes would overrun the clinopyroxene 
phase volumeo (Figures .5-d 9 S'i and l,C ). Crystal

lization of this melt must start to crystallize clinopyroxene 
first 9 resulting in a clinopyroxenite 9 and would then be able 

to produce bimine:calic eclogi te. 
A.part from the speculative nature of the argument 9 the 

resulting eclogi te and clinopyroxeni te are inconsistent with 
the eclogite nodules found in kimberlite. Of the 514 

eclogi te nodules investigated only two instaYJces were record
ed where clinopyroxene was the "cumulus phase 11

9 and in both 
these cases the clinopyroxene "cumulus crystals 11 were concen
trated in layers with a thickness of less than 2 cm. 9 in 

layered eclogites. Among the 20CO odd nodules investigated 
no clinopyroxenite has been observedo It thus appears that 
eclo§.J te should be considered as the source material, gros-
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pydi te and k:'Jani te eclogi te as the residua on oartial melting 

and garnet peridotite as the cumulus phase during the forma

tion of kimberlite ma~asa 

The distribution of diamonds between the eclogite and 

the ul tr8.ITlafic nodules and kimberli te al so substantiates 

this conclusiona furing the present investigation 9 dia.monds 

were frequently encountered in eclogi te nodules 9 and evf 1_ 

more frequently in grospydite and kyanite eclogj_te nod1.:i.les, 
but no diamond was found in the ul tramafic nodules (1,500 

nodules were investig~ted)o This distribution patt~rn can 

easily be explained by considering the eclogite as the 

primary source material in the mantle of the eartho Both 

the residua of partial melting and the residual liquid would 

thus be diamond if erous and the ul tra.mafic nodules would not 

necessarily be diarnondiferous. The reverse 9 liowever, would 

imply that the diamonds crystallized subsequent to the partial 

melting of the ul tramafic nodules and simultaneously with the 

crystallizatton of the eclogi te. This arglli"1l.ent will have 

to explain why the diamonds did not crystallize in the ultra

mafic nodules· before partial mel ting 9 and would also have to 

explain the absence of either graphite or carbon in the 

garnet lherzolite nodules which (according to O'Hara and 

Yoder, 1967) represent the primary mantle materialo 

The data thus presented supgest that~ 

1. Eclogi te is the only likely source material of 

kimberlite in the mantle of the earth. 

2 o The ul tramafic rocks formc:;d as cumulates in the _tJrocess 

of differentiation at pressures lower than .50 kbo 

3e That the mantle of the earth above 110 km is com

pletely differentiated into a garnet-peridotite 9 peridotite 9 

pyroxenite and duni te zones ( figure 40), and that the 

eclogite below a depth of 110 km represents the primary 

differentiated mantle material. The differentiation trends 

present in the eclopites are: 

lo The tholeiite sequence 
2. The gro ,_ pydi t e sequence (alkaline basal tic). 

The tholeiite sequence is probably due to the differen

t:Lation process which caused the earth to formo This trend 

is only present in the eclogites, whereas the differentiation 
trend of the kyanite eclogites and grospydites is alkaline 
basal tic 9 and probably originated during the partial mel tinf 
of the eclogite zone, and the rapid crystallization ot ultra
mafic rockso 
4. The soLlrce of the alkalis and silica in the sialic 
crust9 and the iron in the basaltic sima tnus may have 
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their origin in the less differentiated eclo5ite. The 
more magnesium bearing and silica undersaturated rocks in 
this differentiation sequence may then be represented by 
the ul trq,mafic cumulates in the upper mantle ( above ·110 
lan). Ttie ultramafic nodules in kimberlite and alkaline 
basalts are thus not necessarily cumulates which formed in 
the production of the respective magmas, but could have 
formed during the formation of the eg,rth's crust. 

A. 

x. THE ..t?ETROGENESIS OF KIMBERLITE WITH SJ:?ECIAL 
H.EFERENCE TO .PREMIER MINE 

The Emplacement of the Premier Mine Kimberlite 

It was mentioned that the kimberlite pipe at Premier 
Mine consists of four petrographically distinct types of 
kimberlite; consequently it is assumed that fou:r ota~cs 

ii" fl>olr-S~~ 
~ intrusions took place. The intrusive nature of the 

/\ 

eastern and the western kimberlites into the group I-
kimberlite indj_catesthat the intrusion of the group I -
kimberlite was the initial phase of volcanism. The 
abundance of xenoliths derived from the wall-rock in this 
kimberli te also indicates that this phase of volcanism must 
have been highly explosive. 

Subsequently the eastern and western kimberlites in-
truded into the pre-existing group I-kimberlite 9 and caused 
the "two-blow" pipe to be formed. The two bulges, shown 
on a plan of the Premier Mine pipe mark the positions of the 
eastern and western kimberlites. The sharpness of the 
contacts between the group I-kimberlite and the eastern 
and western kimberlites respectively 9 indicates that the 
group I-kimberlite was solidified at the time of their 
intrusion. Had the group I-kimberlite been in a "semi
plastic" state, the intrusion of the eastern ruid western 
kimberlites would have squeezed it out, and consequently 
the two bulges would not have formed. 

The lqst phase of volC'llism is charqcterized by the 
intrusion of dykes of massive basaltic kimberlite 9 which 
transgressed all the pre-existing phases of volca.nism. 
These dykes were emplaced quietly 9 and caused carbonatiza
tion of the western kimb•~.rli te, giving rise to the 
bleached kimberlite. 
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B. The Petrogenesis of kimberlite 

The miner'3.logy and petrology reve:3.l that kimberli te 
..,.;.,,~,.,,./..s 1-ft,·,/., 

is in disequilibrium 1 and th:J.t it consists of an incom
cou)rJ "<> b ltlo.~ -A,,,.,.f,' ~ ;--,11\.H~..,eo~,,~ 
p1':t~-~bl e nrincr~l tto,rnci-~-tidns like ilmeni te 1 sphene and 

perofskite and also garnet and spinel. This indicates 
that the kimberlite was exposed to a variety of temper3.

ture and pressure conditions 9 and that these conditions did 

not 13.st long enough to ensure equilibrium. 

The rounding of most of the constituents in the 

kimberlite could h2ve been caused either by physical 

abrasion or chemical corrosion. The rounded inclusions 

of w8.ll-rock be3.rs evidence of the former 1 whereas the 

perofskite rims ~round ilmenite are m indic~tion of the 
18.tter. 

Some of the minerals in the kimberlite are unst~ble in 
any m3.gma which reaches the surfg,ce of the earth, eg. the 
pyrope garnet. Some mineral ph3.ses also consist of solid 

solutions which are unstable in :Jlly volcmic magma 1 eg. 
the high percentage of hematite in ilmenite, the garnet 

in clinopyroxene and the ulvite in magnetite. Hence it is 

concluded that these phases were formed at an elevated 
pressure 1 and were subsequently quenched. The fragments 

of garnet which did not suffer 3.YlY form1tion of kelyphyte 

indicate that subsequent to the fracturing of the g3.rnet, 

the magma intruded very rapidly and thus tho formation of 

further kelyphyte was inhibited. The presence of feld

spar in some kely:phytic rims indic3.te that this explosion 

took place at pressures sufficiently low to permit 
feldspar to crystqllize in the plqce of spinel, viz. 8 kb 

(O'Hara, 1967). 

The presence of both high qnd low pressure mineral 

assembl3.ges in the kimberlite indicates that cryst'J.lliza
tion took pl:1ce at several st3.ges in the history of the 
kimberlite. The interrupted zoning of ilmenite md clino
pyroxene also shows that the crystillization was a dis
continuous process. It is thus concluded th.'lt both 

cryst1.llization and remelting of mineral phases occurred 
in the kimberli tic m1.gm:1 during •·t"'scent. 

II 

According to the mineral assemblages, which formed 
in the inclusions of wall-rock in the kimberlite the 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

-1 (_)j-

temperature at the beginning of emplacement was certainly 
0 ("-"1Phibofe-Ho..-n·f'ef$; fo..Gie~) · 

higher than 540 C1 Agnd near the surfa9e the temperature 
o (o.U) i•C.-~ p Jdo~e fc,-c••s-} 

dropped to less than 250 C 9 a.nd due to the volatile con
/\ 

stituents9 hydatogenetic minerals were formed in the 

Waterberg quartziteo 

The presence of xenoliths of kimberlite in the group 

I-kimberlite at Premier Mine indicates that the kimberlitic 

magma w~s semi-solid during intrusions 9 and that the 

process itself was discontinuous. Since the kimberlite 

breccias contain more thm 75 per cent of material that 

was crystalline before intrusion, it is to be expected 

that the kimberlite breccias were emplaced in a "semi

solid" state. The kimberli te magma can thus be visug]_-

ized as a mixture of more than 75 per cent of solids in a 

fluid ph:1se which consisted of a liquid which cryst3.llized 

as the residua phase and an extremely active gaSJeous 

phase. The latter phase was probably responsible for the 

explosive nature of the kimberlite 9 and also for the 

fluidity of the magma. Due to the explosion the ga$eous 

phase was released 9 and consequently sufficient free w~ter 

and gasses were available to cause the autometa;so~c4.-trsn, 

in the kimberlite. The formation of volatile-bearing 

constituents were thus also prevented 9 because the 

gaseous phase could esc~pe from the magma. 

The micaceous and the massive bas'.ll tic kimberli tes 

cont:dn a much sm3,ller runount of inclusions ax1d phenocrysts 

and were thus probably more fluid during emplacement. Both 

these magmas also contained a larger percentage of the 

ga$eous phase, but owing to the f'J.ct that these magmg,s 

were intruded slowly .'3.long fissures, the viscous con

stituents were not suddenly released, and consequently the 

viscosity of the mqgrna was reduced, explosion and auto

metqmorphism inhibited and the cryst7.llization of volatile 

bearing constituents enhanced (apatite and second generation 

phlogopi te). 

C. The Model for the Formation of Kimberlite and 
Undersaturated Alk3.line Rocks 

In 3.ny petrogenetic explgnation of the origin of 

kimberlite and the undersaturated alkaline bas'.J.lts 1 the 

following_f2cts must be considered. 
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1. Both kimberlites and carbonatites are usually 

associated with ~k:1.line intrusions (D2wson, 1967). 

2. Neither kimberlite, melilite basalt nor carbonJ.tite 
intrusions shows differentiation to 2 diversity of rock 
types and they 9.re very seldom 3.Yl integral part of a 
differentiqted complex. In most instMces where carbona-
ti te is 9. pqrt of m 3lk:1line oompl ex it is 1.ssoci9.ted with 
pyroxenite or dunite 9 wd has an intrusive rel2tionship to 
the other rock types of the complexo The kimberlites 
associated with alkaline intrusions also have 3.11. intrusive 
reL1tionship to the alkaline rocks 9 3.11.d are not associated 
with ul tr3.Illafic rocks. The kimberli te its elf contains a 
ln.rge percentage of ul trJ.IIlafic xenoli ths and pha.nocrysts. 
3. Both kimberlite gnd carbonatite constitute a small 
percentage of 3.11 igneous rockso 

4. Both kimberlites and c~rbonatites have intruded into 
areas of fracture tectonics. The kimberlite occurs as 
diatrems 9 sills 'J.nd dykes 9 the carbonatite occurs as 
diatrems and dykes 9 and the melili te b1.so.l ts as sills .'J.11.d 
dykes. 

5. A chemical rel~tionship exists between ~11 these 
rock-types which indic9.tes thqt cq,rbon3.tite is relatively 
enriched in iron 9 cqlcium Md volatile constituents 9 kim
berli te in mg,gnesium 9 vol9.tile constituents o.nd often 
potassium 9 md melilite basJ.lt only in m~gnesium (Figures 42=45. 

6. Petrologically the kimberlite differs from melilite 
bas2l t .3.Ild the mJ.ssive b3.s3,l tic kimberli te in that it 
contains prim3.ry phenocrysts 9 whereas the litter rock-types 
only cont3,in the secondary phenocrysts and.residua phase 
m"J.terial 9 ch2r'1cteristic of kimberli te. The CJ.rbonati tes 
also contain only secondary phenocrystal and residu2 ph2se 
m~terial but the l2tter is significantly increased com-
pared with kimberli tes and melili te bas'Jl ts. The sequence 
of crystalliz3.tion of the secondary phenocryst2.l phase is 
olivine 9 magnetite 9 melilite, perofskite 9 sphene 811d 
phlogopite, 3.lld of the residua phase it is apo.tite, calcite 
and serpentine. 

The presence of the prtmary phenocryst'l.l ph3.ses in 
kimberli te, especi.qlly pyrope, forsteri te and enstati te, 
gives the impression th'lt kimberlite is nn early dif-
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f eren ti 'J.t e. The f3,ct that these miner1.ls are in dis-

equili bri wn, and not a pqrt of the kimberli tic magma 

indicqtes th 7,t only the residua ptnsc c~ be regarded as 

the kimberli te mngma. Due to this f~1ct, 1 ~ is evident th·1.t 

the kimberli tic m2i.gma is more enriched in Cn2+, Fe2+ 3.r1d 

volo.tile phases, '.lnd henc8 not an early differGntL1te. 

The melili te bas'll t m'J.grn.:1 cont=i.ins more Mg2+ th3.11 either 

the kimberli tic or carbon'J.ti te magmg,s, ond hence represent 

either an equilibr1.ted kimberlitic m2gma, of which the 

prim1.ry phenocrysts were completely remelted, or o. less 

differenti2ted magm'J.. The melilite b2salts, m2ssive kim-

berlites and 3.lnoiites were completely equilibrated, and 

the ilmenites were mostly completely consumed to form 

sphene and perofski te, where.'3.s the car bona ti tes are often 
I 

also equilibrated. The kimberlite breccias differ from the 

mic3ceous kimberlites in having erupted more explosively, 

and hence lo.st all the free water and volatile constituents 

during emplacement. The presence of this active volatile 

and water bearing phase during intrusion w~s thus able to 

cause the serpentinization. The mic3.ceous kimberli te, 

having intruded more slowly did not loose its volo,til e con

stituents, but retained them in the structures of the 

apatite and phlogopite grains 9 and hence did not suffer 

extensive serpentinization or brecciation. 

The; fq,cts that the bg,s:Jl tic kimberli tes erupted :1long 

vents 811d suffered more intense serpentin2tion, indicr:tte thJ.t 

the basql tic kimberli tes might hqve cont':dned a more :1ctive 

vol'J.tile phase prior to eruption than the micaceous 

kimberlites. 

The dat:1 presented indicate th'J.t the melili te bas:Jl. ts YepY·es.cn' 
..-,CA~~ 

a·:• 1 ess differenti3,ted tlian the kimberli t es, but more 

differentiated 
0t~an pyr~xeni tes and peridoti tes. The 

" CQrbonatites :1ppear to be the most differenti2ted rocks in 

this series. This process of differentiation with 

respe;ct to the depletion of Mg2+, Al 3+ and Si~-r in the 
2+ + + · 2+ mo.gm.a, and the enrichment of Fe , Na ; K , Ca and 

volatile phases could not have taken place in the crust 

of the earth at low pressures, because A1 3+ ond Si4+ 

depletion c2n only be expl-3.ined by the e:-1rly crystallization 

of pyrope ®d enstqti te, (higher 27Kb) and not by the 
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crystallization of olivine (System pyrope - diopside; 

0 ' Hara 1 9 6 8 ) o The presence of pyrope 9 enstatit~ and 

jadeite-bearing clinopyroxene in kimberlite indiJates that 

these rocks formed in the mantle of the earth. 

It thus appears that the formation of alkaline basalt 

(ego nepheline basalts 9 phonolites etco)
9 

a,lka,lj_:ne 

com pl exes ( duni t e-pyroxeni t e-c arbona tit e-compl exes) 
9 

melili te basg,l ts, kimberli tes 9 carbow:1ti tes and "maars" 

can be explained by an intricate interplay of the following 

f3,ctorso 

1. Differenti~tion in depth. 

2. Differentiation in place. 

5. Assimilation of cumulus phases. 

4o Time and degree of equilibr~tion. 

5. Method of emplacement. 

6. The amount of residual material which formed 

in depth. 

In this model 9 as h3.s been stres3ed repe:1tedly 9 the 

eclogite is considered as the source material 9 the garnet 

harzburgites 9 garnet lherzolites 1 and dunites are con

sidered as the cumulus phases 9 and the grocpydites are the 

residua ~hase of partial melting. 

Tn fif-Ure 61 the rel '3. tionstlip between these under

satur1.ted rocks is shown diagr.am3.tically. This diagram 

shows the influences of the f'3.ctors mentioned above on the 

origin of the VStrious alkaline bas'-11 tic mg,gmas. ,l\.ccording 

to figures ~-'B I S,.-9 and "-0 the residua on partial melting 

of eclogite is grospydite and kyanite eclo 6ite9 a.nd the 

partial melt is enriched in norm~tive olivine and enst~tite. 

This partial melt would be able to crystallize dunite and 

pyroxenite and during extreme fractional crystallization 

of olivine, pyrope and enstJ.ti te, carbonatite wollld be able to 

form. Should the melting of eclogite proceed to interme

diate stages 9 the residue would become illore olivine and 

enstati te norm 1tive with res-pect to grospydi te and kyani te 

eclogite, and the partial melt would be enriched in normative 

anorthi te and grossular. This pq,rtial melt would be 3.ble 

to cryst~llize dunite, pyroxenite md garnet peridotite, 9.Ild 
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the residual liquid would be 3.ble to .result in rnelili te 

b:1sJ.l t ~ alnoii te 9 kimberli te 9 carbonati t e and even in gas 

explosions 9 depending on the degree of fractionation. 

However 9 it is not necess3.ry that the whole range of 

rock-types indic~1ted in the diq,gr3.II1 need to form? but 

only one residu3.l liquid may form during the fractiong,l 

crystg_J_lization of duni te, pyroxenite ~md g~1rnet peridoti te. 

The dat~ obtained from the present investigation on kimber-

1 i te sup·gest th3.t kimberli te mostly forms during t:'1is 

discontinuous process. Should complete melting of the 

eclogite take place the melt would become even more enriched 

in norm3.ti ve anorthi te and grossul 3.r. Crystallization 

of duni te, g·3.rnet pe ridoti te ':llld pyroxenite from this 

melt would yield 3. residual liquid th.J.t resembles alkaline 

basalts closely. The calcuL1ti.ons by Jackson et al. h:J.ve-

confirmed th:1t thi~:; process is the only likely way of 

explaining the origin of the nephelinites at Hawaii. But 

it must be stressed that his calculations only take 

complete melting of eclogi te into account 9 :=tnd that 

p:1.rtial melting m 1y be of consequence in tho origin of the 

undersg,tur.3.ted 'llkal ine basal tic magmas. 

X. THE THOLEIITIC SILL 

General Geology 

The thol eii tic sill has a th Lckness of 71. 0 mete_cs, 

g,nd strikes in an east west direction with a variable dip 

ranging from 25° to 15° to the north. Pigure 5 and 

profiles 1 wd 2 show that the sill ~ppe~rs to be curved 

into m a.nticlinstl and r:3ynclinal shape in tl1e ;3outhern 
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portion of the kimberlite vent. The sill also has many. 

off'-shoots into the kimberlite 9 which appe2r to end blindly 9 

3.Yld enhMce the irregular surfqce of the sill consider1.blyo 

The sill tr'lverses the kimberlite without displ3,cing 

the western or eastern kimberlites 9 the massive kimberlite 

veins or the xenoliths of Waterberg quartzite in 8IlY way. 

The sill has 9 however 9 C'J.used a distinct th8rm~J_ aureole 

in the kimberlite at both contacts. The meta-kimberlite 

at the floor contact appears to be met'.J.ffiorphosed to a lesser 

extent 9 ·md forms a zone 120 meter wide, of 11 bad ground" 9 

whereas the kimberlite at the roof-cont3.ct is highly 

metamorphosed, giving rise to rL ~-..,·: -: _ .. :.: -1;.:, -~---iL/' pyroxeni te 9 

which is very rosist'filt to weathering. 

The con tact betwe0n the felsi te and the tholoii tic sill 

is sharp, 3.Yld met:3Jllorphic influences are negligibl·e. 

The massive kimberli te veins appe'J.r to have resisted the 

alteration to bad ground at both cont'lcts, and are 13.T'gely 

tr'1nsformed into amphibolites. 

The :1ge of this thol eii tic sill h'.1S becm est"1blished by 

both p3.laeomagnetic '._md direct age determinations as post

Waterberg (1255 :t 50 moy.) ( IUsof' /#(>II 1:,1,1} 

B. The Petrology of the Sill 

In hgnd specimens it C.J.11. be seen tk1t this sill is a 

layered intrusion 9 showing the distinct char2cteristic of 

a differenti2ted intrusion. At the floor contact a zone 

of 7 meters of fine-grained gabbro characterizes the 

chilled zoneo This portion is succeeded by 15 meters of 

olivine-orthopyroxene Clunulate rocks 9 which show prominent 

igneous layering. The succeeding 49 meters of the 

intrusion consists of a dolerite 9 which becomes increasingly 

enriched in quartz 9 and the upper 20 meters con -J.lnost be 

described as a granophyre. 

In thin sections it could be observed that the 

contact between the chilled g3.bbro and the kimberlite is 

sharp~ where'J.s the contact between the chilled g2bbro and 

the olivine-orthopyroxene cumulate is gradational. The 

chilled gabbro consists of subhedral to anh8dral pheno

crysts of cl inopyroxene (1. 0 mm di'Jllleter) in a matrix of 

clinopyroxene and plagioclase (0.1 x Oo25 mm dimensions). 
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The clinopyroxene phenocrysts are usually zonod, ond often 
exhibit twinning 9 where2s the m1.trix s~ows a fine-gr'lined 
ophitic intergrowth between clinopyroxene nnd feldsp1.ro 
SpoNJ;e,. J_ orthopyroxene gr1.ins could ci.lso be identified 
in the matrixo 

The oli vine-orthopyroxene cumul ,1,tes consist of idio
morphic to subhedral grg,ins of olivine md orthopyroxene in 
an intercumulus matrix of plqgioclqse md clinopyroxene. 
Towards the top of this zone, cumulus crystals of clino
pyroxene 3.re ::1lso prescmt o This zone passes gradually 
into a doleritic zone where the clinopyroxene and 
plagioclase are ophitic~ly int8rgrown. The olivine oc
curs either as inclusions in the orthopyroxene cumulus 
cryst3.ls 9 ov as euhedr~l cumulus crystals. Tho 
orthopyroxene grains :.1re euhedr ll 3nd display zoning. 1rhe 
outer rims of these primary orthopyroxene grains show 
e.xsolution l3.Illell1.e parallel to (001) of the present 
orthopyroxene (photo 30) 9 md are invert8d pigoonite. 
Towards the top of this zone the 3.ffiount of primary ortho
pyroxene decreases, and the inverted pigeonite increases 
m.1.rkedly. The plagioclqse constitutes the intercumulus 
phase in this zone. 

In the l 1.st two meter of the cumulate zone the grains 
become subhedrg,l to euhedral Q.lld are subophitic~lly inter
grown with the clinopyroxene. In the upper portion of 
the cumul~te zone the clinopyroxene appears to be con

siderably 3.ltered to 3.Illphibole. 
The doleritic portion of the sill is char2cterized by 

the ophi tic intergrowths of pla gioclase ·md clinopyroxene9 
and the presence of 3. granophyric intergrowth of quartz 
and orthoclase. Occasional orthopyroxene grains, rimmed 
by pigeonite 9 occur. However 9 the majority of ortho
pyroxene represents inverted pigeonite. Some original 
(uninverted) pigeonite (2Vt ~ 20°), has also been encount
ered in some thin sections (B1-6). In the topmost 10 
meters of the sill, extensive 3.lteration of the clinopy
roxene and of the feJdspar to am phi bole and zoisi te res-
pectively is evident. In this 3.rea the ,1ffiount of 
gr,mophyric intergrowth md free quartz is high, and some 
euhedral apg,tite also occurs. 
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In the doleritic zone of the sill a d2rk glassy 
m2terial (E~oto 3~) occurs. This m2teri3.l is marked by 
skelet'll cryst1.ls of m'lgneti te 9 :Jlld in places this gl3.ss 
Qppe'lrs to h~ve 9ltered to biotite. In this biotite 
hexngonally q,rr'Ulged 11.mell 9,e of magnetite is al so evident. 
This gl 'lSS m1.y thus be considered 3.S the l 2st residu3.l 
liquid which did not cryst'1llize. prior to the solidifica
tion of the rock. 

c. 

1. 

The Miner3.logy of the Sill 

Olivine 

Olivine occurs 2s cumulus cryst:1.ls or as inclusions in 
orthopyroxene cumulus cryst1.ls in the cumul2te zone of 
this ~holeiitic sill. The olivine inclusions, which are 
mostly serpentinized 9 reve:tl the reaction rel2tionship 
between the olivine ~d the magmn to h~ve produced the 
orthopyroxene. The olivine has n 2V.:x..= 85° Cl.Ild 

dc 13O ) -= 2.785R9 which indicate Fo77 (Troger9 l959) 8.Yld 
Fo78 (Yoder wd SahaIT13., 1957). respectively. 

2. Orthopyroxene 
In the cumuius zone of the tholeiitic sill the ortho

pyroxene has evidently formed as a consequence of the 
reaction of olivine 9 whereqs the orthopyroxene in the 
upper portion of the cumul'J.te zone 'J.lld in the doleritic 
zone 9 is inverted pigeonite. The percent·J.ge by volume 
of orthopyroxene is high in the cumul2te zone, and 
decre3.ses r3.pidly towards the b3.se of the doleri tic zone. 
In the doleritic zone the Ciffiount of orthopyroxene ag~in 
increases due to the inversion of pigeonite 9 and then 
remqins fairly const3.l1.to 

The orthopyroxene b,.~comes gr1.du1.lly enriched in 

iron in the cumulate zone from En
79 

to En76 , :J.11.d at the 
inversion point the orthopyroxene suddenly becomes more 
enriched in m3gnesium (En.78 ). From this point onwards 
the orthopyroxene agq,in becomes enriched in iron. 

The optic'J.l properties .md relevgnt d v'l.lues of the 
orthopyroxenes are represented in t3.ble 40. The curves 
after Zwa9Jl (1954) indic'l.te thqt 'lbove 'IDd below the 
pigeonite inversion the Al 3l+ content seems to be the same, 

3+ and 2cross the cumul3.te zone (B1 _8 to B1 _12 ) the Al 
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content 'USO appears to be fnirly const3rlt. The 

const'JJlcy of the Al 3+ content 21.vid the V'"lriation in the 

enstq,ti te content of the orthopyroxe:ne thus indicate th3.t 

the orthopyroxenes formed 'J.t 'J. const3,nt pressure during 

n decrcg,se in the temper'l.ture of the m1,gmaQ 

3. Clinopyroxene 
The clinopyroxene occurs in ~11 the rock types in the 

tholeii tic sill, '.IDd the amount decreases in the cumulate 

zone, and then incre3.ses 3.g:dn in the doleri tic md the 

gr311ophyre-be3.ring portions. According to the optical 

properties and the d-v3.lues of the clinopyroxene, very 

little differenti3.tion is evident 9 compared to the trend 

observed in Skaergaard (Wager & Brown 9 1968), (fig. 62). 

These properties of the clinopyroxenes are represented in 

t:J.bl e 4~) a,..,_(I. ;~d,itA.it- o.. stno. ti Vc.\ri~,io~ ;., tl1'-- Q V 0t.ct-as.s the. $"ec t,cu, .. 

Table 40. The physic.'l.l properties of the ortho 1·wroxene 
from the tholeiitic sill 

Opticql data X-ray d3.ta (Zwa'Jll 1954) 

I (: lo) En% <: 1~) !ldp10. 3_.1 )- itn ((213p - 1 A13+ 
. 1 

i 2Vpe, . Enic i 

< ·.600)1R i ( .. €5 )1 1 QZ ! l 
I I o o .J __ I 

i I 
! I ' 

73° 76 -
74° 77o5 0.014 Nd. 

72° 75.5 00014 0.070 
i 0.06 
0.06 77 

74° 
l 

77.5 
' 

I 

i -
75° 78 

i I -
! 

76° 79 0.014 0.066 
I 
10.06 !so 

I 

Plagioclase 

Pl2gioclase is present in 8ll the zones of this 

intrusion, however, its textural rel1.tionships V[JXY con

siderably. In the chilled zone it is fine-gr~ined and 

ophitically intergrown with clinopyroxene. In the 

doleritic zone this texture is repe'J.ted on a coarser 

sc3le. In the cumulate zone the plagioclase is inter

cumuil<S0, and w-is evidently the 11.st phase to crystallize o 

The 'l.mount of plagioclase varies inversGly to th'l.t of the 

orthopyroxene in the section across the intrusion. The 

I 
I 

i 
i 

i 
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THE VARIATION IN THE COMPOSITION OF THE PYROXENES IN A SECTION ACROSS 

THE GABBRO SILL 
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Table 41. 

·section 

Bl-2 

Bl-3 

Bl-4 

Bl-5 
Bl-6 

Bl-T 
Bl-8 

Bl-9 

Bl-10 

Bl-11 

Bl-12 

IBl-13 

The optical properties of the clinoµyroxenes 
from the tholeiitic sill 

2Vt (+ 

48° 

53° 
55° 

54° 
56° 

56° 

53° 

54° 

53° 

53° 

53° 

51 ° 

lo) n .1:.."' ( :t O. 003) 

1.691 

1.688 

1.687 

v3,riation in the chemic'11 composition of the pL:tgioclase 
in a vertic3.l section across the sill is shovvn in figure 
63 f wd indicqtes a breqk in the differcnti'ltion trend of 
the pl3.gioclase. The sodium-rich pl'1gioclase in the 
cumul~te zone cw evidently not be explained by either 
repe'1ted intrusions or v.J.riations in pressure, because no 
evidence of these phenomena is present in th8 tholeiitic 
sill. Consequently this break in differenti'l.tion should be 
ascribed to the textur3.l occurrence of the pl2gioclase. 
In the cumul2te zone the plJ.gioclase WJ.S the last phase 
to cryst,J.llizeo Consequently the crystJ.llization of the 
rims of pigeonite around the cumulus orthopyroxene, a..~d the 
crystallization of the clinopyroxene, may have depleted 
the residu2 in Ca2+ and hence enriched it in sodium. 

The plagioclase in the upper portion of the tholeiitic 
sill is largely :J.l tered to clinozoizi te and preheni te, 
probqbly due to the effects of the volatile ph7.ses. The 
opticql properties ~d the X-ray dqta after Trager (1967) 
of the plagiocl9.se are listed in table 42•. The X-r'ly 
data of the plagioclase indicate that it represents the 
low temperature modification of plagioclase. 
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Table 4~. 

Optical 

The O tical and the X-ra datadter Tro er 
1967 of the p agioclase from the tholeiitic 

sill 

I 

data X-ray properties (Troger, 1967) 

Section 2V (:tlo) ,.tm.1b &28 (131)- l t129_1241)- 'Si/ 
Al An% 

~ 1-2 

lBl-4 
tBl-5 

Bl-7 

P31-9 

~1-11 
1-12 

! 

, (131) (241) 

- - 1.995 0.205 1.40 i 68 
88° 69 I - I 

90° 70 ,h~ ~" - vu. li,l.,t~ \r't r< cht< /ce,i. 6.•) •1~M,<; o+-+ 

- 89° 71 X - rli\~.t:. 

84° 
I 

- 74 
- 88° 67 1.905 0.240 1.46 63 

85° - 66 1.940 I 0.240 1.50 64 
I 
; 
: 

The accessory constituents in the sill are magnetite 9 

biotite, quartz 9 glass and granophyric intergrowths consist
ing of quartz and orthoclase. 

D. The Petrogenesis of the Tholeiitic Sill 
The chilled zone of the sill probably represents the 

original magma that was intruded and that was chilled 
against the wall-rock. The crystallization differentia-
tion produced the three distinct zones in this intrusion. 
Apart from the textural and compositional indications of 
crystallization differentiation 9 each of the constituents 
also conforms to the usual differentiation trends. 

According to the pigeonite geothermometer after Hess 
(1960, p.40) 9 which is applicable in the present circum
stance, owing to the low pressure during intrw3ion, 
indicates that the temperature of the magma was higher than 
1100°c. According to the thermal effects observed in the 
kimberlite, it appears as if most of the heat escaped 
through the roof contact 9 during the cooling of the 
magma. 

E. The Metamorphism of the Premier Mine Kimberlite 
The tholeiitic sill which intruded into the Premier 

Mine kimberlite prcduced a metamorphic aureole of several 
hundreds of meterse Since the different types of 
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kimberlite have been affected in the same way by this in
flux of heat, they will be discussed simultaneously. 
Depending on the distance from the tholeiitic sill, three 
types of meta-kimberlite were formed, viz: ~ olivine-

m~b,, -
enstatite kimberlite, a diopsode-amphibole and a ser-

f\ 1lloi!•W·-

pen tine-amphi bole kimberlite. 
I'. 

1. The olivine-en.stati te kimberli te 

This type of meta-kimberlite was only folmd within 
the first meter from the upper contact of ths tholeiitic 
sill. The original kimberlitic texture is destroyed and 
a parpeyroblastic texture developed. 

Porphyroblasts of olivine, partly altered to serpen
tine, show a reaction relationship to the larger ortho
pyroxene grains in which they are included. As d- 130 : 
2.779 R the olivine is Fo85 (Yoder and Sahama 1957). The 
2Vc(_ -= 87° and n f- = 1. 682 indicate a composition of 
En 85 after the diagram by Hess (1960, p.27) for the 
orthopyroxene o 

Clinopyroxene which is xenomorphic with respect to 
the olivine and orthopyroxene 9 but idiomorphic with respect 
to the feldspar, is often replaced by a greenish garnet. 
The latter also formed in the intergranular feldspar 
matrix. This greenish garnet is also occasionally 
anisotropic 'J and has been identified as hydrogrosm.1.lar, 
and probably formed as a consequence of r etrogra,de 
metamorphism. Apart from the crystalline phases mentioned, 
a brownish isotropic glass (photo 32), which is occasional
ly devitrified, could be identified in the matrix. 

According to the ACF diagram (figure 64), the 
chemical analyses of the Premier Mine kimberlite plot into 
the enstatite-anorthite-diopside field of the orthopyroxene 
subfacies, of the K-feldspar-cordierite-hornfels facies, 
which corresponds to the modal composition of the rock. 
According to Winkler (1967; ~ 73) this implies a 
temperature of 650 to 760°C and a pressure of 0.5 to 
1.0 kb. 

2. The diopside-amphibole kimberlite 
The kimberli te in which these minerals vrnre developed 

as a consequence of thermal metamorphism, occurs 2 meter 
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~ DIAGRAM FOR THE ORTHOPYROXENE SUBFACIES OF THE K-FELDSPAR, CORDIERITE, HORNFELS 
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away from the upper contact and also at the lower contact 

of the sill. The first 10 meters of this metamorphic 

zone show no kimberlitic textures, but further away the 

brecciated texture is indistinctly visible. 

Apart from the ilmenite 1 none of the other primary 

constituents has survived the metamorphic effects, and in 

the ilmenite lamellae of hematite exsolved parallel to 

(0001) of the ilmenite. The d-values of the minerals 

constituting this metamorphic zone in the kimberlite are 

given in table 4~o This table indicates that at least 

three types of amphibole, viz tremolite, actinolite and 

p~asite were formed in this meta-kimberlite. The 
presence of diopside and plagioclase is also evident from 

this table. 

The amphibole (2Voe = 77° to 79°) occurs as large 

porphyroblasts and as small fibfrous grains which are 

arranged in bundles parallel to one another. Both these 

euhedral to subhedral porphyroblasts and the composite 

fibrous grains are often arranged in a decusate texture 

in the meta-kimberlite. Magnetite and sphene are present 

in this meta-kimberlite, but perofskitc is very rare. 

11.'he kimberli te further away from the contact of the 

tholeiitic sill exhibits the original kimberlitic texture 1 

and is composed of round areas of pre-existing serpentine 
embedded in the matrix of fibrous amphibole and diopside. 

These sections also reveal that the increase in diopside 
content is accompanied by a decrease in the serpentine and 
p:; rofski te content. This systematic increase in the 
diopside content reflects an increase in the grade of 

thermal metamorphism. 

The ACF diagram represented in figure 65, on which the 
chemical analyses of the Premier Mine kimberlite have 

been plotted 9 indicates that this meta-kimberlite falls in 

the hornblende-hornfels facies 9 thus implying a temperature 

of 520 to 540°C for a pressure of O. 5 to 1. 3 kb[ltl,·.,1,1~~ /'11,1 f· ·7'1} 

The serpentine-amphibole kimberlite 

The mineralogy and petrology of this meta-kimberlite 

is essentia:~lY the same as for the unmetamorphosed Premier 
Mine kimberlite. 
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Table 43. The d-values of the minerals in the meta
kimberlites 

--
1410-13 t.b3 1410-4 Bl-15 f 1410-6 ' lf.bS 4- 70 

t r= ,·I""' "' o /~ '- '5l 
l 

··-· 

d o A ! Min. 
I ; 

d 0 A Min. I I/Io d 0 A Min. I/Io! I/Io Id ( 1
): M" I/Io! , A . in. 

I I 

9.092 
I 

9.186 i 2 i A 2 I 8. 523 A 2 A z 9.119 A j 
I 

8.4451 2 i 
A 1 I 4. 900 A 2 8.592 A 8. 518 A ! z i 

1 I 4.893i A 
! 

1 ! 4. 005 Pl 1 4.898 A 1 4.892 A 
! : 

2 4.524 A 2 i 3. 879 A 2 3.884 A 1.0 4.588 J?l I 

i 
j I 

1 I 3.877 A 3 l 3. 387 A 2 l 3 • 671 D 1 4.521 A 
i I 

5 I 3.385 A 5 3.345 p 3 3.390 A 5.0 4.037 Pl 
5 

I 
3.342 p 5 ·3.279 A&T 3 3.343 D 3.882 A 

I 
z I 

9 3.2771 A 3 3.226 D 8 3.282 A 4 3.422 Pl ! 
I I 2 

I 
2.990 D 10 2.988 D 4 3.228 D 6 3.390 A I 

! 6 
I 

2.943 A I 4 2.943 A&D 10 2.990 D 6 3.273 A j 

I 6 2.809 n 3 2.874 D 4 2.945 A 4 3.23s Pl .J. i 
: 6 2.730 p 6 2.741 p 5 2.893 D 7 3.193 Pl ' I 
I 10 2.706 A 5 2.707 A&T 3 2.735 p 1 3.051 p 

' 6 I 2.593 A 0.59 2.655 P? 10 2.703 P&A 8 2.943 A&P.l ! 
I 

I 8 2.556 p 0.5 2.625 ? 4 2.655 p 4 2.802 T 

I 9 i 2.531 A 5 2. 5881 A 0.5 2.622 ? 1 2. 725 I T 
I 

I 6 i 2.333 p 1 2.560 I D 2 2.589 A 10 2.703 A I I I 

2 ! 2.319 T 5 2.536 A 2 2.560 D 5 2.592 A I i 
I 

I ; 
i 3 2.295 p 4 2.524 D 8 I 2 • 536 A 0.5 2.554 .P? I l 

! 2. 523 
! 

1 i 2.272 A 3 2.511 D 1 A 3 2.530 A i i 
I 

j i 
i 1 I 2.206 T 0.5 ;2.441 ? 3 2.510 D 7 2.493 Pl 

7 I 2.1611 A 1 12.339 Arn. 0.5 2.487 ? 0.5 2.437 ? I t 

4 2.044 A&P 2 ;2.297 11.' 0.5 2.435 ? 1 2.406 T I 

6 2.014 A 3 I p 4 2.337 3 2.378 ' :2.282 A T l I 

1 I 1. 932 l T 2 i2. 213 D 2 2.294 p 3 12. 331 T I 

3 i 1.862 A 1 2.196 D 0.5 , 2. 275 A 4 T i · 2. 315 
I i I 1 1~683 p 6 2.180 p 

I 
1 ! 2. 209 I A 1 2.296 T I 

1 i 1.672 p 3 2.165 A 1 2.194 D 1 2.269 A. l I 1.650 !2 .149 
I ! 7 ! A 7 I 

p 

I 
2 2.130 ]) 3 2.205 A 

! I 
I 4 j 1~626 p 0.5 2.128 ? 2 2.048 D 8 2.163 T l ' i 

I 1. 615 
1 

Io. 5 
! 

0.5 ? 2.103 l ? l 2 2.037 j 

A 8 2.017 ' A I I 

I 
I I 

l l i 
7 I 1. 577 I A I 1 12. 050 ' D I 4 2.015 I A 2 2.009 T i ! I l i 

1.536 ! ? I ' 0.5 
I 

3 :2. 037 A 2 1.999 I p 2 1.865 I A ' j l i ' I I j ' t ! a 9 1 6 I lo 511 ! p 1 2.013 T 5 1. 685 I . 
' 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

d-values obtained by means of a Guinier CB.J.-nera, Cu E-::< 

radiation. 

A -= Actinoli te 

Am '::: possibly hornblende 
D -= diopside 
T '::: tremolite 
p ~ pl!.ltrgasite 

Pl -= plagioclase 

XII. SUMMARY AN"D CONCLUSIONS 

The investigation of the structural and the petro

chemical. relationships of the post-Waterberg alkaline in

trusions north-east of Pretoria indicates that these 

intrusions formed contemporaneously, were influenced by the 

same tectonic pattern, and originated by separate dif

ferentiation sequences in the mantle of the earth. 

The Premier Mine kimberlite is composed of at least 

four separate kimberlite intrusions. The magmatic activity 

started with the intrusion of the highly explosive group 

I-kimberlite. This phase was succeeded by the intrusion 

of the less explosive e3.stern and western kimberlites 

respectively, and the activity terminated ~dth the emplace

ment of the veins of m3.ssive basaltic kimberlite. 
The petrochemic3.l 311d the mineralogical investig:1tion 

of the undersaturated alkaline intrusions 1 which are 

associated with kimberlites and carbonatites, s~tcd1 th2t 
a ~~---~-- , . · ~ petrochemical rel3.tionship exists between these 

rock types. The investigation also enabled the postulation 

of a model for explaining the genesis of these rock-types. 

It is concluded that these undersaturated alkc,line rocks 

originate in the eclogite zone of the mantle (below 100 Km)9 

and that depending on the amount of cumul~tes of garnet 

peridotite and peridotites that crystallize, and on the 

amount of residue material (grospydite and kyanite eclogite) 

that remain behind~ various unders'ltur3.ted alkaline magmas 
cm originqte. 

The comparison of the mineralogy of the constituents 

in e clogi te, kimberli te md g'.J.rnet ~ ridoti te reve3.led 
that the minerals in kimberlite and g2rnet peridotite 
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show a rem~rkablo correspondence 1 whereas eclogitic mineral 9 

are absent in kimberlite. The sequence of crystsi.lliz:1tion 
of the prim'lry phenocrystal phg,ses in kimberlite corre
sponds exactly to the sequence observed in the g•7_rnet 
peridotite nodules 9 and to the sequence predicted by O'Hg,ra 
(1968) in the system diopside-pyrope at 20 to 30 kb, vizo 
pyrope, enstatite 9 clinopyroxene, olivine and spinelo 
Chemically the eclogite appeqrs to be undifferentiated, 
whereas the ultrarnafic nodules are uniformly diff'erentiated9 
corresponding to the first st9.ges of the normal differen
tiation sequence for tholeiitic magmaso The p2ucity of 
K+, Na+, Al~+, Ca2+ and Ti4+ in the ultr3IDafic nodules, 

and their relatively high concentrations in all alkaline 
and kimberlitic m1.gmt1s, suggest that the ultr:un.2.fic 
nodules can hardly be the source materiol for these m3.gmas. 
The eclogite being enriched in these constituents, is a 
more likely parent material. The grospydites o.nd kyanite 
eclogi tes being poor in Mg2+ and Fe2+, are considered to be 
the residue during the melting of the p'.ll'ent m~terial 
(eclogite) md the cryst:tllization of the cumulates (g·1.rnet 
peridotite), near 30 kb pressure. 

From the miner3.logical, petrological 3.nd chemical 
data of the rocks md minerals concerned, a model is pro
posed for the upper mantle of the earth (120 to 38 km) ::md 
for the sequence and time of the cryst~llization of the 
phenocryst'll phases in kimberli te. ~\.part from some minor 
differences, the model thus constructed from the data on 
kimberlites, duplicates the model proposed by Jackson et 

al., (1969) for Hawaii. 

XIII. APPENDICES 

1. The physical properties and the composition of g:1rnets 

from garnet p ei'"'idoti te nodules in kimberli te. 

2. The physical properties and the composition of garnet 

in kimberli te. 

3. The physical properties md the composition of gqrnets 

from eclogi te. 
4. The chemic9l on2lyses md the molecular norms of the 
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various parent~ges of garnet. 

5. A comparison of the d-values 8.Yld indices of olivine 

from kimberli te 9 to the d-values supplied by _J:3TM 7-79, 

Elesiev (1957) a..Dd Yoder and S8.h2ma (1957), 

60 The forsterite content of the vqrious olivines 
2ccording to d130 , a

0 
PJld c 

O 
-values o 

7o The 1'orsterite content of the olivines from various 
types of ultr'1mafic rocks 3,ccording to the optical 
properties C• 

8. The forsterite content of the olivine from kimberlite, 

according to the optic2l properties~ 

9~ The chemical 3113.lyses and the molecular norms of 

olivine from various olivine-bearing rockso 

lOo The indexing of the reflections for ilmenite from 
kimberli te., 

lL, The phys::_cal properties o.nd the moleculn.r percentages 

of MgTi03 , FeTi0
3 

and Fe2o
3 

of the chemico.lly o.nalysed 

specimens of ilmenite, 3.Yld the physic2l properties of the 

ilmenite in ~imberli teo 

12. The chemical an3,lyses, molecular norms cmd the 

structural formulas of ilmeni teo 

13. The chemical compositions 9 molecul~r norms 8.lld 

structurg,l formulas of chromi ten 

14. The physical properties and the enstnt·-~-·:e c.nd alumina 

contents of the orthopyroxene from kimberlite and garnet 
peridotite. 

15. The A.1 3+ and Ca2+ contents of the orthopyroxenes 

from kimberlite and garnet peridotite nodules, after 

Zwaan (1954 9 Po 206-209) o 

16. The chemical analyses 9 molecular norms 3lld structur3.l. 

formulas of orthopyroxenes from ultr'Jlllafic rocks and from 

kimberli te., 
17 ;. The d-values of the clinopyroxene from eclogi te, 

kyani te eclogi te, go.rnet peridoti te o.nd kimberlite, 

compared with those of the P2 md c2lc ompho.cite., 
180 The optical properties of the clinopyroxenes &~d 

their CaSi0
3 

and FeSi0
3 

contents qfter Trog8r (1959). 

19~ The unit-cell dimensions, the a Sin_,B values, 8.11d 

the CaA1 2Sin6 content of the v~rious clinopyroxenes 

according to • Sakata( 1957). 
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20. The molecular per cent CaMgSi 2o6 , 311d the weight 

per cent MgSi0
3 

in the clinopyroxenes 9 after the V:J..ricus 

d-value spacings. 

21. The chemic3l ·J.nalyses 9 molecul3.r norms QYld 3truct-

ur31 formulas of the clinopyroxenes from v~1.rious 

parent3,ges. 

22. The chemicqJ_ ong,lyses wd structural formulas of 

phlogopite. 

23. The chemical 3nalyses 9 molecular norms and structur'1.l 

formulas of c1.lcite from kimberlite 311d carbonatite. 

24. The chemical analyses 9 molecular norms 3.Yld 

structur'11 formulJ.s of m3.gneti te o 

25. The chemical an~lyses and katJ.II1olecular nurms of 

kimberlite from South Africao 

26. The chemical an3.lyses and kat l.ffiol ecular norms of the 

kimberlites from outside South Africa. 

27. The chemical analyses and kat3.II1ol ecul,1r norms 

of 3.1.kaline-bnsn.l ts and undersaturqted calcite ben.ring 

bascu ts. 

28. The chemical analyses and the kat31Ilolecular norms 

of carbonatite 3.Yld massive basaltic kimberlites. 

29. The chemical composition and katamoleculnr norm 

of the ~lkqline-rocks north-east of Pretoria. 

30. The chemical an2lyses .md molecul'1.r norms of gqrnet 

peridotitejl peridotite 311d dunite from v1.rious parent'J.ges. 

31. The chemical analyses md molecular norms of 

eclogi te. 
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25 26 

28 

27 

29 

30 

Photo 25 The clinopyroxene grains ( light) of an eclogite nodule, which is replaced 
by a fine-grained, highly birefringent clinopyroxene (dark) section Ja. 2, 
Jagersfontein Mine, crossed nicols, x 50. 

Photo 26 Fine-grained crystallites of secondary clinopyroxene (dark) passing into 
a brownish crypto-crystalline material. Section B2B2, Lovedale Kimberlite, 
transmittened light, x 250. 

Photo 27 A rim of isotropic glass, traversing an area of fine-grained crystallites of 
clinopyroxene. Section B2B-2, Lovedale Kimberlite, crossed nicols, x 250. 

Photo 28 Unorientated exsolutions of hematite (white) from an ilmenite grain (grey) 
which was heated in an oxygen-free atmosphere, and subsequently quenched 
in Mercury. Sample Riv 27 from the Riverton Kimberlite occurrence, x 400, 
reflected light. 

Photo 29 The replacement of garnet by ilmenite in an ilmenite-garnet-clinopyroxene 
nodule. Hololo 32, transmittened light, x 25. 

Photo 30 A grain of primary orthopyroxene (Bushveld type), surrounded by a rim 
of pigeonite, which shows exsolution lamellae of clinopyroxene. Tholeiitic 
sill, section 81-10, crossed nicols, x 25. 
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31 32 

Photo 31 A skeleton crystal of magnetite in a glassy matrix. Tholeiitic sill, section 
B 1 ~8, Premier Mine, transmittened light, x 25. 

Photo 32 The highly metamorphosed Kimberlite, consisting of olivine, enstatite, 
anorthite, and inter-granular glass (black material). Section B 1-15, 
Premier Mine, crossed nicols, x 25. 
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19 20 

21 22 

23 24 

Photo 19 Recrystallization textures of an olivine grain, showing also kink-banding 
and undulatory extinction. Section Bu 7, Bultfontein Kimberlite, crossed 
nicols, x 50. 

Photo 20 A garnet grain, showing an outer rim of kelyphyte, consisting of clino
pyroxene and spinel, and an inner rim of fine-grained alternation products. 
Section 893In12, Premier Mine transmittened light, x 500. 

Photo 21 A symplectite consisting of worms of spinel in orthopyroxene surrounded 
by clinopyroxene. Section Dutoitspan 2, crossed nicols, x 100. 

Photo 22 A large cumulus crystal consisting of the Bushveld type of orthopyroxene 
in an intercumulus phase of olivine and clinopyroxene, and some subhedral 
chromite grains. Section 1010In5, Premier Mine, crossed nicols, x 100. 

Photo 23 A kelyphytic rim consisting of spinel, pyrite and clinopyroxene, surroun
ding a garnet grain in an eclogite nodule. Section B2B2 Lovedale Kimber
lite, transmittened light, x 500. 

Photo 24 Plagioclase-bearing kelyphyte in an eclogite nodule, crossed nicols, 
Section R.V.F.2, Roberts Victor Mine, x 500. 
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10 

11 12 

Photo 7 

Photo 8 

A first generation olivine grain, showing a zonal alteration to serpentine and 
tremolite, Premier Mine Kimberlite, section 1010-37, transmittened light, 
X 15. 

A fractured garnet grain (grey), which did not develope a kelyphytic rim 
on the fractured surface. Premier Mine Kimberlite, section 1010-42, trans
mittened light, x 15. 

Photo 9 A garnet grain (dark grey), surrounded by kelyphyte, as an inclusion in 
first generation olivine. Premier Mine Kimberlite, section 1010-40, trans
mittened light, x 15. 

Photo 10 Exsolution bodies of garnet in an altered clinopyroxene along the ( 110) 
direction of the pyroxene. Monastry Mine Kimberlite, section Mon. 1, 
transmittened light, x 25. 

Photo 11 A phenocryst of first-generation olivine showing original undulatory ex
tinction and subsequent recrystallization. Crossed nicols, section Dutoits
pan Kimberlite 2(A), x 25. 

Photo 12 A completely melted primary olivine phenocryst, containing small crystal
lites of a second generation olivine. Transmittened light, section Dutoits
pan Kimberlite 2(A), x 25. 
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Photo 1 

Photo 2 

2 

Photo 3 

Photo 4 

3 4 

Photo 5 

Photo 6 

5 6 

Clinopyroxene phenocrysts, which are zonally altered, due to the original 
zoned nature of the phenocrysts. Premier Mine Felsite, transmittened light, 
X 25. 

Quartz needles, pseudomorphous after trydimite. Premier Mine Felsite. 
(A. Transmittened light, B. The quartz in the needles showing a random 
orientation, crossed nicols), x 15. 

Rims of sphene and magnetite surrounding the altered first generation olivine. 
Section 1010-8, Premier Mine, Kimberlite transmittened light, x 15. 

Needles of rutile in the serpentine pseudomorphous after first..generation 
olivine. Section 1310-10, Premier Mine, Kimberlite transmittened light, x 500. 

Small inclusions of sphene in altered first-generation olivine. Premier Mine 
Kimberlite, section 1010-42, transmittened light, x 500. 

Fibrous tremolite forming in the serpentine pseudomorphous after olivine. 
Premier Mine Kimberlite, section 1310-8, crossed nicols, x 25. 
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APPENDIX 1 - The physical properties and the composition of garnets from garnet perido.tite 

nodules in kimberlite 

A. Presentinvestigation 

0 

Locality & Sample No. 
a,o A n 

A ±. o. 003 ±. o. 003 
G p 

Kimberley Mine Ki 1. 11. 534 1. 750 29 13 58 

.. 

P,M. 893 In 15 11. 522 1. 751 30 11 59 

P.M. 893 In 17 11. 553 1.762 39 16 45 

P.M. 893 In 19 11. 532 1. 756 25 12 53 

P.M. 893 In 11 11. 519 1.754 32 10 58 

P. M. 1010 In 7 11. 511 1. 750 30 8 62 

P. M. 1010 Inl0 11. 524 1. 748 26 12 62 

P.M. 893 In 16 11. 558 1.758 34 19 47 

P.M. 893 In 16 11. 557 1. 755 32 19 49 

P.M. 893 In 16 11. 557 1. 757 34 18 48 

P.M. 893 In 1 11. 542 1. 759 35 15 50 

,, 
" " 11. 539 1. 755 33 14 53 

P.M. 893 In 22 11. 532 1. 748 27 13 60 
(l) 

56 ~ P. M. 893 In 23 11. 537 1. 750 29 15 
•r-1 ;g 
~ :{11. 549 1.754 32 18 50 
(l) 

P. M. 893 In 2 ( •r-1 

18 50 i (11. 550 1. 755 32 

~ (11. 541 1.754 32 17 51 
P. M. 893 In 8 ( 

(11. 540 1.752 30 17 53 

(11. 555 1. 756 32 19 49 
P. M. 893 In 7 ( 

(11. 542 1.752 30 16 54 

(11. 565 1. 742 22 22 56 
P.M. 893 In 6 ( 

(11. 563 1. 741 20 22 58 

P.M. 893 In 5 11. 477 1. 737 18 13 G9 

(11. 528 1. 740 20 13 67 

P.M. 893In4 h1. 524 1. 741 22 12 66 
( 
(11. 524 1. 740 22 12 66 

P. M. 893 In 21 11. 524 1. 750 29 12 61 

( - 1. 736 - - -
P. M. 1010 In4 ( 

( - 1. 737 - - -
I 
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,. .. 

0 

Locality & Sample No. 
ao A n 

A + o. 003 + 0,003 G p 
-

: 

s:: Jager sfontein 6 11. 527 1.752 30 12 58 o,-j 

(l) 

~ " 5 11. 533 1. 751 29 14 57 0 (l) 
~ s:: 
00 ,,-j s~ " 4 11. 554 1. 757 34 18 48 
bl) 
crj 

" 3 11. 516 1. 747 26 10 64 I-:> 

Bultfontein 6 11. 525 1. 751 30 12 58 

" 7 11. 517 1. 748 28 10 62 

" 8 11. 527 1. 746 26 12 62 

(11. 518 1. 745 25 10 65 
(l) ( 
s:: " 1 (11. 528 1. 746 26 12 62 

•,-j 

~ ( 
s:: (11. 527 1. 747 27 12 61 

o,-j 

(l) 

~ Frank Smith 3 11. 521 1. 742 22 12 66 
0 
~ ...... 

" " 4 11. 510 1. 758 37 7 56 :::s 
p:i 

( 1. 756 - - -
( 

" " 2 ( 1. 755 - - -

~ 1.752 - - -
Hololo Kimberlite 11. 537 - - - -

., . 

B. Values obtained from the literature 

11. 561 1. 761 39 20 41 

11. 558 1.754 32 20 48 

11. 552 1. 750 28 20 52 

11. 528 1. 746 26 13 61 
M 
+ 

11. 550 1. 750 28 18 54 
(l) 
s:: 

68 ,,-j 11. 555 1. 756 33 19 
~ 

s:: 
0 

11. 538 1. 755 33 14 53 
-t-> ...... 

11. 544 1. 747 26 18 56 (l) 
00 
00 
(l) 11. 541 1. 745 24 18 58 
?; 

11. 554 1. 752 29 20 51 

11. 531 1.744 24 15 61 

11. 540 1. 747 27 17 56 

(11. 507 1.737 19 9 72 
( 

24 10 66 (11. 513 1,741 
-•·-·· -------- ·---··- ----·-·----·---··-
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0 
ao A n 

A G Locality & Sample No. o. 003 o. 003 
p 

+ + - -

11. 522 1. 741 22 13 65 

11. 544 1. 748 28 17 55 

11. 543 1. 748 27 17 56 

11. 527 1.744 24 13 63 

11. 541 1. 748 27 17 56 

11. 542 1. 749 28 18 54 

11. 545 1.748 27 17 56 

11. 548 1.752 30 18 52 

,-..t 
11. 531 1. 748 27 14 59 + 

Q) 11. 539 1. 748 26 16 58 
i::::: 

•o-4 

~ 11. 553 1. 752 30 19 51 
i::::: 

•o-4 
Q) 11. 530 1.744 24 14 62 
°d 

I 
0 

11. 545 1. 748 26 1 73 ~ -:;j 
P:i 11. 537 1. 746 26 14 60 

11. 556 1. 755 32 19 39 

11. 536 1. 748 18 2 80 

11. 533 1,744 24 15 61 

11. 540 1. 748 27 16 57 

11. 555 1,753 31 20 49 

11. 550 1. 751 29 18 57 

11. 572 1. 765 41 22 37 

11. 543 1. 750 30 16 54 

- 1.754 - - -
C'.:I 

1. 762 + - - - -
00 
Q) - 1. 737 - - -.µ 

•o-4 -;..i - 1. 738 - - -Q) 

.0 s - 1.754 - - -•o-4 

~ 

i::::: - 1. 737 ctj - - -
•o-4 
00 
00 - 1.738 - - -:;j 

~ 
- 1. 754 - - -
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0 
ao A n 

Locality & Sample No. 
+ o. 003 o. 003 

A G p 
+ -

-
11. 590 1. 773 47 26 27 

11. 538 1. 768 45 12 43 

1"'"-l 11. 555 1. 755 33 19 48 
+ 

(I) 11. 544 1. 749 28 18 54 
i::::: ..... 
~ 
i::::: 

11. 577 1.763 38 22 40 
..... 
(I) 11.543 1. 750 28 16 56 
~ 
0 I 

4-4 11. 544 1. 747 26 17 57 I 

00 I 
~ 
(I) 

I 

bD 11. 530 1.744 24 14 62 
; 

cd 
I-;) 

11. 547 1. 755 33 17 50 

11. 532 1. 745 42 12 46 

11. 553 1. 755 32 18 50 

1"'"-l 
+ 11. 551 1.753 32 18 50 
~ ..... 
s 11. 549 1.752 30 18 52 
00 

I ~ 11. 541 1. 749 28 17 55 
! cd 

I ~ 11. 533 1. 743 24 15 61 
~ 

11. 550 1.753 32 18 50 

1"'"-l 00 
+ ,+,,) ~ 11,550 1. 749 27 19 54 

~ .s 
.0 C.) 

11. 539 1. 747 27 15 58 0 ..... 
~:> -•-- . - ,. 

1"'"-l 
+ 11.550 1. 749 28 19 53 

i::::: 
cd 

11. 539 1. 749 28 16 56 0. 
00 

,+,,) ..... 
11. 534 1. 747 26 15 59 

~ 
Q 11. 549 1. 751 29 17 54 

I 
I 

. 

i 11. 546 1. 750 28 18 54 
I 

I 1"'"-l 11. 576 1. 768 43 22 35 + 
(I) 
i::::: 11. 536 1.744 42 12 46 ..... 
~ 
00 11. 547 1. 747 26 17 57 
~ 
(I) 
(I) 11. 541 1. 745 25 18 57 
~ 
(I) 11. 558 1. 755 33 20 47 
Q 

11. 546 1. 749 27 18 55 

11. 537 1. 745 25 15 60 

~1 
Kimberley 11. 542 1. 746 25 17 58 

--
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_ .. 

0 

Locality & Sample No. 
ao A n 

A ±. o. 003 ±. o. 003 
G p 

11. 540 1. 749 28 16 56 

,--.j 11.555 1,754 33 19 48 
+ s 11. 550 1. 749 28 19 53 
~ 

"'O 
00 11. 543 1. 749 28 18 54 ~ 
(D 
~ s 11. 546 1. 749 28 18 54 
~ 
~ 11. 546 1. 749 28 18 54 

: 
11. 549 1.752 30 18 52 

+l 
Monastry 11. 542 1. 749 28 18 54 

+ 1Koffiefontein 11. 547 1.754 32 17 51 

+1 
Excelsior 11. 537 1. 747 27 15 58 

11. 564 1. 756 33 18 49 

11. 549 1. 750 28 16 56 

11. 549 1. 751 29 16 55 

11. 540 1. 747 25 16 59 

11. 545 1. 750 29 11 60 

11. 544 1. 747 26 14 60 

11. 542 1. 747 25 15 60 

(D 11. 552 1. 749 27 20 53 
-+-) ..... - 11. 548 1. 748 26 16 58 ~ 
(D 

.D s 11. 541 1. 746 25 15 60 ..... 
~ 

11. 537 1. 747 26 13 61 
~ 

~ 11. 541 1. 749 28 14 58 
00 

-+-) 
~ 11. 548 1. 750 27 18 55 ~ 

11. 540 1. 746 24 16 60 

11. 540 1. 747 25 16 59 

11. 556 1. 756 32 20 48 

11. 541 1. 750 28 15 57 

11. 538 1. 747 27 12 61 

11. 536 1.744 23 14 63 

11. 535 1. 752 30 15 55 

11. 524 1. 746 26 12 62 
, 
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0 
ao A n 

A G Locality & Sample No. + 0.003 0.003 
p 

+ - -

11. 541 1.753 30 15 55 

11. 538 1. 748 28 14 58 

11. 542 1. 751 29 13 58 

11. 535 1. 750 28 13 59 

Q) 11. 568 1. 758 35 23 42 ~ ..... -~ 11. 540 1. 750 28 15 Q) 57 
.0. s 11. 528 1. 746 26 12 62 ..... 
~ 
~ 11. 553 1.753 29 20 51 ~ 
0 -00 
~ 11. 555 1.753 29 20 51 
cd 
~ I 

~-.11. 553 1. 752 29 20 51 ' _.~ ..... 

11. 557 1. 764 39 21 40 I 

c. Garnets from Various Localities 

0 

Locality & Sample No. 
a_o A n 

A G 
0.003 0.003 

D p 
+ + - -

+4 Peridotite Kaalvalei 11. 545 1. 753 32 17 51 : 

I 
If If Kao 11. 548 1. 749 3.692 27 18 55 I 
" !f Malibe Matso 11. 546 1. 748 3.681 28 18 54 

" " Thaba Putsoa 11. 537 1. 747 3.680 26 15 59 

If If 11 If 11. 538 1. 749 3.679 28 15 57 

If If " If 11. 553 1. 749 - 28 20 52 

If If Sekhameng 11. 565 1. 758 3.715 35 22 43 

ff ff Lauwrencia 11. 528 1. 743 3.712 25 13 62 

If ff Dut.91f ~pan 11. 531 1. 746 - 23 15 62 

It If USSR 11. 522 1. 738 - 18 13 69 i 

ff It ff 11.485 1. 732 - 15 5 80 

I If It Lesotho. - 1. 742-46 - - - -
+5 

' 
A3 Garnet. Lherzolite 11. 534 1.744 24 15 61 

A4 
It Harzburgite 11. 559 1. 756 34 19 47 

A6 
If If 11.524 1. 737 18 13 69 

A2 
If Peridotite -- 11. 537 L 735 15 18 67 

A5 
Tl Harzburgite 11. 567 1.759 36 21 43 

A Tl If - 1.763 - - - -g 
A17 

If Websterite - 1. 745 - - ·-
·----
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D. Garnets from Regional Peridotites from Norway 

0 
ao A n 

Locality & Sample No. + o. 003 + 0.003 D A G p 
-

+5 

N23 Garnet peridotites 11. 532 1. 753 32 13 55 

N26 " " 11. 532 1. 747 27 13 60 

N69 " " 11. 534 1. 742 22 16 62 
I 

N70 " II 11. 530 1. 749 28 13 59 

N71 " II 11. 528 1. 746 26 13 61 

N67 " " - 1. 741 - - -

N68 " " - 1.752 ·- - -

N75 " " - 1.752 -· - -

N76 " " - 1. 740 - - -

N77 " " - 1.744 - - -
Garnet " - 1.758 - - -

************ 
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Appendix 1: 

A 

G 

p 

The physical properties and the composition of 

garnets from garnet peridotite nodules in kimberlite. 

0 
G 

0 . 

percentage almandine. 

percentage grossular. 

percentage pyropes 

+l. After Rickwood et al., (1968). 

+2. After Bobrievich et al., (1959). 

+3. After Mathias & Rickwood, (1969). 

+4. After Nixon et al., (1963). 

+5. After O'Hara & Mercy, (1963). 
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APPENDIX 2 - The physical properties and the composition of garnet in kimberlite 

A. PRESENT INVESTIGATION 

0 

Locality ao (A) n 
A G & Sample No. 

~ o. 003 + 0.003 -

P. M. Ti 100 11. 522 1. 752 31 10 

P.M. Ti 101 11. 529 1. 749 28 12 

P.M. Ti 102 11. 515 1. 752 32 8 

P.M. Ti 103 11. 518 1. 750 29 10 

P.M. Ti 105 11. 524 1. 751 30 12 

P.M. Ti 106 - 1. 750 - -
P.M. Ti 107 11. 521 1. 746 26 11 

P.M. Ti 108 11. 516 1. 750 30 9 

P.M. Ti 109 11. 521 1. 756 35 10 

P.M. Ti 110 11. 533 1. 752 30 14 

P.M. Ti 50 11. 533 1. 752 30 14 

P.M. Ti 52 11. 525 1. 749 28 12 

P.M. C. F. 302 11. 521 1. 751 30 11 

P.M. A. C. 1 11. 522 1. 751 31 11 

P.M. 1060 - 43 11. 537 1. 745 24 15 

P.M. 1060 - 26 11. 545 1.758 36 26 

P.M. 1060 - 29 11. 533 1. 750 28 13 

P.M. 1060 - 22 11. 583 1. 749 26 28 

P.M. Concentrate 11. 522 - - -

Riverton 1 11. 524 1. 747 27 12 

" 2 11. 524 1. 750 29 12 

" 3 11. 523 1. 753 32 11 

" 4 11. 528 1. 749 28 12 

" 5 11. 515 1. 748 28 9 

II 6 11. 515 1. 747 27 9 

II 7 11. 522 1. 748 28 12 

" 8 11. 518 1. 749 28 10 

" 9 11. 520 1. 749 28 11 

" 25 11. 521 1. 748 27 11 

" 26 11. 520 - - -
----··-·--··--

225 

p 

59 

60 

60 

61 

58 

-
63 

61 

55 

56 

56 

60 

59 

58 

61 

38 

59 

46 

-
j 

61 

59 

57 

60 

63 

64 

60 

62 

61 

62 

-
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0 
ao (A) n 

A G Locality & Sample No. p 
+ 0,003 + 0,003 - -

-- -

Bellsbank 1 11. 520 - - - -
II 6 11. 508 1. 755 35 6 59 

II 7 11. 516 1. 747 27 10 63 

II 8 11. 505 1.753 32 6 62 
• 

" 9 11.496 1. 738 20 6 74 
: 

" 10 11. 531 1. 750 29 12 59 

II 18 11. 511 1. 750 30 8 62 

" 19 11. 507 1. 742 24 9 67 

I " 20 11. 540 1.753 32 16 52 
: 
i II 21 11. 503 1.758 37 5 58 
I ,, 22 11. 607 1. 761 36 32 32 

II 23 11. 512 1. 751 31 8 61 

" 24 11. 549 1. 769 25 31 44 

" Concentrate 11. 578 - - - -
II 25 11. 556 1.768 37 18 45 

Frank Smith 4 11. 535 1. 751 30 14 56 

" 5 11. 519 1. 752 29 6 65 

II 6 11. 517 1. 748 28 9 63 

' " 1 11. 522 1. 750 30 9 61 

" 2 11. 523 1. 750 30 9 61 

" 3 11. 513 1. 749 29 9 62 

" 7 11. 525 1. 747 27 12 61 

II 8 11. 532 1. 750 29 13 58 

" 9 11. 520 1.754 33 10 57 

" 10 11. 519 1. 746 26 10 64 

II 12 11. 517 1.748 28 10 62 

II 13 11. 512 1. 750 30 9 61 
---~------

Jager sfontein 10 11. 505 1. 752 32 7 ' 61 

" 11 11. 231 1. 746 26 14 60 

--·· . -· ~-

De Beers 7 11. 510 1. 753 33 7 60 

II 8 11. 502 1. 752 32 5 63 

II 9 11.493 1. 746 27 3 70 

IT 10 11. 499 1,750 30 4 66 
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=·-: 
0 

ao (A) n 
A G Locality & Sample No. p 

+ o. 003 + 0.003 -

Kamfersdam 15 11. 497 1.734 16 7 77 

" 16 11. 508 1. 747 28 8 64 

" 18 11. 515 1. 748 28 10 62 

" 19 11. 512 1. 741 22 10 68 

" 17 11. 518 1. 751 31 9 60 

" 20 11. 522 1. 755 
i 

34 10 56 I 
-~-

I 

Finch 1 11. 505 1. 738 20 9 71 ; 
I 

-· - ---·••-•-----· ... i· 

Lovedale 1 11. 528 L 747 27 13 60 i 
t 

! 
Brakfontein 1 11. 527 - - - - : 

Carmel R. 4 11. 529 1. 764 42 10 48 

" R. 6 11. 521 l. 750 29 10 61 

" R. 7 11. 512 1.753 33 8 59 

" V. 6 11. 533 1. 753 32 13 55 
! 

" V.7. 11. 518 1. 747 27 10 63 

Hololo 11. 552 - - - -

Ngopetso 11. 521 - - - -

Kolo. 2. 11. 515 - - - - I 

B. Values obtained from the literature l 

Locality & Sample ao~ (R) n 
D A G p 

No. + 0.003 + 0.003 - -

- 1. 741 - - - -
- 1. 750 - - - -

00. - - 3.748 - - -
(1) 

+,) ..... 
3.737 - - - - - -~ 

(1) 

.D. 
I 1. 783-1. 790 E - - - - -

~ 1. 790-1. 802 - - - --
~ 
C'd ..... 1. 795-1. 802 - - - -00. -
00. 
;:j I 

~ - i 1. 795 - - - -
,-1 

+ ! 

11. 551 , 1. 785 - 58 12 30 
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0 

Locality & Sample ao (A) n 
D A G p 

No. + o. 003 + o. 003 - -

- 1. 781 - - - -
11. 496 1. 725 - 8 8 84 

11. 530 1. 767 - 43 10 47 

11. 456 1.734 - 18 0 82 

- 1. 741 - - - -
00 11. 535 1. 747 - 26 15 59 
Q,) 

-+,J -~ 11. 571 1. 754 32 22 46 - -~ 
Q,) 

.D 11. 580 1.762 38 24 38 s -
-~ 
~ 11. 532 1. 764 - 42 12 46 
i::::: 
c,j -~ 11. 588 1. 767 - 42 25 33 00 
00 
::$ 

1. 770 ~ - - - - -
,--t 

+ - 1. 741-1. 754 - - - -

- 1. 737-1. 762 - - - -
- 1. 7 4 0-1. 7 54 - - - -

- 1. 754 - - - -
- 1. 748 - - - -
- 1. 754 - - - -

- 1. 740 - - - -

2 
+ Zarnitsa Kimberlite 11. 510 1. 749 3.68 29 8 63 

" 
,, 2 11. 534 1. 754 3.75 32 14 54 

" " 3 11. 522 1. 759 3,72 37 10 53 

II II 4 11. 509 1.744 3.73 25 8 67 

II ,, 5 11. 527 1. 749 3.65 28 15 57 

II II 6 11. 532 1. 754 3.77 33 14 53 

" II 7 11. 516 1. 754 3.74 33 9 58 

" " 8 11. 511 1.744 3.76 24 10 66 

00 11.513 1. 736 3.72 18 11 71 
Q,) 

-+,J 

11. 513 1. 736 3.72 18 11 -~ 71 -~ 
Q,) 

.D - 1.737-46 3.68 - - -s -~ 
~ - 1. 737-46 3.68 - ... -
i::::: 
c,j 11. 510 1. 757-70 3.85 37 8 55 -~ 
00 
00 

cY':) ::$ 
+~ 11. 510 1. 757-70 3.85 37 8 55 

+4 
1. 767 43 13 44 Mir 11. 542 -

-----
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---,: __ ··- _ _:_::::.-:::~~ ·-
0 

L0cality & Sample ao ( A) n 
D A G p 

No. + o. 003 + 0,003 ---
+5 
• Thaba Putsoa 11. 531 1. 750 3.696 29 13 58 

, " Solane 11. 535 1. 751 3.726 30 14 56 

" Liqhobong 11. 535 1. 750 3. 711 30 14 56 

" Kao 11. 537 1. 756 3.762 34 14 52 

" Kimberley 11. 528 1. 748 - 28 12 60 

{ao Concentrate 11. 509 1. 732 - 14 10 76 

" " 11. 525 1.734 - 15 13 72 

" " 11. 511 1. 735 - 17 10 73 

{ao Kimberlite 11. 528 1. 746 3.690 25 13 62 

" " 11. 528 1. 738 - 19 14 67 

" " 11. 590 1. 767 - 42 28 30 
,, 

" 11. 659 1. 799-1. 807 3.756 - - -
" " - 1. 758 3.770 - - -

--
t-6 nhechoslovak Kimb. - 1. 740-8 - - - -

" " - 1. 748-52 - - - -

" " - 1. 752-60 - - - -

" " - 1. 760-8 - - - -

-7 Belgium Congo - 1. 746-50 - - - -

" " - 1. 735-40 - - - -

t-8 : : Les:>tho Average - 1. 740- 46 - - - -
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Locality & Sample ao (R) n A G p 

No + o. 003 + 0.003 -

+gK b 1 · 1m er ey Region: 

Kimberley Pool 11. 518 1. 750 29 11 60 

Olifants Kop 11. 520 1. 746 25 13 62 

" " 11. 529 1. 742 22 13 65 

Frank Smith 11. 537 1. 753 32 12 56 

Bellsbank 11. 532 1. 757 33 12 55 

Jagersfontein 11. 532 l. 747 25 13 62 

Kamfersdam 11.534 1. 747 25 13 62 

" 11. 522 1.738 18 13 69 

Klipfontein 11. 536 1.744 23 16 61 

S.W.A.: 

Berseba Reserve 11. 533 1. 751 30 12 58 

" 11. 528 1. 749 28 12 60 

Lichtenfels 11. 539 1. 748 28 12 60 

" 11. 557 1. 750 27 20 53 

" 11. 542 1. 746 24 17 59 

" 11. 524 1. 742 22 10 68 

Colossus 11. 544 1. 755 33 15 52 

Banonkero 11. 546 1.763 40 12 48 

Yengima 11. 541 1.752 30 12 58 

Mwadui 11. 539 1. 749 28 12 60 

Mamungo 11. 539 1. 752 31 11 58 

" 11. 540 1. 744 23 15 62 

l\'!puru 11. 603 1.768 43 25 32 

" 11. 567' 1. 764 40 18 42 

" 11. 641 1. 764 35 35 30 

Itagata 11. 554 1. 761 37 18 45 

" 11. 545 1. 754 32 15 53 

" 11. 542 1. 751 29 15 56 

" 11. 542 1. 748 28 14 58 

Tambola 11. 602 1. 767 43 25 32 

II 11. 562 1. 742 19 22 59 

" 11. 556 1.758 35 18 47 
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.. 
Locality & Sample ao (R) n 

A I No ±. o. 003 + o. 003 
G p 

i 

l 
I 
I 
I 

Kimbelekise 11. 545 1.752 30 15 55 

II 11. 515 1. 738 19 9 72 

Mingui 11. 532 1. 755 33 20 57 

Gonambogo 11. 535 1. 753 31 11 58 

Magoba 11. 542 1. 745 25 13 62 

Daraja 11. 541 1. 747 26 14 60 

II 11. 516 1. 745 23 9 68 

Kitura 11. 541 1. 751 29 15 56 

Mayaha 11. 538 1. 754 32 11 57 

Mvelevele 11. 548 1. 752 29 16 55 

II 11. 537 1. 748 27 13 60 

Makilawa 11. 537 1. 746 25 13 62 

Munu 11. 533 1. 749 29 11 60 

Kolongo 11.533 1.743 21 13 66 

II 11. 531 1. 745 25 11 64 

*************** 
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Appendix 2: 

A 

G 

p 

+l. 

+2. 

+3o 

+4. 

+5o 

+6. 

+7. 

+8. 

+9o 

The physical properties and the composition of 

garnet in kimberlite. 

percentage almandine. 

.. percentage grossular. . 
0 percentage pyrope. . 
After Bobrievich et al. 9 (1959). 

After Smirnov (1960). 

After Milashev (1965). 

After Min. abst~(l961-29 P• 289). 

After Nixon et al. 9 (1963). 

After Kopecky (1963). 

After Verhoogen (1938). 

After Dawson (1962). 
After Gratton-Bellow (19669 P· 26) 

IoMoA• (Volume). 
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APPENDIX 3 - The physical properties and the Composition of garnets from 
Eclogite 

0 

Locality & Sample ao(A) n D A G 
No. + o. 003 + o. 003 -

I *1) 
I 1. Kyanite eclogite 
I 
IRussia Z60 11. 613 1.758 23 33 

Z15 11. 631 1. 751 25 39 

I Z52 11. 653 1. 742 17 45 

Z24 11. 647 1. 759 32 41 

Z48 11. 672 1. 751 23 52 

Z49 11.683 1. 745 18 53 

Roberts Victor RV 15 
11. 650 1. 751 25 43 

*2) 
11. 652 l. 750 23 44 Bellsbank 

Roberts Victor 11.524 1. 743 23 12 

11. 691 1. 755 28 52 

11. 605 1. 751 26 32 

11. 647 1. 758 32 40 

11. 562 1. 746 25 22 

11. 669 1. 757 28 49 

2. Grospydite 
*l) 

Russia 1. 11. 717 1. 745 16 62 

Z6 11. 737 1. 745 15 67 

Z8 11. 737 1. 741 12 67 

Z34 11. 751 1. 742 12 72 

Z38 11. 767 1.743 12 74 

Z28 11.777 1. 739 8 78 

Z33 11. 790 1. 740 7 88 

Z63 11. 683 1. 757 28 - 53 

Z3 11.696 1. 741 13 58 

Z43 11. 709 1. 741 13 60 

Z37 11. 724 1. 746 17 64 

Roberts Victor 
*4) 11. 680 1. 751 23 52 

---

Kao Eclogite 
*5) 11. 585 1. 761 3.835 37 27 

Kao " 11,565 1.768 3.898 43 20 

" " 11. 539 1.784 3.995 59 10 

Qaqa ,, 11. 521 1. 796 4. 076 - -

233 

p 

44 

36 

38 

27 

25 

29 

44 

33 
I 

65 

20 

42 i 
: 

28 i 

53 

23 

22 

18 
! 

21 I 
i 
I 

16 

14 

14 

5 

19 

29 I 

\ 
! 

27 ! 

19 

25 
----

36 

37 

31 

-

2/ ....... . 
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0 

Locality & Sample ao (A) n 
D A G p 

No. + o. 003 + o. 003 - -

*6) 
3. 64 Collossus Eclogite - - - - -

" " - - 3.75 - - -

" " - - 3.72 - - -
*7) 

1. 748 3.720 Chechoslovakia" - - - -

" " - 1. 746 3.705 - - -

" " - 1. 747 3. 704 - - -

" " - 1. 748 3.698 - - -
" " - 1. 765 3.720 - - -
" " - 1. 748 3. 718 - - -

" " - 1.744 3.704 - - -

" " - 1. 740 3.688 - - -
u.s.s.R. " 

*8) 
11. 663 1. 745 2.74 21 45 74 

" " 11. 841 1. 753 3.627 - - -

" " 11. 516 1. 754 3.74 34 8 58 

" " - L 741 - - - -

" " - 1. 725 - - - -

" " - 1.734 - - - -

" " - 1. 765 - - - -

" " - 1. 765 - - - -
*2) 

11. 524 1. 744 26 12 62 Mitchemanskraal -
11. 523 1. 741 22 13 65 

Goedgevonden 11. 581 1. 745 22 28 50 

Crown Lace 11. 627 1. 741 17 40 43 

Wilsons (Tanzania) 11. 614 1. 768 41 32 27 

11. 623 1. 745 21 38 41 

11. 597 1.752 27 31 42 

11. 626 1. 766 39 34 27 

Roberts Victor 11. 565 1. 751 28 22 50 

11. 539 1. 764 42 12 46 

11. 528 1. 757 36 12 52 

11. 516 1. 738 19 11 70 

11. 552 1. 772 48 25 27 

11. 543 1. 755 32 16 52 

3/ ......... . 
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Locality & Sample ao (R) n 
D A 

No. :i: o. 003 :i: 0.003 
G p 

Roberts Victor 11. 545 1. 763 40 26 36 

11. 501 1.742 23 7 70 

11. 669 1. 759 32 45 23 

11. 677 1. 757 37 48 15 

11.598 1.767 42 28 30 

11. 585 1. 746 23 27 50 

11. 541 1.761 38 15 47 

11. 531 1. 763 40 12 48 

11.544 1. 756 33 17 50 

11. 532 1. 762 39 12 49 

11. 528 1.762 40 10 50 

11. 531 1. 757 35 12 53 

11. 619 1. 759 33 33 34 

11. 614 1. 761 35 32 33 

11. 545 1. 767 43 15 42 

11. 516 1. 736 17 12 71 

11. 547 1. 771 48 12 40 

11. 538 1. 753 32 15 53 

11.531 1. 750 28 13 59 

11. 534 1. 754 32 12 56 

11. 536 1. 760 37 14 49 

11. 607 1.763 35 32 33 

11. 551 1. 759 35 18 47 

11. 537 1.752 30 15 55 

11. 519 1. 741 21 9 70 
i 

11. 553 1. 746 23 20 57 I 
11. 610 1. 767 40 32 28 I 

Jager sf ontein 11. 523 1. 746 26 12 62 

11.596 1. 747 24 31 45 

11. 601 1. 743 19 33 48 

11. 553 1. 754 32 18 50 

11. 523 1. 756 35 12 53 

11. 526 1. 750 29 12 59 

4/ ......... . 
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0 

Locality & Sample ao (A) n 
D A G p 

No. ±. o. 003 + o. 003 -

Frank Smith 11. 523 1. 745 26 12 62 

11. 528 1.758 36 12 52 

Excelsior 11. 517 1. 735 17 12 71 

Bellsbank 11. 508 1. 742 23 12 65 

New Zeeland 
*9) 

11. 531 1. 748 28 12 60 

11. 536 1. 741 21 16 43 

11. 545 1. 770 48 12 40 

U.S.A. 
*10) 

11. 556 1.797 70 12 18 

11. 551 l. 794 68 12 20 

11. 551 l. 794 68 12 20 

4. Corundum eclogites 

1oberts Victor 
*2) 

11. 625 1.748 24 36 40 

11. 637 1.744 18 41 41 

11. 720 1. 745 16 65 19 

Jagersfontein 11. 611 1,735 12 36 52 

. 1 1 't *ll) Regwna ec og1 es 11. 580 1,777 45 23 32 

11. 604 1. 790 62 27 11 

11. 585 1. 760 35 26 39 

11. 608 1. 789 62 27 11 

11. 561 1. 749 27 19 54 

11. 612 1. 796 66 28 6 

11. 594 1. 786 58 25 17 

11. 571 L 769 44 22 34 

11. 591 1. 773 47 27 26 

11. 557 1. 764 42 18 40 

11. 575 1. 767 42 22 36 

11. 577 1. 793 66 19 15 

11. 561 1. 748 26 21 53 

l l. 531 1. 760 38 12 50 

11. 572 1. 757 33 24 43 J 11 

5/ ............ 
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B. Present Investigation 
-

Locality & Sample aotR) n 
D A G p 

No. + o. 003 + o. 003 
~ - -

11 Eclogite 11 B B-1 
2 

11. 544 1. 752 30 16 54 

B B-2 
2 

11. 551 1. 755 33 18 49 

II Jag. 1 11.621 1. 754 28 36 76 

II (C. F. 300) RV 4 11. 529 1. 761 39 11 50 

II RV6 - 1. 755 

II RV5 11. 565 1. 756 33 22 45 

I 
II RV2 11. 510 1. 759 38 7 55 

II 

RVi 11. 527 1. 757 36 12 52 

II 11. 527 1.752 31 12 57 

II 11. 526 1. 755 36 12 52 I 
j 
p 

~-·-~ - ! 

Kyanite Eclogite F.1 11. 506 1. 750 30 5 65 I 
" II 

F. 2 11. 579 1. 751 28 27 45 I 

I! 
II " 11. 649 1. 752 26 42 32 

1 · 

F. 3 I 
j 

i 
'--f. 

************** 
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Appendix 3: 

The physical proportions and the composition of garnets 

from eclogi te. 

A percentage almandine 

G percent~ge grossular 

P percentage pyrope 

~ Sobolev 9 (1968). 

*2 Rickwood et al., (1968). 

*4 O'Hara, (1967). 

*5 Nixon et al., (1963). 

*6 Hall, (1928). 

*7 Kopecky, ( 1960). 

*8 Bobrievich et al. 9 (1959). 

*9 Dicky, (1968), 

*10 Watson 8Xld Morton 9 (1968). 

*11 Hahn Weinheimer et al. 9 (1963). 
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-' APPENDIX 4 - THE CHEMICAL ANALYSES AND THE MOLECULAR NORMS 
" - -- 239 

OF THE VARIOUS PARENTAGES OF GARNET 

A. Chemical analrses 
; 

I 2 3 4 5 6 7 8 9 IO 11 12 13 14 15 16 17 

SiO2 40.47 40. 89 40. 90 41.34 42.83 41. 20 41. 93 41.20 41. 70 38.80 41.98 43.26 41.84 42.73 43.49 42.16 39.43 

A1
2
o

3 21. 56 21. 84 22.81 22.75 22. 30 21. 75 19.20 19.24 20.42 21.00 18.91 19.72 21.55 19.83 21. 53 22.61 21. 28 

Fe
2
o

3 3.83 1. 87 - - 1.03 2.21 3.00 3.22 1. 42 2.25 0.62 2.24 1. 80 0.81 o. 80 0.70 2.08 

FeO 7.84 9.06 13.34 -12.12 6.72 9.31 8.08 7.40 7.27 5.70 7.18 5.61 12.30 7.01 6.38 6.63 20.40 . 
MnO 0.27 0, 30 0.38 0.36 - - 0.33 0.22 0.21 0.44 0.24 0.20 0.31 0.33 o. 36 0.39 0.42 

MgO 19.92 19.17 16.43 16.20 21. 30 19.32 20.03 18.70 20.86 20.60 20.98 20.27 15.88 21. 54 19.28 19.49 11. 33 

Cao 5.09 4.93 4.70 5.17 4.06 4.74 4.93 6.84 5.94 6.72 5.21 4.73 5.99 4.69 4.87 5. 26 5.13 

Na
2
o N.D. N.D. N.D. N.D. - - - - - - - - - - 0.10 - -

·= 

K
2

O " " " " - - - - - - - - - - 0,26 - -
TIO 

2 - - - - 0.40 0.60 1.04 0. 76 0.45 0.38 0.32 0.50 0.27 0.27 0.31 0.23 0.23 

Cr2o
3 1.15 1.79 1. 48 2.96 o. 70 0.33 0.65 1. 56 1. 91 3.82 4. 02 2.70 0.07 2.92 2.34 2.53 0.06 

HO 2 - - - - 0.11 

or• 0.95 1. 00 1. 23 1.12 1.19 0.66 1. 00 1. 16 tr 
NiO - -
Total 100.13 99.85 100.94 100. 90 100.39 100.56 100. 42 100.25 100.38 100.37 100.46 100.39 100.01 100.13 :.:.J)!j. 72 100,00 100. 47 

B. Molecular norms 
*l) 

4.9 3.4 5.1 3.4 Oxides - - - - - - - - - - -
Pyrope 70. 5 68.6 59.8 58.9 57.8 71.8 71.4 67.5 71. 3 71. 7 72.7 73.2 58.3 74.4 68.8 69.1 42.6 

Uvarovite 3.2 5,2 4.4 8. 5 1. 5 0.9 1.8 4.5 5.1 10.4 10.9 7.4 0.3 7. 8 6,6 7.0 0.3 

Andradite 10.1 5,2 - - 2.8 6,8 8,0 8.5 3.7 6.2 1. 7 4.5 5.2 2.1 2.2 2.0 5,8 

Grossular - 2.3 7.9 2,3 6.6 5.6 2.5 4.3 5.7 - 0.3 1. 8 *2) 10.3 1. 6 3,8 4.3 7.6 

Almandine 16.2 18.7 27.9 25.4 13.3 14.9 16.3 15.2 14.2 11.7 14.4 9.7 25.9 14.1 13.5 14.2 43.7 

Total 100,0 100.00 100.00 100.00 100.00 100,00 100,00 100,00 100.00 100.00 100,00 100.00 100.00 100.00 100.00 100.00 100.00 

...... 
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APPENDIX 4 - (Continued) 

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 
--

Si0
2 46. If\ 41.34 40. 90 40. 89 40.47 39.43 38.98 42.25 42.13 40.29 40.79 40. 60 39.46 42.86 42.04 39.00 40. 58 

A1
2
o

3 20.17 22.75 22.81 21.84 21. 56 22.00 21. 52 21. 10 20.56 20.97 12.81 24.95 21.94 23.00 21. 84 22.74 21. 86 

Fe
2
o

3 nd o. 00 - 1. 87 3.83 1. 50 0.91 1.00 1.70 2.75 4.35 1. 44 1. 92 - 1. 92 4.76 3.40 

FeO 8.17 12.12 13.34 9.06 7.84 27.00 28.68 6.86 8.10 7.02 7.39 8.06 6.91 7.71 7.47 9.40 4.86 

MnO 0.18 0.36 - o. 30 0.27 o. 78 1. 80 0.37 0.32 0.43 - 0.17 0.09 0.30 0.24 0.31 1. 27 

MgO 20. 30 16.20 16.43 19.17 19.92 7.95 3.99 20.19 19.95 20.97 17.89 20.44 20.44 20.15 20.51 14. 04 18.72 

CaO 4.90 5.17 4.70 4.93 5. 09 1. 70 3.57 5.05 5.30 4.60 5.46 o. 42 5.18 5.20 4.37 6.44 4.62 

Na2o 0,38 0.31 

K20 1. 42 

TIO 
2 0.15 0.26 0.89 0.51 0.27 0.92 0.90 

Cr
2
o

3 0.38 2.96 1,48 1. 79 1.15 - - 2.71 1. 23 2.84 1. 03 1. 37 o. 30 0.43 2.61 

H
2

0 0,90 1. 53 0.17 

Other 0.10 0.08 0.29 

NiO 0.14 

t'l'.-·.,\.f. 

Total 100.51 100.90 100.04 99.85 100.13 100. 35 99.45 99.76 99.76 100.20 99.72 100.84 99.64 99.81 99.96 99':'32 100.06 

*1) 
3.2 3.6 5.7 2.8 Oxides - - ' 7.9 6.7 

Pyrope 68.4 60.2 60.2 69.0 71. 5 32.7 16.0 72.5 70.4 73.9 69.0 78.3 73.0 71. 2 73.3 53.5 68.6 

Uvarovite 1.1 8.6 4.4 5.3 - - 7.8 3.4 8.1 3.0 - 3,7 0.8 1.3 7.5 

Andradite 5,3 10.1 4.3 2.7 2.6 4.4 3.5 12.0 1. 4 5.1 - 5,3 13.6 4.6 

Grossular 10,9 5.2 7.9 2.3 2.6 0.5 7.4 2.6 5.4 4.2*2 16.0*2 3.2*2 
4.3 12.3 4.4 3.8 5.0*2 

Almandine 16.4 26. 0 27.4 18.1 15.8 58.9 68.2 14.5 16.4 10,3 14.3 13.9 15.7 15.7 21. 2 7.6 

' 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100,0 100.0 100.0 100.0 100.0 

. :.::li);~'.,:;_.~-~ " ~ 
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35 36 37 38 39 40 41 42 43 

SiO
2 40. 62 42.40 41. 52 43.26 42.32 39.94 40. 27 40.23 40. 47 

Al
2

o
3 

23,65 22.56 21.68 20.17 18.87 22.87 22.32 22.34 22.70 

Fe
2

o 3 1. 57 1.46 2,35 2.36 1. 38 0.49 0,98 2.44 4.66 

FeO 15.26 14.43 6.44 6.05 6.79 19.09 11. 08 11.43 10.37 
-- --

MnO 0,46 0.43 0,50 0,44 0.29 0,81 0.14 0.21 0.33 

MgO 13.47 13.64 18.92 19.04 19.93 12.60 7.40 7.25 14.88 

Cao 4.49 4.15 5.65 5.00 5.65 4.55 17.24 15.95 6.34 

Na
2

o 0.10 0.26 nd nd nd 

K20 0.36 0.45 " " " 
TiO 

2 
0,17 0.16 0.04 0.22 o. 80 0.11 0.51 o. 35 0.15 

Cr
2

o
3 0,31 0.29 2,90 2.56 3.67 0.06 0,03 0.04 

H
2

O 0.04 

Other 

NiO 0.005 

Total' 100.00 100.01 100.00 9P.81 99,70 100,50 100,00 100.13 99.94 

Oxides 
*l) 

6.2 7.8 4.1 5. 2 4.0 2.4 5.9 6. 7 

Pyrope 49.4 50.3 67.4 68.7 66,0 46.7 29.5 27.1 54.1 

Uvarovite 0.9 0.7 8.2 7.4 10.4 0.0 0.3 - 0.3 

Andradite 4.4 4.4. 6.5 5.5 3.9 1. 3 2.6 6.6 1. 9 

Grossular 6.6 5.9 o. 9 *2) 0.3 10.7 40.5 36.1 5.3 

Almandine 32.5 30.9 13.8 12.3 14.4 41.3 24.7 24.3 21. 7 

I Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

44 45 46 47 

41. 04 40. 98 40. 92 40,31 

22.69 23.01 21. 97 21. 67 

0. 61 0.70 1. 10 1. 22 

12.64 13.23 15.02 17.66 

0.24 0.43 0.45 0,58 

14.58 15.50 15.33 14.02 

7.77 5. 63 5. 01 3.91 

0.38 0.35 0.47 0.57 

0.07 0.12 0.10 0.12 

100.02 99.95 100,31 100.06 

- - - -
53.9 57.0 55.7 51.7 

0.2 0.2 0.3 0.2 

1. 8 2.0 3.0 3.5 

18.6 12.7 9.5 6.8 

25.5 28.1 31. 5 37.8 

100.0 100.0 100.0 100.0 

48 49 
---

1'8, 40 41, 34 

21. 47 22.45 

1. 68 1,09 

16.57 13.01 

0.99 0. 54 

14.56 17.54 

3.64 3.39 

o. 46 0.42 

0.24 0.24 

100. 01 100.02 

- -
53.8 63.6 

0.7 0.6 

4.8 3.1 

4.2 5.1 

36.5 27.6 

100.0 100.0 

50 

40.21 

22.51 

1. 57 

17.01 

0.32 

11. 67 

6.58 

-

-

-

99.87 

2,9 

43.2 

-
4.5 

13.2 

36.2 

100.0 

241 · 

l~~{:k· 
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51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 

SiO2 39.19 41. 60 41. 30 37. 53 38.32 44.00 41.80 40.56 41.78 39.87 40.44 40. 43 41. 00 43.60 39,88 37.90 

A1
2

o 3 21.34 24.20 21. 79 21.19 20.40 18.40 19,05 20.40 19.60 21. 47 23,69 19.13 22.40 23. 14 21.86 19.90 

Fe2o 3 1. 26 0.63 1. 79 3.07 5.00 6.00 4.40 2.00 3,62 4.9.'5 6.51 4. 94 4.40 0.55 4.02 4.24 

- FeO 25.66 15.19 13.86 18.92 9.90 11.88 14.40 8.28 5.98 8.10 11.38 8.66 6.84 9.93 22.43 0.86 

MnO 0.43 0.21 0.44 0.33 - - - - 0.42 0.23 0.60 0.12 ·1·, nd 2.8 0.11 " 

MgO 8.74 14.81 15.40 13.63 18.86 19.37 14.83 22.89 20. 30 12.89 7.72 20.33 15.12 19.84 1. 60 0.90 

CaO 3.79 2.99 5. 38 3.23 4.48 5.32 5. 04 5,62 12.32 9.86 4.44 10.08 3.06 8.87 35.70 

Na
2

o 0.27 0.15 

K2O lt\ft-r 
·, 

TIO 2 - 0.25 0.18 - 0.27 - - 0.09 0,38 

Cr
2

o 3 - 0.12 0.20 2.20 tr tr 2.62 0.26 0.32 2.12 tr nd 

HO 3.52 
2 

Other 0.14 0.72 0.11 

NiO 

Total 100.4'1 100.00 100.34 100.09 100.48 99.65 99.80 99.17 100.25 100.09 100.52 100.17 99.84 100.21 100.05 100.25 

*1) 
6.6 2.3 4.7 1.8 2.7 18.8 5.0 2.4 13.5 Oxides - -

Pyrope 33.4 54. 0 56.4 50.0 68.2 70.6 54.9 72.0 47.6 29.2 72.5 54. 8 70. 2 6.3 3. 2 

Uvarovite - 0.3 0.7 6.3 - 7.3 0.9 0,9 6. 0 0.0 -
Andradite 3-. 7 1. 8 5.0 2.4 11. 6 12.9 7.1 13.8 18.5 5.2 11. 9 1-.-5 11. 6 11.9 

Grossular 6.8 5.7 8.3 6.3*2 1. s*2 16. 4 *2 
2.2 2.6*2 

17.7 7.3 8. 1*2 
14.4 6.1 13.2 83.0 

Almandine 56.1 31. 6 29.6 32.7 18.4 8.3 28.2 11. 0 17.3 25.3 8.2 13.9 19.7 55.4 1.9 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 ·1-1110 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 

SiO
2 40. 70 42.20 39.00 41.12 40. 24 40.46 40. 52 41.48 43.70 40. 43 41. 58 37.84 39.04 39.90 41. 82 39. 57 

Al
2
o3 20.41 19. 30 22.74 21. 69 22.04 21. 20 22.39 21. 60 23.36 22.32 21. 87 22.82 22.41 28.40 21. 60 22.94 

Fe2o3 0.80 2.80 4.76 3. 63 2.53 2.95 1. 73 1. 81 - 1. 44 4.17 1. 31 2.92 6.51 2.05 1.44 
FeO 8.02 6.10 9.40 17.59 11.19 18.90 15.25 11.71 11.75 11.13 12.55 30.17 24.65 7. 04 18.99 6.37 

MnO 0.15 0.31 - - - - 0.23 o. 30 0.93 1. 37 0.08 0.39 0.08 

MgO 4.58 22.00 14. 04 9.00 9.63 10. 45 11. 28 12.49 14.74 9.62 8.49 6.70 7.49 12.25 9.36 6.96 

CaO 23.57 5.60 6.44 6.59 9.84 6.20 9.00 10.56 6.33 14.73 10. 58 0.60 1. 87 5.06 5.86 21. 97 

Na
2

O {0. 20 
K2O 

TIO 
2 0.34 0.90 0.22 o. 20 0.15 o. 30 1.13 0.13 0.08 0.15 0.60 0.04 0.08 

Cr
2
o

3 tr 3.10 0.02 0.05 - - - - 0.02 0.02 0.42 0.04 0.12 

H
2

O 0.73 

Other 1. 02 o. 76 

NiO 

Total 100,32 101.10 100,52 99,86 99,48 100.21 100 .. 47- . 99. 78 100.01 99.98 99.71 100.37 100.13 100.46 100.15 99.53 

*lY OXides · 9.7 10.3 6.7 4.3 : 6. 3 12.4 3.3 9.2 27.0 7.8 

Pyrope 17.6 74.7 52.5 34.2 36.4 39.1 42.8 46.8 53.2 36.3 32.0 26.2 29.1 44.6 35.3 25.9 

Uvarovite 8.4 - - 0.2 - - 1. 6 o. 3 

Andradite 2.2 5.2 13.6 10.2 7.3 8.6 5.3 7.6 4.1 11.7 1. 8 5. 2 12.2 5.9 4.1 

Grossular 62.8 1. 7 *2) 3.8 7.8 19.2 8.2 19.3 21.4 16.5 35.8 16.7 1. 9 *2) 3. 3 *2) 5. 5 *2) 9.8 56.1 

Almandine 17.4 10.0 20.4 37.5 30.2 39.8 32.6 24.2 24.0 23.8 27.2 66.8 53.2 9. 1 41. 2 13.6 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 

SiO2 41.45 40. 70 39.68 41.69 39.95 40. 09 40.04 39.68 41. 95 40. 76 39.19 41.60 41.42 39.95 42.53 42.24 

A12o 3 21. 71 20.41 23.16 22.72 21. 78 22.26 22.06 22.88 22.20 22.76 22.85 22.28 21. 59 21. 96 22.32 21.44 

Fe
2

o
3 2.93 o. 80 1.01 0.93 2.86 1. 96 2.22 1. 38 1. 93 1. 71 2.59 2.77 2.56 1. 64 0,88 1. 23 

FeO 5!52 8.02 7.53 5.02 4.54 4.20 8.58 11. 00 12.18 7.86 10.35 5.80 2.22 2,84 7.88 7.84 

MnO 0.13 0.15 0.11 0.14 0.15 0,12 0.56 0.14 0.26 0.27 0.16 0.22 0.06 0.15 0.37 0.35 

MgO 5.95 4.58 4.09 4.66 2.94 4.32 7.52 7.18 6.55 10.57 5,17 7. 01 3.29 3.14 20.76 20.78 

cao 21. 73 23.57 24.36 24.00 26.95 26.87 18.50 17.50 14.88 15.85 19.40 19.92 28.26 30.13 4.01 4.05 

Na2o 

K2O 

TiO 
2 

0.22 0,34 0.35 0.19 0.62 0.10 0.34 0.38 0.19 0.30 0.44 0.10 0.11 0.17 0.61 0.66 

Cr
2

o 3 
o. 03 tr 0.02 o. 04 0.03 0.03 0.06 0,04 0.02 tr o. 03 0.08 0,02 0.04 0.95 1. 79 

H
2

O 

Other 

NiO 

Total 99.67 100.32 100.31 99.66 99.82 99.95 99.88 100.18 100.16 100.08 100.18 99.78 99.53 100.02 100.31 100.38 

Oxides 
*l) 

7.7 3.0 7.0 6. 0 1. 9 4.3 8.9 6.0 8.1 3.8 1.4 

Pyrope 22.7 17.7 15.4 17.7 11.1 16.6 27.9 26.7 24. 5 39.7 19. 2 26.1 12.6 11. 8 73.3 73.6 

Uvarovite o. 0 - - - 0.2 0 .. 2 - 0.0 0.2 - o. 2 2.9 5.1 

Andradite 8.5 2.2 3,2 2.7 8.2 5.9 6. 5 6.8 5.5 4.8 7.4 7.7 7.4 4.5 2.3 3.1 

Grossular 49.7 62.6 62.5 61. 8 64. 8 68.3 44.3 39.8 34.8 38,3 45.2 45. 3 71. 3 75.9 4.9 1. 9 

Almandine 11. 4 17.4 15.9 10.8 9.9 9.2 19.2 23.2 26.3 17.2 22.2 12.6 4.9 6.2 16.6 16. 2 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
.. 

ri/ b _,,. u, L, o o v u u (\ " -c. I. 
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.; ·-
99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 

Si02 42.47 41.47 42.15 42.50 42.23 42.29 39.11 41. 45 41. 30 44.76 41. 98 38.59 43.15 42.35 41.20 40.50 
Al

2
o

3 22.74 18.41 21.61 21.58 21. 84 22.34 22.47 23.50 22.00 21. 27 21.19 23.40 26.78 20.26 19.47 21.13 
Fe2o3 o. 35 0 .. 52 1.40 0,81 0.67 0.33 2.06 0.76 2.81 0.43 0.23 2.47 0.82 1. 32 1.54 1.72 
FeO 7.85 6.81 7.73 7.36 7.44 8. 04 18.35 10.08 10.00 14.81 19.37 24.63 9.73 19.73 23.02 18.82 
MnO 0.31 0.33 0.41 0.38 0.27 0.43 0.54 0.33 0.44 0.20 0.22 0.36 0.20 0.21 0.26 0.24 
MgO 20.62 19.39 20.35 20.06 20.73 20.20 11. 57 18.80 18.10 11. 09 9.24 4.98 10.29 7.08 5.63 8.04 
CaO 4.39 6.06 4.50 4.92 4.69 4.41 5.05 5.09 5.33 7.20 7.40 5.33 8.82 8.32 8.22 9.00 
Na2o 0.20 -
K20 0.23 -
TiO 

2 0.43 0.28 0.57 0.53 0.52 o. 43 0.25 0.51 0.28 0.19 0.37 0.24 0.06 0.72 0,65 0.52 
Cr

2
o

3 0.85 85 1.47 2.02 1.88 1.61 0.029 - - 0.05 - - 0.15 0,01 0.01 0.03 

H20 0.68 

Other 

NiO 

Total 100.01 100.12 100.19 100.16 100.27 100.08 100.539 100.52 100.41 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Ozides 
*1) 

2.7 7.8 4.1 9.3 18.3 5.5 5.6 3.9 

Pyrope 73.1 69.6 71.9 71. 6 72.6 71. 6 43.6 66.1 64. 2 41. 5 34.7 19.7 37.9 27.1 21.7 30.9 

Uvarovite 2.4 15.6 .4.2 5. 5 5.6 4.6 0.0 o. 3 0.4 

Andradite 1.1 3. 9 *l) 3.8 2.1 1.7 0.9 5.9 2.1 7.5 1.1 0.7 7.8 2.2 3.8 4.6 4.9 

Grossular 7.4 1.4*2) 3.5 4.7 4.7 5.9 7.8 10.9 6.2 17.8 19.2 7.7 20;7 19.4 18.1 19.9 

Almandine 16.1 9.4 16.6 16.1 15.4 17.0 40.0 20.9 21.1 31. 5 41. 3 55.5 20.5 44.2 50.0 40. 3 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
f} ,. 

~r,.;.-;_ II, ' 
,·~·-'>4;'··1 'c> ·o ·.u <;,: <i. "-~ .,,.,,..~ o'.z,,.-, ,v ··o , .~.~;}:t?~- .. ,' -'.'.' ...... ~ ; . 
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t 

115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 
·t 

SiO2 40. 03 43.23 40.11 38.92 43.83 40.31 40,45 41. 52 37.67 41. 06 42.11 42.77 41. 90 42.44 41. 71 41. 50 
A1

2
o

3 21. 43 19.94 19.57 20.96 21. 78 19.10 23.22 23.01 20.61 22. 54 22.10 21. 91 16.92 22.24 21.55 21. 53 
Fe2o 3 2.13 1. 04 1. 33 2.60 1. 36 1. 65 o. 20 1. 22 1. 78 1. 87 0.35 1. 25 1. 24 1. 56 0.02 1. 68 
FeO 14.90 17.05 23.11 23.68 14.46 22.80 16.13 12.86 25.01 11. 65 8.24 6.79 6.17 4.75 7.36 13.81 

MnO 0.20 0.20 0.21 0.32 0.20 0.21 0,41 0,33 0,87 0.37 0.36 0.26 0,59 0.16 0,31 0.27 

MgO 11. 55 9.03 6.40 1. 68 10.90 6.05 11.86 16.64 2.98 16.49 19.85 20. 70 19.64 21. 53 20.79 15.33 

Cao 9.04 8.58 8.80 10.15 7.23 7.75 8,01 4. 71 10. 36 5.42 4.80 4.65 6.27 4.90 5.22 5.30 

Na
2

o 0.13 0.06 

K
2

O 0,03 0.03 

TIO 2 o. 67 0.92 0.45 1. 69 0.23 2.13 tr 0.46 0.23 0.12 0,30 0.11 0.52 0.61 0.46 

Cr2o 3 0.05 0.01 0.02 - 0.01 0.22 0.63 1. 91 1. 90 7.52 1. 98 2.97 0.12 

H2o 0.16 0.40 

Other 

NiO 

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.44 100.67 100.22 100.42 100.24 100.53 100.36 100.08 100.54 100.00 

Oxides 
*l) 

6.8 11. 3 7.6 6.6 7.6 

Pyrope 43.8 33.8 25.1 6.7 41. 4 23.7 44.2 60.3 11. 9 59.5 70.2 73.8 71. 2 75.5 72.1 57.9 

Uvarovite 0.2 0.0 0.7 1.8 5.7 5.4 16.4 5.5 8.2 0.3 

Andradite 6.4 3.0 4.3 7.7 4.1 5.0 0.6 3.3 5.5 5.2 1.0 3.4 5. 5 *3) 4.2 4.9 

Grossular 17.8 20.0 20.3 21. 2 15.6 14.0 20.6 8.9 24.4 9. 2 5. 8 3.0 3. 3 *2> 6.1 4.6 9.3 

Almandine 31. 8 36.4 50.3 53.1 31.3 50.7 34.6 26.8 58.2 24.3 17.3 14.4 3.6 8.7 15.2 20.0 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100,0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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131 132 133 134 135 136 137 138 139 140 141 142 143, 144 145 146 
·-

SiO2 42.49 42.20 41.20 40. 86 36.94 39.13 44.38 41.19 42.58 40. 61 41. 30 41.06 41. 78 41.42 42. 07 41. 54 

A1
2
o3 23.20 19.30 21.75 23, 11 17.86 19.68 23,63 23.69 22.60 21. 84 21. 67 23,45 22.26 19.97 22.62 21.72 

Fe
2
o

3 - 2.80 2.21 0.43 4.06 tr o. 76 1. 66 0.95 3.99 3.26 1. 80 1. 91 1.31 0.67 0.68 

FeO 8.36 6.10 9.31 7,05 30.52 26,50 5.59 10.15 4.86 13.83 11,84 5,02 7. 08 5.61 5.63 8,98 

MnO 0,19 - nd 0.25 0.32 0.46 0, 20 0,41 0.18 0.42 0,43 0,16 0.45 0.36 0,28 0.32 

MgO 20.26 20.00 19.32 19.72 3.24 6. 76 20.98 17.81 16.19 14.11 15.58 12.03 20.13 20.62 22.44 20.06 

CaO 5. 54 5.60 4.74 6.06 6.79 6,65 4.01 5.28 12.58 4.49 4.79 16.16 4.60 5.07 4.05 4.78 

Na
2
o nd 0.25 tr - o. 04 0.03 0.05 0,08 

K2O nd 0.14 tr - tr tr tr tr 

TiO 
2 0.60 tr 0,11 o. 10 0,28 0,08 0.11 0.10 0,18 0.17 0.28 0,16 0.24 

Cr2o3 0,49 5.10 0.33 1,83 0,019 0,06 0,24 - 0.25 0.84 0,05 2.32 5.20 2.10 1.70 

H
2

O 0.10 1. 02 o. 012 0,30 - - - - -
Other 1.00 0.60 - - - - -
NiO >o. 01 ;>O. 01 - 0.02 0.02 0.02 0.03 

Total 100,33 101.10 100.56 100.38 99.98 100.25 100. 28 100.47 100.34 99.65 99,82 99.91 100.76 99.99 100.09 100.13 
lj. 

*1) 
3.3 3.7 4.3 6.3 5.2 4.1 2,0 OXides - - -

Pyrope 69.5 73.0 69.2 70;0 12·. 7 24.4 74.4 62.0 58;5 52.2 56.9 43.4 71.4 75.1 78i•,.O 7-f)~ ·O 

Uvarovite 1,3 14,6 1. 0 5.1 0,3 0.7 - 0.9 2,4 - 6.4 14.8 -:,.;.~.-... 

4:6 ·5;-9 
' *2) Andradite 6.0 1.1 12.0 -: 2.2 4.6 2.6 11. 2 9.1 5.--2 5.-1 ··3:·5 1.7 1. 7 

Grossular 12.5 7. 6 *2> 5,.3 9.2 7 .. 1 17.2 7.3 9.1 30.2 1. 2 36,7 '' - - 3.0 5:8 
Almandine 16.6 4.8 18.5 14.6 68.2 54.8 11.7 20,0 8.7 29.4 25.2 10,6 15.1 6,6 11.4 17.9 

Total 100.0 100,0 100.0 100,0 100,0 100,0 100. 0 100,0 100,0 100,0 100.0 100,0 100,0 100.0 100,0 100,0 
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147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 

Si02 40. 68 40. 73 41. 20 40.96 40.98 42 .. 45 40.46 44.91 41. 27 40.66 39. 04 49.82 40. 20 41.43 42.07 38,91 

A1
2
o

3 23,00 22.49 23.11 23.30 23.19 19.65 22.72 17.15 22. 70 21.92 21. 85 23.56 20,40 20.76 18.60 19.48 

Fe
2
o

3 2.67 0. 64 1. 59 0,40 2.40 0.61 0.49 1. 68 3.90 - 0,13 0,70 4.00 1. 74 0.97 1. 87 

FeO 12.94 13.28 10.40 11.17 11.11 5.80 13.12 6.45 4.37 15.73 18.42 10. 70 5,04 14.89 5.25 7.30 

MnO o. 42 0.47 0.41 o. 42 0.42 0.28 0.62 - - 0.45 0.47 0.30 - 0.50 0.29 0.31 

MgO 15.79 17.23 17.96 18.12 17.08 20. 74 16.28 14.27 17,20 17.43 9. 04 19. 04 21,89 13.78 24.33 21. 95 

CaO 4.44 4.46 4.55 4,58 4.52 5,21 6.42 11.28 8.57 5.60 10. 63 4.70 4.20 5.36 4.55 5.20 

Na
2
o o. 07 0.06 0.05 0.04 0.04 0.03 > 0.02 1. 01 0.06 0.45 0.09 o. 14 

K20 tr tr tr tr tr 0,01 >0.02· 0,89 0,03 0.13 0.05 0.43 

TiO 
2 0.17 0.19 0,19 0.19 0.15 0.13 0.23 0.46 0.21 0.54 0,59 1. 00 

Cr
2
o

3 0,39 0.91 0.80 0.95 0,32 5. 41 0.12 - - 0,29 0.08 0,03 3.60 0.11 3.35 1.42 

H20 - - - - - nd 0,10 1. 78 0,90 

Other - - - - - 0~05 0.05 

NiO 0,01 0,02 0.03 0.05 0,03 - 0,01 

Total 100. 67 100. 49 100.29 100.19 100.25 100.37 100.61 99.88 98,91 102,80 99,97 99.85 99.33 99.69 100,14 98,01 
,. 

*1) 
3.1 2.1 2.7 4.2 6.8 2.0 Oxides - - - 2.2 1.7 -

Pyrope 58.0 61. 6 64.4 64,8 61. 9 74.4 56,9 50.1 62.0 57.0 33.1 66.8 77.5 51. 5 77.7 73.2 

Uvarovite 1,2 2.6 2.4 2.9 0,9 13.4 0,4 - - 0.8 0,3 9,9 0.3 8,5 3,6 

Andradite 7.5 1. 7 4,3 1.1 6.6 2.0*l 1. 3 4.6 10.9 0.4 1. 7 0.7 4.7 2,3 4,9 
*2 9.9*2 Grossular 2,9 7.0 4.9 7.8 4,3 1. 7 14,5 28.3 11.4 12.4 27.3 10.0 9,0 - 4,0 

Almandine 27.3 27.2 21. 8 23.4 23.6 8.5 26.9 12.8 8.9 29.8 38.9 21. 5 . " 32.3 9,8 14,3 

Total 100.0 100,0 100.0 100.0 100,0 100.0 100,0 100.0 100,0 100.0 100.0 100.0 100,0 100.0 100,0 100,0 

***************** 
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.A:ppendix 4: 

The chemical analyses and the molecular norms of the 
various parentages of garnet. 

The excess Al 2o3 and Si02 in the calculation of the 
molecular norms. 

*2) 
Fe

3
cr2si

3
o12 

*3) 

I~ Garnets from Kimberlite. 

1, 2 Garnet from Mukaro.b, SoW.A., Hall (1938, No. 1774, 

1788). 
3, 4 Garnet from Kimberley Mines, Hall (1938, No. 1787, 

1786). 
5-12 Garnet from Zarnits~; Smirnov (1959). 
13,14 
15,16 

17-24 
25,26 

Garnet from Kao; Visser (1964, 1937-1938). 
Garnet from Russia; Milashev (1965). 
Garnet from Russia; Bobrievich et al., (1959). 
Garnet from Honaus and Amalia; Rep. Leeds. Univ, 

1962--63 0 

27,28 Garnet from S.WoAo and Jagersfontein; Hall (1938, 

29,30 
31 

32 
33,34 

1 776--1 777). 
Garnet from Driekoppies; Hall (1938, 1790-1791). 
Garnet from Kimberley Mine; Visser (1964)~ 

Garnet from Thaba Putsoa; Nixon et al~, (1963). 
:~arnet from Frank Smith and Postmasburg, Holmes 

(1936) · 
35-38 Garnet from Russia; Milashev (1965). 
39-40 Garnet from Lichtfels and Luisenfelds. Hep. Leeds 

Univ. , ( 19 6 2-6 3 ) • 

II. Garnets from Eclogite. 

41 Garnet from Roberts Victor; O'Hara (1966, p. 69). 
42~43 •;aJ:i ... et from Roberts Victor, and Russia; 

Sub ol ev ( 196 5 ) ., 
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44-49 

50,51 

52 

53-54 

55 
56-58; 

59 
60-62; 

64-75 

76-77 

78-79 
80 
81 

82-96 
97-104 

105-107 

III. 

108-120 

121 

-250-

Garnet from Roberts Victor; Aokj_ and Kushiro 
(1968). 

Garnet from Kao; Visser (1964, No 1936, 1934). 
Garnet from Roberts Victor; Hahn Weinheimer 
et al o, ( 196 3). 
Garnet from SoWoAo; Rep. Leeds. Univ (1962-63); 

Hall (1938, No 1775). 
Garnet from Roberts Victor; Hall (1938, 1782)0 

Garnets from Crown Mine, Jagersfontein and 
Roberts Victor, (Hall 1938). 
Garnet Russia; 

Colossus Mine; 
Bobri evich et al. 9 (1959). 

Hall (1938, 4965-4967). 
Garnets from Russia; Bobrievich et al~, (1959). 

Ditto Sobolev (1968). 

Ditto Bobrievich ct al., (1959). 
Garnet from Sarsadskik; Kopecky (1962). 

Garnet from Eclogite; Min abst., (1961 7 p. 19)o 
Garnet from Russia; So½olev (1968). 
Gqrnet from Chechoslovakia; Kopecky (1962). 
Garnet from New Zealand; Dicky (1968). 

Garnets from Regional Eclogiteso 

Garnets from Regional Eclogi tes, Halm Weinheimer 
(1963)0 
Garnet from Saulpe, Austria. Contr. Min. & Petrol 

( 1968 9 340). 
122 Garnet from eclogite; Deer, Howie ru1d Zussman 

(19679 24). 
123 Average llo Alpinotype eclogites Srnulikowski (1968) 
124 Average 12. Eclogites ditto 

IV. 

125 
126-131 

132-133 

Garnets from Garnet Peridotites in Kimberlite. 

From Dutoitspan Mine, Visser (1964, No 1941). 
From S.W.A. and Lesotho; Nixon et·a1. (1963). 

From Kaalvallei and Kao; Visser (1964, No 1947, 

1954) 0 

134 From Postmasburg; Holmes, (1938). 
135 From Russia; Bobrievich et al., (1959). 
136 From Russia; Sobolev, (1964). 
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137-138 
139-140 
141-142 

143 
144-146 
147-152 
153 

-251-

From Russia; Bobrievich et al., (1959). 
From n.ussia t3.nd miwaii; Sobolev, (1964). 
From Region3l Garnet Peridotites; Karlskaret; 
Carswell, (1968). 
Corundum Eclogite from ~ussia 9 Sobolev, (1968)0 
Regional Peridotites? O'Hara and Mercy, (1963). 
Garnet Peridotites; O'Hara and Mercy, (1963)0 
From Bultfontein; MacGreggor and Ringwood, 
(1964)0 

154 Min abst. 9 (19649 706). 
155 From Premier Mine; Hall (1938). 
156 From Frank Smith; Hall, (1938, No 1779). 
157 From Garnet Peridotite; Bull. Geol. Soc. 

Fran9 o (1967, 206). 
158 From Garnet Peridotite; Carnegie Inst. Yearb., 

(1963). 

-·. , . 
J§tf From Bul tfontein, Holmes (1936). 

New anal;yses. 

CF 300; 
CF 301? 
CF 303; 

Eclogite; Roberts Victor. 

Garnet Peridotite; Premier Mine. 

Kimberli te; Frank Smith Mine. 
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Addendum to Appendix 4. 

1. Garnet from Kimberley kimberlite. 
2. Garnet from Mingui kimberlite. 

1 2 

Si02 41.51 41.02 

A.1203 22.93 22.75 
Fe2o3 1.00 1.05 
FeO 10.84 10.19 
CaO 3.62 4.51 
MgO 19.31 18.80 
Na2o 0.09 0.08 
K2o 0 .. 01 0.01 

P205 0.20 0.19 
Ti02 0.48 0.78 
MnO o. 38 0.38 
Cr2o3 tr tr 

100.37 99.76 

Both after P.E. Gratten - Bellow 9 I.M.A. Volume, 
1966 9 p 26). 
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Olivine from Peridotite 
(1010 In 10) h/W'{ 311 

I 
1Io 

d(R) hkl 

20 7.356 -
40 5.116 020 

10 4.717 110 

5 4.103 -
90 3.900 021 

10 3.654 101 

30 3.501. 111 

30 3.479 120 

40 3. 3030 -
60 3.1486 121 

30 b 2.9916 002 

90 2.7666 130 

50 2.5772 -

100 2.5101 131 

20 b 2.4926 -
100 2. 4609 112 

40 2.3468 041 

30 2.3143 210 

80 2.2684 122 

70 2.2473 140 

70 2.1582 211 

40 2.1114 -
30 2.0535 -

30 2. 0311 132 

I 5 l. 9410 042 

I 10 1. 8761 150 

10 1. 8688 -

APPENDIX 5 - A comparison of the d-values and ind<fces 
of olivine from kimberlite to the d-values 
supplied by ASTM 7-79, Elesiev (1957), 
and Yoder and Sahama (1957) 

253a 

Olivine from garnet peridotite Fir st genera tfori olivine 
(893 In 14) /"; /hY ,2 lt.f- (DB 50) F,ln--v 2-l(I 

·• I 
d(R) 1; 1Io 

d(R) 
Io 

30 7.344 - -
20 5.121 40 5.117 

- - - -
- - - -

70 3.890 50 3.887 

- - - -
40 3.499 20 3.495 

40 3.481 20 3.483 

80 3.3008 

20 3. 0034 10 3.0064 

20 2.9936 30 2.9887 

10 2. 9407 (?) 40 2.9368 

5 2. 8750( ?) 40 2.8696 

90 2.7675 70 2. 7675 

5 2.5836 - -
5 2. 5348( ?) - -

100 2. 5115 100 2. 5115 

- - 30 2.4912 

100 2.4609 80 2.4574 

30 2.3468 10 2.3441 

40 2.3166 20 2.3137 

50 2.2673 50 2.2667 

40 2.2482 40 2.2499 

40 2.1596 30 2.1572 

10 2.1119 20 2.1100 

10 2.0530 

20 2.0303 20 2.0292 

10 1. 9481 10 1. 9530 

- - - -

- - - -

; 
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Olivine from Peridotite Olivine from garnet peridOtite First generation olivine 
(1010 In 10) (893 In 14) (DB 50) 

I/ 
Io 

d(R) hkl 1; 
Io 

d(~ 1; 
Io 

d(R) 

10 1. 7892 142 10 1. 7893 - -

100 1. 7483 222 100 1. 7483 100 1. 7482 

30 1. 7380 123 40 1. 7390 40 1. 7376 

40 1. 6698 241 60 l. 6831 30 1. 6681 

10 1.6620 - - - - -
10 1.6499 061 30 1. 6470 

30 l. 6168 - 50 1. 6168 20 1. 6167 

10 b 1. 5878 - 10 1. 5878 -

20 b 1. 5700 - 20 1. 5705 5 1. 5701 

20 b 1. 5647 - 20 1. 5652 5 1. 5661 

40 1. 5393 - 30 1. 5400 

30 1. 4951 004 40 1.4951 20 1. 4841. 

30 1.4775 - 40 1. 4780 

30 b 1. 4696 -
30 b 1. 4367 - 20. b. 1.4359 

30 1. 3952 - 30 1. 3959 

30 1. 3871 -

50 1. 3496 - 70 1. 3500 

-··· -
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Second generation olivine 
D.T.A. 

*1) 
D,T,A, *l) 

D.T.A. 
*1) 

( Be 2 ) r:;/~ 3 :2,4 
A B F 

F;llv\ :2.ts- r-,·lm. ~,~ F:/,-,,.. ·a..1s.--

'l, d(R) 
I 

d(R) 1; d(R) 
I 

d(R) 1Io lio Io Io 

20 7.382 

40 5.132 20 5.116 

10 4.265 

80 3.892 50 3.884 50 3.877 50 3.889 

10b 3.722 10 3.679 

40 3.502 20 3.494 

40 3.233 10b 3.483 20b 3.496 

10 3. 0024 60 3.0167 10 3.1617 

30 2.9887 - 10 b 2.9862 20 2,991.6 

- - - - 20b 2.8741 40b 2. 8703 

100 2.7675 40 2.7668 30 2.7600 70 2.7712 

70 2.6969 

10 2.6187 

80 2. 5111 90 2.5109 100 2.5050 9 2. 5128 I 

10 2.4812 

80 2.4574 100 2.4578 100 2.4512 10b 2. 4557 

20 2.3462 10 2.3468 10 2.3474 

30 2.3143 10 2. 3140 30 1. 3109 

60 2.2681 30 2.2681 20 2.2656 30 2.2667 

60 2.2458 30 2.2463 20 2.2456 5 b 2.2469 

50 2.1584 20 b 2.1559 10 2. 1557 

10 b 2. 1040 

10 2. 0283 10 b 2. 0260 i 

- - 30 1. 9564 10 b 1. 9365 

5 1. 8788 20 1. 9072 

- - 30 b 1. 8384 

70 1. 7914 

70 1. 7498 30 b 1. 7472 20 b 1. 7447 30 1. 7478 

10 1. 7311 

- - 30 b 1. 6723 30 b 1. 6688 
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Second generation olivine 
D. T.A. 

*1) 
D.T.A. 

*l) D T AF *l) 
(Be 2) 

A B 

I 
d(R) 1; d(R) I/ d(R) I/ d(R) /Io Io Io Io 

20 1. 6168 80 1. 6101 

10 1. 5706 

5 1. 5657 

40 1. 5397 40 b 1. 5385 

30 1. 4925 50b 1. 4934 

30 1. 4760 30 1. 4763 

20 1. 4705 

20 1. 3469 30 1. 3561 40 1. 3467 
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- --

A.S.T.M. Elesiev Yoder & Sahama 
7-79, Fo 91% (1957) (1957) 

I d(R) hkl I d(R) hkl I d(R) hkl 

50 5.10 020 60 5.130 020 26 5. 094 020 

10 4.32 110 I 3 4.310 110 

60 3.884 021 90 3,893 021 95 3,881 021 

10 3.722 101 40 3,724 101 35 3.723 101 

20 3.500 111 60 3,494 111 13 3,496 111 

10 3.481 120 40 3,333 030 12 3,477 120 

10 3,010 121 

10 2,994 002 30 2.985 002 41 2,989 002 

100 2.770 130 100 2.772 130 51 2,766 130 

100 2.514 131 100 2.508 131 100 2,510 131 

so 2,460 112 100 2.455 112 100 2,456 112 

20 2.350 041 20 2,326 041 18 2. 345 041 

10 2,318 210 8 2,315 210 

50 2. 271 122 50 2,267 122 

30 2.251 140 80 2.263 HO 48 2.247 140 

10 2.162 { 220, 40 2,158 211 33 2.158 211 
211 

5 2,034 132 20 2. 032 132 

8 1. 940 042 

10 1. 879 150 20 1. 880 150 10 1. 874 150 

20 1. 787 142 

¥ 1. 751 222 100 1. 747 222 

10 1,741 240 

10 1. 733 123 

10 1,672 241 30 1. 670~ 241 

10 1. 639 061 30 1. 640 061 

- - - 10 1.633 232 

20 1. 620 133 30 1. 617 133 

5 1. 591 152 

20 1.568 043 

20 1. 498 004 

20 l. 481 062 60 1. 479 004 
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APPENDIX 5 - (Concluded) 255b 

A.S.T.M. Elesiev Yoder & Sahama 
7-79, Fo 91% (1957) (1957) 

d(R) hkl I d(R) hkl I d(R) 

60 1. 468 062 

1. 396 [ 170, 50 1.394 233 
j 233 

1. 390 312 

1. 352 322 60 1.349 322 

J.-sn /3'-,. 

*1) d - values of olivine formed during the differential thermal 
analyses of serpentine 

d - values of olivine obtained by means of Guinier Camera, and 
Cu K.~ radiation 

****************** 

hkl 

I 
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APPENDIX 6 - THE FOTISTERITE CQNTENT OF THE VARIOUS OLIVINES ACCORDING TO 
d AND a - AND c - VALUES -130---0 -••·---o ----

d130R 
*3 R i *2 

% Fo a C %Fo 
Specimen ( r.o,:J.. %) 

0 0 
(:t::i °i (± o. 002) (±. o. 003) (±. o. 003) 

Monastry 2. 771 93 5,989 92 
*1' 

DB11 · 2.768 98 5.973 98 

Wes 6 2.768 98 5. 979 97 

Be 1 2.768 98 - -
Bel. 15 * l 2.763 100 4.749 5.977 97 

Fs 14 *l 2.766 99 4.754 5,988 97 

Ja 12 2.770 95 4. 753 5. 979 97 

Nogopetso 
*1 

2.768 98 4.753 5,982 97 

Bel 14 
*1 

2.768 98 4.749 5,979 97 

Bel 17 *l 2.768 98 4.749 5.979 97 

w10*1 
2.768 98 4.750 5.978 97 

Bel 16 
*1 

2.766 99 - 5,979 97 

DTA-A 2,767 98 5. 975 98 

DTA-B 2.760 100 5.970 99 

D. T.A. -F 2. 770 ~ 5.974 98 

OLIVINE FROM ULTRAMAFIC N)DULES IN KIMBERLITE 

Jagersfontein 1. 2.763 100 5. 976 97 

" 3 2.770 95 4.750 5,981 97 

" 4 1. 769 97 4,749 5.977 97 

" 6 2. 770 95 4.750 5.982 97 

Kimberley 1 2.767 99 4. 753 5.981 97 

Dutoitspan 2 2.766 99 5.980 97 

Bultfontein 1 2.765 99 5.976 97 

" 6 2.768 98 4. 751 5.981 97 

" 7 2,762 100 4. 754 5.982 97 

" 8 2.766 99 4.749 5.979 97 

" 9 2,765 100 4. 754 5.9~ 91 

De Beers 5 2.764 100 4.749 5.975 98 

Frank Smith 1 2,765 99 5,980 97 

" 3 2.768 98 4. 754 5.982 97 

" 5 2.768 98 4.748 5,980 97 
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APPENDIX 6 (Continued) 

d ·1 % Fo 
*3 

a i C R *2 
%Fo 

Specimen 130 0 0 

(± o. 002 (± o. 003 (:~0. 003 

Premier Mine 893 In
3 2.773 91 4.759 5.~5 87 

II II 893 In
16 

2,768 98 4.753 5,981 97 

" 1010 In
3 

2. 771 93 

" 893 In
8 

2.769 97 

II 893 In
4 

2.773 91 

" 893 In 
5 

2.768 98 

" 893 In
7 

2.769 97 4.752 5,984 97 

" 893 In 
6 

2.770 91, 4.759 5,984 97 

II 1010 In
2 

2.770 9S 5,981 97 

" 893 In
1 

2. 771 93 4,750 5,981 97 

" 1010In
10 

2.767 99 5,980 97 

" 1010 In 
6 

2.770 95 4.751 5,982 97 

II 1010 In 2.768 98 4.750 5,981 97 
7 

" 893 In
14 

2.768 98 4.754 5,979 97 

" 893 In
13 

2.766 99 4.750 5,980 97 

" 893 In
1 

2. 771 93 

" 893 In
17 

2,766 99 - 5.981 97 

" 893 In
11 

2.767 99 4. 751 5,981 97 

" 893 In 
19 

2.768 98 4. 751 5,979 97 

" 1010 In
8 

2.767 99 4.749 5,979 97 

II 1010 In
3 

2.766 99 4.750 5,979 97 

" 893 In
15 

2.766 99 4.748 5. 'ff8 91 

" 893 In18 2. 770 95 4.750 5,978 97 

II CF 314 2.766 99 4.749 5,972 98 

" CF 313 2.769 97 4. 751 5. 916 '" " 893 In23 
2.765 99 4.752 5.881 97 

" 893 In
22 

2,768 98 4.749 5. 975 98 

VALUES AFTER O'HARA AND MERCY {1963} 

N3 2,789 93 
) 

N6 2. 845 92 
I 
I 

s1 2.822 92 
I 
i 

! N70 2,883 90 

N69 2.871 89 

N26 2,956 85 
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,., 

dl30 ~ % Fo 
*3 

Specimen 

Al 2.784 94 

A6 2.783 94 

Al5 2.772 94 

A4 2.805 93 

A 2.793 93 
' 10 

A3 2.799 92 

N67 2.792 93 

N196 2,792 93 

N197 2.795 93 

Nl35 2.817 92 

N21 2,887 88 

A3 2,803 93 

A 2,770 95 
g 

***************** 
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Appendix 6: 

*l 

The forsterite content of the various olivines 
according to d130 , a

0 
and c

0
-values. 

First generation olivine. 

*2 
Forsterite content after Jarnbor and Smith Q964, p. ?J-q). 
The a

0
-value usually gives a 5 per cent lower forsterite 

content than the co-value. The co-value has been used 
as far as possible. 

* 3 
Forsterite content after Yoder and Sahama (1957). 
D.TAo Olivines which formed as a consequence of the 

differential thermal analyses of serpentine. A and B 

were taken from first generation olivine phenocrysts9 

and F was taken from second generation olivine. 
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APPENDIX 7 - The Fbrsterite Content of the olivines from various types of Ultramafic rocks 

according to the optical properties , 

A. Present Investigation 

1. Garnet peridotite nodules in kimberlite 

*1 
Reference 

n.o<.. nf; n~ 2V %Fo 
(±: o. 003) .:!: o. 003 .:!: (0. 003) <±. 1p)" 

Jagersfontein Ja 1 1. 654 1. 673 1. 691 +78° 90 

" Ja 1 +88° 92 

" Ja 3 1.651 1. 661 1.689 - 91 

" Ja 5 1. 648 1.662 1.684 +88° 93 

" Ja 6 1. 646 1.664 1.682 +87° 94 

" ,Ta 4 1. 645 1. 664 1.681 - 95 

Frank Smith Fs. 2 1.652 1. 671 1.689 +88° 92 

" " +87° 96 

II Fs. 3 1. 649 1.667 1.685 +89° 93 

II Fs. 4 1. 649 - 1.686 +89° 93 

P. M. 893 In 1 1.653 1. 670 1. 696 +89° 90 

" 893 In
8 

+87° 96 

II 893 In7 1. 647 1. 666 1. 682 +87° 95 

II 893 In6 1. 654 1. 668 1. 692 +88° 90 

II 893 In
5 

1. 646 - 1.681 +85° 96 

II 893 In
4 

1. 650 - 1. 682 +87° 93 

II 893 In16 1. 656 1.668 1.691 89 

II 893 In 1. 653 1. 667 1. 687 +89° 92 
11 0 

II 893 In14 1. 650 1.668 1.683 +86 94 

II 893 In
13 

1. 650 1. 666 1. 683 94 

II 893 In19 1. 653 1. 667 1.687 +87° 91 

II 1010 In3 1. 642 1. 661 1. 680 +88° 96 

II 1010 In2 1. 658 1. 677 1. 691 +90° 89 

II 1010 In
8 

1. 650 1. 665 1.683 +89° 94 
0 

II 1010 In
7 

1.651 1. 663 1. 684 +87 93 

II 893 Inl5 1. 650 1. 668 1. 686 +89° 92 

" 893 In17 1. 649 1. 668 1.688 +89° 92 

" 1010 In
6 

1. 654 - 1.687 +88° 91 

" 893 In18 1. 646 1. 662 1,683 t840 94 

II 1010 InlO 1. 648 - 1,685 +87° 93 
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*1 
Reference 

IlO(,. n~ nl{' 2V %Fo 
( ±. o. 003) ±. o. 003 ±. (0. 003) (±. 1~ 

) 

P. M. 893 In22 1. 650 1.667 1. 686 +89° 92 

If 893 In21 +87 96 

If 893 In23 1. 647 1. 662 1. 683 +85° 93 

Dutoitspan 2 1. 646 1. 663 1.679 +87° 96 

Bultf ontein No. 1 1. 650 1. 671 1.688 +87° 92 

II No. 8 1. 645 1.664 1.680 +88° 95 

II No. 9 1. 647 1.662 1.682 +89° 94 

II No. 6 1. 642 1.664 1. 678 +84° 97 

II No. 7 1.644 1. 660 1.681 +86° 95 

Hololo 33 +88° 92 

De Beers 5 1. 648 1. 664 1.682 +89° 93 

De Beers 4 +86° 98 

Kimberley 1. 642 1. 666 1. 678 +89° 97 

; 

B. "VALUES OBTAINED FROM LITERATURE 

1. Ultramafic nodules in kimber lite 

O' Hara, (1963)A
1 

1.651 1. 665 1.685 +80° 92 

& Mercy 
All 1. 669 1. 690 91 

A13 1.664 1.683 93 

A14 1. 665 1. 692 90 

A 1.667 1. 691 90 
15 

Al6 1. 668 - 91 

AlO 1. 668 1. 688 +87° 91 

A4 1. 646 1. 665 1.686 +86° 93 

A5 - 1. 667 1.686 +90° 92 

A6 1. 648 1. 666 1.687 +88° 92 

A 1. 652 1.667 1.685 +89° 93 
9 

+85° A3 1. 648 1. 666 1. 686 93 

A17 - 1. 669 91 
0 

Nixon et al, El 1.651 1. 665 1.684 +87½ 92 
(1963) 

E 1. 651 1. 667 1 685 +87° 92 
2 

E3 1.651 1. 668 1.686 +87½
0 

92 
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n,B 2V 
*1 

Reference n ex, n~ %Fo 
(± o. 00~ .±. o. 003 ±. (0. 003) (± lp)o 

Nixon et al. , E5 1. 653 1. 669 1. 687 +88½
0 

91 
(1963) 0 

Ell 1. 652 1.668 1. 686 +87½ 92 

Bobrievich et al. , 1. 670 1. 704 +84° 85 

" 
(1959) 

1. 690 1. 728 +86° 75 

Bobrievich et al., 1. 662 1. 692 +85° 88 

(1959) 1. 650 1.684 
0 

+85 92 

1. 670 1. 696 +86° 85 

1. 660 1. 688 +85-86 
0 

89 

1.654 1. 692 +88° 90 

1. 662 1. 694 +88° 88 

- 1. 686 +86° 92 

1. 650 
0 

1. 686 +86 92 

1. 660 1. 690 +84 
0 

89 

- 1. 692 +87 
0 

89 

2. ULTRAMAFIC BODIES IN REGIONAL AREAS 

O'Hara & Mercy (19 63) 

Nl 1. 665 93 
' 

N3 1. 667 92 

N6 1.667 92 

N7 1. 662 94 

N21 1. 678 -87° 87 

N23 1.697 78 

N26 1.664 1. 685 1. 701 -86° 84 

N64 1. 671 90 

N68 1. 669 +88° 90 

N67 1. 653 1. 671 1. 692 +88° 89 

N69 1. 656 1. 671 1.694 +88° 88 

N70 1.654 1. 672 1. 692 +80° 89 

N72 1. 665 93 

N73 1.668 91 

N76 1. 673 89 

s1 1. 654 1. 671 1. 691 89 
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---

I noG. n~ 
±..nf 003 

2V *1 
Reference D %Fo (±. o. 003) ±. 0. 003 (±.. 10) 

•·• 

Ross et al., (1954) 3.338 89 

" 3.337 89 
If 3.349 87 
II 3.347 87 

" 3. 324 90 
II 3.342 87 

" 3.349 87 

" 3.333 89 

" 3.334 89 

" 3.321 90 

" 3.331 89 

" 3.293 92 

" 3.313 90 

***************** 
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Appendix 7: 

*l) 

The forsterite content of the olivines from 
various types of ultramafic rocks according to the 
optical properties. 

The forsterite values have been determined by cal
culating the average values~ determined by means of 

n .x:., , n /, and n t ) oiler-- T rtij e ~ ( / CfiS"'J p. ~ ·1} 
Since the slope of the curve showing the 2V as a 

function of the composition is too small, these values have 
only been considered when refractive indtces were not 
available. 
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APPENDIX 8 - THE FORSTERITE CONTENT OF THE OLIVINE FROM KIMBERLITE, 
ACCORDING TO THE OPTICAL PROPERTIES 

A. Present Investigation 

Rock and Locality ntf n~ _noe 2V 
%Fo 

No. 
(± o. 003) (±. o. 003) (±. o. 003) (±. lJ))c 

Benfontein Kimberlite *l 1. 685 1. 672 1. 653 +89° 90 Be 1 

Benfontein 
*I 

+89° 90 Be 2 

Dutoitspan 
*I 

+90° 88 DuP. 

--

2 

Dutoitspan +87° 95 Du. Panl4 

Dutoitspan 
*l 

+89° 90 Du. P.11 

" +87° 95 Du P. 11 

Belsbank Kimberlite 1.678 1. 658 1. 640 +87° 95 Bel. 14 

" 1. 677 - 1. 641 +87 
0 

95 Bel. 15 

" 1.681 1. 659 1.644 +87° 95 Bel. 16 

" 1. 683 1.662 1. 646 +88° 92 Bel. 17 

Monastry +90° 88 Mon 1 

Wessel ton 
*l 

1.681 1. 672 1.650 +87° 94 We5 

II 
*1 +89° 90 We3 

II 1. 683 1.666 1. 650 - 93 We 10 

De Beers +86° 98 DBll 

II 
*1 +90° 88 DB 12 

Frank Smith 1.682 1. 646 +88° 94 Fs.14 

Kamfersdam 1. 677 1. 660 1.642 nd. 95 kd. 14 

Jager sfontein 
*1 

1. 686 1. 664 1.653 92 Ja 12 -
Jager sfontein 

*l) +89° 90 Ja 13 

Jagersfontein +85° 99 Ja 13 

Koffi efontein 
*l +89° 90 Kof. 1 

Koffiefontein +88° 92 Kof. 1 

Sover kimber lite +87 
0 

95 Sov. 1 
*l 

Hololo +89 90 

Hololo 135 +90 88 

Lesotho 
*I +89° 90 

0 
95 Hololo +87 

*I +89° 90 D
66 

Lesotho 

II *I +90° 88 
A28 
Melilite basalt -85° 77 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

APPENDIX 8 (Continued) 266 

B. Values obtained from Literature 
--

n \' n1/1 n,.,__,.- 2V 
,) / 

. ._ ... 

%Fo Rock and Locality 
(± o. 003) (± o. 003) (± o. 003) (,:!: \O)° 

D No. 

Yakut Russia 1.684 1. 647 90° 3.~2 91 Sobolev, 
(1964) 

" " 1. 684 1. 650 +88 3. 30 93 

Dalnyaya " 1. 690 1.652 90 

Molatoli Kimberlite 1. 694 1.674 1.656 +90° 3.362 88 Nixon et 
al.,(1963) 

Kauyane 1.690 1.674 1. 656 +88½ 3.340 90 

Liqhobong 1. 697 1.678 1. 660 -89½ 3.378 87 

Siberia 1. 682 1. 663 1. 642 +80-83 
0 

98 

" - - - +86-87° 3,315 100 

" 1.690 - 1. 652 - 90 

Tanzania 
0 

+88 92 

Udachnaya 1. 686 1.650 3.29 93 Bobrievich 
et aij1959) 

Zarnitza 1.690 1. 652 3.38 90 

Legkaya 1. 690 1.654 nd 90 

Dalnaya 1. 699 1. 658 3.36 86 

Udachnaya 1.700 1.662 3.42 84 

S. A. Kimberley 1. 704 1. 668 3.44 84 
·-

(Russian Kimber lite 1. 696 1.658 +84-86 
0 

88 

unspecified) 1.686 1. 650 - 93 

1. 692 1. 658 -86 
0 

85 

1.691 1. 658 +83° 89 

1. 694 1.662 +88° 89 

1. 690 1. 662. +84° 89 

1. 692 1. 668 +86 
0 

90 

1. 694 1. 666 +88 
0 89 

1.696 1. 672 +86° 87 

1. 698 1. 678 +88° 88 

1. 698 1. 676 +88° 88 

1,696 1.676 -87° 84 

1.696 1. 674 -86° 84 

1.694 1. 666 +85 
0 

88 

1.690 1. 650 +84° 90 
-~ 
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APPENDIX 8 (Concluded) 

Rock and Locality n3, n~ n~ 2V D %Fo No. 
0 

(±_O. 003) (±0. 003) (±0. 003) (± 1,0) 

(Russian Kimberlite 

unspecified) 1. 692 1.662 +86° 88 

1. 692 1. 660 +87-88 
0 

88 

Olivinite 1. 686 1. 668 1. 653 +88° 91 Doklady 
( 1965; 
1? 152 

************************** 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

-268-

Appendix 8: 

The forsterite content of the olivine from kimberlite~ 
according to the optical properties. 

Second generation olivineo 

The forsterite content has been determined according 
to the procedure described in appendix 7. 
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APPENDIX 9 - The Chemical analyses and molecular norms of olivine from various olivine-bearing rocks 
A. The Chemical analyses of olivine 

1 2 3 4 5 6 17 8 9 10 11 i 

SiO
2 41. 37 41. 33 40. 82 40. 27 40. 87 40. 74 40. 66 41.68 40. 32 39.62 39.30 

Al
2o

3 0.13 0.18 o. 09 - 0.57 0.06 0.37 1. 40 0.12 - 0.19 
Fe O *2) 1. 14 1.04 1. 14 2.21 - 0.38 0.66 o. 07 0.24 o. 87 1.12 2 3 
FeO 6.24 6.34 8. 06 7.14 6.77 7. 45 7.41 7,76 8.55 11.23 13.43 

MgO 49.61 49. 70 49.10 48.61 50.84 50.46 50.08 48.29 49.44 47.42 45.32 

Cao 0.15 0.15 0,70 - - o. 13 0.14 o. 02 0.23 o. 15 0.02 

MnO 0.11 0.12 o. 06 tr - 0.11 0.14 nd. 0.15 0.17 0.17 

NiO 0.29 0.31 - tr - 0.32 0.28 nd 0.34 0.24 0.23 

K
2O 0.15 0.15 - - - - - - - - -

Na
2

o 0.17 0.19 - - - - - - - - -
TiO

2 o. 07 0.07 - - - - - o. 08 - - -
Cr

2
o

3 - - - - - 0.019 0.02 nd 0.038 0.007 0.011 

H2o 0.22 0.18 0.27 1. 10 0.81 0,23 0.33 nd 0.28 0.33 0.54 

Loss 0.72 0.81 - - - - - nd - - -
*l) 

0.02 0.02 0.44 . 009 0.013 0.006 0.016 Other - - 0.017 -

Total 100.17 100. 41 100. 68 99.33 99.86 99.91 100.10 99.30 99.72 100.05 100. 35 

B. The Molecular norms of the olivine 

Mg
2

SiO
4 92.8 93.0 90.8 92.5 93.3 91. 7 92.6 91. 7 90.5 87.8 85.5 

Fe
2_SiO

4 6.5 6.4 8.3 7.5 6.7 7.7 6. 9 8.3 8.7 11. 6 14.2 
Mn2SiO4 o. 1 0.1 0.1 - - 0.1 0.1 - 0.2 0.2 0.1 
Ni

2SiO
4 0.3 0.3 - - - 0.3 0.2 - 0.3 0.2 0.2 

Ca2SiO4 0.3 0.2 0.8 - - 0.2 0.2 - 0.3 0.2 -

Total *2) 100.0 100.0 100.0 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 100.0 
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12 13 14 15 16 17 18 19 20 21 22 

SiO
2 39.42 39.64 42.30 39.87 40.80 40. 91 40.81 40.65 40. 61 40. 93 40. 30 

Al
2

o
3 0,00 0.00 0,65 - - 0,13 0.10 0.24 - 0.19 0.25 

*2) Fe
2o

3 1. 34 2.40 2.25 0.86 - - - - - - -
FeO 8.96 6.48 6,80 13.20 8.61 8.96 9.46 9.30 8.96 8.86 10.26 
MgO 49.79 50.59 47.75 45.38 49.77 48.95 49.12 49.55 49.88 49.52 48.60 
CaO 0.00 0.07 0. 05 0.25 0.20 0.17 0.07 0.13 0.11 0.08 0.07 
MnO 0.05 0.005 0.11 0.22 0.13 0.15 0.15 0.13 0.12 0.11 0.09 
NiO - - - - 0.38 0.34 0.28 0.28 0.32 o. 30 0.41 
K

2
O 0.09 - - o. 01 - - - - - 0.03 0.03 

Na2o 0.04 - - o. 04 - o. 02 0.01 0.02 0.01 0.03 o. 04 
TiO

2 0.13 - 0.05 o. 03 0.04 0.01 0.035 0.01 0.01 0.15 0.15 
Cr

2
o 3 - - - tr 0.04 o. 03 0.03 o. 04 o. 04 0.05 0.03 

H
2

o o. 08 - 0.10 0.43 0.29 0.20 0.11 0.07 0.05 - 0.33 
Loss - - - - - - - - - - -

*1) 
Other - - - - - - - - - - -
Total 99.90 99.185 100.06 100,80 100.28 99.88 100.19 100. 43 101. 11 100.25 100.56 

Mg
2SiO

4 90.4 93.8 92.3 85. 5 90.6 90.2 89.9 90.2 90.5 90. 3 89.3 

Fe
2

SiO
4 9.6 6.2 7.5 13.9 8.8 9.3 9.7 9.3 9.2 9.3 10.2 

Mn2SiO
4 - - 0.1 0.4 - 0.1 0.1 - - - -

Ni
2
Sto

4 - - - - 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Ca
2SiO

4 - - 0.1 0.2 0.3 0.1 - 0.2 - 0.1 0.2 

Total *2) 100. 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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23 24 25 26 27 28 29 30 31 32 33 

SiO
2 40. 87 41.16 40.55 40. 88 41.32 40.96 - - - - -

Al
2
o

3 0.07 - 0.05 0.11 - 0.21 o. 034 o. 049 0.16 o. 045 o. 070 
Fe O *2) 

2 3 - - - - 0,03 - 6.98 7.06 8. 04 7. 71 6.98 
FeO 8.72 8.89 7.99 8.28 7.49 7.86 - - - - -
MgO 49.78 49.56 50. 57 50.10 49,56 50. 45 51. 61 51. 29 50.44 50.71 51. 31 

CaO o. 07 0.07 0.06 o. 03 0,15 0.13 0.095 0.098 0.106 0.095 0.084 

MnO 0.15 0.15 0.12 0.15 0.29 0.15 0.02 o. 08 0.07 0.09 0.06 

NiO 0.34 o. 30 0.28 0.32 0.31 0.25 0.38 0.34 0.41 0.35 o. 35 

K
2
o - - o. 04 - - - - - - - -

Na
2
o o. 01 0.03 0.06 0.02 0.01 0.01 - - - - -

TIO 
2 0.02 0.015 0.14 o. 015 o. 01 0.01 0. 01 0.012 o. 030 0.020 0.014 

Cr
2
o

3 o. 02 0.02 0.06 0.02 0, 04 0.02 0.004 0.016 0.025 0.006 0.024 

H
2
o 0.05 0.10 0.13 0.23 0.60 0,29 - - - - -

Loss ·- .. - - - - - - - - - 7" 

*l) 
Other - - - - - - 0,002 o. 007 o. 014 o. 004 0.004 

Total 100. 11 100. 30 100.05 100.17 100.09 1()0. 35 

Mg
2

SiO
4 90.9 90.5 91. 6 91. 2 91. 7 91. 5 92.6 92.6 91. 3 91. 4 92.5 

Fe2SiO
4 8.8 9.2 8.1 8.4 7.3 8.0 7.0 7.1 8.3 8.2 7.1 

Mn
2

SiO
4 - - - 0.1 0.1 0.1 - - - - -

Ni2SiO4 0.3 0.3 0.3 0.3 0.3 0.2 0.4 0.3 0.4 0.4 0.4 

C~SiO4 - - - - 0.3 0.2 - - - - -

Total *2) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
I 
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34 35 36 37 38 39 40 41 42 43 44 

SiO
2 - - 41.03 40. 94 40. 30 41.10 39.68 39.90 40.49 42.20 -

A12o3 0.044 0.10 - o. 06 - 1. 00 0.80 1. 20 0.86 1. 31 0.01 
*2) 

8.94 10. 04 1. 37 0.29 6.50 7.10 8.01 2.84 1. 71 7.18 Fe
2
o3 -

FeO - - 6.56 7.30 9.37 2.02 2.45 1. 50 5. 54 5.97 -
MgO 50.24 49.23 51. 01 50.80 48.10 43.50 44.21 43.00 46. 32 46. 97 51. 69 

CaO 0.098 0.109 - - o. 70 1. 21 1. 00 0.76 0.70 0.10 0.103 

MnO 0.08 0.08 0.09 o. 01 - 0.08 o. 04 0.10 - 0.12 0.02 

NiO 0.43 0.37 - - 0.39 nd nd 1. 10 - 0.31 0.33 

K2O - - 0.08 - - 1 
0.10 o. 04 -

',. f 

Na
2
o - - 0.18 0.03 - lo. 10 _) o. 08 _) o. 12 0.70 0.08 --

TiO 0.029 0.082 - - - 0.01 tr 0.02 0.02 0.23 0.044 2 
Cr

2
o3 0.08 0.023 - - - 0.65 tr 0.005 - 0.21 0.039 

H2o - - - 0.38 1. 04 0.50 1. 00 1. 64 0.05 1. 58 -
Loss - - - - 0.019 - - - - - -

*l) 
0.076 0.015 3.50 4.00 3.50 2.88 0.09 Other - - - -

Total 100.32 99.52 100.21 100.17 100. 36 100. 85 99.50 100. 83 -
--

Mg/iO4 90.5 89.7 93.0 94.5 89.1 95. 6 95.5 95.7 93.1 93.8 

Fe2SiO
4 9.1 10.3 6.9 5.5 9.7 2.5 3.0 1.8 6.0 6. 6 

Mn
2

SiO
4 - - 0.1 - - 0.1 - 0.1 - -

Ni
2

SiO
4 0.4 - - - 0.3 - - 1. 2 - 0.3 

ca
2
SiO

4 - - - - 0.9 1.8 1. 5 1.1 0.9 o. 3 

Total *2) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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APPEN"DIX 9 {Concluded) 

45 46 47 48 49 50 51 52 53 54 55 56 

SiO
2 - - - - - 39.18 41. 55 40. 57 40.86 40.83 39.26 40.46 

Al
2
o

3 0.07 0.011 0.29 o. 30 nil 0.44 o. 01 - - 0.39 
*2) 

8.67 8.78 15.91 11. 71 11. 0 0.92 0.12 0.48 0.67 Fe
2
o3 - -

FeO - - - - - 17.12 7.34 8.72 8.41 10.06 10.06 7.74 

MgO 49.72 50.34 44.05 47.08 48.6 42.52 50.83 49.29 49.91 47.94 49.67 49.16 

CaO 0.117 o. 070 0.18 0.096 0.078 0.17 - o. 03 - 0.15 0.17 0.03 

MnO 0.16 0.02 0.13 0.20 Nil 0.16 0.03 - - 0.38 0.17 0.18 
-NiO 0.38 0.57 0.34 0. 53 0.48 0.36 - o. 04 -

K2O - - - - - - - 0,05 0.14 0.12 

Na2o - - - - - - - 0.27 0.30 0.66 

TiO
2 0.021 o. 049 0.14 0.082 0.063 0.06 - - - 0.06 

Cr
2
o3 0.031 0.003 0.034 o. 03 Nil 0.01 - - - -

H2o - - - - - - 0.24 0.19 0.05 0.79 0.64 0.06 

Loss - - - - - - - - - - - 0.86 
*1) o. 07 0.03 0.02 0.08 o. 09 0.03 0.01 0.16 Other - -

Total 100.02 100.00 100. 07 99.84 100.15 100. 45 99.76 

Mg
2

SiO
4 87.7 92.5 90.8 91. 2 89.0 89.3 91. 6 

Fe2SiO
4 11 .5 7.5 9.0 8.5 10.5 10.7 8.1 

Mn
2

SiO
4 0.2 - - - - -

Ni
2

SiO
4 0.4 - - - 0.5 - -

Ca
2

SiO
4 0.2 - 0.2 0.3 - 0.3 

Total *2) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

************************* 
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,'\.-ppendix 9: 

The chemic~l analyses md the molecular norms of 

olivine from various olivine-bearing rocks. 

I. Olivine from kirnberli tes. 

1, 2, From Hussian kimberlites, Milashev (1965). 
3 From Dalnayaya kimberlite; Smirnov (1959). 
4, 5 From De Beers and Klipfontein; Williams (1932)0 
6 From Udachnaya; Bobrievich et al., (1959). 
7 From Zarnitsa; ditto 
8 From Legkaya; ditto 
9 From Dalnaya; ditto 
10 From Udachnaya; ditto 
11 From Kimberley; ditto 

II. Olivine from nodules in basalts. 

12-14 

15 
16-28 

III. 

From Fran9e; 
From Rhum; 

Ross et al. ' 

Olivine from 

Brousse (1968). 

Wilshire and Binns (1961). 

(1954). 

garnet E eridoti tes in kimberli te. 

29-35 Ultr3.Illafic nodules; O'Hara & Mercy, (1963). 

36, 37 Garnet peridotite from Lesotho; Nixon et al.9 

(1963). 

38 Lherzolite; Sobolev, (1958). 

39-42 

43 

IV. 

From Russia; Bobrievich et al., (1959). 

CF313; Premier Mine; New analysis. 

Olivine from regional Peridotites. 

44-49 Regional garnet peridotites; O'Hara & rforcy (1963). 

50-51 Regional garnet peridotite; Carswell 9 (1968). 

V~ Olivine from various Ultrrunafic Rocks. 

52-53 

54-55 
56 

Peridotite; Hamad, (1962-64). 
Bushveld Complex; Heckroodt, (1958). 
Olivine from olivinite; Dokl., (1965; P• 152)0 

*1 )The other constituents have not been to.ken into con
sideration in the calcul~tion of the molecular norm. 

*2 )Has been calculated as hematite 9 and was omitted from 
the molecular norm. 
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I/Io di:: 

10 2.7288 

9 2.5334 

7 2. 2245 

-
5 1.8563 

-
5 1. 7134 

2 1,6190 

2 1.6121 

4 1. 4964 

4 1. 4614 

2 1. 3643 

3 1.3281 

4 1. 2657 

4 1. 2443 

1 1. 1767 

3 1.1484 

2 1.1122 

ao 

co 

c.°; 
ao 

APPENDIX 10 - The indexing of the reflections for llmenite from kimberlite. The d-values were 
obtained by means of a Guinier camera, usi.ng CukcG radiation 

*1) Only the d-values in the range where ihe reflections were indexed, are quoted. . 

Sample:- P. M. -2, Premier Mine ,:=:-,/ft.\ 
3 0/ ASTM-6-0494 *l) 

2 2 " 
I/11 d(i) Sin e cale Sin el Exp.) h kil 

30 4.64 

30 4.18 

45 3. 703 

0.07968 0.07955 10.4 100 2.722 

0.09243 0.09259 11. 0 55 2.527 

0.11990 0.11998 11. 3 70 2.218 

- - - 10 2.090 

0.17216 0.17214 02.4 40 1. 852 
t 

- - - 4 1. 809 

0.20209 0.20214 11. 6 55 1.708 

6 1.6434 

0.22633 0.22652 01. 8 12 1. 6148 

0~22831 0.22821 12.2 - -
0.26495 0.26473 21. 4 30 1. 4938 

6 1. 4708 

o. 27780 0.27777 03.0 40 1. 4592 

2 1. 3919 

0.31875 0.31850 20.8 2 1. 3606 

0.33556 0.33516 10.10 ! 14 1. 3247 

8 1. 3174 

4 1. 2708 

o. 37033 0.370356 22.0 10 1.2634 

0.38316 0.38332 30.6 4 1. 2191 

2 1.2085 

6 1.1978 

0.42842 0.42861 02.10 6 1. 1735 

0.44990 0.44991 13.4 12 1.1462 

0.47954 0. 47990 22.6 10 1. 1125 

10 1. 1093 

= 5. 067 (±. o. 003) 5.054 ao = 
= 13. 975(± o. 005) 13.898 co = 

= 2. 758 

275 

Hounsls:tt>and Chao 
*1) 

h kil I d(i) h kil 

003 10 4. 64 003 

101 5 4.18 101 

012 35 3.705 102 

104 100 2.725 104 

110 40 2.528 110 

113 40 2.218 113 

202 

024 30 1. 853 024 

107 

116 60 1. 709 116 

018 5 1. 617 018 

-
214 20 1. 4958 214 

027 

030 20 1. 4610 030 

303 

208 

1. o. 10 10 1. 3275 1. 0.10 

119 1 1. 3198 119 

217 

220 3 1. 2655 220 

223 I 

131 

128 

0.2.10 

134 

315 

226 

ao = 5.055 

co = 13.907 
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Specimen 

APPENDIX 11 - The physical properties and the molecular percentages of MgTiO
3

, FeTiO
3 

and Fe
2
Q

3 
of the 

chemically analysed specimens of 'ilmenite~ in kimberlite 

0 
co <X) c. 

ao (A) /a D MgTiO
3 

FeTiO
3 

Fe
2
o

3 
(-f o. 003) (+ o. 005) 

A. Values obtained from the literature 
.. 

Geikielite 5.10 14.12 2. 769 - 100 - -
Ilmenite 5.09 14.07 2. 764 - - 100 -
Hematite 5.04 13.77 2.732 - - - 100 

Wakefield (Canada) 5.055 13. 907 2. 751 4.05 79.5 15. 4 4.4 

Crichtonite 5.093 14.060 2. 766 - - - -
Crestmore 5.058 13.929 2. 754 - 96.9 2.4 0.0 

Mukarob (S. W. A.) 1. - - 4.556 32.6 56.2 10.5 

Mukarob (S. W. A. ) 2. - - - 4.376 38.6 52.4 8.6 

Mabuk:i Mine - - - 4.56 24.1 59.4 17.5 

Mabuk:i Mine - - - 4.66 20.3 57.6 22.1 

Kao - - - 4. 51 -(6) 32.3 56.3 11.4 

Thaba Putsoa - - - 4.557 30. 7 54. 0 14.8 

Kimberley Mines - - - 4. 51-(6) 42.1 52.1 5. 8 

Frank Smith - - - - 32.5 55.3 12.2 

Mir U. S. S. R. - • - - 4.61 30.8 52.9 16.3 

Bankoro - - - 4.13 - - -
Bankoro - - - 4.37 37.1 50.4 11. 6 

Bounoudou - - - 4.54 36.9 53.2 9.5 

Crichtonite( Winchell) 5.083 14. 040 2. 762 4.72 - 100 -
Geiki elite (Winchell) 5.086 14.093 2.771 4.02 100 - -
Malaita (Alnoiite) 5.07 13.97 2.755 4.63 23.3 67.2 9.5 

Fafo Ikafo( " ) 5.07 13.97 2.755 4.58 16.1 72.4 11. 5 

N
1 

Russia Kimberlite 5.067 13.81 2.725 4.680 19.4 56.4 24.2 

N2 5.067 13.84 2.731 4.636 26.2 54.4 19.3 

N3 5,072 13.84 2.729 4.625 25.1 55.3 19.1 

N4 5.068 13.84 2.731 4. 608 21. 2 64.8 13.6 

N5 5.069 13.82 2.726 4.590 25.6 60.3 13.6 

N6 5.073 13.84 2. 728 4.580 26.4 58.6 14.7 

N7 5.068 13.82 2.727 4.575 28.8 58.3 12.9 

NS 5.068 13.84 2.731 4.570 29.1 56.7 14.1 

N9 5.070 13.84 2.730 4.650 - -

NlO 5.072 13.86 2.733 4.634 24.6 64.7 10.7 

276 

Reference 

~~rur,1Z£ 
Treger (1960) 

ditto 

ditto 

Hounslow & Chao (1967) 

Berry and Thompson(l962) 

Murdoch & Fahey (1953) 

Hall (1938) 

ditto 

Hall (1938) 

ditto 

Nixon et al. , (1963) 

Dawson (1962) 

Williams (1932) 

ditto 

Smirnov (1959) 

Besson (1967) 

" 
" 

Winchell (1954) 

Min.mag. (1965) 

ditto 

Bobnicvich et al. , 
(1959) 

··-----•···- -
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Specimen ao (R) co(R) cl D MgTiO
3 

FeTiO
3 

Fe
2
o

3 a 

N
10 

Russia Kimberlite 5.072 13.86 2.733 4. 634 24.6 64.7 10.7 

Nll 5. 070 13,84 2.730 4.622 27.7 58, 6 13.7 

N12 5,069 13,85 2,732 4,610 31. 4 54.3 13.8 

N13 - - - -

I N14 5,068 13.84 2.731 4.581 30. 9 55.4 13.3 

I N15 5. 070 13.84 2.730 4,580 32.4 54.1 13,1 
I 
I N16 5,068 13.83 2.729 4.565 34.2 51,7 13.9 

! 
N17 5. 066 13.83 2.730 4.560 36. 9 56,9 5.9 

i 
I 

i N18 5. 068 13.84 2.731 4.557 37.8 52.8 9,3 

I 
N:19 5.072 13,83 2,727 - - - -

B. Present Investhration 

Isipingo tcoetzee) 5,083 14.086 2. 771 - 3,3 86,1 8.9 

Riverton No. 26 5,054 13,954 2. 761 4. 63 

27 5.054 13. 954 2.761 

10 5.067 13,955 2,754 4.45 

11 5.068 13,953 2.753 -

12 5.068 13.962 2. 755 -
13 5,072 13.966 2.754 4.42 

I 14 5.070 13.956 2,753 I -
15 5,071 13,960 2. 753 -

Hololo (32) 5.072 13.980 2.756 -
Hololo 5,068 13.947 2.752 -
Kolo No. 2 5,066 13,968 2.757 -

I Ngopetso 5,081 13.948 2.745 -
1 
I 
i Brakfontein 5,072 13.972 2. 755 I -
' 

I 
Lovedale 5.071 13,973 2,755 -

I 
De Beers No. 30 5.070 13.956 2. 753 -

3 5,067 13.952 2. 754 -

17 5.066 14.000 2. 764 -
5 5,069 13.948 2. 752 -

Frank Smith CF317 5. 070 13.956 2. 753 - 37.8 50,0 11. 8 

Frank Smith 30 5.068 13,977 2.758 -

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

APPENDIX 11 - (Continued) 
278 

Specimen ao (~ co(R.) cl D MgTiO
3 

FeTiO
3 

Fe
2
o

3 
(±. o. 003) (± o. 005) 

a 

K amfersdam No4 5.067 13.962 2.755 -
Kamfersdam No 5 5.071 13.961 2.753 -
Kamfersdam No 6 5.066 13.954 2.754 -
Kamfersdam No 78 5.069 13.983 2.759 -
Kamfersdam No 3 5,069 13.960 2. 754 -
Dutoispan No 1 5.070 13.980 2. 757 -
Dutoitspan No 2 5.067 13.975 2.758 -
Monastry No 2 5.069 13.956 2.753 4.42 

Monastry 13 5.072 13.979 2.756 4.42 31. 7 58.6 9.7 

CF 315 5.066 13.995 2.763 - 46.5 46.7 5.9 

CF 316 5.066 13.955 2.755 - 46. 2 47.0 5.9 
!a.. 

Iidestern Kimberlite 
1010-13 5.070 13.932 2. 746 -
1010-12 5.065 13.970 2. 758 -
1010-15 5.067 13.976 2.758 -
1010-42 5.067 13.966 2.756 -
1010-42 5.070 13.972 2.756 -
1010-43 5.066 13.956 2.755 -

1060-30 5.070 13.94 2.750 -

1060-30 5.068 13.959 2.754 -

1010-35 5.065 13.97 2.758 -
1060-32 5,067 13.954 2. 754 -

1060-22 5,069 13.963 2.755 -

1060-28 5. 086 14. 045 2.762 -

Black Kimberli te 
1060-29 5,099 13.953 2.736 -

1010-15 5.070 13.985 2. 758 -
1060-26 5.066 13.963 2.756 -
1060-43 5,067 13.972 2.757 -

1010-20 5.067 13.984 2.760 -

1010-17 5. 068 13.957 2. 754 -
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Specimen 
ao (R) co(R) cl D MgTiO

3 
FeTiO

3 
Fe

2
o

3 
(±. o. 003) (± o. 005) 

a 

Group I Kimberlite 
K 1010-3 { 5.073 13.987 -

5.088 13.989 -

" 1010-3 { 5.067 13.926 -
5.079 14. 057 -

" 1060-10 5.069 13.960 2. 754 

" 1010-39 { 5.072 13.992 -
5.079 14.033 -

Eastern Kimber lite 
1010-41 5,085 14.015 2.756 

1010-40 5,084 13.990 2.752 

1060-7 5.066 13,959 2.755 

Ti 58 5,085 14.08 2.773 

Ti 59 5.077 14.08 2.773 

Ti 61 5.085 14.063 2.766 

Ti 62 5,087 14.22 2.795 

Ti 63 5,089 14.08 2. 767 

Ti 64 5.086 14.09 2.770 

Western Kimberlite 
Ti 65 5.066 13.98 2.760 

Ti 66 5.070 13.99 2. 759 

Ti 67 5.068 13.976 2.758 

Ti 68 5.070 13.989 2.759 

Group I Kimberlite 
Ti 68 5.071 14.01 2. 763 

Ti 60 5,085 14.09 2. 771 

********* 
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A. Chemical analyses of H~enite 

1 2 

Fe
2
o

3 7.1 7.7 

FeO 24. 0 23.5 

MgO 13.44 12.98 
+ 

H20 0.36 0.44 

Ti0
2 53.90 53.4 

Cr
2
o3 0.80 1.06 

MnO 0.40 0.44 

NiO 0.20 0.18 

Other *l) 

Total 100.20 99.70 

B. The Molecular norm of the ilmenite ~) 

Geikielite 46.5 46. 2 

Ilmenite 46. 7 47.0 

Pyrophani te 0.9 0.9 

Hematite 5.9 5.9 

Total 100. 0 100.0 

C. 
Chem;,cJ Com~;.ic.i~ 

The StI tte htt a:¼ Fc:,:r mttl8:B of the ilmenite 

M 2+TIO 49.4 49.2 g 3 
2+T. Fe 10

3 49.6 49.9 

Mn Ti0
3 1.0 0.9 

Total 
I 100.0 100.0 

APPENDIX 12 - The chemical analyses, molecular norms and the structural 
formulas of ilmenite 

3 4 5 6 7 8 

13.2 8.1 13.0 10. 80 7.05 14.30 

25.4 27.4 25.5 28.80 27. 05 28. 18 

10.82 6.50 10.52 9.00 12.10 9.00 

0.30 0.48 0.28 - - -
49.6 53.0 50.7 50.00 53.79 49.32 

o. 04 0.98 0.40 - - -
0.19 2.88 0.23 - - -

0.11 0.20 0.10 - - -
2.00 

99.72 100.54 100.73 1.00. 60 99.99 100.80 

37.8 27.0 37.8 31. 7 42.1 32.5 

50.0 64.0 51. 2 58.6 52.1 55.3 

0.4 6.9 0.4 - - -
11. 8 2.1 10.6 9.7 5.8 12.2 

100.0 100.0 100.0 100.0 100.0 100.0 

42.8 27.7 42.2 35.7 44.7 37. 0 

56.7 65.3 57.3 64.3 55.3 63.0 

0.5 7.0 0.5 0.0 0.0 0.0 

100. 0 100.0 100.0 100.0 100.0 100.0 

280 

9 10 11 

11. 27 15.56 13.71 

29.34 19.15 27.57 

8.87 15.84 8.65 

- - -
49.27 45.80 49.35 

0.70 2.63 -
0.29 - 0.05 

- - -
0.13 1. 05 0.20 

99.80 100. 03 99.86 

32.6 57.2 32.3 

56.2 30.3 56.3 

0.7 - -
10.5 12.5 11.4 

100.0 100.0 100.0 

36.4 65.4 36.0 

62.8 34.6 64. 0 

0.8 0.0 0.0 

100.0 100.0 100.0 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2022

APPENDIX 12 {Continued) 281 

12 13 14 15 16 17 18 19 20 21 22 

Fe
2

o
3 17.10 10.77 11. 90 10.50 30.0 18.48 22.70 9.13 27.68 21. 97 22.38 

FeO 27.12 25.11 27.99 26.50 21.4 28.22 25.63 27.81 25.20 26.58 25.28 
MgO 8.65 10. 35 7.20 10. 70 8.1 6.26 5. 04 8.68 4.86 7.16 6.44 

+ 
H20 - - - - - - - - o. 18 0.14 0.19 
Ti0

2 48.26 50. 30 53,21 51.00 39.2 43.87 38.58 49.32 41.40 43.90 44.20 
Cr

2
o 3 - 2.16 - - - 1. 30 1. 56 0.74 - - -

MnO 0.26 0.21 - 0.23 0.45 - - 0.20 nd 0.10 0.18 
NiO - - - - - - - - - - -
Other 

*1) 
0.26 0.19 - 0.40 0.50 2.32 7.60 0.23 0.28 0.11 0.09 ,, 

Total 100.65 99.63 100.30 99.33 99.65 100.45 101.11 100.10 99.60 99.96 99.76 

Geikielite 30. 7 38.6 30.1 36.9 37.1 24.1 20.3 33.4 19.4 26.2 25.1 

Ilmenite 54. 0 52.4 65.6 53.2 50.4 59.4 57.6 58.5 56.4 54.4 55.3 
Pyrophani te o. 5 0.4 - 0.4 1.1 0.0 - 0.4 - 0.1 0.5 
Hematite 14.8 8.6 4.3 9.5 11. 6 17.5 22.1 7.7 24.2 19.3 19.1 

Total 100.0 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

M 2+Ti0 36.0 42.2 31. 5 40. 8 42.0 28.0 26.0 36.2 24.1 31. 3 31. 0 g 3 
Fe2+Tio

3 63.4 57.4 68. 5 58.8 56.7 72.0 74.0 63.4 75.9 66.7 68.5 

Mn Ti0
3 0.6 0.4 o. 0 0.4 1. 3 0.0 0. 0 0.4 0.0 2.0 0.5 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

/ 
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APPENDIX 12 (Continued) 
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23 24 25 26 27 28 29 30 31 32 33 
., 

Fe
2
o

3 
21.88 18.30 18.85 17.47 16.72 23.32 18.27 18. 64 17.48 15,13 15.87 

FeO 25.20 27.00 26.48 26.28 28.80 28.80 26.28 26.28 25.56 27.72 26.28 

MgO 4. 64 6.43 6.66 7.28 7.92 - 5.60 6.96 8.30 8.68 8.82 

+ 
H2

O 0.15 0.16 0.18 0.16 - - 0.33 - 0.13 0.05 0.12 

TIO 
2 

47.58 47.65 47.12 48. 40 46. 40 43.12 48.90 47.95 48.32 48.50 48.86 

Cr
2
o

3 
- - - - - - - - - - -

MnO 0.17 o. 20 0.15 nd. 0.10 0.06 nd nd 0.18 0,18 0.18 

NiO - - - - - - - - - - -
Other 

*1) 
0.12 0.08 0.10 0.06 0.09 0.08 0.10 0.08 0.08 0.10 0,08 

Total 99.74 99.82 99. 54 99.65 100.03 
: 

100.38 99.48 99.91 100.05 100.36 100.21 

Geikielite 21.2 25.6 26.4 28.8 29.1 - 24.6 27.7 31. 4 30.9 32.4 

Ilmenite 64. 8 60.3 58.6 58.3 56.7 83.6 64.7 58.6 54.3 55.4 54.1 

Pyrophani te 0.4 0.5 0.3 - 0.1 0.2 - - 0.5 0.4 0.4 

Hematite 13.6 13.6 14.7 12.9 14.1 16.2 10.7 13.7 13.8 13.3 13.1 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Mg2+TIO 24.6 29.6 30. 8 33.2 33.8 27.5 32.1 36.3 35.7 37.1 
3 

Fe2+TI0
3 74.9 69.8 68.8 66.8 66.1 99.8 72.5 67.9 63.1 63.8 62.4 

Mn TIO 
3 0.5 0.6 0.4 - 0.1 0.2 - - 0.6 0.5 0.5 

Total 100.0 100.0 100. 0 100.0 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 

/ 
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APPENDIX 1.2 (Continued) 283 

34 35 36 37 38 39 40 41 42 43 44 

Fe
2
o3 15.51 10.00 14.32 14.32 17.96 13.15 6.2 - 0.25 2.77 10.17 

FeO 
25.94 30.24 28.80 42.13 26.29 28.00 8.4 1. 4 10.09 5.44 16.57 

MgO 
9.62 9.78 9.88 1. 65 8,60 9.00 24.4 31. 8 25.79 27.90 15.56 

H2o + 
0.05 - - 0.16 - - - - - - -

Ti02 48.12 49.52 47.10 45. 56 46.33 47.95 60.7 64. 9 63.94 64.41 57, G4 
Cr

2
o3 - - - - 0.41 0.75 - - - - -

MnO 0,14 0.14 0.10 0.44 0.91 0.4 - - - - -
NiO - - - - - - - - - - -*1) 
Other o. 05 0.07 o. 07 1. 06 o. 30 0.40 - 2.2 - - -
Total 99.43 99.75 100. 27 100. 47 99.89 99.58 100.6 100. 7 100.07 100.52 99.94 

Geikielite 34.2 36.9 37.8 30.8 32.6 79.5 96.9 82.0 90. 5 61. 4 

Ilmenite 51. 7 56.9 52.8 52.9 55.5 15. 4 2.4 18.0 9. 5 36.8 

Pyrophani te 0.2 0.3 0.1 - - 1. 7 0.7 o. 0 0.0 

Hematite 13.9 5.9 9.3 16.3 11. 9 3,4 o. 0 0.0 1.8 

Total 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 100.0 100,0 100.0 

M 2+Ti0 39,8 39.3 41.7 36.8 37,0 82.3 96.9 82.0 90.5 62.5 g 3 
Fe2+Ti0

3 60,0 60.5 58.2 63.2 63,0 15.9 2.4 18.0 9.5 37.5 

Mn Ti0
3 0.2 0.2 0.1 0.0 0.0 1.8 0.7 0.0 0.0 0.0 

Total 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 100.0 100.0 
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-

45 46 47 48 49 50 51 52 53 54 55 

Fe
2
o

3 5.43 - 1. 87 8. 94 5.57 6. 03 - - 8.92 6.98 5.70 

FeO 24.40 12.14 24.15 25.44 41. 76 40. 87 44.32 45. 83 42.40 45.10 43.32 

MgO 14.18 24.66 15. 97 6.26 0,88 1. 72 0.79 1. 25 0.27 - 0.56 
+ H2O - - - - 0.15 0.12 - - - 0.31 -

TiO2 56.08 64.03 57.29 48.88 48.64 50.02 52.50 52.73 47.70 47.2 48.90 

Cr
2
o

3 - - - - - - - - - - -
MnO - - 1. IO 2.60 1. IO 0.48 1. 36 - 0.37 0.05 0.35 

NiO - - - - - - - - - - -
*I) 

Other - - 0.37 7.68 1. 51 0.96 o. 06 - 0.26 0.56 1. 30 

Total 100.09 100.83 100.75 99.80 99.61 100.20 99.03 99.81 99.90 100.20 100.13 

Geikielite 48.7 78.3 54.3 28.1 3.3 6.6 3.1 4.7 1.0 - 2.0 

Ilmenite 47.1 21. 7 44.0 61. 3 89.2 87.1 94.3 95.3 89.9 96.1 92.4 

Pyrophani te o. 0 - - 6.4 2.1 0.9 2.6 - 0.8 0.1 0.8 

Hematite 4.2 - 1. 7 4.2 5.4 5.4 0.0 - 8.3 3.8 4.8 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Mg2+TIO 50.8 78.3 55. 2 29.3 3.5 7.0 3.1 4.7 1. I - 2.2 
2+ 3 

Fe TIO 
3 49.2 21. 7 44.8 64. 0 94.3 92.0 94.3 95.3 98.0 99.9 97.0 

Mn TIO 0.0 - - 6.7 2.2 1.0 2.6 - 0.9 0.1 o. 8 3 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

• 
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56 57 58 59 60 61 62 63 64 65 

Fe
2
o

3 9.96 9.11 13.82 10.7 9.3 7.3 8.8 4.25 6.26 2.58 

FeO 33.84 39.51 33.87 39.1 40.0 41. 9 39.8 39. 64 40.39 42.72 

MgO 1. 04 - o. 76 1. 9 1. 3 1. 06 1. 9 3.27 2.27 1. 48 
+ 

H2O 0.18 - 0.38 - - - - o. 03 0.06 o. 04 

TIO 
2 52.80 46.60 46.00 47.7 47.4 49.3 48.6 51.19 49.89 51. 97 

Cr
2
o

3 - 0.10 - o. 06 0.00 o. 01 0.05 0.00 nil nil 

MnO 0.28 0.77 0.85 0.41 0.44 0.48 0.44 0.47 0.41 0.62 

NiO - - 0.06 - - - - - - -
*l) 

Other 2. 04 4.00 4.85 1. 77 0.66 0.41 0.22 0.95 0.68 0.71 

Total 100,.1£1 100. 40 100.59 100. 29 99.10 100.46 99.81 99.80 99.96 100.12 

Geikielite 3.3 3.5 7.1 5.3 3.9 7.1 8. G 12. 1 5.7 

Ilmenite 86.1 85.3 83.1 85.1 87.6 83.8 84.5 83.9 91.1 

Pyrophani te 1. 7 2.1 0.8 0.7 1. 6 0.8 0 .. 9 1.1 1. 4 

Hematite 8.9 9.1 9.0 8.9 6.9 8.3 6. 0 3A 9 1.8 

Total 100.0 100.0 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 

Mg2+TI0
3 5.2 3.6 3.9 7.8 5.8 4.2 7.7 9,2 12,6 5.8 

2+ 89,8 Fe TiO
3 94.0 94.5 93.8 91. 3 93.4 94.1 91. 4 86,3 92.8 

Mn TiO
3 0.8 1. 9 2.3 0.9 0.8 1. 7 0.9 1.0 1. 1 1. 4 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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66 67 68 69 70 71 72 73 74 75 

Fe
2
o

3 
- 3.92 4.19 8.0 9.4 10.9 28.63 10.86 11. 33 15.68 13.44 

FeO 43.30 42.18 39.7 36.7 33.0 22.37 35.39 26.95 32.11 29.95 

MgO 0.62 0.46 - - - Nil 0.24 0.10 4. 03 5.88 
+ 

H
2
o o. 07 0.13 - - - - o. 46 o. 64 - -

TiO
2 50.31 50.02 51. 2 49.2 53.3 48.41 49. 64 46. 23 48.38 50.42 

Cr
2
o

3 Nil Nd - - - - - - 0.016 0.001 

MnO 0.65 1. 44 0. 6 0.9 0.6 0.67 2.70 13.80 0.01 0.18 

NiO - - - - - - - - - -
Other *l) 1. 03 1. 22 0.8 1.8 2.1 - 0.43 0.32 0.29 0.20 

Total 99.90 99.64 100.3 98.0 99.9 100.08 99.72 99.67 100.41 100. 07 

Geikielite 2.3 1. 7 - - - - 1.0 0.2 23.3 16.1 

Ilmenite 92.8 91. 8 96.6 95.2 870 5 87,5 58,5 67,2 72.4 

Pyrophani te 1. 4 3.0 1. 4 2.3 2.0 6,9 30.6 - -
Hematite 3.5 3.5 2. 0 2.5 10. 5 4.6 10.7 9.5 11. 5 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

2+ 
Mg TiO

3 2.4 1. 8 - - - 97.8 91. 7 65.5 25.8 18.2 
2+ 

Fe TiO
3 96.2 95,0 98.6 97.6 98.3 - 1. 1 0.2 74.2 81. 8 

Mn TiO
3 1. 4 3.2 1. 4 2.4 1. 7 2.2 7.2 34.3 0.0 0.0 

Total 100.0 100,0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100,0 

************************** 
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Appendix 12: 

The chemical analyses 9 molecular norms o.nd the 
structu.rnl formulas of ilmenite. 

1. Ilmenite from Kimberlite: 

1. 

2. 

9. 
10. 

11. 

12. 

13. 

14~ 

15-16. 

17-18. 

19. 

20-37. 

38. 

39. 

CF 315; Premier Mine (New analysis). 
CF 316; Premier Mine ( -di tt·o-
CF 317; Fr~.nk Smith ( -ditto-
CF 318; Concentrate Premier Mine 
CF 319; Concentrate Riverton 

Monastry Mine; Williams (1932). 
Kimberley Mines; ditto 
Frank Smith; ditto 

Mukarob; Wagner (1914). 

Wessel ton; Williams (1932). 

Kao; Nixon et al. (1963). 

Thaba Patsoa; Dawson (1962). 

Mukarob; Visser (1964). 
Zefu; Verhoogen (1938). 

Congo; Besson (1967). 

Mabuki Mine; Hall (1938). 

) . 
) . 

(ditto). 

(ditto). 

Elliot Co., Kentucky; Daly (1925). 
Russian Kimberlites; Bobrievich et al., (1959). 
Mir; Smirnov (1959). 
Zarnitsa; Nixon et al. (1963). 

2. Met1JI1orphic Ilmenites. 

40. 

41. 

42-46. 

47. 
48. 

49-50. 

51 
52. 

53-54. 
55. 

Wakefield; Hounslow & Chao; (1967). 
Crestmore; Murdoch & Fahey (1953). 
Ceylon; Dana System of Mineralogy (1900). 
Layton F3.rm; Warwick; ditto 

Potatas; Brazil; 
Italy; ditto 

Sunsvcle; Sweden; ditto 
Ruwenzori; Congo; ditto 

ditto 

Uganda & Norway; Min abst (vol. 17, p. 4C8). 
India; Tr311s. Roy. Soc. Edinburgh, (1955, 

P• 725). 
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3. Ilmenites from basaltic rocks. 

56. 

57-58. 
59-62. 

62-67. 

68-70. 

71. 

72. 

73. 

74-75. 

* 

From Russia; Smirnov 9 (1959). 
From Isipingo; Coetzee, (1957). 
From Makaopu.hi lava 9 Hawaii; Evans and Moore 
(1968). 

From Skaergaard; Vincent et al. 1 (195~-). 

From Madagascar; Min abst (1965, p~ 307). 
From Mongolia; Min abst (1959, 341). 
From Jap3.n; Jap. Journ. Ass. Min & Petr, 
( 195 8 9 2 80 ) • 
From Iwazuini Tuin; Min abst (1956, p. 201). 
From alnoiite 9 Malaita; Min Mag (1965, p. 16). 

For the excess Ti4+ 3Jl amount of Fe3+ was subtracted 
according to the reaction:- 4FeTi03~o~~2Fe2o3 + fri02 

The hematite and rutile obtained in this way was 
not considered in the molecular norm. 

Other oxides 9 unspecified. 
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A. Chemical analyses and compositions 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Al
2
o

3 
31 23 27 2.10 35. 41 37.58 23 13 27 21 12 11. 0 48.5 10.28 6.30 3.6 10.7 6.4 

Fe
2
o3 

3 4 4 3.30 3.38 4 6 3 5 6 3.30 : 52.00 14.1 14.9 26.9 

FeO 16 18 18 22.14 10.82 11.45 19 22 17 19 22 25.2 13.5 14. 09 19.58 - 43.9 26.3 27.2 

Cr2o
3 36 43 39 52.90 26.52 28.59 43 52 39 45 52 54. 5 15.5 59.40 55.39 43.00 15.5 36.6 35.3 

MgO 13 11 12 6.90 16.03 15.91 11 7 13 10 7 8.6 22.2 12.62 15.68 5.00 2.8 7.0 3.5 

TiO2 15.30 2.79 2.90 0.14 1. 56 18.4 4.3 0.42 

NiO 

I 

- - -. 1. 0 < 1. 0 
Other 1.16 4.51 < 2. 0 < 2.0 0.40 1.12 0.44 0.47 0.64 

Total 99.0 99 99 99.34 100.35 100.00 100 100 99 100 100 99.3 98.7 100. 23 99.63 100.00 98.74 10. 27 100. 36 

ao I 8.142 8.212 8.189 8.215 8. 311 8.170 8. 228 8.315 

n I 1. 810 1. 935 1. 880 1. 936 2.091 I. 860 1.803 2.105 

B. The Structural formulas of chromite based on 3 cations per unit cell. 

Ai3+ 1. 02 0.86 0.97 0.10 1. 28 1. 32 0.86 0.51 0.99 0.79 o. 50 0.43 1. 51 0.40 0.25 0.31 0.48 0.27 

Fe3+ o. 04 0.10 0.08 - 0.08 - 0.11 0.10 0.08 0.10 0.12 0.13 0.17 0.06 0.29 0.80 o. 78 0.43 0.72 

cr3+ 0.84 1.04 0.95 1. 90 0.64 0.68 1. 03 1. 39 0.93 1.11 1. 38 1. 44 o. 32 1. 54 1.46 1. 20 0.90 1.09 0.99 

Fe 
2+ 0.41 0.48 0.55 0.71 0.27 0.29 0.49 0.63 0.57 0.51 0.64 o. 57 0.13 0.61 0.22 0.26 o. 30 0.40 0.19 

Mg2+ 0.59 0.52 0.45 0.29 0.73 0.71 0.51 0.37 0.43 0.49 0.36 0.43 0.87 0.39 0.78 0.74 o. 70 0.60 0.81 

c. The molecular norms of chromite 

MgA12o
4 55 43 48 4.4 62.7 63.3 43 25 50 39 25 21. 7 75.2 19.4 12.2 - 9.4 22.3 13.5 

MgCr
2
o

4 5 10 7 18.8 9.2 4.5 7. 12 7 10 12 21. 2 12.1 41. 7 64.1 26.2 8.7 14. 6 5.3 

Fecr2o
4 37 44 41 55.5 21. 9 27.8 45 57 39 46 58 50.5 4.2 35.2 6.8 33.9 18.3 35. 7 44.5 

FeA1
2
o

4 - - - 21. 3*l) 2. 5*2) 4. 4 *2) - - - 2. 6 *l) 40. 4 *l) 7. tI) -

FeFe
2
o

4 3 4 4 3.7 5 6 4 5 5 6.6 8.5 3.3 14.4 39.9 23.2 19.8 36.7 

--
Total I 100. 0 100.0 100 100.0 100.0 100.0 100 100 100 100 100 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

***************** 
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Appendix 13: 

B. 

c. 

The chemical compositions, molecular norms and 
structural formulas of chromite. 

ilmenite 
hematite and rutileo 

\Vld Cbh\f~~-.-'='C)n.S' 
Analyses of chromite from kimberlite. 

I\ 
1, 2, 3, from Premier Mine, samples P.M. 1060-25, 
1570-9, 1010-38. 
4, from Jagersfontein, Hall (1938, No. 1761). 
5, 6 from Russia, Milashev (1965). 

Analyses from ultrarnafic nodules. 

7, 8, 9, 10, 11 from Premier Mine, samples l?.Nl. 

893In21 , 893In
4

, 893In8 , 1010In2 , 893In3 • 
12, 13 from MaJagues Serpentinite9 Lapham (1964Jo 
14 from Twin Sister Mountains, Deer, Howie and 
Zussman (1967, p 427). 
15, 16 from Great Dyke and Bushveld Complex .respect
ively, Hall (1938, No. 4909, 1760). 
17-19 from Makaophi lava~ Evans & Moore (1968). 

analyses depicted in figures 
from the following sources:-

1. 

2. 964, p 209). 
3. 64, 131). 

4. ·rm.id (1964). 
5. MacGreggor (1964, 203). 
6. Pearre and Heyl (19 ). 
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Sample llt. n. 

+ 0.003 ±. o. 003 

A. Own Determinations 

1. Ultramafic nodules 

ragersfontein 1 1.662 

1.658 4 
' 

5 1.658 

6 1. 660 

3 1.661 

Kimberley 1 1. 657 

Bultfontein 6 1. 659 

7 1.658 

8 1. 656 

9 1. 658 

1 r 1. 655 1.658 

l 
De Beers 5 1. 657 

4 

Frank Smith 3 1. 660 

4 1. 659 

2 1. 661 

Dutoitspan 2 1. 662 1. 668 

Premier Mine:-

P. M. 893 In22 1. 660 -
P. M. 893 In23 1. 659 -
P. M. 893 In

14 
1.652 -

P. M. 10101n10 
P. M. 893 In

15 
1. 659 1. 661 

P. M. 1010In
7 

1.653 

P. M. 1010 1n
6 

1.653 -
P. M. 893 1n19 1. 654 -

P. M. 893 1n
1 

1. 658 -
P. M. 893 In3 
P. M. 893 In

11 
1.653 -

APPENDIX 14 - The physical properties and the enstatite and alumina contents of the orthopyroxene from kimberlite 
and garnet peridotite 

nl/ 2V
0 

ao(R) bo(R) C o(X.) %En *l) ~Al O *2) 
0 2 3 

% En*3) 

.± o. 003 + 20 ±. 0.010 ±. o. 003 + 0. 003 

1.673 +-67 8. 811 94 0.9 ..:: 

1.670 18.29 8.825 5.188 96 0 80 

1.666 +76 18.29 8.825 5.188 97 0 80 

1. 669 +72 18. 30 8.823 5.190 95 0.10 80 

1. 670 18.30 8.825 5.190 96 0 80 

1. 666 +78 18.27 8.819 5.182 98 0.2 90 

1. 671 +73 18.28 8.818 5.186 95 0.1 87 

1.668 +75 18.28 8.822 5.183 96 0.1 90 

1. 667 +74 18.28 8.830 5.182 97 0 90 

1. 669 +76 18.27 8.822 5.181 96 0 91 

1. 666 +78 8.819 97 0.1 

+74 93 

1. 668 +79 18.29 8.829 5.186 96 0 87 

+74 93 

1. 669 18.30 8.829 5.190 97 0 80 

1. 669 +81° 18.28 8.824 5.176 94 0 94 

1. 670 +80 
0 

8,820 93 0 

1.673 8.818 95 0.10 

1.670 +640 18.30 8.828 5.189 97 - 80 

1. 671 +78° 18.28 8.825 5.193 95 - 79 

1. 668 +75 
0 

18.28 8.818 5.187 94 0. 1 83 

+77° 18.17 8,817 - 92 0.2 -

1.669 +75 
0 

18.30 8.825 5.184 96 89 

1. 666 +75 
0 

18.27 8.816 5.185 97 0.2 88 

1.667 +75 
0 

18.32 8.829 5.188 97 80 

1. 671 +79 
0 

18.28 8.822 5.182 94 90 

1. 667 +87° 18.31 8,832 5.193 92 79 

+81° 18.30 8.829 - 91 -
1. 662 18.28 8.816 5.183 100 0.2 89 

291 

Al3+ *4) 

0.05 

0.02 

o. 01 

o. 03 

0.02 

o. 01 

o. 02 

0.02 

0 

0.01 

0.02 

0 

0 

0.02 

0. 03 

0.02 

0.00 

o. 03 

0,03 

0.04 

0.02 

0.02 

0.00 

0.02 

o. 03 

o. 04 

0.00 
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APPENDIX 14 - ( Continued) 

Sample n«t Ill: n d \ 2V
0 

a o(R) bo(R) Co(R) %En *l) *2) %En*3) Al3+ *4) %Al
2
o

3 
+ o. 003 +0,003 +0.003 + 20 ±. o. 010 .± o. 003 + o. 003 -

P. M. 893 m13 1.652 - 1. 667 18.29 8.824 5.186 98 87 0.00 

P. M. 893 m16 
1. 659 - 1.669 18.30 8,829 5,192 97 79 0.00 

P. M. 893 "'7 { ll. 662 1. 665 1. 673 +85° 18.28 8,828 5.184 94 89 0.01 

1. 665 1. 672 +83° 18.24 8,825 94 (1. 662 - - 0.02 

I 
+79° { (1. 664 1. 669 1. 676 - 8,821 - 92 0.10 0. 040 

( . 
+80° P. M. 893 In6 ~1. 664' 1.668 1. 678 - 8,832 - 91 - 0.035 

(1. 664 1.668 1. 675 +78° 18.29 8.825 5.179 92 - 91 0,030 

P. M. 893 In
6 

- - - +78° - - - 92 

P. M. 893 In
5 

1.661 1. 668 1. 673 +80° - - - 93 

P. M. 1010 In2 1. 664 1. 667 1. 673 +76° - - - 92 

P. M. 1010 In3 Not measureable 

P. M. 893 In
4 1. 661 1.668 1. 673 +81° - 8,835 - 93 0.00 0,020 

P .. M. 893 In
17 1. 660 - 1.668 +78° 18.29 8.957 5.189 94 80 0.00 

0 
P. M. 1010 In8 1. 654 - 1. 668 +79 18.29 8.822 5.188 93 80 0,03 
P. M. 893 In18 1. 659 1. 662 1. 668 +770 18.29 8,818 5. 186 95 0,1 87 0,02 

CF311 18.26 8.859 5,177 0,00 93 0,00 

CF310 18.31 8,825 5,188 0,00 80 o. 07 
2. From Kimberlite 

Dutoi tsp an 11 +75° - - - 93 

Wesselton 3 +73° - - - 94 

De Beers 12 1.662 - 1. 670 18.27 8.806 5.180 96 1. 20 91 0.05 

Glas:-
Brakfontein 1. 668 - 1. 679 18.30 8,831. 5.180 88 0.00 91 0.02 

1060 - 26 18.27 8,807 5.173 1. 20 96 0.03 

1060 - 29 18.28 8.820 5.184 0.10 89 0.05 
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B. Determinations from Literature 

Reference no:~ np n~ 2V %En 
*l) 

L Ultramafic nodules in kimberlite 

O'Hara & 
Mercy(l963) - 1. 666 - - 92 
*1) - 1. 664 1.670 +74° 94 

1.661 1. 664 1.668 +78° 95 

- 1.663 1.670 +75° 94 

1. 658 1.661 1.667 +710 96 

1. 655 1. 662 1. 667 +710 96 
0 

1. 662 1.666 1. 671 +78 94 

- 1.669 1.672 - 93 

Bobrievich et 
al.,(1959) 1.660 - 1.670 +a2° 91 

1. 662 - 1. 672 +78° 93 
0 

92 1. 680 - 1. 690 +74 -+82 

1. 700 - 1.712 -68° 75 

1,700 - 1.708 -66 
0 

74 

1.700 - 1. 714 -68 
0 

75 

1. 698 - 1. 712 
0 

-68 75 

1.700 - 1. 710 -67° 75 

1. 706 - 1. 718 -65° 74 

1. 702 - 1. 714 -68° 75 

1.706 - 1. 718 -64° 73 

1. 698 - 1. 703 -66° 75 
0 

1. 700 - 1. 712 -69 76 

1. 714 - 1. 724 -65° 74 

1.702 - 1.712 -60° 72 

1.706 - 1. 718 -69° 76 

1.667 - 1.679 - 90 

1. 678 - 1.690 -74° 79 

1.668 - 1. 678 +76° 92 
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Reference n"'- np nr 2V %En *l) 

Nixon et al, 0 
(1963)*3) 1.660 1.664 1.670 +77 95 

1.672 1.686 - - 84 

1. 661 1.665 1.672 +79° 94 

1. 660 1. 665 1. 671 +79½ 95 

1. 658 1. 662 1. 669 +74 
0 

96 

1. 656 1. 661 1. 671 +781. 2 94 

1.661 1.665 1.672 +79° 94 

1. 662 1.667 1.672 +79 
0 

94 

O'Hara+ 
Mercy 

+75° (1963)*1) 1. 659 1. 662 1.667 95 

1. 664 1.667 - +74° 93 

- 1.669 1. 675 - 92 

- 1. 662 1.667 - 95 

- 1. 661 1.665 +60° 98 

2. From Kimberli te 
Nixon et al, 1..660 1. 665 1. 671 +770 95 

(1963) *3) 
1.660 1.664 1.670 +75° 96 

1. 657 1. 662 1.669 +70½ 97 

1.657 1. 662 1.669 +71½ 95 

1.664 1. 669 1. 676 +870 93 

1. 666 1.672 1.678 -89° 90 

1. 669 1. 675 1.680 -86½ 87 

1. 671 1.676 1.883 -83 84 

1. 666 - 1. 676 - 90 

1.655 - 1.666 - 97 

1.656 - 1.665 - 97 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

APPENDIX 14 - {Concluded) 
295 

Reference noG nfi nf D 2V %En 

Ross et al. 
(1954) *4) - - - 3.302 87 

- - - 3. 211 97 

- - - 3.302 87 

3.304 87 

3.305 87 

3.279 90 

3.312 85 

3.297 88 

3.298 89 

3.304 87 

3.278 91 

4. From Regional garnet Qeridotite 
O'Hara & Mercy 
(1963) *1) 1. 662 1.666 1. 671 +79 96 

- 1.663 1. 668 - 96 

- - 1.666 - 98 

- 1.665 1. 671 - 94 

- - 1. 671 - 94 

- - 1. 676 - 92 

1. 673 1. 678 1.684 -82 
0 

84 

1. 670 1. 674 1. 677 +89 88 

- - 1.673 - 93 

- 1. 667 - +86° 91 
0 

92 1. 665 1.670 1. 673 +86 

.663 1.667 1. 673 +81° 92 

1.664 1. 668 1. 673 +87° 91 
I 

+710 - - 1.672 94 

- - 1.671 - 95 

- - 1. 673 - 93 

1.660 1. 664 1. 670 - 96 

************** 
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Appendix 14: 

The physical properties and the enstatite and 
alumina contents of the orthopyroxene from 
kimberlite and garnet peridotiteo 

The unit cell dimensions were determined by means of 
a Guinier Carnera 9 using Cu K radiation. 

Enstatite percentage after T~er-(/~~"'1 ), usinb the 
refractive indices where possible. 

The percentage Al 2o
3 

in the :~: ~ -· _;_ · . ~- ~ · .. ~': 
orthopyroxene after Sl:,,,,er·t--:&~~-(Carn.Iii.st. Yeo.r-k '-3 l'IW.,. p.il/rJ, 

2+~ 3+ I The En-value~ 100 Mg/Mg+Fe + Fe + Mn, after 

Brown (1967) 9 using the e~alue. 
The percentage A1 3+ in the Y position in the 

orthopyroxene after Brown (1967). 
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3+ 2+ 

APPENDIX 15 - The Al and Ca contents of the orthopyroxenes from kimberlite 
and garnet periodotite nodules, after Zwaan t,1 954 P 206 ) 

\--- -209 

A. Kimberlite 

1060-26 

1060-29 

DB -12 

"Glassy" type 
Brakfontein 

lll d'' (10. 3. 1-
0.60) 
<±o. 002 R) 

0.0163 

0,0160 

0.0158 

0.0150 

B. Ultramafic Nodules:-

Bu 1 Bultfontein 

Bu 6 

Bu 7 

Bu 8 

Bu 9 

o. 0140 

0. 0150 

o. 0148 

o. 0136 

o. 0144 

Fs. 2. Frank Smith 0. 0238 

Fs 3 

Fs 5 

P. M. 1010 In 
6 

o. 0146 

0.0236 

0.0153 

893 In
6 

No.I 0. 0156 

893 In 
6

No.2 0. 0161 

893 In
6 

No. 3 0. 0153 

893 In
7 

893 In
4 

893 In
16 

893 In
3 

893 In
1 

1010 In
10 

o. 0154 

o. 0150 

o. 0156 

o. 014 

o. 0146 

893 In 
15 

0. 0149 

893 In
19 

1010 In
8 

1010 In
7 

893 In
11

_ 

893 In13 

893 In
22 

893 In
23 

0.0147 

o. 0154 

0,0180 

o. 0148 

0,0226 

o. 0147 

o. 0147 

3+ 3+ 
Al ti d (21. lqz-060) Al d(20. 3qz-
(± o. 01s) <.± o. 002 R) <± o. 01s) 11. 3. 1) 

Ca2+ 

(±_0. 015) 

o. 020 

o. 040 

< o. 010 

o. 020 

o. 020 

< o. 010 

o. 010 

?O. 090 

o. 010 

>0, 090 

o. 030 

o. 030 

o. 040 

o. 030 

0.020 

o. 030 

o. 030 

< o. 010 

o. 035 

0.010 

o. 030 

o. 030 

o. 055 

< 0,010 

> o. 090 

.:::::_ o. 010 

0.025 

o. 077 ► 0. 090 

o. 078 > 0.100 

o. 074 0.030 

o. 071 0.050 

o. 073 0.010 

0.074 0.0$5 

o. 073 0.035 

o. 071 < o. 010 

o. 073 0.025 

0.081 >0. 090 

0.072 0. 010 

o. 081 > o. 090 

o. 072 <. o. 020 

0.073 

0.071 

o. 072 

o. 072 

o. 071 

0,074 

o.ow 

0.074 

0.072 

0.073 

0.073 

o. 076 

0.074 

o. 078 

o. 072 

0.072 

o. 040 

o. 040 

o. 050 

o. 030 

o. 030 

o. 045 

0,055 

0,050 

0,010 

o. 040 

0. 045 

0.055 

o. 030 

o. 015 

0.010 

0. 030 

(~ o. 002.R) 

0. 0126 < o. 010 

0.0139 <0.010 

o. 0160 ~ o. 010 

0.0203 o. 080 

o. 0136 <I(. o. 010 

o. 0145 < o. 010 

o. 0148 < o. 010 

o. 0143 <:. o. 010 

o. 0150 C:::. o. 010 

0.0213 0.100 

0,0156 "-0· 010 

0.0171 o. 015 

o. 0144 ..:::::, o. 010 

0.2019 o. 070 

o. 0166 "- o. 010 

o. 0206 o. 080 

o. 0152 <. o. 010 

o. 0146 <.::: o. 010 

o. 0153 <..0. 010 

o. 0143 <:, o. 010 

o. 0144 < o. 010 

o. 0159 < o. 010 

o. 0158 <, o. 010 
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1.kl (10. 3. 1- Al3+ ~d (21. lqz-060) Al3+ d(20. 3qz-
2+ 

Ca 
Specimen 060) (± o. 015 <± o. 002 R) (± o. 015) (11. 3. 1) (±0. 015 

± o. 002 R) <± o. 002R 

P. M. 893 In
1 

o. 0161 0.050 o. 071 o. 040 0.0169 < o. 010 

893 In
18 

o. 0154 o. 045 o. 073 0.050 0.0150 <o. 010 

893 In
17 

0.0151 o. 020 0.072 o. 030 0.0159 ..( o. 010 

893 In
7 

o. 0049 0.020 0.072 o. 030 - -

C. F. 311 0.0154 - 0.076 - 0.0128 ~ 0.010 

C. F. 310 o. 0151 - 0.072 - 0.0153 ""- o. 010 

893 In
14 

0.0153 0.020 0.073 o. 035 0,0139 < o. 010 

Dutoitspan 2 o. 0146 0, 030 o. 074 o. 04!) - -
Kimberley 1 o. 0148 < o. 010 0. 073 o. 010 0.0143 -'- o. 010 

De Beers 5 o. 0142 ( o. 010 o. 072 o. 015 0.0155 < 0.010 

Jagersfontein 1 0.0159 o. 030 o. 072 o. 040 0.0199 0.080 

3 0.0152 o. 015 0. 072 o. 020 0.0153 ( 0.010 

4 o. 0151 0.010 0.072 0.020 - -
5 o. 0158 o. 015 0,072 0.010 0.0153 <. o. 010 

6 o. 0163 o. 040 0.073 o. 045 0.0157 <. o. 010 

*************** 
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A. The Chemical analyses of the Orthopyroxenes 

1 2 3 4 

Si0
2 

51. 45 52.80 57. 70 51. 3 

Al
2

o
3 2.12 2.28 0.37 6. 05 

Fe
2

o
3 1. 33 0.13 1.18 -

FeO 4.56 4,10 3.79 12.8 

MnO 0.14 0.14 0.09 -
MgO 36.05 38.45 35.55 29.9 

Cao 1. 72 0.35 0.55 0.70 

Na
2

0 0.24 0.06 0.24 -
K

2
o 0.02 0.05 - -

H
2

o - - 0.43 -

TiO 
2 

0.31 0.11 tr 0.36 

Cr
2
o

3 
0.38 0.26 0.34 0.32 

NiO 0.16 0.11 - -

Loss - - - -
Other - - - -

Total 98.48 98.84 100.24 101. 43 

B. Molecular norms 

Enstatite 89.5 92.1 91. 0 80.0 

Ferro silli te 5.4 5.7 5.4 12.1 

Diopside 2.1 0.8 0.6 1. 5 

Acmite 1. 6 0.4 1. 6 

Jadeite 1. 4 *1) 0.2 1. 4 *2) 

Cari.Al
2
o

6 0.4 - 1.1 

Cr~112o6 0.4 0.4 

Fe 2 Al
2
o

6 
Al

2
o

6 4.9 

Total 100.0 100.0 100. 0 100.0 

APPENDIX 16 - The chemical analyses, molecular norms and structural formulas, (calculated 
after Hess (1949)) of orthopyroxenes frqm ultram.afic nodules and from kimberlites 

5 6 7 8 9 10 11 12 

56.61 58.48 57.11 56.08 57.79 57. 02 55.80 51.68 

0.86 0,88 1. 00 1. 80 0.79 1. 07 4.02 2.96 

1. 35 0.72 1. 82 1. 47 - 0.72 o. 76 2.45 

3,73 3,93 3.61 2.41 3.96 3.76 4.85 2.77 

0.10 0.02 0.12 0.10 0.10 0.11 - 0.10 

35. 90 34.71 34.02 36.80 36.36 35.86 34.70 34.58 

0.70 0.50 1. 50 1. 76 o. 53 0.82 none 1. 57 

0.09 0.23 0.35 - - 0.09 - 0.60 

tr 0.08 0.03 - - 0.01 - 0.33 

0.44 0.21 0,28 - 0.36 - 0.23 0.53 

0.00 tr 0.13 0.06 0.007 0.03 none 0.06 

o. 17 0.25 0.35 - 0.23 0.23 0.20 1. 30 

- - - - - - - 0.12 

- - - - - - - 2.09 

- - - 0.04 - 0.02 - -

99.95 100.01 100.32 100,52 100.117 99.74 100.56 100.61 

90.9 88.8 85.2 90.1 91. 6 90.1 83.8 

5.2 5.5 4.8 3.1 5.6 5.5 4.0 

2.5 1. 9 5.5 6.3 2.1 2.9 5.4 

o. 8 0.4 2.7 0.6 5.2 

o. 4 *2) 1. 0 *2) 

- 0.2 o. 0 

0.2 0.4 o. 5 0.3 0.3 1. 7 

0.6 0.4 

1. 5 *1) 0.1 0.5 0.4 -

100.0 100.0 100. 0 100.0 100.0 100.0 100.0 

299a 

: 

13 14 

56.33 54. 82 

1. 28 1. 00 

0 0 

7.75 5.28 

0.12 0.09 

32.74 35.62 

1. 03 0.60 

0.02 -
- -

0.19 -
0.02 0.03 

0.58 0.80 

0.04 0.05 

- -
- -

100.10 98.29 

83.2 89.1 

' 11. 2 7.6 

4.0 2.2 

0.8 1.1 

0.8 

100.0 100.0 
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C. Structural formulas 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Si4+ 1. 91 2.0 1. 79 1. 95 2.00 1. 96 1,90 1. 98 1. 95 1. 84 1.96 1. 94 

Al3+ o. 09 0.21 0.03 0,01 o. 04 0.06 0.02 0,05 0.12 o. 04 o. 04 

Al3+ - 0.01 o. 04 0.02 0.03 - 0.01 0.01 - 0.02 
Ti4+ - - o. 01 - - 0.01 

Cr3+ o. 01 - o. 01 - - 0.05 - - 0.01 0.03 0.02 0.02 
3+ o. 04 0.02 0,06 Fe - 0.03 - o. 02 0.02 - -
2+ 

1. 80 1. 96 1. 8 5 1. 82 1.84 1. 64 1. 84 Mg 2. 04 1. 91 1. 56 1. 84 1. 74 
2+ 

0.37 0.11 0.12 0.11 0.07 0.16 0.11 o. 09 0.24 0.15 Fe 0.13 0.11 
2+ 

0.02 0.02 0.06 0.06 o. 02 0.03 0.06 o. 04 o. 02 Ca o. 01 0.02 o. 02 
+ + 

0.01 0.02 0.03 0.01 0.05 Na & K o. 01 - - -
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15 16 17 18 19 20 21 22 23 24 25 26 27 

Si0
2 51. 56 - 56.16 55.91 

Al
2
o

3 1. 60 1. 39 o. 30 1. 03 1. 60 1. 08 1. 28 1. 09 0,38 - o. 90 2.65 1. 09 
Fe

2
o3 - - - - - 1,97 - - -

FeO 6.72 6.84 5.16 5.97 12.29 8.32 7.36 8.62 5.87 7.88 10.60 4.90 4.83 
MnO 0.12 0.124 0.129 0, 144 0.19 0.102 0.103 o. 095 0.88 0.44 0.16 0.107 0.125 
MgO 37.88 34.90 37.17 35.68 31. 21 34.73 34.56 33. 64 36. 74 33,82 31. 74 36.21 36.50 
CaO 0.93 0,51 0,06 0,33 0.53 0.26 0.52 0,24 0.02 0.45 0.50 0.34 
Na

2
o - - - - - - - - - nd - -

K
2

0 - - - - - - - - - nd - -
H

2
0 - - - - - - - - - - - - -

TiO 
2 0.16 0,10 0,038 0. 036 0.11 0,091 0,074 0.084 0.034 0.08 o. 046 o. 046 

Cr
2
o3 0.63 0.12 0.023 0.081 0.028 0,081 0.062 0.044 0.033 0.08 o. 58 0.41 

NiO 0.15 0.08 0.06 0.11 0.082 0.10 0.086 0.085 0. 087 0.08 0.10 0,090 

Loss - - - - - - - - - - - -
Other - 0.01 0.006 0.008 0.008 0.010 0.014 0.089 0.010 - 0.009 0.010 

Total 99.75 100.27 100.00 

Enstatite 87.3 88.3 92.3 89.9 79.8 87,0 87.1 86.4 91. 7 88.2 82.3 90,4 91. 3 

Ferrosillite 8.9 9.6 7.5 8.8 18.1 11.8 10.8 12.7 8.3 7.0 15.9 7.0 7.0 

Diopside 2.6 1. 9 0.2 1. 2 2.0 1. 0 1. 9 0.8 - - 1. 6 1.8 1. 2 

Acmite - - - - - - - - - - - - -
Jadeite - - - - 0, 0 - - - - - - - -

CaTIA1
2 

0
6 0.4 0.1 0.1 0.1 0.1 0.1 0.1 - -

Cr
2

Al
2
o

6 0.8 0.1 0.1 0.1 0.1 0.3 0.1 0.8 0.5 
3+ Fe 2 Al

2
o

6 0.5 

Al
2
o

6 4.0 

Total 100.0 100.0 100.0 100,0 100,0 100,0 100.0 100,0 100.0 100,0 100.0 100.0 100. 0 
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15 16 17 18 19 20 21 22 23 24 25 26 27 

Si4+ 1. 88 1. 91 1. 96 

Al3+ 0.12 o. 09 0.04 

Ai3+ 0.08 
Ti4+ 0, 01 

cr3+ 0.03 0,03 

Fe3+ 

Mg2+ 
1. 66 1. 77 1. 66 

Fe 
2+ 

0.27 0,14 0.21 
2+ 

Ca 0.06 0.02 
+ + 

Na & K 
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28 29 30 31 32 33 34 35 36 37 38 39 40 

SiO
2 57.12 54. 63 55.04 54.40 53,84 53.92 55. 70 54. 86 54. 78 

Al
2
o

3 1. 21 1. 26 1. 39 1. 53 1. 33 2.39 3,91 4.10 4.80 5.32 2.56 2.66 3.50 
Fe

2
o

3 - - - 0.06 - 1. 71 - - 0.16 - - - -
FeO 4.86 4.74 4.28 5.00 6.48 7.07 5,93 6.83 6.21 6.10 5.77 6.32 6.86 
MnO 0.112 0.110 0.097 0.114 0.145 0,14 0.15 0.13 0.12 0.12 0.10 0.12 0.13 
MgO 35.90 36. 35 36.40 36,22 34.58 30,30 33.56 32.84 32.48 32,45 33,86 34.14 33.28 
CaO 0.83 0.58 0,54 0,24 1. 18 2.20 1. 02 0.84 1. 00 1. 36 o. 75 0.60 0.62 
Na2o - - - - - 0,45 - o. 04 o. 15 0.08 0.11 - 0.07 
K

2
O - - - - - 0.11 - - - - - - o. 03 

H2O - - - - - 1. 01 0.20 0.15 - 0,08 0.10 - 0,13 

TiO 0.059 0.060 o. 049 0, 074 o. 055 0.36 0.10 o. 003 0.03 0.007 0.02 0,28 0.15 2 
Cr

2
o

3 0.25 0.23 0.15 0.17 0.17 - 0.34 0.76 0.90 0.94 0.73 0,80 0.55 
NiO 0.11 0.11 0.11 0.10 0.10 - o. 07 0.07 0.07 0.07 o. 10 - 0.09 
Loss - - - - - - - - - - - - -
Other 0.015 0.015 0.015 0,014 o. 026 0.12 0.02 - - - - 0.01 0,01 

Total - - - 100.76 - 100.49 100.34 100.34 99.79 100.44 99.80 99.79 100.07 

Enstatie 89.5 90.6 91. 5 91. 5 86. 0 75. 7 85.2 83.4 82.3 81. 7 86.6 86.6 84.8 

Ferro silli te 7.1 6.8 6.2 7.2 9.4 9.6 8.5 9.9 8.9 8.9 8.4 8. 5 10.1 

Diopside 2. 9 2.2 2.0 0,9 4.3 8.3 3.7 3.1 3.7 5.0 2.7 2.2 2.2 

Acmite - - - - - 0.4 - 1.0 0.4 0.4 

Jadeite - - - - - 3.6 0.2 0.6 0.6 0,6 

CaTiA1
2
o

6 
o. 1 0.1 0,1 0,2 o. 1 0.4 0.2 0.4 0.2 

Cr~112o6 
0.4 0.3 0.2 0.2 0.2 0.4 1. 3 1. 2 1.0 1.1 0.8 

Fe2 Al2o6 
Al

2
o

6 2.0 2.0 2.4 2.8 2.8 0.7 1. 3 1. 3 

Total 100.0 100.0 100.0 100.0 100. 0 100.0 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 
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28 29 30 31 32 33 34 35 36 37 38 39 40 

Si4+ 1. 93 1. 94 1.88 1.88 1,86 1. 84 1. 92 1. 92 1. 90 

Al3+ o. 07 0.06 0.12 0.12 0.14 0.16 0.08 0.08 0.10 

Al3+ 0.03 o. 04 0.06 o. 06 0.06 0,02 0.02 0.02 

Ti.4+ - 0.01 0.01 
3+ 

Cr - 0.01 0.02 o. 03 0.02 0.02 o. 02 0.02 

Fe 
3+ 0.04 

Mg2+ 1. 82 · 1. 60 1. 70 1,68 1.68 1. 66 1. 74 1.78 1. 72 

Fe2+ 0,16 0.20 0.17 0,20 0.18 0.17 0.17 0.18 0.20 

Ca2+ o. 01 0.08 0.04 0.04 o. 04 0.04 0.02 0.02 0.02 
+ + 

Na & K 0.04 0.01 0.01 0.01 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2022

302a 
AP£ENDIX 16 (Continued) 

41 42 43 44 45 46 47 48 49 50 51 52 53 
-

SiO2 55.38 54.85 56.00 53.46 55.60 57,34 55.91 55.20 54. 96 52.36 54.13 51. 78 52.84 

Al
2

o
3 2,97 2.18 2.50 0,95 - 3.91 2. 64 2.95 2.89 6.17 1. 62 6.22 0.44 

Fe
2

o
3 - - - - - - - 0.75 0,00 1. 91 0,85 o. 30 1. 06 

FeO 5.66 5,99 5.00 8.77 1. 20 7, 17 4.99 6.02 6.23 7.63 5. 70 11. 78 16.89 

MnO o. 12 o. 09 0,50 - - - - 0,05 0,05 0.16 0,14 0,16 0,56 

MgO 34.19 33.72 36.50 25.93 34.90 30.19 34.91 34.37 33.92 25.81 34.55 27.49 23.51 

Cao 0,74 1. 72 - 2. 53 4.70 0,49 o. 46 0.00 o. 82 4.90 0.57 1. 30 4.06 

Na2o 0,06 0,08 - - - - - 0.18 - 0,55 0,16 0.12 0.19 

K2O - 0,07 - - - - - 0, 11 - 0.02 0.16 - -
H2O 0.14 0.18 - - - - - o. 08 - 0.04 1. 90 - 0.22 

TIO 0.05 0,033 - - - - - 0.16 0.24 0.37 0.12 0.23 0.22 
2 

Cr
2

o
3 

0,80 0.80 0,60 - - - 0,54 - - 0.25 0.21 0.01 -
-

NiO o. 07 0.08 - - - - - - - 0,08 - -
Loss - - - 8,36 - 0.44 -- - - - - -
Other - - - - - - - - - - - - -

Total 100.18 99.79 101. 10 100.0 96.40 99.54 99.45 99.87 99.11 100.17 199.19 99.74 99,99 

Enstatite 85.4 83.7 91. 9 73.0 81. 1 79.7 89,3 87.7 86.3 59.7 87.1 71. 2 60.2 

Ferrosillite 8.2 8.5 2.8 13.9 1. 5 10. 1 6.3 8.7 9.1 10.8 8.4 17.3 22.7 

Diopside 2.7 6.2 10. 8 17.4 1. 9 1. 7 2.9 18.6 2.2 5,0 15.8 

Acmite 0.5 1. 6 3.9 1. 7 0,6 1. 3 

Jadeite 0.4 o. 6 *2) 0 3*2) 

CaTiA12o
6 1.1 0.6 0.3 0.4 0.3 

Crs11206 1.1 4.3 0.7 0.3 0,3 

Fe2 Al2o
6 

2.3*1 8.3*1 
Al

2
o

6 
2.2 2.0 1. 4 1. 4 5.7 5.6 

Total 100. 0 100,0 100.0 100. 0 100.0 100. 0 100. 0 100. 0 100.0 100. 0 100.0 100. 0 100. 0 
-· ·- --
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41 42 43 44 45 46 47 48 49 50 51 52 53 

Si4+ 1. 89 1. 91 1. 90 2.00 1. 92 2.00 1. 93 1. 90 1. 91 1. 87 1. 94 1. 85 1. 96 
Al3+ 0.11 o. 09 0.10 - 0.08 - 0.07 0.10 o. 09 0.13 0.06 0.15 o. 02 
Ai3+ 0.05 o. 01 - o. 04 - 0.16 0.04 o. 04 o. 03 0.11 - 0.11 

4+ 
Ti 0.01 0.01 o. 01 

3+ 
Cr 0.02 o. 02 o. 01 0.01 0.0 
Fe3+ 

0.05 0.02 0.01 o. 03 
Mg2+ 

1. 74 L 75 1. 82 1.56 1. 79 1. 58 1. 80 1. 78 1. 76 1. 37 1. 84 1. 47 1. 30 
Fe2+ 0.17 0.18 0.17 0.29 o. 04 0.21 0.13 0.18 0.18 0.23 0.18 0,35 0, 53 
Ca2+ o. 03 0.06 0.11 0.17 0.05 0.02 0.03 0.19 0.02 0.05 0.15 -+ & K+ Na o. 01 - - - - - 0.02 0.04 0.02 0.01 0.01 

******************* 
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A")pendix 16: 

I. 

1-

2 

3 
4 

ThG chemic'J.l 311'1.lyses 9 molecul2r norms rn1d structur'3.l 

formul~s of orthopyroxenes from ultr~~~fic rocks 311d 

from kimberlite. 

Orthopyroxenes from ultr~m~fic nodules in kimberliteo 

CF 310; from g'lrnet peridotite, Premie;r Mine 

(new 3.r13,lysi s) o 

CF311; from peridotite 9 Eremier Mine (ditto). 

from Li~hobong; Nixon et. 3.1. 9 (1963). 

from Fr·mce; Bull. 3oc. Fr3.n9 9 Crys. Min., 

(1967). 

5- 7 from Thab~ Putsoa; Nixon et. 3.1., (1963)0 

8 

9 
10-11 

12-15 

16-23 

IL 

24 

25 

26-32 

III. 

33-42 

43 

44 
45 

46 

47 

IV. 

from Mir; Sobolev, (1958)0 

from Kimberley, dittoo 

from Bul tfontein; MacGreggor nnd H.ingwood, (1963). 

from Russia; Bobrievich et. o.l., (1959). 

from ultr'1.IDafic nodules; O'Hara o.nd. Mercy, (1963). 

Orthopyroxene from region.3.l g:1.rnet peridoti tes. 

from Norway. 

from K~rlskqret; Cqrswell, (1968). 

from region3l peridotites, O'H~ra & M~rcy 9 (1963). 

Orthopyroxenes from kimberlites. 

from Russi.'.lll kimberli tes; Bobrievich et. al., 

(1959). 

from South Africa, H3.ll (1938). 

from Kimberley Mines, (ditto). 

from J ~gersfont ein, (ditto). 

from Kimberley Mines, (ditto). 

from Dutoi tspan, (ditto). 

Ortho-pyroxene from nodules in o.lk-J.linc b-::.se!.l ts. 

48-49 from Fr.'Jll9, Brousse (1968). 

50-51 from Hawqii, Sobolev (1958). 

52 Amer. Mino (53, 1968, 249). 

53 Deer, Howie 3.lld Zussman, (1967, p 106). 

2El)Fe23+Al23+o6 

*2 )./\, 3+8 . 4+0 t1-L4 1 3 12 
*3) Mg.tU.AlSi06 
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P2 Omphacite 
Clark & Papike 

(1968) 

I d(R) hkl 

10 4. 371 020 

7 3.299 021 

20 3.162 220 

100 2.956 221 

45 2.887 310 

30 2.861 311 

20 2.527 131 

30 2. 511 002 

25 2.462 221 

10 2.247 311 

7 2.186 112 

15 2.102 331 

5b 2.074 421 

20 2. 007 402 

10 1. 721 510 

APPENDIX 17 - The d-values of the clinopyro.xene from 304a 
eclogite, Kyanite eclogite, garnet peridotite and 
kimberlite compared with those of the P2 and 6.2/c 

omphacite 

C;)Jk ~~Omphacite 20% CaA1
2
SiO 

Coleman Sa 6ta 6 

(1962) (1957) 

hid d(R) I I d(R) hkl 

021 3.33 1 12 3.33 021 

220 3. 19 5 37 3.235 220 

3.12 1 

221 2.976 10 100 2,984 221 

310 2.915 5 28 2.934 310 

311 2.880 5 38 2.887 311 

7 2.862 211 

4 2.832 ? 

3 2. 769 ? 

3 2.685 ? 

131. 2. 549 4 29 2.554 131 

202 2.521 4 28 2.529 002 

221 2.484 5 33 2.505 221 

5 2.378 131 

311 2.268 3.5 14 2.291 311 
- ,--

222 , 2.192 3 9 2.214 112 
112 ( 

10 2.197 022 

330 2. 127 7 12 2.143 330 

331 2.118 7 23 2.125 331 

421 2.088 2 12 2.100 421 

041 2. 019 7 20 2.030 041 

12 2.015 402 

240 1. 987 1 7 2.003 240 

132 1. 958 1 6 1. 966 412 

-
511 1. 879 1 - -

33! 1 1. 833 1 8 1. 826 510 
422J 
510;· 1. 810 2 - -
332) 

._,. .... _ 
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APPENDIX 17 - (Continued) 304b 

,, - . 

P2 Omphacite C::.1-ic 2 . 
20% CaA1

2
SiO 

6 
~Omphac1te 

C 
Clark & Papike Coleman Sa~ata 

(1968) (1962) (1957) 

I d(R) hkl hkl d(R) I I d(R) hkl 

-
241 1. 778 1 14 1. 743 150 

421 1. 749 1 
-

5b 1.655 , 313 150 1. 733 4 7 1.665 042 
\ 

042 
- - ,-

242 , 1. 660 3 -,. 

042 
- ~ 

7 1. 622 223 223: 1. 624 2 13 1. 626 223 
44j i"° 

10 1. 597 532 531 1. 609 3 14 1. 619 531 

7 1. 582 440 440 1.597 2 7 1.602 ? 

530 1. 566 1 4 1.555 600 

600 1. 545 1 5 1. 540 350 
-

113 

350 1.531 1 

5b 1. 522 r 600 602 1.523 1 
-< 350 -

532 1. 502 2 
402 

7 1.495 133 8 1.503 ? j 
i 

060 1. 472 2 7 1. 478 060 i 
I 
i 

441 
1.441 1 ,,, .. _ 

622 ( 352 
10b 1. 391 531 422 1.421 1 13 1. 415 531 -

061 1. 412 1 

531 1. 402 8 
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305a 

APPENDIX 17 ·- (Continued) 

*l) F2 Kyanite Eclogite *l) Fl Kyanite Eclogite *l) Ja 3 Garnet Peridotite 
Fd,.rl' we/I t+-1~ q.'92-

. - 1;, d(R) 1;, d(R) I/, d(R) Io Io Io 

7 4. 040 1 4.4533 1 4.445 

1 3.329 4 3.3334 6 3.328 

9 3.207 4 3.2131 5 3.208 

10 2.979 10 2.980 10 2.984 

3 2.950 5 2.925 4 2.919 

2 2. 884 6 2.882 4 2.886 

1 
2.830 

8 2. 549 3 2.569 5 2.552 

2 2.548 1 2.535 

1 2.518 7 2.516· 6 2.512 

1 2.498 4 2.491 6 2.488 

1 2.4505 

2 2.2800 4 2.2772 5 2. 2719 

1 2.2531 
" 

2 2.2066 3 2.1984 5 2.1960 

1 2.1882 3 2.1872 5 2.1851 

1 2.1367 1 2.1479 1 2.1338 

1 2. 1185 2 2.1195 4 2.1228 

2 2.0970 3 2. 0967 

3 2.0687 1 2. 0549 

1 2.0264 3 2. 0111 5 2.0266 

1 2. 0098 2 1. 9889 5 2. 0153 

3 1. 9831 

1 1. 9612 2 1. 9600 3 1. 9604 

2 1.8660 

2 1.8229 2 1. 8178 1 1. 8356 

2 1. 8020 2 1. 8151 

1 1. 7723 2 1. 8099 

1 1. 7450 2 1. 7415 4 1. 7404 

1 1. 7160 1 1.7175 

1 1.6592 1 1. 6904 
~·· ..... - ... -
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305b 
APPENDIX 17 - (Continued) 

*l) F2 Kyanite Eclogite *l) Fl Kyanite Eclogite *l) 
Ja 3 Garnet Petido-

tie _ 

I/ d(R) ~ d(R) 
I 

d(R) /Io Io Io 

4 1. 6215 9 1. 6210 5 1. 6595 

1 1. 6145 7 1. 6224 

1 1. 6034 2 1. 6151 

4 1.5948 1 1. 6022 

2 1. 5368 1 1. 5461 

2 1. 5260 

5 1.5087 1 1. 5026 

5 1.4977 5 1. 4975 

2 1. 4986 1 1.4801 1 1.4848 

3 1. 4765 

1 1. 4448 

1 1. 4101 4 1. 4083 1 1. 4230 

1 1. 4167 

4 1. 4048 
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APPENDIX 17 - (Continued) 306a 

~-~, 

*l)T° *l) *l) Ti 200 *l) Ti 31 r:-.-1 1 6 cpx ,t, Ti 3 cpx o/ 
'.Iv'\ ill#l• 4-'t 5:0 ,r;J.. i L%'f 

'l, d(R) I/, 'l, 
I 

d(R) d(R) I d(R) 
Io Io Io /Io 

~ 

3 4.504 7 4.1181 3 4.4401 2 4.445 

2 3. 648 1 3.7909 

7 3.343 5 3.317 7 3.3302 4 3.329 

7 3.220 4 3.196 6 3.2109 5 3.219 

10 2,980 10 2.988 10 2.9857 10 2.9865 

8 2,933 3 2.915 8 2.9293 4 2.9284 

8 2.888 3 2.880 8 2.889 7 2.888 

7 2.555 4 2.551 8 2,554 6 2.557 

1 2.538 1 2.537 1 2.534 10 2.520 

7 2.518 8. 2.508 9 2. 516 

6 2.494 3 2.479 8 2.493 3 2.4966 

1 2.379 1 2.374 

5 2.282 2 2.262 6 2.2772 4 2.2799 

5 2.201 6 2.1999 6 2.2066 

4 2.1872 3 2.188 6 2.1874 5 2.1887 ' 
' 

3 2.1438 1 2.133 3 2.1382 1 2.1410 
I 
i 

7 2.1247 3 2.125 7 2.1238 3 2.1256 

3 2.1013 2 2.100 4 2.0983 2 2.0993 

1 2.0639 4 2.024 1 2.0577 1 2.0597 
; 

4 2. 0303 6 2.0290 4 2. 0307 

4 2. 0142 6 2.0142 4 2.0128 

4 1. 9922 3 1. 976 5 1. 9887 4 1. 9914 

5 1. 9616 3 1. 9624 

3 1. 9632 2 1.963 

1 1. 9457 1 1.945 I 
2 1.9211 

I 

2 1. 8231 1 1. 8712 1 1.8426 1 1. 8443 

2 1. 8173 1 1. 8127 2 1. 8187 2 1. 8215 

1 1. 8045 1 1. 8045 2 1.8132 2 1. 8161 

8 1. 7458 1 1. 7947 2 1. 7993 3 1. 8023 

l 1. 7178 3 1. 7418 4 1. 7549 2 1. 7440 

1 1. 7005 1 1. 6862 1 1. 7415 

3 1. 6592 3 1.6625 1 1. 7166 
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*l) 

1; 
Io 

1 

6 

3 

2 

1 

1 

2 

2 

2 

6 

1 

1 

1 

1 

3 

2 

Ti 6 cpx 

d(R) 

1. 6353 

1. 6217 

1. 6184 

1. 6065 

1. 5752 

1,5507 

1. 5410 

1. 5270 

1. 5106 

1.4996 

1.4818 

1. 4664 

1. 4498 

1.4292 

1. 4114 

1.4053 

*l) 

Ti 6:

Ti 3:

Ti 200:

Ti 31:-

APPENDIX 17 - iConclude_Q_) 

--· 
*1) 

Ti 3 cpx *l) Ti 200 *l) Ti 31 

'l Io 
d(R) 'l Io 

d(R) I/, 
Io 

5 1. 6249 2 1.6955 

4 1. 6187 4 1.6621 2 

1 1. 6020 9 1. 6574 4 

1 1. 6213 6 

1. 1. 5414 3 1. 6159 1 

1 1. 6032 

1 1.5321 2 1. 5747 

1 1.5187 2 1. 5483 1 

1 1. 5106 2 1. 5387 3 

3 1. 4984 2 1. 5258 

1 1. 4783 2 1.5174 2 

1 1. 4460 2 1. 5065 5 

7 1. 4973 

4 1. 4781 2 

2 1. 4178 1 1. 4473 1 

4 1. 4058 1 1. 4417 2 

1 1.4269 1 

5 1. 4082 

Obtained by means of a Guinier Camera, using CuK ,~c. 
radiation and silicon as internal standard 

"glassy" type of clinopyroxene 

"Soapy" type of clinopyroxene 

11 silky" type of clinopyroxene 

"silky" type of clinopyroxene 

***************** 

306b 

ct(R) 

1.6645 

1. 6579 

1. 6225 

1.6065 

1. 5412 

1. 5276 

1. 5091 

1. 4986 

1. 4813 

1. 4442 

1. 4114 

1. 4044 
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APPENDIX 18 - The optical properties of the clinopyroxenes and their CaSiO

3
and FeSiO 

contents after Troger (1959). 
3 

Specimen llo(,. 11/3 nJ' 2v0, %CaSio
3 

%FeSiO3 
(±. o. 003) (±. o. 003) (± o. 003) (±. 1 ) 

1. _Qljp__2.2yroxenes in kimberlite 

1010-14 63 

1010-12 60 

1010-41 57 

1010-38 53 

1010-38D 43 

1010-40 al-'=1. 689 1.694 57 

1010-40 65 

1010-3 63 

1010-13 61 

1010-8 1. 674 1. 679 1.694 50 36 4 

1010-8 1. 672 1.681 1. 697 53 42 4 

1010-8 64 

1010-8 57 

1410-6 55 

893-5 54 

1060-32 1. 679 

1060-10 1. 680 

1060-28 1. 680 

1060-26 1. 679 

1060-22 1. 680 

1010-44 54 

1010-44 C 1. 662 1. 670 60 47 0 

1010-9 1.681 1. 702 59 49 7 

1010-20 D 1.671 

1010-20 55 

1010-22 1.663 1. 671 1.694 58 46 1 

1570-31 53 

1060-25 59 

890-19 59 

890-19 D 55 

1060-25 61 Spinel - cpx inte:!."growth. 

------~---·---·-·--··---·•----·---, 
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APPENDIX 18 - (Continued) 

2. ClinoQyroxenes from Waste dumps 

nci- n :,, 
nl Specimen r-· 

(± o. 003) (±. 0. 003) (±. o. 003) 

Ti 12 

Ti 35 1. 674 1. 682 1.699 

Ti 111 1.673 1. 680 1.694 

Ti 112 1. 671 1. 681 1. 693 

Ti 36 1. 672 1. 683 1. 698 

Ti 8 1. 670 1. 679 1.694 

Ti 4 1. 675 1. 682 1. 701 

Ti 2 1. 670 1. 679 1.698 

Ti 3 1. 673 1.683 . 1. 703 

Ti 14 1. 674 1.682 1. 696 

Ti 76 - 1. 696 -
Kd 11 1. 669 1. 680 1.697 

Kd 12 1. 614 1.628 1.632 

Kd 13 1. 672 1,680 l. 694 

Kd 2 1. 670 1. 679 1. 692 

Kd 8 1. 669 1. 679 1.694 

Kd 9 1. 669 1. 678 1. 690 

Kd 7 1. 674 1.682 1. 697 

Kd 10 1. 674 1. 682 1. 697 

Kd 1 1. 671 1.680 1. 693 

DB 13 1. 674 1. 682 1. 697 

DB 1 1. 676 1.682 1.699 

DB 16 1. 673 1. 681 l. 696 

DB 15 1. 675 1.681 1. 697 

Be 4 1. 672 1. 681 1. 697 

Be 5 1. 671 1. 680 1. 693 

Be 3 

"Glassy" Lovedale 1.673 1.684 1,696 

101u-43A 1. 671 l. 682 1.692 

1010-43B 1. 671 1. 683 1. 693 

Ti 51 1.673 1. 682 1. 697 

~lolo 1. 675 65° 

308 

2V0\ 
(±. 10) 

%CaSiO
3 

%FeSiO
3 

53° - -
59° 50 9 

- - -

- - -
55° 46 8 

49° 37 3 

49° 48 6 

63° 50 6 

55° 46 8 

57° 49 8 

56° 45 5 

not c linopyroxene 

52° 40 4 

56° 44 4 

61° 50 6 

- -
56° 45 8 

59° 50 8 

56° 45 5 

63° 50 6 

60° 50 7 

60° 50 7 

58° 50 7 

60° 50 7 

54° 43 4 

60° 
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APPENDIX 18 - (Continued) 309 

Specimen nol n/J na' 2v4\ %CaSiO
3 

%FeSiO
3 

(± o. 003 (±. o. 003) (±. 0. 003) (+ 1 ) 

Ti 9 1. 671 1. 682 1. 693 57° 49 8 

Ti 22 1.672 1. 680 1. 695 60° 50 7 

Ti 21 1.672 1. 679 1. 697 62° 50 6 

Ti 23 1. 673 1.685 1. 701 55° 46 10 

Ti 18 1.673 1.681 1.699 
0 

50 62 7 

Ti 19 1. 670 1.680 1.694 56° 45 5 

Ti 20 1. 671 1.679 1. 697 57° 49 7 

Ti 31 1. 671 1. 679 1. 693 55° 44 4 

Ti 32 1. 670 1. 679 1. 695 59° 50 7 

Ti 33 1.671 1. 680 1. 695 58° 50 7 

Ti 25 1. 676 1. 682 1. 699 60° 50 8 

Ti 27 1. 670 1. 680 1. 693 59° 50 7 

Ti 56 1.673 1. 681 1. 697 

Ti 57 1.673 1. 680 1. 698 

Ti 26 1.672 1. 680 1.694 59° 50 7 

Ti 17 1.673 1.681 1. 695 59° 50 8 

Ti 16 1. 671 1.680 1.694 55° 44 4 

Ti 37 1. 675 1. 681 1. 697 63° 

Ti 38 1.672 1.680 1. 693 54° 43 4 

Wei 1 1.672 1. 680 1.695 

Ti 1 1. 672 1.680 1.695 44° 35 5 

Ti 4 1. 669 1. 677 1. 693 

Ti 28 1. 670 1. 678 1. 693 58° 50 6 

Ti 39 1. 665 nd 1. 687 54° 

Ti 40 1.672 1. 680 1. 693 52° 40 4 

Ti 30 1. 670 1. 678 1.692 53° 40 3 

Ti 29 1.673 1. 681 1.698 53° 42 4 

Ti 34 1. 669 1. 678 1. 691 56° 44 4 

Ti 24 1. 675 1. 683 1. 697 56° 45 8 

Ti 15 1. 669 1.678 1.692 61° 50 5 

Ti 6 1.672 1. 680 1.699 50° 37 3 

Ti 7 1. 669 1. 679 1. 693 43° 32 4 

Ti 10 1.672 1. 679 1. 693 53° 40 3 

Ti 11 1.672 1. 676 1. 697 56° 44 2 

Ti 11 60° 
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Specimen no( n /3 n ?!} 2V,\\ %CaSiO
3 

%FeSiO
3 

(± o. 003) (±. 0. 003) (±_0. 003) (+1°t 

.3, Clinoeyroxenes from eclogites 

RV
4 

1. 671 1.686 1. 696 -

BB - 2 1. 675 1.688 1. 697 12° 
2 

B
2

B
2
-1 1.677 1.686 1. 700 70° 

RV
1 

1.673 1.682 1. 697 66° 

BB -2 1.668 1.681 1,691 710 
2 2 

RV
5 

1. 667 1.681 1. 689 730 

RV
6 

68° 

Ja. E. 1. 670 - 1,693 10° 

Ja. E. 770 

Fl 1.688 64° 

F2 1.683 710 

F3 - 73° 

F3 - 60° 

5. ClinoQvroxenes from Ultramafic nodules 

Ja 3 

893 In
7 

893 In
5 

893 In
4 

893 I~ 

1010 In5 

1010 In4 

893 In
3 

F. S. 3 

DB 5 

Ki 1 

Ja 6 

1. 668 1. 676 1.691 -
1. 669 1. 675 1. 693 56° 

61° 

52° 

1.663 1.674 52° 

1. 664 1. 676 1.691 49° 

1. 661 1.667 1. 686 61° 

1. 670 1. 675 1. 688 55° 

64° 

66° 

61° 

65° 

55° 

61° 

C = Clinopyroxenes from Carbonate inclusions 
D = Clinopyroxenes from diabase inclusions 

************ 

in kelyphyte 

in kelyphyte 

43 2 

in kelyphyte 

36 0 

32 1 

in kelyphyte 

38 0 

25 0 
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APPENDIX 19 -The Unit -cell dimensions, the a Sin§ values , and the CaAl Si O content , 2-a 

of the various Clinopyroxenes after bo .(Sakata 1957), 

Unit-cell dimonsions obtained by means of Guinier Camera, Cu K«radiation 

Specimen a (R) b ~ (R) c (5l) 
0 0 0 

(±0. 003) (±0, 003) (_±_0. 003) 

1. Clinopyroxenes from Eclogites 

IR. v5 
~ v2 

1Fl 

F3 

RV
2 

F2 

B
2

B-2 

9.468 

9.457 

9. 544 

9.258 

9.460 

8,950 

8.966 

8.880 

8.891 

8.992 

8.963 

5.218 

5.182 

5.207 

5.190 

5.188 

2. Clinopyroxenes from Ultramafic Nodules 

Ja 3 

I010-In
5 

9. 445 

9.281 

8.859 

8.894 

3. Clinoovroxenes collected on Dumps 

"Glassy"Lovedale 9.477 9,001 

8.970 Lovedale 

PM 2 

Ti 3 P. M. 

Ti 6 

Ti 4 

Ti 11 

Pm 1 

Ti 76 

Jagersfontien 

Ti 15 P. M. 

Ti 41 

Ti 40 

TI 26 

Ti 37 

TI 18 

ri 19 

TI 20 

Ti 23 

Ti 32 

9.496 

9,342 

9. 489 8. 870 

9,443 8. 891 

9.556 8.872 

9. 347 8. 869 

9. 435 • 8. 869 

9. 432 8. 907 

9,454 8. 973 

9. 498 8. 887 

9.472 8. 880 

9. 373 8. 856 

9. 382 8. 861 

9. 412 8. 874 

9. 468 8. 869 

9. 293 8, 864 

9. 282 8. 859 

9. 460 8. 861 

9. 444 8,896 

5.183 

5.196 

5,204 

5,210 

5.173 

5.182 

5.189 

5,214 

5.187 

5.185 

5.197 

5.212 

5.220 

5.202 

5.178 

5.185 

5. 204 

5.210 

5.190 

5.181 

5.190 

5.191 

' (±IO) 

75°s' 

75°34' 

75°3 
1 

76°19' 

75°38' 

75°22' 

74°38, 

0 ' 75 22 

75°27
1 

76°3' 

74°54' 

75°15' 

75°58' 

75°37' 

75°18' 

74° 42' 

75°14' 

75°13' 

75°12~ 

75°13' 

75°8' 
0 

75 9' 

75°20' 

75°33' 

75°50' 

a Sin3 
I 

9,1512 

9,1585 

9,2209 

8.9953 

9.1643 

9.1558 

8.9717 

9.1696 

9.1566 

9.0389 

9.1934 

9,1644 

9.2260 

9,0389 

9.1535 

9.1363 

9, 1446 

9,1614 

9.1592 

9.0627 

9.0707 

9.1004 

9.1512 

8.9826 

8.9797 

9.1725 

9. 1570 

CaA1
2

SiO 
6 

wt% 

(±. 2. 0%) 

16.0 

11. 0 

20.0 

11. 0 

14.0 

7.0 

12.0 

12.5 

12,5 

1.0 

0.0 

6.0 

8.0 

10.0 

20.0 

11:0 

13.0 

13.5 

21. 0 

20.0 

17.0 
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APPENDIX 19 -(Continued) 312 

a (R) b (R) C (R) 1/0 a Sin/J CaA1
2

SiO 
6 

wt% 
Specimen 0 0 0 

(±_O. 003) (±_O. 003) (±0, 003) (± 10') (±. 2. 0%) 

75°20 
I 

Ti 36 9,273 8.863 5.172 8.9710 5.0 

Ti 14 9.517 8,982 5.191 74°591 9.1921 16.5 

1010-43(1) 9.490 8.858 5.188 74°58' 9.1653 20.0 

1010-43(2) 9.489 8.876 5.198 75°5' 9.1693 12.5 

Ti 38 9.490 8.878 5.209 74°47' 9.1584 12.0 

Ti 10 9.283 8. 863 5.184 75°21 8.9812 16.5 

Ti. 9 9,424 8,882 5,185 76°6' 9.1134 11. 0 

Ti 31 
0 

9,478 8.888 5,213 75 15' 9.1656 8.0 

Ti 21 9.482 8,889 5.210 75°12 1 9.1674 7.5 

Ti 22 9,485 8.889 5.211 75°11 1 9.1696 7.5 

1060-28 9.457 8,880 5,183 75°35' 9.1592 11. 0 

Ti 25 9,481 8.872 5.204 75°29' 9.1784 13,5 

Ti 27 9.461 8,880 5.203 75°33' 9.1617 11. 0 

Ti 28 9,468 8.852 5.180 75°33' 9.1685 22.0 

Ti 17 9,468 8,864 5,181 75°32' 9.1583 16.5 

Ti 16 9.450 8.881 5,198 75°32' 9. 1409 10.0 

Ti 111 9.473 8,872 5.183 75°31' 9.1719 13.5 

Ti 112 9,457 8.884 5.203 75°29' 9.1551 9.0 

1060-22 9.457 8.893 5.185 75°37' 9.1605 6.0 

1060-32 9. 461 8,881 5.225 75°34' 9. 1624 10.0 

PM 3 9.462 8.874 5.216 75°12' 9.1481 13.0 

Ti 56 8.886 8.5 

Ti 8 8.867 15.5 

Ti 7 8.858 19.5 

Ti 254 8.864 18.0 

1010-8 8.979 11. 0 

Ti 35 8.997 

1010-15 8.913 0.0 

1060 -- 30 9.456 5.011 75°20' 9.1480 

r\1 29 9.473 8.852 5.172 75°28' 9.1698 21. 0 

Ti 30 9.466 8.857 5.174 75°32' 9.1564 21. 0 

Ti 34 9.468 8.861 5.187 75°31' 9.1477 17.5 

Ti 54 9.265 8.875 5.190 75°54' 8.9858 13.0 

Ti 24 9.431 8.887 5.191 74°45' 9.0989 8.0 
-·----... - -· •··-•. ~ .... -- ... ---

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

APPENDIX 19 (Continued) 
313 

a (R) b (R) C (R) /!Ao A 

a Sin!J CaA1
2
SiO

6 
wt% 

Specimen 0 " 0 0 

(± o. 003)' (±0. 003) (±0. 003) (± 10') (±. 2. 0%) 

Ti 39 9.311 8.868 5.120 75° 1' 8.9944 -
Ti 57 9. 510 8.872 5.162 76°101 9.2349 13.5 

Ti 55 9. 640 8.884 5.222 74°52' 9.3056 9.0 

Kamfersdam I 

Kd 8 9.470 8.882 5.212 75°15 9.1579 3.0 

Kd 9 9.465 8. 903 5.202 75°21 1 9.1573 10.0 

Kd 11 9.455 8.885 5.204 75°39' 9.1600 9.0 

Kd 7 9.452 8.880 5.205 75°30' 9.1510 11. 0 

Kd 10 9.470 8.881 5.209 75°13' 9.1564 10.0 

Kd 1 9.461 8.872 5. 204 75°14' 9.1486 13.5 

Kd 2 9.460 8.902 5.174 75°24' 9.1545 3.5 

Kd 12 8.875 13.0 

Kd 13 8.978 11. 5 

Bellsbank:-

Be 5 9.413 8.896 5.179 75°221 9. 1067 
I 

5.0 i 

Be 4 9.462 8.900 5.208 75°26' 9.1580 4.0 

De Beers 

DB 15 9.460 8.900 5.205 75°25' 9.1552 4.0 

DB 14 9.457 8.881 5.200 75°18' 9.1475 10.0 

DB 16 9.467 8.893 5.210 75°20' 9.1567 3.0 I 
l 

DB 1 9. 467 8.883 5.203 75°19' 9.1578 9.0 

--

************ 
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APPENDIX 20 - The Mol per cent CaMgSi O and the Wt per cent lVIgSiO in the 
clinopyroxenes, after the

2
.;~rious d-value spacings 

3 

The values obtained by means of Guinier Camera, Cu Ka radiation. 

2Q.(220) o 
Mol % Ca Mg Si

2
o

6 
t\2-9(311-310) o Wt% MgSiO

3 Sample (Davis & Boyd Cu~- (Kushiro 
1966) radiation 1964) 

1. Clinopyroxene from Eclogite 

RV
6 

27.79 52 

RV
5 

27.80 50 o. 276 33 

Ja 27.66 72 0.430 24 

RV
2 

27.72 66 0.265 33 

RV
4 

28.015 - 0.485 16 

RV
2 27.745 63 o. 315 31 

F3 27,79 52 0.920 -

F2 27.79 52 0.255 34 

Fl 27.74 64 0.460 18 

B
2

B
2
-I 27.75 63 0.406 24 

2. Clinopyroxene from UltramaficNodules 

1010 In 5 27.815 40 o. 270 33 

893 In
7 

27.92 33 0.256 34 

893 In
3 

27.188 100 - -
1010 In

4 
27.254 100 - -

Ja 3 27.78 53 0.356 28 

3. Metamor2hic clinopyroxenes 

1010-20 27.530 100 - -
1010-22 27.578 100 - -
1010-22 27.580 100 - -

4. Clinopyroxenes from Kimberlite 

1010-15 27.77 55 0.225 35 

1060-32 27.775 54 o. 370 27 

1060-22 27.74 64 0.465 18 

1060-28 27.815 48 0.380 27 

1010-43 27.875 41 0.265 34 

1010-43B 27.695 67 0.415 23 

1060-30 27.62 0.440 21 

Fawn K. 27.816 48 0.230 36 
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2&(220)° 
Mol % Ca Mg Si O .1129(311-310) 0 

Wt% MgSiO
3 Sample (Davis & Boyd 2 6 

Cu K::;{. (Kushiro 
1966) radiation 1964) 

Frawn K. B. 27.796 51 0.210 36 

1010-8 27.806 48 

1010-14 28.310 100 

1010-8 27.876 38 0.204 37 

1010-8 27.79 52 0.406 24 

5. ClinoQyroxenes obtained from waste dumQS 

Ti25 27.83 46 o. 245 35 

Ti27 27.72 66 o. 460 18 

Ti28 27.755 58 0.260 34 

Ti17 27. 82· 48 0.285 33 

Til6 27.735 64 o. 445 21 

Tilll 27.765 56 0.360 29 

Ti112 27.72 66 o. 450 20 

A 27.76 56 0. 446 21 

B 27.69 68 0. 515 14 

Ti54 27.735 64 o. 445 21 

Ti24 27.860 42 0. 180 37 

Ti39 27.745 59 0.305 32 

Ti57 27.805 50 o. 420 23 

Ti56 27.875 41 0.200 37 

Ti55 27.690 68 0. 445 21 

Ti29 27.86 42 0.175 37 

Ti30 27.865 41 0.205 37 

Ti34 27.78 53 o. 240 35 

Ti38 27.765 56 0.410 23 

Ti37 27.730 65 0.905 0 

Ti26 27.820 48 o. 230 36 

Ti40 27.865 42 o. 170 37 

Ti41 27.770 55 0.950 0 

Ti15 27.70 68 0.390 24 

Ti18 27.765 56 0.420 23 

Ti'1 0 
27.875 41 0.235 35 
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Sample 29(220) o 
Mol % CaMgSi

2
O

6
f_\29(311-310)° Wt% MgSiO

3 
(Davis & Boyd Cu K.)(._ (Kushiro 
1966) radiation 1964) 

Ti20 27.87 41 0.180 37 

Ti33 27.84 46 0.270 33 

Ti32 27.725 65 o. 435 22 

Ti 
31 

27.69 68 0. 440 21 

Ti21 27.745 63 0. 475 18 

Ti22 27.74 64 o. 455 19 

Ti23 27.72 66 0.120 40 

Ti14 27.82 48 0.196 37 

Ti36 27.87 41 0.136 39 

Tt .. 27.89 40 0.285 33 
.:) 

Ti
8 

27.905 38 0.195 37 

Ti
7 

27.80 48 0.265 34 

Ti
6 

27.68 68 0.485 16 

Ti
4 

27.72 66 0.34 29 

Till 27.806 48 0.38 27 

TilO 27.830 46 0.260 33 I 
I 

i 
Ti15 27.745 63 0.465 18 

Ti
9 

27.750 63 0.470 18 

PM. 1 27.875 41 0.185 37 

Kamfersdam Kd
7 

27.64 85 o. 445 21 

" Kd
2 

27.62 90 0.485 16 

" Kd 27.74 64 0.455 19 
1 

KdlO 27.675 67 0.480 17 

Kd
9 

27.71 67 0.510 14 

Kd
8 

27.72 66 o. 485 16 

Kdll 27.675 67 0.505 14 

Kd12 28.04 - 0.260 34 

Kd13 27.87 41 0.215 36 

Lovedale I 28.00 - o. 320 30 

" 2 27.80 50 o. 276 33 
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Sample 20 (220)° 
Mol % Ca Mg Si

2
o

6 
"120(311-310)° 

(Davis & Boyd Cu Ko<... 
Wt% MgSi0

3 
(Kushiro 

1966) radiation 1964) 

'' Glassy'' type 27.66 72 0.243 35 

Belsbank Be 
4 

27.69 68 0,590 3 

" Be
5 

27.71 67 o. 505 14 

De Beers DB 
1 

27.685 68 0.470 18 

DB16 27.735 64 o. 520 13 

DB13 27.74 64 0.485 16 

DB15 27.675 67 0.525 13 

*********** 
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APPENDIX 21 - The chemical analyses, molecular norms, and structural formulas of 
clinopyroxenes from various sources. The method of calculation is 
described on page 141. 

I. Partial analyses of clinopyroxenes from kimberlites 

No. Locality Ca Mg Fe Al 

75966-1 Bultf ontein 16.0 10.2 3.1 0.1 

-2 II 14.3 9. 9 1.4 1. 3 

-4 " 14.2 10.2 2.5 1.0 

75967-1 " 14.9 10.3 2.5 0.9 

-3 II 14.6 9.9 2.6 1. 0 

75968-1 II 13.8 9. 8~ 2.5 1.1 

-2 " 14.8 10.0 2.4 0.9 

75972-4 Wessel ton 15.5 10.3 2.5 0.5 

75973-1 " 14.2 10.0 2.5 1.0 

-2 II 14.8 10.0 2.5 1. 0 

75974-1 " 13.8 9.8 2.7 1. 2 

75957-1 Kimberley 14.3 10.0 2.6 1.0 

-2 " 13.8 9.8 2.7 1. 2 

-3 " 14.2 10.2 1. 9 0.9 

-4 " 15.4 10.3 2.4 0.7 

75958-1 " 14.7 10.2 2.6 0.8 

-2 " 14.2 9.9 2.8 1. 0 
-3 " 14.7 10.1 2.4 1.0 

75959-1 II 14.5 10.2 2.4 0.9 

-2 II 15.3 10.4 2.4 0,8 

-3 II 15.1 10.2 2.4 0.9 

75938-1 De Beers 15.5 10.3 2.4 0.7 

-2 " 14.4 10.2 2.0 0.7 

-3 II 14.9 10.2 2.3 0.8 

-4 " 14.8 10.1 1. 6 0.6 

75936-1 II 14.2 10.0 2.2 0.9 

-2 " 15.1 10.3 2.5 1.1 

-3 II 15.3 10.3 2.5 0.7 

73191-l II 12.7 9.6 2.5 1. 7 

-2 " 15.9 10.6 2.4 0.4 

-3 II 15.3 10.4 2.4 0.7 

-4 " 14.9 10.3 2.5 0.8 

318 

Cr 

0.4 

1. 6 

o. 8 

0.6 

0.7 

0.9 

0.7 

0.4 

0.7 

0.7 

0.8 

0.7 

0.9 

1. 4 

o. 5 

0.6 

0.7 

0.7 

0.8 

o. 5 

0.7 

0.5 

1. 5 

0.9 

1. 9 

1. 3 

0.6 

o. 6 

1.1 

0.4 

0.4 

o. 6 
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No. Locality Ca Mg' Fe Al Cr 

75937-1 De Beers 15.3 10.7 2.2 0.7 0.6 

-2 " 15.0 10. 4 2.4 0.8 0.6 

-3 " 14.3 10.3 2.6 0.9 o. 6 

87703 I " 15.1 10.2 2.5 0.7 0.8 

" 14.7 11. 0 DB
2

(Lherz). - - -
L3 " Laurencia 15.0 10.5 - - -

K29 " Kamfersdam 13.2 9.3 - - -

w46 " Wesselton 13.8 9.2 - - -

D26 " Dutoitspan 13.9 10.2 - - -

************************ 
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APPENDIX 21 - The chemical analyses 2 molecular norms2 and structural formulas of clincpyroxenes from various sources. The method of calculation is described 
on ~el41 

II. Chemical analyses of clin0 pyro.xenes 

A. Chemical anal_yses 

-
1 2 3 4 5 6 7 8 9 10 11 12 13 

Si0
2 54.47 54.10 54. 61 54. 52 54. 09 53. 53 54. 52 36.00 50.06 54.25 45.04 57.33 54.06 

Al2o
3 8.33 2.74 2.23 0.01 1. 57 1. 30 3.58 6.48 0.96 1.40 10.08 16.73 2.05 

Fe
2
o

3 1. 76 1. 38 0.96 - 0.74 4. 04 3.60 1. 40 1. 50 8.38 3.02 1. 32 

FeO 5.43 3.02 3,83 1. 74 1. 47 2.10 2.66 4. 70 2.48 1. 34 2.00 0.28 0.96 

MnO 0.16 0.13 0.16 0.51 0.09 o. 12 0.14 - 0.10 - nd 0.06 

MgO 11.90 20.01 20.51 17.44 16.96 17. 88 23. 04 27.28 16.24 16.70 10.21 7.20 16.81 

CaO 13.63 16.02 15.30 25.34 21.10 22.96 18.48 8.12 19.68 21.60 21. 08 11.42 21.92 

Na
2
o 2.76 1. 64 1. 29 0.27 1. 37 tr tr 1.44 - 1. 68 3.16 1. 54 

K20 0. 30 0.06 0.04 0.12 0.15 1. 09 0.58 4.17 - 0.19 0.24 0.01 

TIO 
2 0.53 0.48 0.51 tr 0.28 0.50 0.50 - 1. 07 0.78 tr 0.17 

Cr
2
o

3 0.13 0.42 0.50 - 2.03 1. 96 0.12 0.40 1.12 1.82 nd. 1. 29 
+ 

H
2
o 0.46 0.76 0.75 0.26 0.22 7.64 9.03 4.17 0.05 0.23 0.03 -
-

H
2

0 - 0.10 0.80 0.7'2 o. 80 0.74 

NiO - - o. 03 - - -
Other - - 0.26 14.11 3.30 o. 61 

Total 99.86 100.76 100.69 100.31 100.64 99.73 100.62 100.93 99.45 100.33 100.28 100.15 100.19 

B. Molecular norms 

Ac 4.9 3.8 2.6 2.4 1. 9 4.5 2.5 3.9 13.1 8.4 3.4 

Jd 14.9 7.7 6.7 6.4 4.1 15.2 7.2 

CaTiA1
2
o

6 1. 4 1. 3 1. 3 1. 7 *6 1. 2 1. 3 3.4 2.3 0.4 
* 6 Cr

2
Al

2
o

6 0.1 0.5 0.7 2.3 2.8 0.4 0.5 3.0 2.8 1.8 3· 
CaFe

2
Sio

6 0.9 2.7 3.5 2.2 5.3 

CaFe Si
2
o

6 16.9 9.3 11.4 4.3 5.5 7.8 7.5 14. 0 7.6*3 
4.6 6.3 0.9 3.2 

CaMgsi
2
o

6 35.7 49,2 45.0 93.3 72.6 79.6 55.7 14.7 75. 7 74.1 56.7 39.4 79.3 

(MgFe)SiO
3 15.2 28.2 32.2 9.5 9.8 28.0 63. 5 5.7 13.0 4.4*1 

4.7 

Al
4

Si
3
o

12 7.4 ~ - 14.2 21. 2 

Al
2

AI
2
o

6 
3.5*8 - - 2.1 10.5 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

320a 

14 

53.47 

2.70 

1. 23 

1. 87 

0.08 

16.61 

20. 33 

1. 96 

0.03 

0.10 

1. 33 

99.71 

3,2 

10.3 

0.2 

1.8 

5.7 

69.6 

8.2 

100.0 
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C. Structural formules 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

+ 
Na 0,25 0.11 0.09 0.02 0.10 0.05 0.03 0.19 0.13 0.18 0.11 0.14 

Ca 
+ 

o. 63 0,60 0.58 0,98 0,81 0.92 0.67 0.40 0,76 0,83 0.85 0.35 0,83 0,81 
2+ 

Mg 0,77 1.05 1.08 0,93 0.90 0.99 1.17 1. 86 0,85 0.89 0.57 0.31 0.89 0.92 

Fe2+ 0.20 0.09 0.59 0.04 o. 05 0.07 0.08 0.18 0,08 o. 04 0.06 0.01 0.03 0.06 

Cr3+ - 0.01 0.02 0.06 0.06 0.01 0,03 0.05 0,03 0,03 

Ti4+ 0,02 0,01 0,01 o. 01 0.01 0,02 0.03 0.02 0.00 

Fe3+ 0.06 0.04 0.03 0.02 0.10 0.12 0,04 0.04 0.23 0.07 0.03 o. 03 

Al3+ 0,43 0.07 0,06 0,06 0,06 0,04 0,13 0,56 0,01 0,11 

A13+ - 0.04 0.03 0.14 0.35 o. 04 0.31 0.37 0,01 o. 01 

Si4+ 2.38 1.90 1. 94 1.96 1.93 2.00 1. 86 1. 65 1.81 1. 96 1. 69 1. 63 1. 92 1. 99 
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15 16 17 18 19 20 21 22 23 24 25 26 27 28 

SiO
2 53.20 54.25 52.40 52.40 54.3 52.8 55.2 54. 6 54. 2 54.9 53. 70 53.90 54. 61 53.75 

Al
2
o

3 4.34 1.40 0.60 1. 73 2.39 0.86 2.05 2.10 3.03 2.93 3.03 2.40 1. 30 2.83 

Fe
2
o

3 0.19 1. 50 3.68 - - - - - - 0.82 1. 34 1.14 1.27 

FeO 1. 52 1. 34 6.50 4.25 4.04 5.89 3.34 2.13 2.59 2.14 1. 91 1.28 3.02 1.62 

MnO 0.02 0.10 0.14 0.71 0.12 0.09 0.09 0.08 0,06 0.08 0.10 o. 07 

MgO 15.90 16.70 15.50 21.61 20.9 16.1 21.1 16.1 17.3 16.6 17.22 16.39 20.88 16.19 

CaO 22.16 21.60 20.50 13.30 15.4 20.9 16.1 19.9 19.5 20.1 17.91 20.57 16. 20 20.64 

Na
2
o 1. 57 tr 1. 52 1.38 1. 24 2.50 1. 95 2.31 2.13 1. 80 1. 28 1. 72 

K2o o. 04 tr o. 04 0,004 0.05 0.01 0.01 0.03 0.09 0.02 0.12 0.11 

TiO 
2 0.10 1. 07 0,66 - - - - - - nd. 0.20 0.23 0.25 

Cr
2
o

3 0.21 1.82 2.80 0.31 - - - - - - - 1. 55 0.92 1. 30 

Ho+ 
2 1.50 1. 64 0.79 0,09 0.85 3.15 1.45 1,82 0.17 - 0.41 0.24 

H
2
o- 0.13 0.43 0;16 0.15 0.41 0.003 3.03 - 0.07 0.10 

NiO 0.26 - - - - - - nd 0.05 -
Other 0.05 0.15 - - - - - - 0.09 0.01 - 0.07 

Total 99.92 100.33 99.80 100.12 99.7 99.2 100. 4 100.7 100.6 101. 0 100.15 99.59 100.28 100.16 

Ac 0.7 2.1 3.8 2.8 3.4 

Jd 10. 6 12.4 8.8 5.3 9.1 

CaTiA1
2
o

6 
0.2 3.2 2.0 0.4 0.6 0.6*7 0.9 

Cr
2
Al

2
o

6 
0.4 2.7 3.7 0.4 4.1 2.2 2.4*6 

1.8 
3+. 0.4 5.2 CaFe
2

S1O
6 

CaFeSi2o
6 

4.6 4.3 18.4 13.2 5.7 4.4 8.7 5. 8 

CaMgSi
2
o

6 
80. 7 76.3 66.7 33.4 56.9 71.4 54.4 70. 6 

(MgFe)SiO3 2.6 9.2 11. 2 44.6 18.4 9.0 25.7 8.4 

Al
4

Si
3
o

12 
Al

2
AI

2
o

6 
0.2 1. 2 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

~ 
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15 16 17 18 19 20 21 22 23 24 25 26 27 28 

Na+ 0.11 0.11 0.10 o. 09 0,18 0,14 0.16 0,15 0.12 0.17 0,12 

Ca+ 0.86 0,83 0,83 0,52 0.92 1. 37 0,95 1. 22 1.18 1. 22 0.67 0.78 0.64 0.79 
Mg2+ 

0.86 0.89 0.87 1.19 1. 73 1. 36 1. 74 1. 38 1. 45 1.40 0.90 0.87 1.14 0.87 

Fe2+ 0.05 0.04 0.20 0.13 0.19 0.30 0.15 0.11 0.12 0.11 0,06 0.04 0.09 0.05 

Cr3+ 0.01 0.05 0,09 0.01 0.02 - o. 02 0.09 0.04 0.05 0.08 0.05 0.02 o. 04 
Ti4+ 

0.03 0.02 - 0.01 - - 0.01 - 0.01 0.01 

Fe3+ i 

0.01 0.04 0.10 - - - - - 0.02 0.04 0.02 0.03 

Al3+ 0.11 0.02 0.07 0.02 0.06 0.06 0.09 0.09 0.12 0.09 0.05 0.09 

Al3+ 0.08 0.06 0.03 0.06 o. 04 0.03 0.03 0,03 0.05 0.03 0,01 o. 03 

Si4+ 1.92 1. 94 1. 97 1. 94 1,96 1. 97 1. 97 1. 97 1. 95 1. 97 1. 88 1. 91 2.00 1,92 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2022

APPENDIX 21 (Continued) 322a 

29 30 31 32 33 34 35 36 37 38 39 40 41 42 
. --

Si02 50.97 54.38 55.03 53.50 54.49 54.63 53.50 54. 20 54.19 53.69 52.48 53.80 53.90 53.70 

Al
2
o

3 4.86 2.53 2.69 5.03 5.48 1. 66 2.69 2.15 2.71 2.43 2.53 1. 80 2.40 2.11 

Fe
2
o

3 0,92 1.13 1. 20 1. 62 1. 77 0.57 0.90 0.98 0.31 0.86 0.53 1. 11 1. 34 -
FeO 1.41 3.57 3.48 2.03 1. 77 1. 54 1. 65 1. 55 3.05 2.83 2.14 1. 81 1.28 2.92 

MnO 0.10 0.09 0,09 0.07 0.07 0.04 o. 05 0,05 0,07 0,06 0.07 0.10 0.08 nd 

MgO 17.89 15.59 13.91 15. 30 13.08 16.78 17.43 15.89 16.32 18.65 17.63 16.39 17.24 

Cao 21. 28 20. 26 21.55 17.37 18.94 23.46 21. 62 22.99 21. 04 22.37 20.98 20.96 20.57 19.69 

Na20 0,83 1. 45 1. 54 2.50 2.72 1.01 1. 20 1. 34 1. 50 1. 05 1. 03 1. 26 1. 80 nd 

K
2

0 nd 0.10 0.10 0.11 0.12 0.01 0.01 0.01 0.01 0,01 0.02 0.04 0.02 nd 

TIO 
2 0.49 0,21 0.22 1.06 1.15 0.11 0.16 0.18 0.22 0.16 0.19 0.11 0.20 nd 

Cr
2

o
3 1. 47 0,18 0.19 0.38 0.41 0.20 0.47 0.69 0.63 0,20 0.88 1.12 1. 55 nd 

HO+ 
2 0,23 

H
2

0 o. 07 0.81 1. 06 

NiO nd nd nd nd - 0,05 o. 08 o. 0 8 o. 00 0,06 nd 

Other 

Total 100.52 100.30 100.00 100.03 100.00 100.06 99.76 100.11 100.10 100. 04 99.50 99.74 99.53 95.66 

Ac 2.4 3.1 3.3 4.4 4.8 1. 5 2.4 2.8 0.8 2.4 1.5 3.0 3.8 I 

Jd 3.5 7.7 8.0 13.8 14.2 5.4 6.0 6.5 9.5 4.7 5,5 6.0 9.2 

CaTiA12o
6 1,3 0.7 0.7 1. 1 1. 1 0.4 0.6 0.6 0.8 0.7 0,6 0.4 0.7 

Cr
2
A1

2
o

6 2.1 0.4 0,4 1. 6 1. 6 0,3 0.6 o. 9 0,9 0.4 1. 7 1. 5 2.3 
3+ 

CaFe
2
Si0

6 
CaFeSi2o 6 4.3 11.1 11. 2 6.6 6.2 4.5 5.2 4.7 9.4 8.7 6.5 5.5 4.3 8.4 

caMgsi
2

o
6 74.6 66.9 73.3 59.7 67.1 85.3 76. 6 82.6 69.3 77.2 72.6 74.0 77.2 73.6 

(MgFe)Si03 11. 8 9.1 1. 9 11. 6 1. 4 2.6 8.6 1. 9 9.3 5.7 12.4 9.6 2.5 13.2 

Al
4

Si
3
o12 1.0 1. 2 3. 5 4.8 

Al
2
AI

2
o

6 1. 2 0.2 

Total 100. 0 0 100.0 100.0 100.0 100.0 100.0 100.0 100,0 100.0 100.0 100,0 100.0 100.0 100,0 
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29 30 31 32 33 34 35 36 37 38 39 40 41 42 
+ 

0, 06 Na 0,11 0.11 0,18 0.20 0.07 0.09 0.09 0.12 o. 07 0.07 0.09 0.13 
+ 

Ca 0.82 0.79 0.83 0.67 0.74 0,93 0.84 0.90 0.82 0.87 0.84 0,83 0,81 0,78 
Mg2+ 0.96 0.85 0.75 0.83 0.71 0.92 0.95 o. 86 0.89 0.88 1. 03 0.97 0.90 0.96 
Fe2+ o. 04 0.11 0.11 0,07 0.06 0.05 o. 05 0.05 0.10 0.09 0.07 0.06 0.04 

Cr 
3+ o. 04 0,01 0.01 0,03 0. 03 0.01 o. 02 0.02 0.02 0.01 0,03 0.03 0,05 

Ti4+ 0,01 0,01 0.01 0.01 o. 01 - 0.01 0.01 0.01 0. 01 0.01 0.01 0.01 

Fe 
3+ 

0,02 o. 03 0,03 0,04 0.05 0.01 o. 02 0.03 0,01 0.02 0,02 0,03 0,03 o. 08 
Al3+ o. 03 0,10 0.10 0.17 0.21 0.06 0. 06 0.07 0,10 0,05 0,05 0,06 0,09 0.09 
Al3+ 0,17 0,01 o. 01 0.05 o. 02 0.01 0.05 0.02 0.02 0.05 0.05 0.02 0.02 
Si4+ 1. 83 1. 99 1. 99 1. 95 1. 98 1. 99 1. 95 1. 98 1. 98 L 95 1, 95 1 .. 98 1 .. 98 2.00 
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.. 43 44 -- 45 46 47 48 49 50 51 52 53 54 

SiO
2 54.19 54.20 53.50 54. 63 53. 75 54.26 51. 89 48.75 51. 40 51.34 52.43 52.50 

AI
2

o
3 2.71 2.15 2.69 1. 66 3.08 2.94 4.76 6.54 4. 58 5.63 4.16 5.19 

Fe
2

o
3 0.31 0.98 0.90 0.57 1. 39 2.22 - 2.58 4.50 3.63 2.66 -

FeO 3.05 1. 55 1. 65 1. 54 2.46 2.58 4.40 4.21 0.05 0.07 3.53 2.31 

MnO 0.065 0.049 0. 051 0.039 o. 06 0.06 0.54 - 0.03 o. 03 0.12 -
MgO 16.32 15.89 17.43 16.78 15.91 15.23 15.47 14.45 16.85 15.29 18.19 18.01 

cao 21. 04 22.99 21. 62 23.46 20.82 20.40 19.73 19.78 20. 02 19.62 16.56 19.52 

i 
Na

2
O 1. 50 1. 34 1. 20 1. 01 1. 84 2.15 1.14 1. 31 1. 91 0.90 

! 

K
2

o 0.01 <O. 01 0.01 <0.01 0.02 0.01 0.01 - - 0.07 

TiO
2 0.63 0.69 0.47 0.20 0.15 0.13 1. 94 0.64 0.58 0.37 

Cr
2

o
3 0.22 0.18 0.16 0.11 0.47 0.16 1.09 0.25 0. 08 0.05 1. 06 2.43 

HO+ 
2 0.82 0.88 0.20 

H
2
o- 0.16 0.16 0.44 

NiO o. 046 0.075 o. 079 0.053 0.05 0.05 0.08 

Other 0.003 0.030 o. 003 0.002 0.01 

Total 100.09 100. 14 99.79 100.06 100.00 100.18 100.18 99.81 100.44 99.47 100.37 99.96 

Ac 0.9 2. 80 2.4 1. 5 3.8 6.1 7.8 9.3 10. 0 6.8 

Jd 9.4 6. 6 6.0 5.4 8,8 9.0 0.9 3.5 

CaTiA1
2

o
6 0.6 0.6 0.4 0.4 0.4 0.4 5. 6 1. 7 1.8 1.1 

Cr2Al 0 0.8 o. 9 
3+2 6 

0.6 0.3 0.7 0.4 1. 6 o. 5 o. 1 0.2 1. 6 3.6 

CaFe
2

SiO
6 1. 4 o. 0 0.3 

CaFeSi
2

o
6 9.7 5.2 5.4 4.8 7.8 8.2 15.3 13.7 0.1 0.2 10.9 7.1 

CaMgSi
2

o
6 69.5 81. 3 76.6 84.9 71. 7 69.7 62.6 61. 0 75. 0 74.9 54. 5 70. 1 

(MgFe)SiO
3 9.1 2.6 8.7 2.7 7.2 6.2 12.8 6.6 8.4 4.4 22.0 14.4 

AI
4

Si
3

o
12 7.7 1. 2 

Al
2
AI

2
o

6 3.9 4.0 3.8 3.8 4.8 

--
Total 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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43 44 45 4G ,_17 48 49 50 51 52 53 54 
--~----

+ Na 0.10 0, 05 o. 08 0.06 0.13 0.15 0.09 0,09 0.13 0.07 
+ 

Ca 0.81 0,89 0.83 0,90 0.80 0.79 0,80 0,82 0.79 0.77 0.64 0.75 
2+ 

Mg 0.87 0,85 0.93 0,90 0.85 0.82 0.87 0.62 0.93 0.84 0.98 0.96 
2+ 

Fe 0.10 0.05 o. 05 0.05 0.08 0.08 0.15 0,14 - - 0.11 o. 07 
3+ 

Cr 0.02 0.02 o. 01 0.01 0.01 0.01 0.03 0.01 0.03 0.07 

Ti 
4+ 

0.01 0.01 0.00 0.06 o. 02 0.02 0.01 

Fe 
3+ 

0.01 o. 03 0.02 0.02 o. 04 0.06 0.07 0.12 o. 09 0.10 
Al3+ 0.09 o. 07 0.06 0.05 o. 09 0.09 0.16 0.16 o. 08 0.13 0.10 0,09 
Ai3+ I 

0.02 o. 02 o. 05 0.02 o. 04 0.04 0.05 0.11 0.11 0.11 0.10 0.13 
4+ 

Si 1.94 1. 95 1. 92 1. 97 1. 94 1. 96 1. 95 1. 89 1. 89 1. 89 1. 90 1. 87 

I 
• 
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-·ct 

G5 5G :37 58 59 GO Gl 62 G3 64 Gr: a 66 G7 68 
·--- ---- ---- -·----·-----------·--~ ~-------·· ... ---

: 
50.24 SiO

2 
52.37 51.86 53.88 53.89 53.44 49.87 54.50 51. 78 51. 42 50.36 52.48 51. 41 52.12 

AI
2
o

3 
6.11 1. 56 4. 57 0.68 0.72 3.74 5.44 6.47 5.14 5.97 6.58 3.56 4.69 4,08 

Fe
2
o

3 
1.44 2.44 2.53 o. 16 - - 2.75 - 1. 75 1. 43 1. 53 1.13 0.69 0.82 

FeO 2.01 3. 46 -1. 04 2.11 2.42 4.70 2.50 4.00 2.14 2.57 2.66 2.52 2.64 2.24 

MnO 0.10 tr 0.13 2.07 o. 12 0.31 - o. 70 0.12 0.15 0.09 0.15 0.11 0.09 

MgO 16.72 17. 40 16.53 18.84 17.84 16.19 16.26 14.58 16.04 16.17 16.59 17. 03 16.32 16.48 

CaO 20.88 22.15 19.96 22.38 23.56 19.90 20.74 17.87 20.32 19.95 18.78 19,00 21.63 19.34 

Na
2
o - 0.12 0.58 0.78 0.52 1. 06 1. 36 1. 41 - o. 72 2.14 

K20 - 0.04 o. 04 0.10 0.08 0.10 0.08 - 0.04 0.08 

TiO
2 

0.29 - 0.72 0.14 0.13 0.38 0.24 0.79 0.62 0,33 0.80 

Cr
2
o

3 
0.05 0.73 1. 22 0.87 0.69 o. 75 1.76 1. 98 0.95 0.80 0.92 2.12 1. 03 1. 44 

·+ 
0.09 0.14 0.10 0.55 H

2
0 0.11 -
-

H20 

NiO 0.039 0.028 o. 041 o. 045 0.037 0.034 o. 040 0.041 

Other 0.02 0.01 0.04 o. 03 o. 03 0.04 0.05 0.03 

Total 
I 

100.06 99.72 100.39 100.15 100.13 99.03 99.87 100.33 99.84 100.24 99.86 98.53 99.81 99.70 

Ac 6.7 0.4 - - - - 4.8 3.9 4.0 - 2.0 2.2 

Jd 4.2 2.1 2.6 - - - 3.1 5.8 5.9 - 3.1 13.1 

CaTi.AI
2
o

6 0.9 1. 9 0.4 0.4 - - - 1.1 1.1 2.1 1. 7 0.9 2.2 

Cr
2
AI

2
o

6 0.2 2.0 I. 7 1. 3 1.0 1.2 2.5 2.9 1.4 1. 2 1. 2 3.1 1.4 2.1 
3--!= 

CaFe
2

SiO
6 2.1 3.3 - - - - 3.8 - - - - 1. 5 

Cs.FeSi
2
o

6 6.6 10. 5 12.2 6.4 7.2 15.4 7,5 14.7 6.8 8.2 8.0 8.1 8.2 6.9 

c:-1MgSi 0 
2 6 

74~6 73.9 58.9 77.4 82.6 64.4 70. 9 55.9 69.8 66.8 58.6 63.8 77. 3 63.2 

(MgFe)Si0
3 8.6 10.3 14.4 12.0 6.2 12.9 9,4 12.0 9.3 10.4 20. 2 19. 2 4.0 10.3 

Al4.Si
3
o12 - - 7.1 2.8 10.0 - - - - - -

AI
2
AI

2
o

6 5.0 - - - - 3.1 4.5 3.7 2. 6 - 2.6 3.1 -
-

Total 100.0 100.0 100.0 100.0 100.0 100.0 100,0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
-

.. 
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324b 

---· 

55 56 57 58 59 60 Gl 62 63 64 65 66 G7 cs 

+ 
Na 0.12 0.06 0.04 - - - 0.08 0.09 0.10 - 0.05 0.16 

Ca 
+ 

0.80 0.88 0.79 0.88 o. 93 0.79 0.86 o. 70 o. 79 0.77 0.73 0.74 0.85 0.78 

Mg2+ 0.89 0.97 0.91 1. 03 0,98 0.89 0.93 0.82 0.87 0.87 1. 01 1. 02 0.79 0.86 
2+ 

Fe 0.06 0.11 0.13 0.06 o. 08 0.15 0.08 0.15 0.07 0.08 0.08 0.08 0.08 0.07 
3+ 

Cr - 0.02 0.04 o. 02 o. 02 0.02 0.05 0.06 0.03 0.02 o. 03 0.06 0.03 o. 04 

Ti4+ 
0.01 - 0.02 0.01 0.01 0.02 0.02 0.01 0.02 

Fe3+ 0.04 0.07 0.07 0.08 0.05 0.04 o. 04 o. 03 0.02 0.02 

Af+ 0.09 - o. 04 0.02 0.02 0.14 0.17 0.28 0.11 0.11 0.06 0.05 0.09 0.14 

AI3+ 0.17 0.07 0.15 o. 01 0.02 0.08 0.11 0.14 0.18 0.10 0.12 0.04 

Si4+ 1. 83 1. 94 1. 85 1. 99 2.00 1.98 1. 92 2.00 1. 89 1. 86 1. 82 1. 90 I.88 1. 96 
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-

69 70 71 72 73 74 75 76 77 78 79 80 81 82 
---

SiO
2 51. 87 48.57 48.05 50.43 54.15 46.13 44.89 46.20 51. 72 44. 62 51. 52 50.87 51.17 41. 78 

Al
2

o
3 1. 72 7.38 8,02 5.76 10. 83 10.84 IO. 23 7.38 3.87 9.83 4.47 5. 92 6. 46 10.86 

Fe
2

o
3 1. 61 2.92 2,60 1. 77 4.26 3.67 7.18 6.94 3.02 4. 09 1. 84 1. 93 0.85 7.00 

FeO 3.66 2.68 3.11 3.24 4.22 3.74 5.58 5.97 3.77 2.47 2.78 2.95 2.87 1. 76 
MnO 0,06 0,11. 0,10 0.11 0.14 0.14 0.37 0.26 0.21 0.06 0.12 0.11 0.16 0.02 
MgO 17.94 14.22 13,96 16.12 10.37 11.62 8.11 8.96 15.02 12.29 15. 64 16.46 17.65 11. 71 
Cao 20.92 20.90 21.15 19.45 20.79 20.92 18.84 19.85 19.45 23.17 20. 46 19. 19 18.27 20. 76 
Na

2
Q 0.33 0.79 0.83 0.93 1. 33 0.90 2.27 1. 91 1. 38 0.52 1. 07 o. 97 1. 20 o. 94 

K2O 0.02 0, 03 0.04 0.02 0.03 0.03 0.05 0.06 0.11 o. 02 0.01 o. 04 0.08 -
TiO

2 0,65 0.45 0,40 0.34 0.48 0.54 0.54 0.67 0.58 - 0.43 - 0.14 1. 92 
Cr

3
o

3 1. 07 o. 012 
HO+ 

2 0,08 1. 48 1. 76 0.88 2.09 1. 32 1.97 1. 70 o. 70 3.36 0.98 0,86 0.28 -
H

2
o o. 02 0.11 0.40 0.18 0.06 0,01 0.00 0.24 - o. 54 0.55 1.20 -

NiO o. 040 

Other 
0.036 

- 0.14 

Total 99.97 99.68 100.13 99.54 99.87 99.92 100. 04 99.86 99.92 100. 45 99.86 99.85 100. 40 99.722 

Ac 2.2 5.8 6,0 5.0 8.9 6.5 16.8 13.3 8.5 3.8 5.1 5.2 1. 2 6.8 

Jd 1.8 2.0 2.4 1.7 6.2 

CaTiA1
2
o

6 
1.8 4.2 4.9 2.5 5.4 3.6 5.7 4.5 2.0 9.4 2.9 2.4 0.9 5.5 

Cr2~1-t'o6 
1.4 0.6 0.3 0.2 0.4 0.8 0.9 1. 9 

CaFe
2

SiO
6 

0.9 1.1 0,6 1.2 1. 9 1. 8 2.7 3.8 6.7 

Ca FeSi
2

o
6 

10.5 8,7 9.7 10.4 12.8 12.1 18.9 18.7 12.5 7.8 8.8 9.2 8,9 6.8 

CaMgSi
2

o
6 

62,5 68,9 68,2 65. 0 53.1 63.8 45, 7 46.1 62.2 67.6 66.6 61. 3 56.3 66.4 

(MgFe)SiO
3 20. 7 5.4 4.5 7.0 5. 1 *l) 0.3 1. 3 *6) 0.9 7.6 9.2 13.8 18.6 

Al
4

Si
3
o

12 - 5,2 12.8 9.8 13.8 7. 6 *l) 

Al2A12o
6 - 5.9 6,1 2.5 11. 6 4.8 4.2 5.5 6.0 7.8 

Total 100.0 100.0 100.0 100,0 100.0 100.0 100,0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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r I (39 '7 0 '71 72 73 H 7 ;~ 7G 77 78 7D 80 81 82 
I 

Na 
-r 

0.02 0.06 0.06 0.07 0.09 0.07 0.17 0.15 0.10 o. 04 0.07 o. 07 0.09 o. 07 
+ 

Ca 0.83 0.83 0.84 0.79 0.77 0.83 0.76 0.87 0.68 0.92 0.80 0.74 o. 70 0.85 
Mg2+ 1.15 0.78 0.77 0.90 0.53 0.64 0.46 0.45 0.68 0.68 0.85 0.89 0.94 0.67 

2+ 
Fe 0.12 0.09 0.10 0.10 0.12 0.12 0.19 0.21 0.13 0.07 0.08 0.09 0.09 0.05 

3+ 
Cr 0.03 0.01 0.01 0.02 0.03 

4+ 
Ti 0.02 o. 04 0.05 0.02 0.05 0.04 0.06 0.05 0.02 0.09 o. 02 0.02 0.01 0.05 
Fe3+ o. 04 o. 08 0,07 0,05 0.11 0.10 0.20 0.21 0.08 0.11 0.05 0.05 0.02 0.20 
Al3+ - 10.12 0,12 o. 15 0.31 0,19 o_.,1n 0. 3fj 0:09 0.07 o. 07 0.09 0.09 0.09 
Al3+ 0.07 0.20 0.23 0.10 0.12 0.29 0,30 0.11 0.08 0.35 0.12 0.16 0.17 0.40 
Si4+ 1. 93 1. 80 1. 77 1. 90 1. 88 1. 71 1. 70 1.89 1. 92 1. 65 1.88 1.84 1. 83 1. 60 

I 
1 

! 
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·•·· \~ 

83 s,J. s·-J 86 87 88 89 90 91 92 93 94 95 96 
- -- ·---

I 
SiO

2 51.10 50.95 52.24 51. 08 54.76 53.36 55.06 54. 08 52.04 55.50 51. 99 55.25 54.37 53.32 
Al

2
o

3 4.94 5.43 2.77 3.44 8.33 9.66 7.67 9.20 6.93 15,63 15.75 16.17 14.47 12.40 i 
I 

I 
I Fe

2
o

3 0.45 0.09 I 3.54 4.12 1. 29 1. 69 1.68 0.83 2.59 1. 94 1.55 1. 64 2.38 1.48 
! FeO I 2.70 2.73 0.47 0,18 2.70 5.68 4. 01 2.18 4.10 0.96 o. 58 1. 36 0.95 1.40 I 

I 
MnO 0,04 0,03 0.02 0.02 0,04 tr 0.07 tr 0.09 0.02 tr o. 04 0.02 tr 
MgO 17.29 14. 05 16.93 17. 04 11. 59 9,50 11. 97 11. 51 11, 65 7.17 10.72 7.23 8.95 10.40 
cao 20.19 22.45 19.62 19,05 16.35 12.18 14.22 17.50 19.49 10.52 14.75 12.34 13.35 14.67 
Na

2
o l. 65 1, 32 1. 66 L47 4. 63 6.82 4.70 4.20 2.22 7.61 4.22 6.36 5.21 4.79 

K2o - 0, 08 0.00 0,19 0.05 tr 0.08 0,04 - 0.08 0.22 o. 07 0.13 0.16 
TIO 2 0,55 o. 40 0.00 o. 57 0.44 0,34 0.51 0.14 0.54 0,18 0.28 0.23 0.13 0.23 

Cr
3
o

3 0.40 2.20 1.90 o. 98 - - - - 0.023 o. 04 0.03 0.04 0.03 0.92 
+ H

2
0 - 0,42 0,06 I. 62 - 1. 05 0.46 -

H2o 0.08 0·14 0,36 0.86 - - -
NiO 0,14 

Other 
-

Total 99.39 99.29 99,57 100.62 100.18 100,50 99.97 100.14 99.67 99.65 100.09 100.73 99.99 99.77 

Ac 1. 3 0.2 9.7 11. 4 3.1 4.3 4.5 2.1 7.3 5. 1 4.3 4.2 6.4 4.1 

Jd 4.6 9,3 2.2 26.2 39,1 28.8 26.7 8.6 47.5 25.4 39.5 30.3 30. 2 

CaTiAl 0 
2 6 

1. 5 1.1 o. 9 1.0 0,8 1.3 0.4 1. 5 o. 6 0.9 o. 6 0.4 0.7 

Cr
2
Al

2
o

6 
oq 6 3.2 2.7 2,9 1. 3 

3 i 0 

CaFe
2

S1O
6 

CaFeSi
2
o

6 
8.4 9.6 2.3 0.7 7.4 16.4 12.1 6.6 13.1 3,0 1. 7 4.0 3.0 5.5 

caMgsi
2
o

6 
68.6 74.3 71.8 71.8 58. 5 30, 0 41. 4 61. 0 62.3 36.2 53,7 39.5 47.2 49.9 

(MgFe)SiO
3 13.1 2,3 11. 3 11. 5 3.8 9.4 11. 8 Ll 

*1 
0.8 0.7 1. 6 2.1 

Al ,Si
3

O 
4 12 0.5 3.6 6.9 5.7 10.6 9.0 3.5 

A1
2

AI
2
o

6 1. 9 0,8 2.1 2.8 6.7 1. 6 2.7 2.7 

,.,..,otal 100.0 100.0 1.00. 0 100.0 100.0 100,0 100.0 100.0 100.0 100.0 100.0 100,0 100.0 100.0 
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83 84 85 86 87 88 89 90 91 D2 93 94 95 96 

Na 
+ 

0.06 0.10 0.12 0.11 0.32 o. 46 0.32 0.29 0.16 0.52 0.30 0.44 0.37 0.34 
+ 

Ca 0.79 0.90 0.76 0.76 o. 53 0.45 0,54 0.67 0.77 o. 40 0. 56 0.47 0.51 0.58 
2+ 

Mg 0.94 0.78 0.92 0.96 0.61 0.49 0.64 0.61 0.64 0.38 0.57 0.38 0.48 o. 57 
2+ 

Fe 0.08 0.09 0.02 0.01 0.08 0.16 0.12 0.06 0.13 0.03 0.02 0.04 0.03 o. 04 

Cr3+ 0.01 0.07 0.06 0.03 0.03 

Ti4+ 
0.01 0.01 - 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Fe3+ 0.01 0.09 0.11 0.03 o. 04 0.05 0.02 0.07 0.05 0, 04 o. 04 0.06 o. 04 

Al3-t 0.08 0.09 0.03 o. 01 0.28 0.39 o. 30 0.31 0.21 o. 61 0.51 0. 64 o. 75 0.49 

Ala-:-
0.12 0.10 0.09 0.09 0.06 0.03 0.06 0.09 o. 04 0.16 0.03 0.06 0.04 

Si4+ 1.88 1. 90 1. 91 1. 91 1. 94 1. 84 1. 97 1. 94 1. 91 1. 96 1. 84 1. 97 1. 94 1. 96 
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97 98 99 100 101 102 103 104 105 106 107 108 109 110 
- ~- . ---·-· ---

Si0
2 54. 82 54. 03 54. 70 54. 06 55.16 54. 56 55.31 55.10 55.18 54. 51 48.99 54.73 54.72 54. 96 

Al2o
3 14.19 12.91 14.41 17. 64 15.22 16.50 19.26 17.95 19.07 11. 36 17.78 14.10 10.51 8.01 

! Fe
2
o

3 1. 63 1. 53 1. 53 1. 56 1. 01 1. 56 0.82 1. 08 0.66 2.68 0.72 1.17 1. 69 1. 92 

FeO 0.64 0.75 0.61 0.83 1. 00 0.40 1. 10 0.58 o. 76 0,75 0,74 1. 74 2.56 3.13 

MnO 0.03 0.05 tr tr 0,02 0.01 tr tr tr 0,05 0,02 0.04 0.07 0.10 

I MgO 9.08 10.12 8.67 6.87 8.22 7.26 5.57 6.28 6.10 10,67 9.73 8,84 11. 02 11.62 

CaO 14.94 16.58 14.17 11. 98 14.55 12.94 10.11 11.40 10.98 13.20 18.23 11.62 13.36 14.13 

Na
2
o 4.68 4.62 5.31 6.20 5. 12 6.00 7.30 6.81 7.00 6.12 3,30 6,61 5.05 4.78 

K2O 0,07 0.12 0,05 0.12 0.16 0.07 0.11 0.06 0.06 0.06 0.06 0.24 0.17 0.18 

TiO
2 0.12 0.04 0.18 0.42 0.10 0.10 0.38 0.03 o. 41 0.41 0.42 

Cr
2
o

3 0.09 0.08 0.024 0.03 o. 03 0.04 0.02 0.024 0.10 0.16 0.06 

H2O 
+ 

0.05 0.25 o. 13 0.38 nd 0.40 

H
2

0 0,08 0.06 0.05 0.17 nd 0.25 

NiO 

Other 

Total 100.29 100.83 99.65 99.71 100.59 99.44 99.98 99.31 99.94 99.71 99.75 100.15 99. 72 99.96 

I 

Ac 4.4 4.0 4.1 4.2 2.7 4.3 2.1 3.0 1. 9 7.5 1. 9 3.2 4.5 5.2 

Jd 28.9 28.2 33.1 38.1 32.5 37.6 48.2 41. 5 46. 2 36.1 21.1 43.3 31. 2 30.8 

CaTiAI
2
o

6 
0.4 0.2 0.6 1.1 0.4 0.4 1.1 0.1 0.9 0.4 1.1 1.1 1.1 

Cr2A12o6 0.2 0.2 0.0 0.1 0.2 o. 2 0.2 0.4 0,2 
3.-1-

CaFe
2
·s1O

6 
CaFeSi

2
o

6 
2.0 2.5 1. 7 1. 9 2.9 1. 3 3.2 1. 7 2.3 2.6 2.2 5.~ 7.9 9.5 

Ol MgSi
2
o

6 
50.0 53.4 46.4 36.4 44.1 38.5 29.4 33.7 32.0 47.7 52.1 37.6 42.3 43.13 

6.4*1 6.1*1 8.7*1 9 4*1 4.7*1 :.tl 
7.2*1 (MgFe)SiO

3 5.6 8.4 5. 0 15.0 4.5 8.2 8.8 

Al
4

Si
3
o

12 
12.4 0.9 7.5 8.8 5. 5 5.5 8.9 7.7 8.0 0.8 

Al
2

AI
2
o

6 1. 7 4.2 1. 0 3. 4 *3) *8 *8 *8 
'i. 0 2.2 3.2 3,0 2.4 - 7,1 4.0 ,1, 4 -

Total 100.0 100.0 100.0 100. 0 100. 0 100.0 100,0 100.0 100,0 100.0 100.0 100.0 100.0 100.0 
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97 98 f)9 100 -: f()l 102 103 104 1(,5 106 107 .108 109 110 
.. ------- - ------~~------· 

Na 
+ 

0.33 0.31 oe 36 0. 42 0.35 0.40 0.50 o. 45 0.46 0.41 0.23 0.47 0.38 0.34 
+ 

Ca 0.57 o. 61 0.52 0.45 o. 54 0.47 0.38 o. 41 0.40 0.49 0.70 0.44 0,51 0.54 

Mg 
2+ 

0.56 0.52 0.45 0.41 0.47 0.37 0.29 0.31 0.31 0.55 0.52 0.47 0.59 0.62 
2+ 

I 0.02 Fe 0.02 0.02 0.02 o. 03 0.01 0.03 0.02 0.02 0.02 0.02 0.05 0.08 0.10 

Cr3+ 

Ti4+ 0.01 o. 01 o. 01 0.01 0.01 0.01 
3+ 

0.04 Fe o. 04 o. 04 o. 04 o. 03 0.04 0.02 0.03 0.02 0.07 0.02 0.03 0.05 0.05 
Al3+ 0.56 0.37 0.48 o. 64 0.52 0.53 0.73 o. 517 0.65 0.34 0.50 0.53 0.40 0.32 

Al3+ 0.04 0.14 0.11 0.08 0.10 0.14 0.06 0.14 0.12 0.12 0.25 0.06 0.04 0.02 

Si 
4+ 

1. 96 1. 86 1. 89 1. 92 1. 90 1. 86 1.94 1. 86 1. 88 1.88 1. 75 1. 94 1. 96 1. 98 
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111 112 113 114 115 116 117 118 119 120 121 122 123 124 

SiO
2 54.21 54.29 53.74 54.74 54. 3 51.80 50.47 49.8 50.73 50.69 52.53 53.93 51. 71 50.78 

AI
2
o

3 6.76 4.40 5.06 5.61 10.0 1. 84 4.36 6.98 7.86 7.68 4.23 9.64 4.53 7.24 

Fe2
o

3 3.10 2.92 2.65 4.56 3.5 1. 82 2.87 3.36 3.69 2.50 1. 24 2.04 3.41 2.96 

FeO 4.44 5.29 3.46 3.83 3.2 7.45 5.40 5.15 3.45 8.43 2.81 2.50 1. 93 3.35 

MnO 0.14 0.28 0.16 0.03 0.02 0.47 0.15 0.18 - 0.17 0.06 0.02 0.07 0.03 

MgO 12.39 13.66 15.60 10.83 8.2 12.38 13.26 16.30 16.65 12.28 15.97 10. 54 14,57 11.92 

CaO 13.68 14.20 15.48 15.11 13.3 22.85 22.24 15.8 IR.82 13.34 20.93 16.35 21. 77 20.12 

Na
2

O 4.47 2.99 2.62 4.56 6.8 0.61 0.67 1. 25 l. 27 2.57 1. i9 4.06 1. 71 2.84 

K2
O 0.21 0.20 0.17 0.01 0.02 0.03 0.03 tr 0.0 0.13 0.09 0.26 0.05 0.06 

TiO 
2 0.55 0.34 0.31 0.09 0.20 0.24 0.73 0.93 0.74 0.95 0.30 0.39 0.60 0.23 

Cr
2
o3 0.15 0.11 0.34 0.01 - 0.01 0,01 - - 0.076 0.26 0.03 - -
+ 

H
2
o nd 0.77 0.41 0.50 0.12 0.26 0.14 - o. 04 0.74 o. 54 0.25 - 0.66 

H2O nd 0.25 0.14 0.20 0.06 -
NiO 0.01 - -
Other 0.05 - 0.20 0.03 0.27 0.02 

Total 100.10 99.70 100.14 100.23 99.72 99.96 100.36 99.97 100.25 99.95 100.15 100. 01 100.35 100.21 

Ac 8.5 8.1 7.4 10.2 9.5 4.3 4.7 8.8 10.1 7.2 3.3 5. 8 9.3 8.1 

Jd 23.7 14.7 11. 8 16.0 37.7 12.4 5.7 24.2 2.8 12.1 

CaTiAI
1
o

6 
1. 5 o. 9 0.9 o. 2 0.6 0.7 2.2 2.4 2.4 2.8 o. 9 1.1 1. 7 0.7 

Cr2Aio6 
0.2 o. 2 0.5 o. 2 o. 5 . -

CaF~
2

SiO
6 

0.4 1. 7 0.2 0.8 

CaFeSi
2 

0
6 

13.5 17.5 10.8 9.5 9.7 25.0 17.3 16.7 12.9 27.3 8.8 8.0 6.2 10.2 

ca MgSi
2
o

6 
37.9 38.2 48.7 57.9 41. 3 66.1 67.8 42. 8 59.5 24.4 72.0 45.4 76.3 63.9 

(MgFe)SiO
3 14.7 18.9 17.9 4.8 1. 2 2.0 3.7 23.0 12.6 22.9 7.6 7.2 1.0 2.8 

Al
4

Si
3
o

12 1. 5 - 0.7 8.3 

Al2AI
2
o

6 2.0 0.7 1. 5 2.6 6.1 0.7 2.8 1. 2 2.7 2.2 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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111 112 113 114 115 116 117 118 119 120 121 122 123 124 

Na 
+ 

0.32 0.23 0.19 0,32 0.47 0.04 0.05 0,09 0.08 0.19 0.09 0.30 0.12 0.20 
-1-

ca· 0.53 0.56 0.60 0.59 0.51 0.92 0.88 0.62 0.57 0.52 0.82 0.52 0.85 0.80 
2+ 

Mg 0.67 0.74 0.84 0.59 0.44 o. 70 0.73 0.89 0.83 0.67 0.87 0.58 0.79 0.66 
2+ 

Fe 0.14 0.17 0.11 0.12 0.10 0.25 0.17 0.17 0.10 0.07 o. 09 0.08 0.06 0.10 
3+ 

Cr 0.01 0.01 
Ti4+ 

0.02 o. 01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.01 

Fe3+ 0.08 0.07 0.07 0.12 0.10 0.05 0.08 0.09 0.09 0.06 o. 03 0.06 0.09 0.08 
3+ 

Al 0.24 0.17 0.16 0.23 0.28 0.03 0.05 0.12 0.01 0.17 0.08 0.39 0.07 0.20 

AI3+ 0.05 0.02 0.06 0.02 0.05 0.05 0.14 0.18 0.30 0.16 0.09 0.02 0.11 0.12 

Si4+ 1. 95 1. 98 1.94 1. 98 1. 95 1. 95 1. 86 1. 82 1. 70 1. 84 1. 91 1. 98 1.88 1. 88 
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125 126 127 J.28 129 130 1;n 132 133 134 135 13C- 137 138 
-

SiO
2 52,0 46.20 52.66 49.24 45.50 51.62 52.87 51. 72 52.39 52.00 49.68 52.92 59.38 48.24 

A.1203 
0.92 7.15 1. 00 4.61 6.89 3.14 2.14 3.82 4.00 0.92 0.78 2.80 25.82 0.30 

Fe20n 2.64 3.68 9.06 0.68 3.24 1. 25 1.10 0,90 1. 55 2.64 3.29 0.85 0. 45 1. 50 
.1 

I FeO 3.89 2.98 5.60 6.00 3.88 5.63 12.59 5.77 8.59 3.89 18.15 5.57 tr 22.94 
r 

MnO 0.26 0.11 0.28 0.10 o. 08 0.14 0.26 0.14 0.21 0.26 o. 59 0.15 - 3.70 
I 

MgO 14.52 14.25 9.90 14.18 11. 81 17.42 26. 70 16.80 15.25 14.52 16.19 16.40 0.12 1. 06 

CaO 23.49 22.80 16.83 22.06 25.95 19.45 2. 172 19.13 15.17 23.49 9.90 19.97 o. 13 21. 30 

I Na
2
o 0.74 0.71 4.15 0,55 0.12 0.32 0.16 0.45 o. 7·0 0,74 0.65 0.35 13.40 o. 14 

K
2

0 0.06 o. 20 0.06 0.04 0.04 0.01 0.04 0.05 0.21 0.06 0.15 0.01 0.02 0.03 

Ti02 0,04 1. 72 0,57 2.05 2.47 0,72 1.12 0,92 1.43 1.68 0.56 0.50 o. 04 o. 08 

Cr
2
o

3 
0.02 0.46 - o. 40 nd 0.49 0.11 0.52 0.54 - - 0.88 0.01 -

I + 
H

2
o 0.06 0.20 0.58 nd 0.03 - - 0.04 0.10 0.17 0.38 0.46 

H
2
0- 1. 68 0,02 0.11 0.02 

NiO - - 0.10 

other 

~ 

Total 100.26 100.26 100.19 100.11 100. 67 100.19 99.84 100.22 100.04 100.26 100. 04 100.67 99.75 99.85 
-

Ac 5.5 6.4 25.2 2.0 2.2 1. 3 2.2 3.3 5.3 5.3 2.4 1. 3 1. 0 
~-

Jd 4,9 2.2 .. 0.2 90.0 
I 

i CaTiA1 0 O 2.0 5.0 1. 5 8.6 1. 7 B.O 2.2 4.2 4.4 1. 5 1. 3 0.2 
~ 6 

! 
Cr2Alfo6 

2.6*5 
j 0.7 0.6 1. 2 0.2 1. 2 0.8 1. 3 

3·, 
CaFe

2
Si0

6 0.9 2.0 0.5 0.8 0.4 0.5 0.9 3.7 1. 9 

CaFeSi
2

O 12.5 10.2 18.1 18.6 15.6 19.4 16.G 28.7 12.2 28.4*4 
18. 0 94.1 . 6 

C&MgSi
2
o

6 75.5 69.8 46.4 58.4 60.4 7.2 61. 1 30.7 71.1 59.5 0.6 

(MgFe)Si0
3 3.0 2.0 3.9 9.6 17.4 68.1 16.4 25.7 5.1 44.3 15.5 2.3 

Al
4

Si
3
o

12 3.5 16,8*2 
8.1 0.5 

AI
2

AI
2
o

6 4.9 2.6 1. 8 

. 
Total 100.0 100.0 100,0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

:.;..--~---
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125 126 127 128 129 130 131 132 133 134 135 136 137 138 

+ 
Na 0.06 0.06 o. 31 0.04 o. 01 0,02 0,01 0,03 0.06 0.05 0.05 0.03 0.91 o. 01 
Ca + 

0.94 0.88 0.69 0.79 o. 07 o. 70 o. 10 0,73 0.60 0.91 o. 40 0.79 0.01 0.94 
Mg2+ 

0.81 0,83 0,56 o. 70 o. 68 0.88 1.44 0.89 0.78 0.91 0.90 0.90 0.01 0.06 
2+ 

Fe 0.13 0.10 0.19 0.17 0.13 0.16 o. 39 0.18 0.27 0.13 o. 58 0.20 0.92 
3+ 

Cr 0.01 0.01 0.02 0.02 0.02 0.03 
Ti4+ 0.05 0,05 0,02 0.08 o. 08 0,02 0,03 0.02 0.04 0,05 0,02 0,01 0.01 

3+ 
Fe 0.08 0.10 0.26 0,02 o. 09 0.03 0.03 0.02 0.04 0.07 0.09 0.03 0.01 
Al3+ 0.12 0,05 0.02 0.06 0.01 0.09 0, 04 1. 07 0.01 
Ai3+ 0.04 0,18 0.16 0.25 0.13 0,09 0.15 0,08 0.04 o. 04 0,06 - -
Si4+ 1. 96 1. 82 2.00 1. 84 1. 75 1.74 1. 91 1. 85 1. 92 1. 87 1. 86 1. 96 2. 04 2,00 

: 
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--

139 140 ... 141 142 143 144 145 146 , 147 148 149 150 151 152 153 

Si02 46.20 44.43 47.45 46.20 46.40 51. 94 54.01 54. 63 42.21 46.72 48.54 42.15 46.60 51. 94 49.78 

Al
2

o 3 7.15 7.93 6. 30 8.58 9.32 1.44 2.08 0.50 9.92 .t. H 8. 71 0.55 6.07 1. 44 4.89 

Fe
2

o
3 3.68 4.30 2.38 2.68 2.13 1. 98 1,24 0.16 5.28 17.29 2.81 17.40 4.85 1. 98 1. 41 

FeO 2.98 3.28 4.29 5.47 5.10 6. 10 6.52 1. 39 1. 96 10.57 0.96 17.80 3.72 6.10 8. 64 

MnO 0.11 0.13 0.12 0.18 0.13 0.17 0.14 0.05 1.31 0.50 0.17 0.19 

MgO 14.25 13.71 15.12 11. 66 10.89 13.56 31. 98 18.08 13. 90 2.57 14.42 1. 10 12.21 13.56 14.11 

CaO 22.80 22.10 20.92 20.10 20.91 23.95 2.22 25.04 22.28 13.51 24.56 14.10 23.88 23.95 19.45 

Na 0 0.71 o. 70 0.90 0.91 0.92 0.40 0.21 tr 0.92 4.88 3. 35°1 0.47 0.40 0.67 2 
K20 0.20 0.22 0.15 0.20 0.26 0.17 0.13 tr 0.64 - 0.55 0.28 0.17 0.04 

TIO 2 1. 72 2.42 2.28 2.96 3.56 0.20 0.04 0.24 0.24 tr 0.41 1. 59 0.20 1. 09 

Cr o
3 0.46 0.18 0.13 0.17 nd - 0.33 - 0.08 - - -

2+ 
0.04 H20 0.80 0.32 0.71 0.33 o. 30 o. 26 0.32 

-
HO 

2 
NiO 

Other o. 08 2.50 1. 90 0.08 

Total 100.26 99.40 100.04 99.91 99.62 100.31 99.61 100. 42 100.23 99.74 100.00 99.81 99.93 100.31 100.31 

Ac 6.0 6,1 6. 6 7.8 6.3 3.6 1. 7 9.9 39.3 27.3 4.7 3.8 4.0 
Jd 0.4 1. 6 1.1 
CaTiA1

2
o

6 
4.6 6.7 6.3 8.5 10.5 0.7 0.5 0.7 1.0 4.5 0.7 3.1 

Cr2~1Jo6 
0.7 0.4 0.2 0.3 0.4 0.2 C 1.1 0.4 

CaFe
2
Si0

6 
1. 7 3.1 1.0 0.7 o. 2 2.5 · 5. 7 7.7 22.6 9.0 1.1 

CaFeSi20
6 

9.5 10. 7 13.3 18.1 17.0 19.4 4.4 6.1 38.8 3.1 33.8 11. 6 14.8 27.3 

CaMgSi 0 75.6 70. 8 62.2 55.0 59.4 74.4 5.9 92.2 77.2 16.2 78.3 67.8 79.5 46.3 2 6 
3. 4 *l) (MgFe)Si0

3 
1. 3 2.8 10.4 5.6 1.8 0.0 1.8 2.5 15.3 0.1 15.7 

Al
4

Si3o
12 9.5*4 7.0*1 2.5*1 

Al
2

AI
2

o
6 0.6 0.6 4.7 3.4 3.9 2.1 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100. 0 100.0 
-
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139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 

+ Na 0.06 0.06 0.07 0.07 0.08 o. 04 0.02 0.10 0.37 o. 50 0.04 o. 04 0.05 

Ca + 
0.90 0.88 0.83 0.80 0.81 0.95 0.08 0.99 0.90 0.57 0.93 o. 57 0.91 0.95 0.77 

Mg2+ 0.78 o. 76 0.83 0.65 0.59 0.75 1. 68 0.99 0.78 0.15 o. 75 0.06 0.65 0.75 0.78 
2-i-

Fe 0.10 0.11 0.13 0.18 0.16 0.20 0.19 0.04 0.06 0.39 0.03 0.58 0.11 0.20 0.20 
C 3+ -r 0.01 0.01 0.01 
Ti4+ 0.05 0.07 0.06 0,08 0.10 o. 01 0.01 0.01 0.10 0.04 0.01 o. 03 

3+ 
Fe 0.10 0.12 0.06 0.08 0.06 o. 05 0.03 0.15 0.51 0.07 0.50 0.13 0.06 0. 04 

Al3+ 0.03 0.02 0.09 0.08 0.02 0.07 0.02 - 0.05 

Al3+ o. 30 0.35 0.26 0.29 0.31 0.06 0.08 0.02 0.41 0.11 0.29 0.02 0,23 0.07 0.16 

Si4+ 1. 70 1,65 1. 74 1. 71 1. 69 1. 94 1.92 1. 98 1. 59 1.82 1.71 1.60 1.66 1.93 1. 84 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2022

APPENDIX 21 (Continued) 331a 

' 
154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 

Si0
2 50051 48.17 48.84 44.22 49.69 50.25 50.56 50.61 50.89 49.20 49.65 49.78 48. 74 47.46 48.42 

Al
2

o
3 I 3.41 6. 10 5.40 6.46 3.95 3.83 3.40 4.01 3.06 5.56 4.34 7.66 6.76 8.19 7.49 

Fe
2
o

3 I 1. 30 3.61 1. 35 1.48 1. 75 1. 95 1. 46 0.97 1. 35 1. 00 1. 92 1. 91 3.23 3.14 2.50 

FeO I 9.23 7.77 10.33 19. 36 6.25 6.34 7.52 7.98 8.53 5.96 8.09 4.18 4.86 4.76 4.50 

MnO 0.19 0.20 0.19 0.73 0.17 0.19 0.14 0,25 0.28 0.12 0.17 0.16 0.16 0.17 0.15 

MgO 13.89 12.73 12.43 6.74 15.35 14.85 14. 79 14.51 14.24 15.90 14.49 14.27 13.60 13.58 14. 05 

CaO 20.11 19.97 19.64 17. 79 20.91 20.77 20.95 20.55 20.48 20.50 20.21 20.23 20.52 19,90 20.35 

Na
2

0 0.37 0.32 0.45 0.47 0.49 0.41 0.50 0,42 0.39 0.33 0.41 0.73 0.58 0.74 0.65 

K
2

0 I 0.03 0.02 0.07 0.08 0.01 o. 01 0.03 0.01 0,01 0.01 0.01 0.07 0.02 o. 03 0.05 

TIO 
2 I 0.76 1. 01 1.46 2.27 1. 05 1. 41 0.83 0.93 1.10 0.89 0.91 0.19 1. 41 1. 67 1. 33 

Cr
2

o
3 I o. 75 0.24 - - - 0.46 - 0.18 0.13 0.05 0.13 

+ 
H

2
0 I 0.21 0.21 0.08 o. 41 0,03 - 0.13 - - 0.15 0.11 0.21 0.31 

H
2

0 

NiO 

Other 
--
Total 1100.01 100.11 100.27 100.01 100. 40 100.25 100.31 100.24 100.33 100.08 100.31 100. 36 ~~- 100.01 99.90 99.93 

Ac 2.9 2.5 3.4 3.4 3.6 2.8 3.6 2.7 2.9 2.4 2.8 5.3 4.2 5.4 4.8 
Jd 

0.2 3.3 2.0 
CaTiA1

2
o

6 2.2 2.9 4.2 5.8 3.1 4.3 2.2 2.7 3.2 2.4 2.4 3.3 4,0 2.4 ' 0.4 
Cr2Alfo6 0.2 1.1 0.4 0.7 0.7 0.4 0.2 0.4 

3· 
CaFe

2
Si0

6 0.4 3.8 0.5 0.4 0.7 1. 4 0.4 0.2 0.6 0.2 1. 2 4.9 4.7 1.8 
CaFeSi

2
o

6 29.3 25.1 33.0 56.6 15.5 20.6 23.4 25.6 27.6 18.6 25.4 13.1 15.7 15.2 14.4 
CaMg-Si 0 

2 6 49.1 52.6 41. 2 1. 2 64. 8 55.2 56.6 53.7 51. 5 59.5 55.6 63.6 56.6 60.3 63.9 
(MgFe)Si0

3
, 14. 2 9.3 14.2 32.6 10.2 13.6 13.0 13.1 14.0 13.8 12.0 6.8 9.2 7.4 6.8 

Al
4

Si
3
o

12 0.8 
AI

2
AI

2
o

6 1. 7 3.8 3.6 - 1.0 1. 7 0.8 2.0 0.2 2.4 0.6 6.2 5. 0 5.8 5.9 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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154 155 156 157 158 159 160 161 162 1G3 164 165 166 167 168 
' ~ 

Na 
+ 

0.03 0,03 0.03 o. 04 0.04 0.03 0.04 0.03 0.03 0.02 0.03 0.06 0. 04 0.06 0.05 
+ 

Ca o. 80 0.81 0.79 0.73 0.83 0.83 0.83 0.81 0.83 0,81 0,79 0.78 0,81 0.79 0.84 
Mg2+ 

0.77 0.71 o. 70 0.39 0.85 0.82 0.81 0.80 0.80 0.87 0.79 0.77 0.75 0.75 0.77 
2+ 

Fe o. 30 0.25 0.33 0.65 0.15 0.20 0.24 0.26 0.28 0.19 0.25 0.13 0.16 0.15 0.14 
Cr3+ 0.02 0.01 0.01 0.01 
Ti4+ 

0.03 0.03 o. 04 0.07 0.03 0.04 0.02 0.03 0,03 0.02 0.02 0.03 0.04 0.05 0.03 
3+ 

Fe 0.04 0.10 0.04 0.04 0.05 0.06 0.04 0.03 0.04 0.03 0.05 0.06 0.09 0.09 0.07 
Ai3+ 0.03 0.08 0.07 - 0.02 o. 04 0.02 0.04 0.02 0.05 0.01 0.13 0.10 0.12 0.12 
Ai3+ 0.12 0.19 0.16 o. 30 0.15 o. 13 0.14 0.13 0.12 0.20 0.18 0.20 0.19 o. 24 0.22 
Si4+ 1. 88 1.81 1. 84 1. 70 1. 85 1. 87 1. 86 1. 87 1.88 1. 80 1. 82 1. 80 1. 81 1. 76 1. 78 

., 
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1G9 170 171 172 173 174 175 176 177 178 179 180 181 182 183 

SiO2 148, 07 48.11 48.43 50.19 50.04 50.24 49.90 49.04 47.98 48.90 52.42 52.40 58.14 52.66 51. 22 

Al
2
o

3 I 7.93 7.26 8.02 3.94 3.98 3.58 4.08 4.57 5.17 3.98 1. 72 1.19 1. 51 2.10 3.68 

Fe
2
o

3 I 2.66 3.13 2.68 3.33 3.60 3,66 3.60 4.48 4.15 3.76 1. 91 2.56 2.16 2.40 2.24 

FeO 4.51 4.86 4.78 5.62 2.51 2.73 2.87 2.44 3.09 2 . .,.3 2.16 2.'i·.I: 2.73 2.87 2.87 

MnO 0.15 0.11 0.15 0.21 0.11 0.15 0.13 0.10 0.13 0.14 0.09 0.10 0.10 0.12 0.14 

MgO 14.22 14. 04 13.60 13.78 15.39 15.53 14.10 14.15 14.51 15.17 17.22 17.46 15.30 14.98 16. 07 

CaO 20.15 20.46 20.46 21.10 23.62 22.89 23.45 23.28 22.66 23.11 23.89 22.94 24.33 23.69 23.41 

Na 0 0.61 0.66 0.84 0.32 0.36 0.49 0.53 0.59 0.50 0.42 0.69 0.52 0.52 0.61 0.35 2 
K

2
O I 0.02 0,04 0.04 0.06 

TIO 
2 I 1.48 1.14 1.15 1. 30 0.40 0,34 0.48 0.47 0.55 0.37 0.15 0.19 0.19 0.25 0.30 

Cr
2
o

3 I 0.11 - 0.10 0.00 0.02 0,02 0.02 0.03 o. 03 0.03 0.20 0.33 0.22 0.20 0.09 
+ 

H
2

O I - 0.43 - - 0.44 0.65 0.61 o. 38 0.73 0.57 0,20 o. 64 0.78 0.76 0.14 

H
2

O 

NiO 

Other 

199. 91 

0.02 o. 03 0.02 0.04 0.02 

Total 100.24 100,25 99.94 100. 49 100,31 99.79 99.57 99.52 99.72 100.85 100.77 100.78 100.64 100. 54 

Ac 4.5 5.1 6.2 2.6 2.7 3.5 3.8 4,3 4.3 3.5 4.9 3.4 3.6 4.2 2.5 
Jd 3.1 

CaTiA1
2
o

6 3.1 3.3 3.5 1.1 0.9 1. 3 1. 3 1. 6 1. 5 0.4 0.6 0.7 0.9 0.9 

Cr2A1;O6 I 0.2 1.0 0.2 
3. 0.6 0.9 0.7 0.7 0.2 

CaFe2SiO
6 

I 2.1 1.8 0.7 3.4 3.6 3.3 3.2 4.2 4.1 4.0 0.2 1. 7 1. 2 1. 5 1. 7 

CaFeSi2o6 I 14. 5 15.4 15.2 15.2 8.0 8.9 9.4 7.8 10.1 9.8 6.7 7.5 8.6 9.1 9.2 

CilMgSi206161. 9 62.3 62.1 66.8 83.7 80.4 80.6 81. 2 77.4 77.8 83.1 78.8 85.2 82.2 81. 3 
(MgFe)SiO3 8. 2 7.4 6.1 5.4 o. 3 2.4 0.0 0.0 3.5 3.5 4.1 7.1 0.0 0.0 3.8 

Al4Si3012 I 1. 2 

Al
2

Al
2
o

6 I 5.5 4.9 6.2 1. 9 0.6 0,6 J.. 8 ] ') ,v 1. 4 1. 2 

--
Total 1100. 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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169 .,, 170 171 172 173 174 175 ,' 176 177 178 179 180 181 182 183 

+ 
Na 0.05 0.05 0.06 0,03 0,03 0. 03 0,03 0,04 0.03 0.03 0.05 o. 03 0.03 0.04 0.03 

+ 
Ca 0.79 0.86 0.81 0.86 0.93 0.90 0.93 0.93 0.90 0.92 0.94 o. 91 0.97 0.93 0.91 
l\1g2+ 

0.78 0.77 0,74 0,78 0.85 0,85 0,78 0,80 0.85 0.84 0.94 0.97 0.85 0.82 0.87 
Fe 

2+ 
0.14 0.15 0,15 0.15 0,08 0,09 0.09 0.08 0.10 0.09 0.07 0.08 0.09 0,09 0.09 

3+ 
Cr 0.01 0.01 0.01 0.01 
Ti4+ 

0.05 0.03 0,03 0,03 0.01 0.01 0,01 0.01 0.02 0.01 - 0,01 0.01 0.01 0.01 
3+ 

Fe 0.08 0,09 0.07 0.10 0,10 0.10 o. 10 0.12 0.12 0.11 0,05 0.07 0.06 o. 07 0.06 
AI3+ 0.11 0.10 0.12 0.06 0.01 o. 01 0.04 0,03 0,03 0.02 
AI3+ 0.23 0.22 0.16 0.11 0.16 0.15 0.14 0.18 0.23 0.18 0.07 0.05 0.06 0.06 0.13 
Si4+ 1. 77 1. 78 1. 84 1. 89 1. 84 1. 85 1. 86 1. 82 1. 77 1.82 1. 93 1. 95 1. 94 1. 94 1. 87 

*********************** 
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Appendix 21: 

I. 

The chemic3.l an1.lyses 9 molecul'-U' norms ond 
structural formulas of the clinopyroxonos from 
v~rious p~rent~ges. 

Parti3.l 3!13.lyses of clinopyroxenes from kimberli te. 

41 p3.rtiu m'l..lyses of clinopyroxenes from V'.J.rious sources; 
Boyd (1969). 

1. 

2. 

II. New chemic3.l '.3Jlalyses. 

CF304; 
CF305; 

Eclogitic clinopyroxene; tloberts Victor. 
Clinopyroxene from g;J.rnet peridotite; 

Jagersfontein. 
3. CF307 ; Clinopyroxene from kimberlite; .Premier Mine. 

III. Clinopyroxene in kimberlite. 

4 from Premier Mine; Hall (1938). 

5 - 6 from Jagersfontein; Holmes (1936). 

7 - 8 from J3gersfontein; Hall (1938). 

9 -12 from Russia; Bobrievich et. al., (1959). 

13 from Deutche Erde; Ann. Rep. Univ. Leeds (1962-63). 

14 from Mukarob, S.WoA.; (ditto). 
15 from Deutche Erde; (ditto). 
16 from Zagodqchnaya; Smirnov (1959). 
17-18 from Kimberley; Holmes (1936). 
19 from Tanzmi3Il kimberlite; Boyd (1969). 
20 diopside inclusion in a di3.Illond; (ditto). 

IV. Clinopyroxene in ultr~afic nodules. 

21 from Thaba Putsoa; Boyd (1969). 
22 

23 

24 
25 
26 

27 
28 

29 

30-33 

34-39 

from Lauwrencia; (ditto). 
from Monastry; (ditto). 
from M3.libe Matso; (ditto). 

from Dutoitspan; MacGreggor et. al., (1963). 

O'Hara and Mercy (1963). 

from Thaba Putsoa; Nixon et 3.1., (1963). 

from Dutoitspan; (ditto). 
from Peridotite nodule; Min. abst., (1963-64). 
from Russia; Bobrievich et u., (1959). 
from region9.l peridoti tes; O'Hara :llld Mercy, (1963). 
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nodules from kimberlite; O'H3.r3. 3.nd Me;rcy, (1963). 
region~l gqrnet peridoti te from K'lrlskJ..ret; 

C'lrswell? (1968). 

V. Clinopyroxene from ultram2fic nodules in 
.-tl k-1ITn e b 3. s :tl t s o 

51 fr om 3. no d ul e in b ·1. s 'l.l t ; Ro s s et • 1.l • , ( 1 9 5 4 ) • 
52 from the 3.lk8l ine b'J.s J.l t in FrJ.nc e; Bull. Soc. 

Min<) Cry st c 9 (1967, p. 207). 
53-54 from F~mce9 B~ousse (1968)~ 
55-71 from v9,rious alk:1line hJ.su-ts; Ross et. '.J.1°, (1954, 

p 709) 0 

72-83 from v~rious nodules md lg,pili; Kuna (1967). 
84-88 from Frmce; Brousse (1968). 

VI. Clinopyrox0ne from Eclogite nodules. 

89 from Kao; Nixon et. al. 9 (1963). 
90 from Jagersfontein; (ditto). 

91 from KaalvJ.lei; (ditto). 

92-93 from ~egionql eclogites; Church & Edgar; Contr. 

Min & Petr., (1968; p 340). 
94-109 from kymite eclogite (6) 9 grospydite (8) .-:md 

corundum eclogite; S0bolev (1968). 
110-115 from Roberts Victor; Kushiro md Aoki (1968). 

VII. Clinopyroxene from :].egional Eclogi tes. 

116 9 117 Ompha.cite; Clark Jnd .Papike (1968). 
118,119 Omphacite; Boesen, Amero Min., (1964 9 1447). 

Breccig,, New Zealand; Dicky (1968). 
Average of eclogite nodules in kimberlite; 

Smulikowski (1968). 
124 Averqge of regional eclogi te;; (ditto). 

125 Clinopyrox<.=me from nodule from K2udus; Ann .. 
Rep. Leeds. Univ. (1962). 

126 Omph3.cite; Min. \bst. (1959, p 428). 

VIII. 

127 
128 
129 
130-131 

Clinopyroxenes from v,1.rious Igneous Hocks. 

MeJ0_ilitite matrix; Min. 3.bst., (1963-4, 197). 
A.nkaratrite; Eifel; Huckenholz (1966). 
Melteigite; Min. abst., (1959; 499). 
From Mustang Sill; Min. abst., (1959, p 350) and 
(1961-2, P 219)c 
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132-135 

136 

137-140 

141-154 

155-160 

167-174 

175-183 
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Kiluaea bas:Jlt; Muir 3.11.d Tilly; (1963). 

from melilitite; (Geol. Hundchg,u (1968, 911). 

Deer, Howie 'J.lld Zussm9.Il, (1967, p 106). 

from vqrious rock-types in South Africa; 

lb.11 (1938). 

from Kap Edw'1rd Com pl ex; Min. Mag. (1965, p 183). 

alwninous 2ugi tes; Amer. Min. (1968, 249). 
from Ur'.11s 9 All. Union. Min. Soc., (1967 9 p 138). 
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APPENDIX 22-.- The chemical analyses, molecular norms and Structural formulas 338 
of calcite from kimberlite and carbonatite 

A. Chemical analyses 

1 2 3 4 5 6 7 

SiO
2 

2.56 0,03 3.18 

Al
2

o
3 

0.51 1. 52 

Fe
2

o 3 0.07 1. 10 

FeO 0.14 3.10 0.52 4.24 0.81 

Cao 55.85 52.84 52.91 30.35 54.57 31. 75 52. 08 

SrO 0.43 0.03 0.91 0.18 0.48 

BaO 0.12 tr 0.05 tr 

MgO 0.78 2.47 18.80 0,51 18.02 1. 90 

CO
2 44.06 42.62 44.37 

+ 
46. 84 44.17+ 45. 51 38. 61 

Total 99.91 99.95 99.93 100.0 100. 0 100.0 100. 0+1 

B. Molecular norms 

Caco
3 

100.0 97.5 93.8 51. 2 98.0 52.5 93.3 

MgCO
3 

2.0 6.1 43.9 1. 2 41. 5 5.4 

FeCO3 
0.2 4.1 0.7 5.5 1. 3 

SrCO
3 

0.3 0.8 0.1 0,5 

BaCO
3 

0.1 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

.., Structural formula based on one cation Qer unit cell ..J, 

Ca 
2+ 

1. 00 0.98 0.94 0.51 0.98 0.53 0.94 

Mg 
2+ 

0.02 0.06 0.44 0.01 0.42 o. 05 
2+ 

Fe o. 04 0.01 0.06 o. 01 
2+ 

Sr o. 01 0.01 
Ba2+ -
co 2-

3 1. 00 0.99 1.0 1.0 1. 0 1.0 0.88 

*********** 
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Appendix 2~ 

The chemical analyses, molecular norms and structural 

forrnulas of ca.lei te from kimberli te and carlJonati te. 

1 + 

2 + 3 

4 - 6 

7 

calcite )Bobrievich et 
calcite from Russian kimberlites)(i 959 ). 

calcite from car bona ti te; Gittins and Tuttle 
(1966). 

calcite nodule from Eremier Mine, Hall (1938, 

p 1827). 

+ Determined by difference 

+1 Includes 0.46% so3 and 0.40% H20. 

al., 
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A. Chemical Anal~ses 

1 

SiO
2 1. 56 

Al
2
o3 

Fe
2
o

3 72.10 

FeO 25.20 

Cao 

MgO 

H2O 

TiO2 0.40 

P205 

MnO 

Other 

Total 99.26 

B. Molecular norms 

MgA1
2
o

4 -
MgFe

2
o4 -

MnFe
2
o

4 -
Fe2+TI0

3 0.8 
FeFe2o

4 82.5 
Fe

2
o

3 16.7 

Total 100.0 

C. Structural formula based on 32 oxygens per unit cell 

Mg2+ 
. -) 

Mn2+ 

Fe2+ 
8.0~23.9 

Ala+ 
I 

3+ \ 
Fe \ 

15. 8 l 
Ti4+ 

0.1, 
../ 

2 

0.20 

69, 30 

27.93 

o. 90 

0,80 

0.23 

99,36 

5,2 

0.7 

1. 7 

88,0 

4.4 

100.0 

---. 
0~4 ) 

APPENDIX 23 - The Chemical analyses, molecular norms and structural formulas 
of magnetite 

3 4 5 6 7 

0.52 

2.39 

56.56 60.26 45.67 33.5 36.2 

25.80 20.80 25.68 44.9 43.6 

0.24 

6.80 4.67 10.45 0.5 n.d. 

0.08 

11. 54 14.71 13.80 19.4 17.3 

0.17 

0.10 1. 2 0.9 

0.50 2.0 

100.70 100.44 99.88 100.0 100.0 

- - 5.8 - -
41.1 25.8 58.5 3.2 

- - 4.5 3,5 

21. 7 27.5 28.7 43.5 38.8 

37.2 23.8 7. 0 48.8 57.7 

- 22.9 - -

100.0 100.0 100.0 100.0 100. 0 

4.9) 0. 2'· -J 
o. 3 / o. 2, 

3~0; 2.1') 
- i 

11. 2 ~ 24. 0 7.6> 24.0 6. 3 "24. 1 6. 8 /24.1 6.9 1,21. o 10. 4(22. 9 
\ 

o. 9 \ \ 
I I 

10. 3 \ 11. o I 8. 5 \ 15. 9) 12.3 7.6 

4. 3 I 3.~ 4.:) 4.1) 0.1 2.5 
./ ~-

340 

8 

0.10 

1. 39 

28.37 

46.06 

0.06 

2.29 

19.42 

0.33 

0.07 

100.06 

3.8 

12.1 

1.1 

46.0 

37.0 

-

100.0 

1.01 
0.1 

I 

11. 3 (23. 5 

o. 5 ' 

6.3 
' 4,3; 
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Appendix 2l: 

The chemical analyses 9 molecular norms and 
structural formulas of magnetite. 

A. Magnetite from kimberlite:-

1, 2 

3, 4 
from Mir and Zarnitza; (Smirnov 1959). 
from Zefu 9 Verhoogen (1938). 

B. Magnetite from other rock-types:-

5 from carbonatite, Sobolev (1958, p 152). 
6, 7 from Hocheifel 9 Huckenholz (1966). 
8 from Skaergaard 9 Deer, Howie and ~ussman (1967). 
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A. Chemical analyses APPENDIX 2fr- - Chemical analyses and katamolecular norms of kimberlites from South Africa 342 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Sio
2 36. 86 38.82 37.64 42. 08 40. 56 44.12 28.68 40.56 43.70 43.90 38.20 41. 96 42.36 38.68 

Al
2

o 3 3.60 7. 00 3.88 4.55 4. 67 6.29 4,88 7.43 7. 04 6.50 6.66 8.55 5.93 5.97 

Fe
2

o
3 6. 57 5.93 6.73 5.94 6.25 5.05 7.04 4.16 5.60 5. 30 5.13 4.17 7.05 5.57 

FeO 4.17 4. 03 4. 03 4.74 4.46 3.74 5.18 4. 53 3.59 3.88 4.39 4.16 4.46 3.45 

MnO 0.05 0.02 0.06 0.02 0,02 0,06 0.09 0.04 - 0.04 0.04 0.02 0. 04 0.07 

MgO 25.92 23.76 26.06 20.16 21.85 19.44 15.12 20.88 19.87 19.80 23.40 21.. 38 19.80 24.91 

Cao 6.46 5.60 6.16 5,88 6.44 5,18 15.96 6.30 4.92 4.34 4.90 3.92 5.60 3. 64 

Na
2

o 1. 77 0.68 0.66 2. 54 2.68 2.57 0.77 0.72 1. 64 2. 72 2.11 1. 92 1.12 1. 83 

K
2

O 1. 36 0,85 1. 00 1. 95 1. 49 1.14 0,54 1. 92 1. 03 1. 42 0.57 0.85 1. 31 1. 28 
+ H

2
O 8.26 6.18 9.36 5.66 5.65 5.10 4.41 2.82 4. 62 4.42 4.96 5.34 5.76 4.96 
-

H2O 1. 68 4.72 1.04 2.88 3.06 4.64 3.80 3.88 4. 94 5.32 1. 94 0.57 1. 33 1. 09 

P205 0.71 0,29 0.80 0.44 0.49 0.32 0.59 o. 45 0.34 0.32 o. 30 0.28 

CO
2 1.12 1. 50 0.79 2.26 1. 30 1.01 9.33 2.13 - 1. 38 6.09 5,70 4.41 7.83 

TIO 1. 34 0,65 1. 30 1.11 0.86 0.77 1. 03 1. 48 1. 54 0,64 0.68 0.99 1. 03 0.68 
2 

Cr o
3 - - - - - - - - 0.86 - - - - -

2 *2) 
Other - - - - - - - - - - - - - -

Total 99.87 100. 03 99.51 100.21 99.78 99.43 99. 46 99.32 99.75 99.98 99.37 99.82 100.20 100,16 

B. The Katamolecular norms 

Ne 3.3 4.1 

Kp 

Cal 

Ab 9.4 6.5 6.2 23.9 18.4 24.·5 16. 7 7.0 16.0 26.3 18.9 17,2 9.8 16.3 

Or 8.5 5.3 5.9 4.7 9.1 7.1 3.5 11. 8 6.5 9.0 3.4 5.0 7.9 7.8 

An 14.3 5.3 2.4 4.0 12.0 9.2 1. 5 7.0 12.2 7.6 4.1 

Ap 2.3 1.0 2.6 1. 4 1. 6 0.9 1. 9 1. 6 1. 4 1.0 0.9 0.9 

Hm 4.8 4.4 4.9 4.3 4.4 3.8 5.2 3.1 4.2 4.0 3.6 2.9 5. 0 3.8 

n 2.0 1.1 l. 9 1. 6 1. 2 1. 2 1. 5 2.2 1. 0 1. 0 1. 4 1. 6 1. 0 

01 59.8 37.6 49.2 27.6 50.5 31. 5 38.2 19.2 35.6 32.8 14.8 :;_ 6 17.3 

Di 7. 0 o. 7 6.9 0.3 7.3 5. 9 4.1 28.3 0.4 3.4 

En 24.9 15.0 26.7 20.1 - 28.2 38.8 17.1 16.8 31. 2 51. 0 27.6 

cc 2.9 4.2 2.1 9.5 3.4 2.7 24.9 5.8 4.2 3.9 5.6 1. 6 8.2 5.5 

MC 0.0 10.0 12.8 3.3 16.6 

Ca-O1 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100. 0 100.0 100.0 
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APPENDIX 24- (Continued) 343 

~ 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

SiO2 37.84 37.96 30.66 34.52 26.16 25.12 29.12 31. 78 36.00 27.56 29.56 38.77 21. 00 36. 58 

Al
2
o

3 5.94 6.23 2.86 2.32 3.79 6.37 3.44 2.18 0.69 3.63 2.47 14.63 2.05 7.15 

Fe
2
o

3 5.37 5. 45 3.08 7.84 7.88 9.02 9.02 9.48 4.44 5.13 4.18 11.36 5.17 6.69 

FeO 4. 53 4.82 5. 98 0.86 2.63 3.45 2.66 2.27 2.90 4. 03 4.84 o. 75 4.99 

MnO 0.05 o. 06 0.16 0.24 o. 30 o. 20 tr 0.10 0.04 0.34 

MgO 24.84 24. 84 31. 24 29.95 23. 40 22.32 31. 00 25.77 39.70 33.12 37.47 12.14 20.52 22.55 

CaO 5. 04 5.88 10.92 7.14 14.70 14.42 7.56 10.64 3.58 8.96 7.19 4. 51 24.64 6.05 

Na
2
o 1. 22 1. 48 0.17 tr tr tr nil 0.28 0.11 nd 0.22 1.90 0.28 

K2
O 1.67 1.79 1. 23 0.23 0.78 1. 74 nil 0.93 0.26 nd 0.33 2.60 0.47 

H2
o + 3.50 1.12 3.01 10.96 6.75 5.05 9.78 7.48 8.02 11.11 4.82 5. r73 8. 51 

-
H2

O 0.95 0.56 0.93 0.24 0.16 nil 0.18 0.60 0.63 0.84 0.43 0.28 3.31 

P205 0.38 0.29 1. 64 o. 54 0.86 1. 58 0.63 0.94 o. 64 0.43 0.91 0.38 

CO2 
7.19 9.06 6.00 1.50 2.50 3.40 2.23 2.58 0.58 3.01 6.71 13.55 17,93 -

TiO 0.79 0.86 1. 63 0.20 0.17 0.19 - - 0.77 1.18 1. 00 2.67 
2 

Cr
2
o3 

0.10 3.10 9.94 7.26 3.68 4.92 2.74 -
*2) 

0.30 0.18 0.12 0.10 1. 08 0.51 o. 30 0.82 other 

Total 99.31 100. 40 100.10 99.82 100. 14 100.22 100.38 100.46 100.29 98.76 100.18 99.45 100,84 99.96 

Ne 0.8 1.1 

Kp 4.4 1.1 

Cal 6.3 1. 5 

Ab 10.9 12.1 5.8 1. 4 0.0 3.1 

Or 9.6 9.6 6.9 1. 5 4.8 3.6 2.9 0.8 o.o 3.4 

An 4.3 4.7 3.3 5.9 8.2 13.0 9.9 1. 9 o. 8 1. 9 5.4 18.2 

Ap 1. 3 0.8 4.9 1. 6 2.7 5.4 1. 9 3.0 2. 0 1. 3 2.8 1. 5 

Hm 3.7 3.5 2. 0 5.7 5.5 6.8 6.5 6. 9 3.0 3.7 2.8 3.5 5.2 

Il 1.1 1.1 2.1 2.2 3.5 5.1 3.2 3.8 0.9 1. 2 1. 6 1.4 4.2 

01 31. 1 30. 6 65.4 40. 8 39.6 47.8 61. 4 42.6 67.5 76.0 72.8 217. 4 37.2 

Di 2.0 3.7 4.8 3.7 

En 20. 2 13.8 31. 8 10.3 7.4 17.1 16.7 15.2 23.5 

cc 6. 0 7.5 11. 9 8.2 22.0 10.9 8.9 13.0 3.4 8.0 9.7 41. 4 

MC 11. 8 13.3 2.6 3.2 2.7 0.8 3.5 6.2 2.9 

Ca-01 o. 1 *l) 0. 3 *l) 0. 2 *l) 0 3 *l) 

Total 100.0 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100. 0 100.0 
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29 30 31 32 33 34 35 36 37 38 39 40 41 42 

Si0
2 31. 60 30.72 27.93 25.12 40.56 36. 54 35.96 35. 40 35.49 31.80 41. 60 37.68 34.48 36.36 

AI
2

o
3 3.21 4. 04 4.47 6.37 5.95 4.29 6. 76 4.55 3.42 3.41 5.26 5.20 4.67 5.95 

Fe
2

o
3 6.33 6.65 7. 04 9.02 5.36 5.84 5.60 5.44 6.37 5.19 4.80 4-. 96 

FeO 3.37 4.57 5.12 3.45 4.45 3.38 3. 64 4.10 3.02 3.48 4.32 4.17 

MnO o. 30 0.16 0.23 0.20 0.026 0.055 o. 041 0.04 - - - 0.05 

MgO 29.45 32.40 25.42 22.32 25.84 28.47 27.97 28.58 30. 98 24.69 34.13 23.40 26.71 29.05 

Cao 8. 07 6. 30 ~ 10. 01 14.42 5.18 4.90 4.90 7.14 5.12 10.04 3.78 4.34 7.28 6.30 

Na
2

o 0.16 0.17 0.21 tr 0.29 0.63 0.22 0.30 0.20 0.29 - - - 0.30 

K
2

O 0.34 1. 00 1.18 1. 74 1. 63 0.81 1. 49 2.72 2.61 4.32 - - - 1. 49 
+ 

H20 11.37 8.90 7.89 5.05 7. 67 10.13 8.73 7.23 6.69 5.59 3.69 7.34 9.11 8.71 
-

H
2

0 0.87 0.57 0.68 - 2.14 2.16 2.68 0.64 0.47 0.63 1. 00 5.80 1. 76 0.80 

P205 0.94 0.77 1. 07 1. 58 0.37 0.80 0.43 1. 00 0.63 1.49 - - - 0.71 

CO
2 1. 96 2.01 5.61 7.26 0.38 o. 49 0,55 1. 59 3.03 7.65 0.19 1. 06 1. 33 0.56 

TiO 
2 2.02 1. 81 2.73 3.40 0.86 0,86 0.77 1.11 1. 65 1. 40 0.34 0.60 0.60 1. 29 

Cr2o 3 
*2) Other 0.89 0.89 3.73 4.95 -

Total 99.99 100.77 100.44 100.22 100.70 99.35 99.74 99.84 99.68 99.98 100.00 100.00 100.00 100. 70 

Ne 0.9 0.9 4.2 1. 3 1. 7 1. 7 1. 7 

Kp 2.9 2.6 5.8 4.0 

Cal 

Ab 1. 5 0.3 3.4 2.9 6.5 1. 7 -
Or 2. 1 1. 4 7.2 10.2 5.3 5.5 11. 8 15.4 18.6 9.2 

An 7.4 7.4 8.1 12.3 10.5 7.8 15.6 0.8 o.o 12.7 18.0 14. 0 10.7 

Ap 3.6 2.5 3.3 5.2 1. 4 2.7 1. 5 3.7 1. 8 4.7 o.o 1. 4 

Hm 4.6 4.8 5.1 6.3 3.8 4.6 4.3 3.7 4.5 0.5 3.0 3.5 

II 2.9 2.6 3.9 4.8 1. 3 1.4 1. 2 1. 6 2.4 2.0 0.4 1.1 1.0 1.8 _,.. 

01 51.9 72.4 56.5 45.4 45.9 44.7 65.9 63.3 65.8 49.0 54. 0 11. 3 57.1 65,3 

Di 3.0 3.5 2.2 0.9 4.4 1.1 o. 1 6.7 5.4 

En 19. 8 19.4 23.4 28.3 66. 0 17.4 -
cc 5. 2 5.1 12.5 16.1 1.1 1.4 1. 6 4.0 7.2 13.0 0.5 3.5 3.8 1.1 

MC 2.2 2.3 0.4 6.5 

Ca-O1 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 100.0 
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-
43 44 45 46 47 48 49 50 51 52 53 54 

SiO
2 30.32 32.03 30.95 31.17 36.15 36.95 37.93 35. 37 36.64 33.37 33.40 32.56 

Al2o 3 2.74 2.90 4.17 6.25 15.18 7.85 6.59 6.50 7.96 7.56 2.92 2.82 

Fe
2

o
3 4.50 6.12 6.16 3.22 4.87 4.78 6.81 7.23 6.19 5.33 7.85 9.28 

FeO 4.09 3.40 2.66 9.64 9.11 8. 70 4.37 5.00 5.59 6.39 5.18 3.17 

MnO - - - 0.33 0.20 0.18 0.24 0.17 0.20 0.22 0.11 

MgO 29.60 33.43 32.30 19.90 13.63 15.87 14. 54 14.08 18.15 12.50 25.20 27.00 
I 

Cao 10.40 7.60 8.92 17.76 11. 40 13.60 15.23 16.79 15.11 20.25 9.52 8.82 

Na
2

o o. 45 o. 35 0.35 2.03 1.42 2.32 0.88 1. 32 2.85 2.03 tr tr 

K2O 0.75 1.34 1.61 2.51 1.81 2. 04 2.65 4. 09 1.44 3.06 1. 38 0.62 
+ 

H2O 6.56 6.31 6.81 2.05 1. 95 1. 64 3.38 2.78 1.56 3.06 6.98 8.97 
-

H2O 6.21 0.51 0.55 0.44 0.37 0.49 1.42 1.15 0.03 0.10 0.40 0.88 

P205 1. 34 1.45 - 1. 69 0.26 0.83 1. 03 0.74 0.91 1. 50 0.39 0.68 

CO2 6.21 2.50 2. 54 - - 0.06 0.50 0.09 0.53 1. 50 3.65 2.90 

TIO 
2 1.78 1. 73 2.34 2.96 2. 30 4.59 4.12 3.87 2.50 2.56 2.30 2.40 

Cr2o 3 - 0.10 0.03 0.05 0.01 - 0.08 0.17 0.19 

Other*2) o. 04 0.06 - 0.09 o. 30 0.25 0.05 0.32 

Total 99.97 99.73 99.36 99.62 100.43 100.25 100.51 100.36 99.81 100.76 100.32 100. 40 

Ne 2.0 1. 9 10.1 13. 2 12.7 5.6 8.6 15.1 11. 7 

Kp 1. 7 5.7 8.1 6.4 3.4 0.8 4.6 11. 5 

Cal 4.9 13.6 1.0 1. 5 

Ab 4.2 

Or 4.4 5.1 6.2 17.8 1.0 0.8 8.7 3.9 

An 3.2 2.2 23.7 5.2 7.0 o. 0 4.5 3.9 6.3 

Ap 4.0 4.4 4.9 0.9 2.7 3.6 2.7 2.9 4.9 1. 4 2.4 

Hm 3.1 4.2 4.3 2.0 3.4 3.4 3.9 6.1 4.3 4.0 5.7 7.0 

11 2.5 2.4 3.3 3.8 3.3 6. 5 6.5 6.7 3.4 3.8 3.4 3.6 

01 60.1 70.6 66.7 44.9 36.9 38.6 35.4 37.6 40. 9 32.4 49.0 51. 0 

Di 9.9 10.4 21. 2 18.7 36.4 22.2 13.4 6.2 7.5 

En 2.9 10.8 13.7 

cc 13.2 6.2 6.4 2.7 0.1 1. 4 0.1 1. 3 4.0 9. 6 5.2 

MC 2.4 0.1 0 3 *l) 0 4 *l) 

Ca-O1 1.2 6.7 O. 1 *l) 0. 1 *l) 12.7 

Total 100.0 100.0 100.0 100.0 1 00.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

*********************** 

 
 
 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

-346-

_Appendix 2j: 
The chemic 81. ansi.lyses 3.11.d k2tarnol ecul 1.I' noi'"'ms of the 
kimberlites from South Africa. 

Dutoitspm kimberlite: 1- 8; 

9; 
10-16; 

17; 

Hall (1938, lfo 240-24 7). 
Holmes (1956). 
Hall (1938, No. 341-347). 
Holmes (1936). 

J~gersfontein kimberlite: 18-20; H~ll (1938, No. 222-224). 
21, 22; Hall (1938, No. 225, 227). 
23; Hall (1938, No. 261). 

Fr'll'lk Smith kimberlite: 
Flipfontein kimberlite: 
St. ~ugustine kimbe~lite: 24, 25; Hall (1938 9 No 

230, 248. 
Newl3Ilds kimberlite: 26 51 27; Hall (1938, No 257; 258). 
Kimberlite from Lesotho: 28-31; Dawson (1962). 
Koffiefontein kimberlite: 32-36; Hall (1938). 
Lion Hill kimberlite: 37-38; H9l.l (1938, 259-260). 
De Beers kimberlite: 39-46; Hall (1938, 253-256, 227-229). 
Kimberley kimberlite: 47-5~ Hall (1938). 
Koffiefontein kimberlite: 5~-5//; H3ll (1938). 

*1 )Chromite. 

*2 )0ther oxides, unspecified. 
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1 

Si0
2 

26.31 

A1
2
o

3 
3.85 

Fe
2
o

3 
3.65 

FeO 7A2 

MnO 0.22 

MgO 16.27 

CaO 13.37 

Na
2
o 0.72 

K
2

O 2.40 
+ 

H
2
o 1. 82 
-H

2
O 1. 30 

P2O5 0.64 

Cr
2
o

3 
0.10 

TiO
2 

4.88 

CO
2 

16.54 

Others -

Total 98.49 
·-

I 
Ne I 

1 

Kp 

(\~l 
: 

Ab 1, 1 

0: 0.3 

A' 3.3 

1.p 1.1 

\c.·; 
MC 0. 1 *l) 

n 0.5 

Hm 5.1 

01 69.6 

Di 2.8 

Ca-01 16. 1 *4) 

Total 100.0 
-

APPENDIX~- CHEMICAL ANALYSES AND KATAMOLECULAR NORMS OF THE KIMBERLITES FROM OUTSIDE SOUTH AFRICA 
A. CHEMICAL ANALYSES 

2 3 4 5 6 7 8 9 10 11 

31. 77 32.31 28.82 30.22 25.96 29.94 18.0 30. 30 25.06 45.85 

7.99 9.50 4.92 3.93 3.42 5. 40 11. 7 2. 54 4.72 10.82 

7.07 5.42 5.36 6.39 5.95 8.97 7.4 6.80 7.18 2.79 

3.40 6.34 5.69 3.82 3.64 4.50 2.2 0.62 0.56 4.69 

0.18 1.16 0.39 0.02 0.22 o. 08 0.11 0.152 

19.86 17.43 14.30 24.78 23.46 27.31 23.2 15.39 14.00 10.31 

13.82 13.58 16.76 11,27 14.24 10.99 16.7 15.03 18.80 I 9. 54 
I 

1. 62 1. 42 o. 48 0.24 tr 0.74 - o. 46 0.31 I 2.14 

2.25 2.70 2.41 2.02 0.88 o. 35 - 0.27 0,15 1. 94 

0.52 4.34 6.18 7.86 3.55 12.1 5.76 5.88 

0.21 3.15 2.35 0.48 0.40 0.62 0.14 8.64 8.47 

0,95 2.38 0.78 1.14 0.82 o. 42 - 0,58 0.53 0.225 

- 0.29 0.28 

1. 98 1. 41 1. 80 3.37 2.88 2.55 3.65 4.16 3.80 L 72 

7.75 4.35 11. 31 6.03 10.22 4.20 5.5 8.20 10.60 

- - 0.42 - - - - 0.24 0.13 

; 
99.22 99.99 99.92 101. 03 100.12 99.56 100.81 99.36 I: 100. 58 ! 90.567 

I B. KAT A MOLECULAR NORMS 

5.4 7.4 4.0 I 

1. 2 

20.2 

6.4 4.6 2.3 4.6 3.1 21. 0 

14.2 15.6 14.8 11. 9 5.1 1. 5 0.9 12.3 

8.0 10. 6 4.2 3.9 11. 7 10. 3 2.7 12.4 15.4 

3.3 7.4 2.5 3.7 2.4 2.0 2. 0 1.8 0.7 

13.5 10.8 28.1 15.6 21. 5 10.4 14. 6 22.8 30.2 

o. 4 *l) I *l) 
6.3 0.7 - 3.8 I 0.4 

2.9 2.0 2.6 4.8 3.9 3.5 5.3 6.3 6.0 2. 5 ! 
5.2 3.7 3.9 4.5 4.0 6.2 5.4 5.2 5. 5 2.2 I 

39.8 41. 5 27.4 52.0 38.0 58.2 49.3 2. 0 *3) 8.8 
I 

14,2 

0.2 4.2 5.1 4.1 I 13.4 

10. 6 *4) 2. 3 *4) 9. 6 *4) - 5.1 47. 4 *4) 26. 8 *4) 17. 4 *4) 
I 

100.0 100.0 100.0 100,0 100.0 100.0 100.0 100.0 100.0 100, 0 

347 

12 13 14 15 

45.65 38.60 39.75 47.79 

1.3.20 12.86 8.31 11. 79 

2.55 3. 04 3.78 3.57 

2.42 4.02 4.09 4.45 

0.04 0.084 0.11 0.10 

3.51 4.25 16.19 6.56 

8.72 12.83 3.37 11. 15 

3.02 0. 75 0.78 o. 20 

1.14 0,93 2.31 1. 70 

6.05 

9,70 

o. 761 0,486 0.31 0.20 

I 
I 

3.98 I 2.29 1. 00 2.13 
I 

2.62 

85,073 80. 304 99.83 92.0 

32.0 9.2 8.8 1. 9 I 

8.0 7.4 16.6 11.4 

22.6 38.4 I 14.8 3 1
). 2 

2.9 2.1 1.1 O.t 

i 

6.6 4.3 1. 7 3.4 

2.1 2.8 3.2 2.9 

9.3 11. 4 20.4 25.2 

7.0 15.3 0.5 12.1 

9. 5 *4) 9. 1 *4 ) 32. 9 *4) 12. 2 *4) 
-,n-~ ------·--

100.0 100.0 100.0 100.0 
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- -·~ ___ .,... . - - . 

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
_, __ 

SiO
2 

29,58 30. 64 29.46 31. 92 27.02 29.78 29.64 30.27 26.05 30.22 30. 07 29.43 37.98 34.73 25.66 

A1
2
o

3 
2, 30 2.00 2,10 2.05 2.09 7.11 9.02 0,81 3.42 3.26 5.31 1. 17 5.92 2.88 2.61 

Fe
2
o

3 
7.53 8.29 9.25 3.94 4.08 4.21 5.21 14. 14 6,68 4.52 9.39 13.18 8.72 6.10 9.23 

FeO I I, 24 1. 06 0,74 1. 35 1. 50 1.14 0.82 0.39 0.94 0.24 0.35 0.26 0.32 3.13 1. 71 
i 

MnO 0.10 0,08 0.11 0.12 0.04 0.03 0.08 0.23 0.13 0.08 0.11 0.22 0.09 - 0.20 

MgO 32,09 32.23 32.42 28.47 29.27 17.86 17.09 30.02 25.02 26.33 26. 63 24. 03 30. 87 31. 41 25. 4 

CaO 6,04 5.62 8.58 11.12 15.04 16.51 15.27 7.67 15.18 13.04 7. 64 11. 60 1. 86 5.79 13.28 

Na
2
o) 

0,74 o. 80 0.49 0.34 
0.33 0.32 o. 05 0.62 o. 36 0.82 0.73 0.16 o. 33 ), 

) o. 59 ) o. 07 
K20 ) 1.43 1. 03 o. 58 0.28 0.55 o. 52 0.61 1. 97 1.13) 

+ 
2.00 H

2
0 1.12 1. 18 2.27 1. 50 4.77 6.00 7.60 

H
2
o 2.46 1. 48 1. 16 0.80 2.81 2.98 2.13 1. 43 2.58 o. 40 

P205 0.72 0.87 1.11 o. 54 0.90 o. 95 0,17 o. 76 0.39 0, 35 0.22 0.34 0.09 1. 06 0.35 

Cr
2
o

3 
o. 40 o. 30 0.34 0.29 o. 30 0.09 0.13 o. 12 0.38 o. 064 o. 053 o. 039 o. 13 - 0,20 

Ti.02 1. 71 1. 66 1. 93 1. 47 1.45 0.12 0.61 1. 74 1. 21 0.88 1. 12 1. 60 1. 56 1. 62 2.77 

CO+ Loss 
2 

14,60 15.00 12.68 16.10 16.00 12.97 12.00 12. 45 19.07 16.89 14.72 15.14 8,75 9.20 10. 20 

Others 0, 2 2 0.10 0.12 0.12 0,08 0.15 0.15 0.10 0.42 
!--•-----· 

Total 99,27 99.77 100.51 100.35 99.61 99.91 100.22 100.39 100.27 99.59 99. 93 100.48 99. 58 100.00 100.19 
~·- - -~--

Ne 3.0 2.4 1. 3 2.5 1. 3 0.4 3.4 2.3 4.9 4.6 

Kp 2.4 1.1 2.3 2.1 2.5 

Cal 2.2 2.7 2. 6 3.1 o. 1 3.7 3.9 2.5 

I Ab 1. 5 2.7 3.1 1. 4 3.2 0.5 

I 7.5 5.9 11. 8 7.1 1 Or 
I 
! An 0,9 3.2 12.3 21. 6 6.7 8.7 3.2 6.9 

Ap 1.5 1.7 2.2 1.0 2.0 1. 2 0.2 1. 5 1. 4 1. 5 1.0 1.0 0.2 3.8 0,7 

cc 22.8 21. 4 23.2 

l MC 6.7 9.2 o. 9 *5) 3.2 

In 2. 7 2.6 2.9 2.5 2.5 0.1 0.9 2.0 1. 3 1.0 1. 3 1. 9 1. 7 1.8 4.0 
i 

Hm 5.9 6. 5 7.0 3.1 3.1 2.7 3.6 10.8 5.1 3.6 7.4 10.6 6.3 4.5 6.5 

01 7:3.8 73.0 71. 2 66.2 67.3 16.1 20.4 68.2 56.4 63.1 62.6 57.0 55,4 71.1 37.9 

Di 9,4 8,6 12.2 21. 6 20.2 0 *1) .1 o. 2 *l) 14.5 27.1 13.3 11. 4 14.7 0. 2 *l) 5.2 _ 0. 3 *4) 

l Ca-01 0, 6 *l) o. 5 *l) 0. 5 *l) *1) o. 5 *l) 17. 7 *4) *4) *1) o. 5 *l) o. 1 *l) 13. 0 *4) *l) 
0.5 13.4 - 0.1 9.0 7.7 16.8 . 

I --

L Tota.I 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100,0 100.0 
-·· 

.. _.l__. 
.!' ,- ' 
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ao
2 

U203 

:;'e203 

:;"eO 

v1nO 

vlgO 

;aO 

~a
2
o 

(20 
+ 

120 

120 

?2°5 

~r2O3 

riO2 

JO2 

)thers 

rotal 

~e 

{p 

Jal 

\b 

Jr 

\.n 

\p 

:;c 

MC 

[l 

flm 

)1 

31 

29.72 

6, 51 

I 10. 17 
I 
! 2.58 
I 

I 
0.14 I 

i 
! 29. 80 
I 

I 6.00 
I 

(o. 30 

l 
I 10. 80 

I 0.68 

I 0.32 

I 0.19 

0.21 

2.96 

0.08 

1100. 46 

0,7 

0.2 

17. 5 

o. 7 

4.3 

3.5 

o. 3 

I 
7. 5 

65 0 I • 
Di i 

Ca-O1 0. 3 *l) 

32 

29.94 

6,20 

2.06 

11. 40 

0.22 

32.69 

2.44 

,- 0, 16 
~ 
(. 

12.76 

0.44 

N.D. 

0,05 

1. 05 

0.26 

99.67 

0.5 

5.4 

4.3 

*5) 
2.8 

1. 7 

1. 5 

82,8 

33 

25.64 

8.88 

5.85 

1. 61 

0.20 

31. 66 

8.60 

~- o. 10 
~ 

C 
15.20 

0.50 

N.D. 

0.17 

1. 78 

0.25 

100.44 

0.4 

6.2 

2.6 

34 

27.20 

4.98 

11. 34 

2. 00 

0.21 

27.08 

8.80 

8.31 

1. 56 

0.12 

0.04 

2.51 

6.03 

0.31 

100.44 

14.3 

0.2 

12.3 

3.7 

3.6 

35 

30.56 

1. 20 

7.66 

1. 71 

0.14 

32.21 

7.80 

0.34 

0.17 

9.82 

1. 26 

0.20 

0.08 

2.10 

5.31 

0,26 

100.86 

3.4 

0,9 

1. 3 

0,2 

13.7 
*1) 

0.1 

3,0 

4.4 8.3 5. 5 

70.9 52.0 63.5 

5. 9 o. 1 *l) 1. 4 

0. 2 * l) 5. 6 *4) 7. 1 *4) 

36 

28.47 

3.70 

8.11 

1. 43 

0.13 

28.66 

9.48 
,· 
I 

0.26 I 
~ 

15.57 

1. 08 

o. 75 

0.22 

2.68 

0.23 

100.77 

0.9 

7.0 

1. 5 

4.2 

6.3 

65.3 

14.4 

o. 4 *l) 

37 

27.59 

3.66 

4.36 

1. 71 

0.12 

27.61 

13.54 

0.22 

0.09 

19.19 

0.58 

0.06 

0.15 

1. 55 

0.21 

100.62 

1. 2 

0.4 

6.1 

0.3 

2.6 

3.5 

66.5 

19.1 

o. 2 *l) 
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38 
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2.77 

8.04 

1. 20 
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0.27 
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0.14 
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0.25 
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0. 2 *l) 
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-
31. 41 
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1. 06 
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2.58 

-

100.00 
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3.2 

1. 9 
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4.4 

66.4 

1. 4 

3. 7 *4) 

40 
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3,02 

3. 80 
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0.05 

23.06 

12.78 

0.26 

0.49 

15. 47 

4.85 

0.94 

0.10 

1. 36 
+ 

H
2

O 

99.47 

1. 6 

1. 2 

1. 3 

5.0 

1. 6 
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3.2 

58.3 
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0.30 
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6.2 
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42 
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25.31 
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0.31 

20.16 

1. 00 
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0.08 

0.89 

HO+ 
2 
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2.0 
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0.3 

0. 1 *l) 

l. 4 

3.8 

58.7 

16.5 

6. 3 *4) 

43 

38.42 

3.50 

3.82 

3.86 

0.04 

29.39 

5.22 

0,14 

0.33 

13.11 

3.49 

0.57 

0.08 

1.14 
..i. 

H
2

<.Y 

99.67 

1. 2 

2.9 

12.1 

1. 3 

0. 1 * l) 

2.3 

4.0 

67,5 

8.6 

44 

30.10 

3.76 

4.31 

2.64 

0.09 

27.99 

10.21 

0,21 

0.48 

16.50 

1. 28 

0.32 

0.13 

1. 78 

HO+ 
2 

1.00.33 

1. 2 
2.1 

5.4 

0.5 

0. 3 *l) 

3.0 

3.5 

68.2 

7.3 

8.8 

45 

33.60 

4.12 

4.62 

2.67 

o. 07 

25.72 

9.76 

0.25 

0.38 

14.18 

6.16 

0.2'7 

0.11 

1. 46 

H
2
o + 

99. 77 

1.3 

2.5 

10,2 

0.5 

46 

29.09 

3.84 

4.30 

2.87 

0.14 

27.15 

11.94 

0.32 

0.31 

17.69 

2.84 

0.67 

0.12 

2.01 
+ 

H
2

O 

100.65 

2.0 

1. 2 

6.1 

1. 4 
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47 

36.61 

2,91 

5.09 

2.08 

0.11 

26.84 

8.89 

0,65 

15.63 

6.65 

0.24 

0,08 

0, 94 
+ 

H
2

O 

100,10 

5.0 

6.9 

0,3 

48 

35. 40 

3. 08 

3.28 

4.48 

0.08 

28.54 

7.88 

0.72 

14.75 

3.97 

0.20 

0.18 

1. 47 

H
2
o + 

0.29 

100.35 

5.1 

7.5 

0.3 

··r 

0. 1 *l) 0. 1 *l) O. 1 *l) 0. 3 * 

2.4 

3.6 

62,2 

17.2 

3.4 

3.7 

70. 3 

5.4 

6.4 

1. 5 2.6 

4.0 2.8 

53.4 59.6 

15.5 9.0 

14. 3 *4) 12. 8 *4) 

rotal _1100. o~- 100. o _ 100. o 100. o 100. o 100. o 100. o 100. o 100. o 100. o 100. o 100. oo 100. o 100. o 100. o 100. o 100. o 100. o 
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49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 

iO2 32.71 35. 62 32.57 35.36 38.32 33.47 33,21 34.73 27.60 27.88 29.26 27.72 26,91 27.98 32.07 29.67 30.36 28.95 

.1203 2.95 3.05 2.96 3.29 3.20 3.20 3.54 2,88 1.41 3.08 3.12 2.08 2.86 3,83 2.32 4.10 2.86 3.06 

'e2O3 

I 

2.25 3.58 4.53 3.54 3. OJ 4.63 3.40 6.10 7.63 3.17 2.95 3.44 5.72 7.69 9.29 6.65 8.16 9.34 

'eO 5.25 3.42 3.48 4,42 4.49 3.66 2. 76 3.13 1. 64 2.05 4. 57 1. 90 1.49 0.41 1. 45 0.85 2,27 2.14 

'.InO l 0.05 0.05 0.08 0,04 o. 08 0,08 0,09 0,18 0.13 o. 08 0.08 0.14 0.15 0,13 0.13 0.14 0.16 

'.IgO I 27. 07 27.32 29.61 29.23 27.82 29.51 26.73 31. 41 26.67 27.98 23.40 27.79 22.76 24.84 21. 90 23.30 31.11 31. 04 

~ao I 10. s8 9.21 8.47 7.15 6.65 7.68 9.95 5. 79 12.40 14.05 17.70 14.67 16.42 13.34 11. 04 12.74 6.42 5.95 

ra
2
o 

I 

0.27 0.33 0.40 1. 20 1.14 0.82 1. 60 0.45 0.21 

:20 
1. 04 0.92 0.76 1.13 1. 55 0.88 

0.36 1.17 
o. 10 

0.88 
0.24 1. 30 

0.33 0.41 0.41 0.47 0.10 0.05 
+ 16.07 14.49 16.05 :20 13.84 12.37 14.62 16.83 9.20 8.52 9.68 17.86 19.10 8. 70 6.73 8,60 9.41 11. 32 15.30 
-

:20 2.79 3.21 1. 68 2.64 3.08 1. 61 4.10 - 1. 20 0,88 0.44 0.65 1.18 1. 66 L 94 1. 37 2.36 1. 20 

1

2°5 
0.29 0,26 0.27 0.26 0.35 0.21 0.49 1. 06 0.46 - - 0.33 0.27 0,19 0.24 0.20 - 0.212 

lr2O3 0.16 0,16 0.18 0.18 - 0.19 0,20 0.10 - 0.16 0,03 0.06 0.024 0.065 0.058 0.064 0,083 0. 19 0.15 

'iO2 1. 37 1. 63 1. 29 1. 45 1. 56 1. 63 1. 46 1. 62 2.29 0.79 0.69 0.81 1. 28 1.04 0.75 o. 68 2.85 1. 65 

io 9.76 10.32 - - 10. 77 10.27 9.62 9.07 3.56 2 
1thers 0.14 0.10 0,20 0.16 o. 08 0.16 - - 0.34 0.21 0.18 0.14 0.15 0.17 0, 19 0.19 0.45 

'otal 100,23 99.81 100. 45 100.05 99.70 99.93 100.06 100.00 100,51 101. 04 100.58 99.89 100.27 99.88 100.79 100.49 100.16 99.88 

e 4.2 2.9 o. 7 . 2.9 1. 7 0.7 1.0 2.3 0,8 0.7 1.1 
:p 0.9 0,2 
al 3.4 2.8 5.3 4.1 
b 5.9 6.0 9.3 0.6 2.1 3.4 5.2 5.5 8,6 7.7 11. 6 4.3 

ir I 0.6 7.0 0.6 2.2 2.0 2.5 2.6 2.9 0.6 

n I 6.3 2.6 6.1 5.6 6.8 8.2 3.2 3.6 5.7 1. 2 1. 5 4.1 L 3 2.6 4.1 1. 4 

p 

I 
0.5 0.4 0.5 0.5 0.7 0.5 1.0 1.8 0.9 0.0 0.8 0.7 0.5 0.2 0,2 0.3 

C 22.7 25.0 28.3 23.4 21. 3 24,0 9.3 9.5 I 

[C I 0.3 
*1) 

0.1 
*1) 

0.3 
* 1) 0,3*l) o. 3*l) 0,3 *l) 0. 1 *l) 2.9 1. 2 o. 1 *l) 2.3 3.5 0. 3 *l) *1) 0. 3 ·-

2.2 2.5 2.0 2.3 2.2 2.6 2.4 2.3 3.3 1. 1 1. 2 1. 2 1. 8 1.4 1.1 1.0 4.1 2.6 

m I 1.8 2.8 3.4 2.6 2.1 3,5 2.7 4.5 5.5 2.2 2.4 2.7 4.1 5.3 6.6 4.9 5.7 7.3 

1 68.8 62.7 70. 2 69.0 60.3 69.7 64. 8 70. 5 37.1 59.2 61. 6 66.0 49.8 51. 5 23.7 51. 0 59.0 73.2 

i I 9.5 17.1 15.3 12.5 10.1 13.1 17.6 7.9 0. tl) 2.4 3.9 o. 1 *l) 1.0 2.2 

I 9.3 
2. 2 *4) 9. 4 *4) 23. 2 *4) *1' 0.1 *l) 31. 6 *4) 0 .. *1) 9. 2 *4) a-O1 26.0 22.9 0.l J .. l 

otal 100.00 100.00 100.00 100.00 100.00 100.00 100,00 100,00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2022

SiO
2 

A1
2
o

3 
Fe2o3 
FeO 

MnO 

MgO 

CaO 

Na2o 
K

2
0 

+ 
H

2
0 

H
2

0 

P205 

Cr
2
o

3 
TiO

2 
CO

2 
Others 

Total 

Ne 

Kp 

Cal 

Ab 

Or 

An 

Ap 

cc 

MC 

Il 

Hm 

01 

T'i 

Ca-O1 

Total 

67 

28.14 

3.74 

8.94 

1. 74 

0.15 

30.14 

7.10 

0.12 

15.26 

1.47 

0.18 

0.17 

1. 61 

0.40 

99.21 

0.8 

1. 6 

0.3 

8.5 

4.0 

2.6 

7.3 

76.4 

0, 3 *l) 

68 69 70 71 72 

26.60 28~07 28.39 27.2 30. 56 

4.79 2.49 4.38 4.98 1.20 

8.69 

1. 87 

0.22 

9.21 8.93 11.34 7.66 

2.04 1.76 2.00 1.71 

0.14 0.13 0.21 1.14 

29. 33 28. 33 30. 03 27. 08 32. 21 

7.08 8.74 7.81 
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0.07 

100.17 

2.2 

5,2 

0.2 

31,7 

2,9 

2.0 

3.2 

27,7 

O. 2 *l) 

23, 7 *4) 

100.00 

74 

26.61 

2.35 

7.08 

1. 80 

0.10 

25.32 

14.60 

0.26 

7.40 

1.17 

o. 30 

0.11 

1. 60 

11. 60 

0.08 

100.28 

2.2 

5.3 

0,5 

26.4 

3,3 

2.2 

5,0 

39,1 

0, 1 *l) 

15, 9 *4) 

100.00 

APPENDIX a_g- {Continued) 

75 

26.43 
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0.46 
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0.10 

2.30 

7,20 

0.58 

78 
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7.11 

4.21 

l. 14 

0.03 

16.51 

17.86 

1. 89 

0.10 

4.77 

2.46 

0.95 

o. 09 

0.12 

12. 97 

0,15 

79 

27.90 

1. 90 
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26.54 
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0.17 
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1. 55 

2.66 
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-
86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 

SiO
2 25.93 25.62 33.02 31.12 26.48 27.43 24.66 25.64 26.99 24.18 28.00 27.52 25.09 27.64 29.38 25.24 

.. 1203 2.90 2.79 3.00 3.21 2.69 4.23 2.35 2.61 3.61 2.07 3.60 2.43 2.30 3.33 3.17 3.77 
i'e 0 

2 3 3.86 7.28 7.64 6. 64 3.44 5.22 4.23 4.19 6.78 4.10 3.13 4.34 4.90 8.05 3.31 7.28 
i'eQ 0.74 o. 68 4.31 1. 68 2.02 1. 30 1. 79 1. 51 1. 01 0.87 2.38 1. 37 1. 35 0.79 2.76 2.87 

mo 0.13 o. 09 0.16 0.17 0.04 0.13 0.03 0.03 0.03 0.03 0.08 0.09 0.12 0.08 0.07 0.17 

tlgO 27.35 23.97 30.12 28.19 22.58 27.47 23.44 24.75 22.32 20.94 25.81 25.84 25.28 25.80 28.65 24.16 

~ao 15.46 16.39 6.74 11.25 17.70 11. 69 19.07 17.55 16.96 21. 42 15.19 15.34 17.35 11. 18 11.25 14.03 

ra2O 0.28 0.34 0.58 0.10 o. 45 0.32 0.44 0.27 0.28 0.37 0.41 0.30 0.38 0.44 
0.42 0.31 

:20 0.08 0.21 0.10 0.14 o. 35 0.65 0.47 0.33 0.47 o. 46 0.39 0.14 0.41 0.43 
+ 

[20 20.88 20.34 10.06 14. 03 21. 99 19.02 21.78 21.11 18.42 23.45 19.98 19.72 20.89 18.85 18.25 18.09 
-

[20 0.76 1. 80 2.07 1. 35 1. 78 1. 78 1.15 0.98 1.15 2.22 1. 72 1. 61 1. 50 3.23 1.07 0.92 

)2°5 0.14 0.43 0.14 0.22 0.24 0.19 0.13 0.32 0.37 0.50 0.20 0.73 0.32 0.38 0.30 0.77 

:r2O3 0.22 0.22 0.16 0.13 0.10 0.16 0.11 0.16 0.14 0.11 0.14 0.11 0.14 0.17 0.11 0.12 

'iO2 1. 72 2. 04 1. 49 1. 34 1. 65 2.19 1. 30 1. 40 1. 58 1.42 1.18 1.18 1. 07 2. 54 1. 37 2.38 
·o + 
, 2 H

2
O + 

H2O Same as H
2

o + 

1thers 0.16 0.23 

'otal 100.61 100.63 99.90 99.82 99.31 100.17 99.97 100.12 100.28 100.02 100.60 99.23 99.73 99.89 99.17 99.42 

re 1. 7 2.4 3.2 0.6 3.1 1.9 3.0 1. 5 1. 7 2.3 2.6 2.0 2.3 2.9 1.5 1. 2 

:p 0.4 0.8 0.6 1. 5 2.7 1.8 1. 3 1. 9 1. 7 1. 6 0.6 1.5 1.8 

!al 4.4 3.8 5.9 3.5 5.7 2.4 3.5 2.4 1. 7 5.0 3.5 2.3 4.0 5.2 6. 7 

.b 

ir 0.6 

.n 5.8 

p 0.3 0.8 0.2 0.3 0.6 0.3 0.3 0.5 0.8 1.0 0.3 1. 3 0.5 0.8 0.5 1. t\ 

C 

0. 4 *l) o. 4 *l) 
*1) *l) o. 1 *l) 0. 2 *l) o. 1 *l) *1) *1) *l) *1) *1) *1) *1) *1) ,. L \ I 

lC 0.2 0.3 o. 3 . · 0.3 0,. 1 0,3 0.1 0.1 0.3 0.1 0.2 
' 

l 

2.7 3.3 2.3 2.4 3.1 3.6 2.1 2.3 2.8 2.3 2.0 2.0 1.8 4.2 2.2 4.0 

m 3.2 5.3 5.7 5. 8 3.1 4.2 3.5 3.4 5.9 3.3 2.6 3.6 3.9 6.6 2.6 6.0 
,1 63.2 57. 0 70.5 73.7 62.4 64.2 54.8 59.4 53.4 52.9 61. 6 62.6 60.0 59.9 70.5 60.4 

i 11. 5 10. 4 5.5 1. 2 5.0 1. 2 1. 5 3.8 4.3 1.1 

a-O1 23.7 26.2 10.0 17.1 16.0 32.0 27.8 25.8 34.7 22.8 22.8 27.7 14.7 13.1 H.8 

otal 100.00 100. 00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100. 00 
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Addendum to Appendix 2h. 

1. 2. 3. 4. 

Si0
2 

22.74 24.15 22•86 28.83 

Ti0
2 5.86 6.46 2· 98 5.67 

Al 2o
3 

3.09 2.58 3•78 2.94 

Fe
2
o

3 
B.47 7.67 4.79 3.60 

Cr2o
3 

0.09 o.o 0·06 o.o 

FeO 7.45 8.36 5.32 5.13 

MnO o. 21 0.16 0-17 N.D. 

NiO o.o 0.02 - N.D. 

MgO 23.83 24.03 14•58 24.31 

cao 11.82 lQ.27 22.24 11.24 

Na
2
o 0.27 0.25 Oi33 0.75 

K
2

0 0.94 1.02 1•52 1.31 

HO+ 
2 

6.22 4. 98 3.42 3. 96 

H
2
0- 0.76 o. 90 1 j65 0.83 

P205 o.68 0.23 1•32 0.77 

CO
2 

7.24 9.(i).2 14•84 11.64 

s o.o o.o o-o N.D. 

TOTAL 99.76 100 .10 99-86 100.98 

1, 2, 3. Bachelor Lake Kimberlite. Quebec (Watson, Amer. Min. 1955,p.573) 

4. Mica Peridotite, Pennsylvania, (ditto). 
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Appendix 2..6: 

The chemical analyses and katamolecular norms of the 

kimberlites from outside South Africa. 

1. Micaceous kimberlite; Al.no; Min. abst., (1963-64, p. 
198). 

2. Damkj erni te-~ Alno ~ Verhoogen (1938) 

Alnoiite; Alno ) 

4. Kimberlite dyke; 1Uno; Min. abst _.(1961-62). 

5. Gwena kimberlite; Congo; Verhoogen (1938). 

6 & 7 Kimberlites; Tanzania; Mackinlay (1955)0 

8 Igwisi kimberlite 9 Sampson (1953). 

9 & 10 Majhgwan kimberlite; Mantur (1962). 

11 & 12 Lhimnorka Hill kimberlite; Svoboda (1966). 

13 - 15 Nova Trubka; Svoboda (1966). 

16 - 101 Russian kimberlites; Bobrievich et al (1959). 

3-El) Chromite 

3-E2) Ca2Si0
4 

*3) Quartz 

*4) Enstatite 

*5) Spin el. 
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A. Chemical analyses 

1 2 3 

SiO2 32.31 45.17 39.07 
Al

2
o

3 9.50 14.78 12.82 
Fe

2
o

3 5.42 5.10 8.75 
FeO 6.34 5.05 6.39 

MnO 0.01 0.35 0.26 

MgO 17.43 6.26 6.14 

Cao 13.58 11. 06 14.20 

Na
2

o 1.42 3.69 4. 09 

K2
O 2.70 2.73 2.07 

H
2

O 7.50 3.40 1. 59 

P205 2.38 0.51 0.76 

TIO 
2 1.41 1. 90 3.86 

CO
2 0.38 

Other 

Total 

B. The Katamolecular norms 

Ne 5.2 20.6 

Kp 

Cal 

Ab 13.2 4.4 

Or 10.5 

An 11. 0 

Di 17.8 24. 8 20.8 

01 48.2 17.1 

En 17. 3 *l) 30. 3 

Ap 8.7 2.3 2.6 

Hm 18. 4 *l) 6.4 

Il 2.3 3.4 5.8 

cc *2' 9.3 J 

C 'l-O1 

Oxide 0.5 4.3 

Total 100.0 100. 0 100.0 

APPENDIX 2ti - The Chemical analyses and katamolecular norms of alkaline -
basalts and undersaturated calcite beari_!!g basalts 

4 5 6 7 

46. 77 43.69 56.90 61. 95 

14.65 9.06 20.17 18.03 

3. 71 3.46 2.26 2.33 

7.94 9.43 1. 85 1. 51 

0.15 0.16 0.19 0.13 

6.82 19.68 o. 58 0.63 

12.42 9.18 1. 88 1. 89 

2.59 1. 49 8.76 6.55 

1. 07 0.69 5.42 5.53 

0,51 0.74 0.96 0.54 

0.37 o. 30 o. 17 0.18 

3.00 2.12 0.59 0.73 

8.5 24.0 1.2 

11. 0 13.3 35. 3 66.5 

6.4 4.1 31. 0 32.6 

25.8 15.8 1. 9 

26.8 11. 7 3.7 2.9 

14.4 46.0 2.6 2.3 

3.9 

2.7 2.4 1. 6 1. 6 

4.4 2.8 0.8 1.0 

8 

74.57 

12.58 

1. 30 

1. 02 

0.05 

0.11 

0.61 

4.13 

4.73 

0.66 

0.07 

0.17 

37.5 

28.5 

1.1 

0.5 

1. 7 

0.9 

0.2 

"2) 
29. 6 lf 

100.0 100.0 100. 0 100.0 100.0 

355 

9 10 

36.95 37.78 

7.85 8.03 

4.78 4.89 

8.70 8.90 

0.20 o.oo 
15.87 16.23 

13.60 13.91 

2.32 2.37 

2.04 2.09 

2.13 

0.83 0.85 

4.59 

0.06 

0.09 

100.25 95.05 

12.6 13.1 

3.7 6.5 

5. 9 2.0 

5.1 5.1 

21. 0 22.7 

38.9 45.4 

2.7 2.7 

3.4 3.5 

6. 5 

o. 2 

100.0 100.0 
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APPENDIX 26 (Continued) 356 

11 12 13 14 15 16 17 18 19 20 21 

SiO
2 37,13 30. 54 33.41 34.45 36.15 31.17 38.30 40. 76 42.96 31.16 28.0 

Al
2
o

3 10. 58 10.23 5.35 8.99 15.18 6.25 11. 56 12.03 14.95 5.63 3.8 

Fe
2
o

3 2.00 4.75 4.78 6.20 4.87 3.22 5.43 3.22 6.24 7.32 8.18 

FeO 10.43 8.86 9.76 8.25 9.11 9.64 6.53 7. 70 7.58 9. 04 2.37 

MnO 0.26 0.24 0.18 0.26 0.33 0.39 0.27 0.22 

MgO 19.12 20.05 17.43 17.22 13.63 19.90 9.10 12.02 7.68 20.18 19. 0 -
CaO 13.02 14.58 12.59 11.47 11.40 17.76 17.40 13.20 11. 77 17.09 20.3 

Na
2
o 1. 32 3.30 1. 87 1. 85 2.42 2.03 3.48 3.95 3.65 2.12 0.44 

K2O 0.51 0.75 1. 00 1. 31 1. 81 2.51 1. 53 1.05 1. 43 1. 52 2.71 
H2O 1. 20 1. 76 1. 05 3.13 2.32 2.49 2.65 2.38 0.80 1. 60 6.14 

P205 1. 84 0.97 0.26 1. 69 0.54 0.86 1. 00 0.28 

TiO2 3.61 2.74 8.19 5.21 2.30 2.96 2. 30 2.60 2.10 3A4 2.28 

CO
2 0.47 1. 78 o. 42 0.33 0.08 - 0.62 8.12 

Other 0.04 0.16 

Total 99.56 100.88 98.10 100.08 100.43 99.62 99.29 99.77 100.21 100.27 101. 56 

Ne 7.5 17.1 5.7 11.4 13.1 10.6 19.3 16.8 o. 6 11.4 2.5 

Kp 1. 9 2. 6 5.4 6.4 8.0 4.3 5. 3 9. 5 

Cal 2.1 7.2 8.6 15.3 0.3 0,7 o. 3 

Ab 5.7 ,7.8 30. 2 

Or 5.4 2.3 6.2 8.2 

An 19.0 3.3 11.7 11. 8 19.2 

Di 11.1 12.9 11. 2 14.0 28.3 17.4 10. 2 22.6 14.9 

01 50.4 47.7 46.9 46.2 37.0 46.9 25.2 31.4 21. 6 48.0 39.9 

En 

Ap 5.4 3.6 0.9 5.2 1. 6 2.7 3.0 o. 8 

Hm 1. 5 3.2 3.1 5.0 3.4 2.1 3.9 2.2 4.2 5.0 5.7 

n 5.3 3.7 10.6 8.3 3.3 3.9 3.3 3.7 2.8 4.7 3.2 

cc 1. 2 4.4 o. 9 0.9 0.1 1. 5 20.5 

Ca-O1 14.1 10.6 9.3 9.0 3. 5 

Oxide 0.1 
*3) 

Total 100.0 100. 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

************* 
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Appendix 26: 

la 

2. 

3. 
4. 
5. 
6. 
7 e 

8. 

9, 10 

The chemical analyses and katamolecuJ.ar norms 

of alkaline-basal ts and undersaturated calcite bearing 

basal ts. 

Alnoiite, average 

Monchiquite, average 

Nepheline basalt, average 

Alkaline basalt, average 

Olivine basalt 9 average 
Phonolite, average 

~lkaline trachyte, average 
Alkaline rhyolite, average 

) 
) 
) 
) 
)Barth 
) 
) 
) 
) 
) 

) 

(1962, p 58-59). 

11, 18 
Olivine melilitite, S9iegel Riverj Taljaard, (1956;. 
Melilite basalts from Sutherland (11-14), Spiegel 

River (15-18), Taljaard, (1936). 
19 
20-21 

Atlantite 9 Johannsen (1939). 
Undersaturated calcite bearing rocks froln Brukaros, 

Ann. Hep. Univ. Leeds, 1963-64. 
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Appendix ?tJ: 

The chemic'J.l Gnalyses 'l.nd the k'3.t3.molecul'J.r norms 

of c3.rbonati te md m1.ssive b'1s1.l tic kimbcrli tes. 

1, 2, 3 

4 

5 

6 

7 
8 

9-11 

12-13 

14 

Bastnaesite c~rbonatite 9 
Singwe c3.rbon·-iti te. 

G'J.rson (1965). 
) 

brovvn cqrbon~tite; Tundulu center 

Siderite Sovite; ditto 

P~le coloured Sovite; ditto 

Aegerine m2gneti te Sovi te; ditto 

M'J.ssive kimberlite, J'J.gersfontein; 

(1938, No 217-219). 

1) 
~G.3.rson 
) 
) 
) 

Hall 

(1965). 

Benfont ein kimbcrli te, H3.wthorne ( personal com

munico.tion). 

M3.ssive kimberli te, Wessel ton Mine, (new 8.nalysis). 

*l)n t·1 rtU 1 e. 
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A. Chemical Analyses 

1 2 3 

SiO2 4.34 6.44 6.01 

Al
2
o

3 0.77 1. 93 2.67 

Fe
2
o

3 11. 80 14.80 13.00 

FeO 

MnO 2. 54 2.72 3.06 

MgO 0.53 2.19 5.76 

CaO 39. 64 33.32 25.53 

Na2O 0.53 0.35 0.40 

K2O 0.18 0.93 0.20 
+ 

H2D 1.97 1. 05 1. 09 
-H

2
O 0.42 0.53 0.28 

P205 10.65 1. 91 3.25 

CO
2 20.56 27.96 26.99 

TIO 
2 0.56 0.50 0.10 

Other 1. 06 0.67 0.81 

Total 95.55 95.20 89.15 

B. Katamolecular Norms 

Ne 

Kp 

Cal 

Ab 4.7 3.5 3.9 

Or 0.1 5.8 1. 2 

An o. 9 5.3 

Ap 33.4 6. 3 11. 2 

cc 28.5 59.8 36.6 

MC 23.3 14.6 37.9 

Il 0.8 o. 7 0.1 

He 8.2 8.4 2.7 

Di 

01 

En 

Qz 1.1 

Total 100.0 100.0 100.0 

APPENDIX 2l-T he Chemical analyses and the katamolecular norms of Car bona ti te and Massive 
basaltic kimberlites 

4 5 6 7 8 9 10 11 

0.92 4.29 3.99 0.88 4.65 11. 00 11.12 12.24 

0.77 1.32 o. 57 o. 37 1. 42 3.05 7.25 2.08 

6.33 9.28 3.36 2.62 17.10 2.80 5.05 3.28 

1.90 1. 44 1. 58 1. 73 

1. 66 0.96 1.40 0.40 0.68 0.14 0.25 0.14 

0.59 0.25 1. 35 0.31 0.50 6.98 6.84 7.20 

46. 45 45.62 48.54 53.60 40.06 40. 74 37.94 39.20 

0.50 o. 06 0.21 0.09 1. 00 0.34 tr 0.28 

0.36 0.22 0.13 o. 03 0.16 1.24 0.24 1. 34 

o. 84 1. 20 0.05 1. 53 1.12 1. 52 

0.17 0.35 0.09 0.06 0.11 - 0.56 -
0.41 o. 03 0.07 3.18 1. 60 L 95 0.39 2.92 

37.58 34.88 40.22 38.38 28.43 26.95 26.62 26.67 

0.10 0.23 0.06 0.18 0.59 1. 60 1. 20 1.60 

3.28 - - 0.06 0.69 0.59 0.58 0.78 

100.26 98.69 99.99 100.16 98.94 100.35 100.74 100.65 

2.6 5.8 1. 7 

1.1 0.5 2.5 0.8 

3.2 

0.8 1. 5 0.8 2.7 

1.1 0.5 0.3 2.9 7.9 

2.6 o. 5 0.4 3.0 12.8 0.3 

1. 3 0.2 0.2 9.4 4.2 6.3 L 3 8.9 

86. 4 86.1 87.7 85.8 69.8 64. 5 62.3 62.1 

4.3 0.8 5.4 . 3 5.8 o. 0 1. 6 3.4 

4.3*1 
0,3 0.1 o. 3 1.0 2.1 l. 6 2.2 

6.3 2.1 1. 7 12.9 1.8 3.4 2.2 

1. 3 

1.8 13.9 13.0 9.7 

2.6 

2.0 

100.0 100. 0 100,0 100.0 100_0 100_ 0 100_ 0 100 0 

358 

12 13 14 

25.19 18.66 32.56 

2.27 6.17 1. 36 

3.72 8.47 2.42 

6.72 4.61 7.31 

0.22 0.33 

29.69 20.11 35.97 

13.59 19.21 8.58 

0.01 0.37 0.17 

0.15 0.33 1. 08 

1.15 2. 30 0.18 

- - 0.83 

2.20 3.66 0.39 

12.89 10A4 5.06 

1. 89 4.20 2.18 

- - -

99.62 98.86 98.09 

0.3 0.8 

0.4 3.7 

2.1 

2. 8 

1. 9 

1. 5 14.3 

6.2 11. 6 0.8 

13.9 3.8 11. 2 

15.1 22.5 

2.4 5.9 1.6 

2.3 5.9 1. 7 

2. 7 *2) 

60.1 25.7 77.5 

100 0 100 0 100 0 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2022

\. Che_mical ~na_!yses 

1 2 3 

SiO
2 

19. 64 26.40 26.00 

Al
2
o

3 
L 27 - 0.69 

Fe
2
o

3 
9.00 2.79 13.52 

FeO 2.70 3.64 0.79 

MnO 0.47 0.51 0.28 

MgO 22.17 19.80 20.80 

CaO 20.16 25.62 17.92 

Na
2
o nd nd nd 

K
2

0 nd nd nd 
+ 

H
2

O 1. 32 -
-

H
2

O 4. 64 7. 54 6.62 

TiO 
2 1. 72 1. 05 1. 80 

Cr o3 - - -
2 

CO
2 

15. 84 12.94 2.18 

P205 1.14 0.41 0.23 

Other - - -
Total 100. 07 100. 70 100.83 

B. Katamolecular norms 

Ne 

Kp 

Cal 

Ab 

Or 

An 4,2 2.4 

01 13,5 46.3 45.3 

En 32. 2 ,:<1 7.5*1 18.8*1 

Di 7. 0 10.6 

Ap 4.4 1. 4 0.8 

cc 35.2 34.3 7.1 

Il 2.8 1. 5 3.2 

Hm 7.7 2.0 1.8 

Total 100.0 100.0 100.0 

APPENDIX 21 - THE CHEMICAL COMPOSITION AND KATAMOLECUIAR ~\TORMS OF THE 
ALKALINE-ROCKS NORTH-EAST OF PRETORIA 

4 5 6 7 8 9 
' 

33.84 32.48 7.01 7.29 23.65 41. 55 

- 1. 30 0.99 1. 04 1. 68 2.96 

6.65 5.74 8.06 2.23 7.01 3.30 

1. 22 4.03 3.84 1. 58 3.62 4.55 

0.16 tr 0.68 0.35 0.24 0.16 

30. 96 31. 36 24.82 3.74 24.11 27.72 

9.66 10. 08 24. 76 45. 71 17.73 5.89 

nd nd 0.39 nd 0.03 0.37 

nd nd 0.43 nd 0.03 0.54 

0.36 0.16 1. 24 8.16 9.46 

10.27 4.68 9.61 0.54 0.17 0.40 

0.60 1. 30 1. 53 0.86 1. 53 2.11 

- - 0.03 -

6. 75 7.92 16.93 34.88 11. 60 0.13 

0.22 tr 1. 22 0.67 1. 03 0.27 

1. 37 - 0.20 - -
100.69 100.26 100.43 100.33 100.62 99.41 

2.2 

1.5 

0.3 3.5 

0.3 3.5 

2.7 4.3 5.0 

38.0 42. 9 5. 5 41. 6 37.2 

37.4 29.9 26.3*2 
9.5 13.4 35.2 

1.0 o. 4 *l) 8.6 

0.7 2.1 3.8 2.1 3.7 1. 0 

17.3 19.5 42.6 83.0 29.4 0.7 

o. 9 1. 7 2.1 1. 2 2.1 3.0 

4.7 3.9 5. 6 1. 5 4.9 2.3 

100.0 100.0 100.0 100.0 100.0 100.0 

359 

10 11 12 

38.29 38.02 38.15 

2.66 3.03 1.19 

5.77 8.13 6.55 

2.S3 2.21 3.24 

- - -

29.46 27.78 27.33 

2.42 4.80 4.13 

o. 30 0.84 0.25 

1. 03 0.56 

10.19 10.11 9.69 

3.13 2.60 3.52 

2.00 2. 30 1. 72 

- - -
0.20 0.28 1.41 

1.44 0.41 2.15 

- - -

99.82 100.51 99.89 

3.0 8.1 2.4 

6.6 3.7 

3.0 4.9 0.5 

31. 0 39.0 19.1 

43.7 30. 8 57.l 

5.4 

4.8 1. 4 8.0 

0.6 0.8 0.9 

3.0 3.5 3.3 

4.3 6.1 5.0 

100.0 100.0 100.0 
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APPENDIX 29 (Continued) 
360 

13 14 15 16 17 18 19 20 21 22 23 24 

SiO2 46. 83 41. 00 49.20 55.76 53.94 58.05 58.72 56.80 60.24 48.35 56.12 55.45 
Al

2
o

3 3. 71 10. 05 9.23 19.93 20.70 18.62 18.49 17.81 18. 54 23.10 19.62 17.80 
Fe

2
o

3 3.24 4.60 7.73 2.36 2.04 1. 63 0.49 1.40 o. 54 2.48 2.32 5.90 
FeO 4.35 7.20 3.24 2.11 1. 92 2.89 5.14 4.84 2.36 1. 89 0.90 0.72 
MnO - nd nd 0.05 o. 04 0.06 0.00 - - - - -
MgO 21. 33 9.23 1. 35 0.35 0.36 0.68 1.48 1. 34 0.76 0.89 0.13 0.14 
Cao 3.83 15.85 11.55 2.04 1. 18 2.29 3.98 5.21 2.29 2.51 2.07 1. 90 
Na?O .., 0.63 2.32 6.20 8.64 9.76 7.14 6.10 6.15 6. 59 13.20 9.50 4.69 
K

2
o 0.70 3.20 1. 96 6.45 5.24 5.79 3.37 2.81 5.44 3.58 4.17 9.71 

+ 
K

2
0 5.22 1. 21 3.30 1. 21 0.23 i 1. 60 0.72 2.91 3.50 2.64 

' -
K

2
O 7.95 0.34 0.29 o. 30 o. 30 0.50 

TIO ' -
2 1. 34 3.37 7.13 0.01 0.35 1. 02 

Cr
2

o
3 

CO
2 

P205 0.74 0.58 o. 01 o. 01 0.48 0.27 

Other 0.22 0.72 0.12 o. 04 0.02 1. 49 0.80 0.72 

Total 99.87 96.82 97.59 100.0 99.85 99.81 99.93 100.02 99.21 100.85 99.59 100.80 

Ne 5.7 4.4 20.6 64.8 - 4.2 2.4 56.0 22.4 14.2 

Kp 23.7 

Cal 

Ab 6.2 0.5 22.8 33.3 47.2 52.8 50.5 51. 8 8.9 39.4 8.9 

Or 4.7 19.0 11. 7 32.5 39.0 19.6 16.6 31. 4 20.3 24.4 61. 4 

An 5.8 - 10.8 1. 2 2.3 13.3 12.9 5.7 2.9 2.1 

01 5.8 4.3 4.5 1.6 3.9 0.3 
*l) 

! 
7L0 En 53.5 18.0 5.9 9.8 I 

Di I 4, 8 *3) 10 2 *3) 9,7 4.3 1. 3 10,3 5.8 10.3 3.5 8.6 

Ap 4.7 8.5 
*4) 22. 1 *4) *4) 5.7 1. 5 6. 4 *4) 

cc I 
4 0 *ti) 2. 2 *5) o. 5 1. 6 1. 5 I 1. 3 0.6 o. 7 *3) 1. 7 *3) 

n I 1.1 0.8 0.3 1. 3 1.0 3.1 I 
i 

Hm 
2.5 0.2 

Total 100. 0 100. 0 100.0 100.0 100. 0 100. 0 100.0 100.0 100.0 100.0 100.0 100.0 

******************** 
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_Appendix 29: 

The chemical composition and katarnolecula.r norm 

of the alkaline-rocks north-east of Pretoria. 

1. Massive basaltic kimberlite from Premier Mine. 

1. Serpentine calcite rock 9 2remier Mine; Hall 

(19389 Woo 437). 
2. 0alciferous dykeo 
3. A.l tered dyke., 

4o Serpentine calcite dykeo 

5. Serpentine calcite dyke. 
6. Carbonated dyke. 

7. Carbonated dyke., 

8. CF 328 (New analysis). 

2. Kimberlite from Premier Mine. 

9 o CF 329 (New analysis). 

10-13 kimberlite; Shand (1922). 

3. Alkaline-basalts from North-east of Pretoria. 

14 Monchiquite 9 Zeekoegat 9 Shand (1921, p 81). 

15 Pienaarite; Kameeldrift; (ditto). 

16 + 17 Foyaiite 9 Leeuwkraal + Franspoort; (ditto)o 

18 Phonolite; Leeuwkraal 9 (ditto)o 

19 Soda-trachyte 9 Leeuwfontein; Shand (19219 p.232)0 

20, 21 Syenite; Leeuwfontein (ditto). 

22 Sodalite 9 Aegerine foyaiite; Leeuwfontein; (ditto)o 

23 9 24 Foyaiite; Paardefontein; Shand (1922)~ 

*1) Ca2SiO4 
*2) Periclase 

*3) Sphene 
n4) Acmite 

*5) Magnetite 

*6) SiO
2

• 
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A. The chemical analyses 

I 
-

1 2 

Si0
2 40. 65 40.53 

I Al
2
o

3 1. 51 0.15 

Fe
2
o

3 3.73 5.14 

FeO 3.41 1. 68 

MnO o. 07 0.05 

MgO 40. 93 39.88 

Cao o. 40 0.12 

Na 0 
2 0, 07 0.07 

K20 o. 03 0.04 
+ 

H
2

0 8.91 12.46 

H20 - -
Ti0

2 0.23 0.12 

Cr
2
o

3 0.22 0.16 

NiO 0.25 0.27 

Other 

Total 100. 41 100.67 

B. The Kata-Molecular norms 

Ab o. 5 1. 1 

An 1. 9 

Cal 

Ne 

Di 0.3 

I 
01 65.8 70.5 

En 28. 5 22,2 

Ru 0.3 0.2 

I Cr 0,5 0.2 
l 
I Hm 2.6 5.5 
I 
I 

I Total 100.0 100.0 

APPENDIX aq_ - The Chemical analyses ~-P.:d mglecular norms of garnet peridotite2 

pc'ridotit~ and ~d!!_l!ite from various parentages 

3 4 5 6 7 8 9 

43.28 45.14 43,32 44.91 50.80 46.80 42.00 

1. 44 1. 54 1. 56 17.15 nil. 1. 16 0.52 

1. 09 1. 01 1.19 1. 68 4.40 4.62 5.64 

5.26 4.70 5,15 6,45 4.90 3. 02 3.56 

- 0.11 0.27 0,19 

42.41 41. 75 42.30 14.27 36. 00 27.72 37.44 

2.03 1. 92 2.00 11. 28 0.84 10. 22 3.08 

0,16 0.14 0.15 1. 01 nil nil nil 

0.22 0.11 0.19 0,89 o. 04 1. 24 0.35 

0.18 0.20 0.16 1. 52 1. 97 3.72 6,86 

3.76 2.92 3.69 0.26 o. 08 0.24 nil 

o. 01 0.01 0,01 0. 4G o. 40 o. 66 o. 45 

- 0.62 o. 51 nil 

- 0.27 0.17 0,18 

0.20 0.25 0.29 

99.84 99.44 99.72 99.88 100.43 100. 63 100,56 

2.3 1. 5 2.1 13.2 0.3 8.4 1. 9 

2.9 3.1 2.9 36.3 0,4 

5.1 4.6 5.3 6. 0 2.9 40.5 11. 8 

74.3 63.8 67.4 36.3 23. u 36, 0 59. 6 

14.6 26.2 21. 4 6.5 69.9 10,7 22.2 

0.1 0.1 o. 1 0.6 0.3 0.5 0.3 

0.0 0,7 0.7 

o. 7 0.7 0.8 1.1 2.9 3.2 3.8 

100,0 100.0 100.0 100.0 100.0 100.0 100,0 

3G2 

10 

47.28 

7.81 

3.36 

7.41 

0.14 

12.60 

15.82 

nil 

0.27 

2.31 

nil 

0.20 

0.25 

0.11 

2.41 

100. 07 

0.9 

21. 9 

50.0 

24.1 

0.2 

0.4 

2. 5 

100.0 
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11 12 13 H 15 16 17 18 19 20 

Si0
2 51. 25 49. 04 48.40 45. 00 46.40 42. 44 31, 16 46.00 44.77 45. 57 

Al
2
o

3 nil 0.89 0.76 - nil 21. 40 5.63 2.78 0.84 1. 43 

Fe
2
o

3 2.70 4.70 2.16 3.28 4.48 o. 97 7.32 1. 91 1.70 1. 30 

FeO 1. 44 3.31 4.17 4.24 3.52 7.62 9.04 5. 07 3.99 4.42 

MnO 0.24 0.08 0.22 0.25 0.11 0.35 0.27 0.12 0.10 0. 09 

MgO 18.42 34.00 39.16 41. 14 39.60 20.31 20.18 38.86 40.03 42.75 

CaO 21. 80 1.12 0.98 1. 12 0.98 4.76 17.09 1. 88 1. 76 0.02 

Na
2
o tr 2.14 nil nil nil - 2.12 o. 19 0.12 -

K
2

0 tr nil nil nil nil - 1. 52 0.34 0.94 o. 04 
+ 

H
2

0 1:10 4.33 3.25 4.50 3.95 - 1. 45 2.28 4. 07 3. 53 
-

H2
o o. 14 0.40 0.72 0.44 0.68 - 0.15 0.31 0.56 0.40 

Ti0
2 

o. 45 o. 35 0.10 0.25 0.15 0.26 3.44 0.06 0.55 0.03 

Cr
2
o

3 1. 01 0.28 0.32 0.21 0.30 2. 07 - 0.31 0.14 o. 14 

NiO tr 0.1·8 0.23 0. 08 0.25 - - 0. 24 0.27 0.28 

Other 0.89 0.06 0.06 o. 06 0.08 - 0.90 o. 09 0.15 o. 09 

Total 99.71 100.88 100.53 100. 57 100.50 100.17 100. 27 100.51 100.17 100.16 

Ab 4.9 3.1 6.3 0.2 

An 1. 9 26.2 1. 5 5.0 

Cal 

Ne 15.9 

Di 86.9 4.4 2.3 4.2 3. 8 · 47.4 3.2 6.5 

Ol 2.9 23.8 39. 4 58.9 43.8 13.0 26.4 59.7 64.1 57.6 

En 5.9 63.1 54.7 35. 3 49.0 57.4 27. 5 21.4 41.2 

Ru 0.3 0.3 0.2 0.1 0.2 2.3 0.4 

Cr 1.1 0.3 0.3 0.3 0.3 2.5 0.3 0.2 0.2 

Hm 1. 9 3.2 1. 4 2.1 3.0 o. 7 4.8 1. 3 1.1 0.8 

Total 100.0 100.0 100.'0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
...... -
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-

21 22 23 24 25 26 27 28 29 30 31 32 33 34 

Si0
2 45.15 42,30 37. 46 39.33 37.57 41.12 39,16 38.32 45. 07 40.65 41.10 39.68 39.90 40. 49 

Al
2
o

3 2.27 2.87 2.13 3. 04 4.52 2.24 1. 73 2.16 5.75 1. 25 1. 00 0.80 1. 20 0.86 

Fe
2
o

3 0.27 2.46 0.63 5,67 7.73 2.59 4.20 5.53 3.43 2.53 6.50 7.10 8.01 2.84 

FeO 6.35 5.25 7.59 2.25 0.26 3.21 1. 82 3.41 9.53 6.15 2.02 2.45 1. 50 5. 54 

MnO 0.12 0,12 0,04 0.05 o. 07 0.06 o. 08 0.07 0.26 0.18 0.08 0.04 0.10 -
MgO 42.21 40.01 33.79 34.36 33.16 38.52 34.30 34.15 22.88 42.35 43.50 44.21 43.00 46. 32 

CaO 2.08 1. 75 2.92 1. 27 1. 45 1. 40 5.13 L 51 7.48 1. 29 1. 21 L 00 0.76 0.70 

Na
2
o 0.24 0.18 1. 05 o. 30 0.06 0.20 -; 0, 77 0.32 1.14 0.29 ; 0.10 t' o. 08 I 0, 12 0.10 

\ j (, 
KO 0.00 0.06 0.06 0,18 0.11 0.10 ! 

J 
0.57 0.13 I o. 04 

2 + \ 
.. I 

H
2

0 0.65 4.49 3.37 2.65 3.05 1. 63 1. 58 1. 00 - - 0.50 1. 00 1.64 0.05 
-

H
2

0 0.12 4.44 7.92 10.00 12.02 7.77 10.15 2.10 3.10 5.02 3.50 4.00 3.50 2.88 

TIO 
2 0.15 0,18 0.20 o. 30 0,22 0.53 o. 69 o. 20 0.64 0.11 0.01 tr 0.02 0.02 

Cr
2
o

3 0.21 - 0.234 0, 35 0.14 0,50 0.56 0.55 - - 0.65 tr 0.005 -
NiO - - 0.42 0.37 nd 0,53 0,20 0.51 - - nd nd 1. 10 -
Other 0.03 0.04 0.11 0,03 o. 06 0.04 1. 03 0.78 0.15 o. 04 - - - -

.. 
Total 99.85 100.15 100.364 100,15 100.42 100,44 99.82 100.61 100.00 100.00 100.17 100. 36 99.85 - 100. 00 

Ab 1. 5 1. 8 11. 0 4.1 1. 2 2.2 2.9 15.1 3.4 0.8 0,5 1.1 1.0 

An 4.6 6.6 0.6 6,7 7.9 5.0 1. 3 4.7 8.1 1. 6 2.2 1.8 2.7 1. 7 

Cal 4.4 

Ne 

Di 3.8 1. 3 2.8 1. 6 20.4 2.6 23.2 3.6 2.5 2.3 o. 6 1.0 

01 70.5 69.5 67;8 55.0 48.4 63.7 69.6 58.7 45. 7 83.4 72.5 78.6 72.6 88.6 

En 20.0 19.0 11. 8 29.4 36.2 24.6 - 26.1 4.4 6.3 17.8 12.2 17.7 5.9 
; 

Ru 0.1 0.2 0,2 0.2 0.2 0.4 0.5 0.2 0.5 
:: 

Cr 0.3 0.2 0.5 0.2 0.7 0.7 0.7 
' 

Hm 0.2 1. 6 5.6 4.1 5.9 1. 8 3.1 4,1 2.4 1. 7 4.2 4.6 5.3 1.8 

Total 100.0 100.0 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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.. 
-

35 36 37 38 39 40 41 42 43 44 45 46 47 48 

Sio
2 35.76 35.88 37.45 35,64 36. 05 34.89 45.85 38.58 40.38 44.35 42.42 44.44 46. 53 44.26 

Al
2

o
3 

2.14 3.32 2.83 3,79 3. 08 2.97 2.05 0.89 2.83 2,97 1. 32 6.28 11. 58 5. 76 

Fe
2

o
3 

4.28 5.65 5.03 3.27 4. 71 5.02 0.71 3.63 3.71 0.67 4.27 2.78 3.30 2.52 

FeO 1.12 2.79 1. 94 1. 96 2.71 2.11 6. 45 3,58 4.38 7.59 6.96 11. 22 8.65 10.02 

MnO 0.06 0.07 0.07 0,10 0.03 0.06 0.15 0.09 0.11 0.13 nd 0.18 0.22 0.18 

MgO 35.04 35.26 36.01 36.34 35. 94 37.25 41. 63 40.11 36.79 40. 80 40. 80 24.86 16.08 27.75 

CaO 4.50 2.56 3.90 2. 76 2.70 2.32 1. 76 0.82 2.46 2.55 1.19 7.92 11. 00 6.90 
-
'\ 0. 96 "\ o. 73 0.81 o. 20 0.20 0.72 0.82 1. 01 0.79 Na2o 
' 

0.81 \ 1. 91 o. 43 0.15 tr 
,' I 

K
2

O ,I 
I I 0.12 0.09 o. 08 - - 0.01 0,45 0.02 0.02 0.01 

+ -· 
H

2
O 1. 81 2.49 2.00 1. 97 2.09 1. 27 nd. 10.13 7.86 0.09 o. 70 0.38 0.36 0,48 

H
2

O 14.85 13.03 9.00 11. 06 10.00 12.01 nd 0.71 0.50 
I,. 
( - - -I 

TIO 
2 

0.44 0.22 0.31 0.47 0.37 0. 51 0.41 tr tr 0.14 o. 30 0.48 0.64 0,38 

Cr
2
o3 0.55 0.66 0.48 1. 20 o. 54 0.51 o. 48 0.63 0.57 0.41 0.40 0.24 0.12 0.35 

NiO 0.22 o. 30 0.26 0.48 0.49 0.40 0,26 0.12 0.10 0.31 - 0.18 0.06 0.21 

Other 0.11 0.04 0.10 0.25 0. 08 0.09 o. 03 0.67 0.14 0.02 0.14 - - -

Total 100.03 100.51 100.19 100.19 99.72 99.93 100.01 99.96 100.03 100. 24 99.67 99.80 99.57 99.61 

Ab 5.8 4.0 4.0 5.0 
. 

1. 5 1. 7 1. 5 6.7 7.3 7.3 6.6 

An 1. 6 5.8 4.2 2.0 4.8 6.6 4.3 2.5 6.9 6.6 13.1 22.4 10.4 

Cal 5.4 0.7 2.0 10.6 2.4 - , . 

Ne 

Di 17.5 6.0 12.4 8.9 7.4 5.0 2.8 1.1 4.2 4.0 4.1 10.0 9.0 9.0 

01 71. 3 76.0 73.0 74.5 77.0 68.6 66.7 72.6 63.3 71. 2 76.8 48.8 35.2 71.1 

En 0.0 0.0 9.9 24. 0 20.6 20.1 15.7 9.0 18.1 23.4 o. 0 

Ru 0,3 o. 2 0.2 0.3 o. 3 0.4 0.3 0.1 0.2 0.5 0.7 0.6 

Cr 0.7 0.8 0.6 1. 4 0.7 0.7 0.4 0.7 0.7 0.4 0.4 0.3 0.1 0.5 

Hm 3.2 4.1 3.6 2.3 3.4 3.8 0.5 2.5 3.1 0.5 2.8 1. 9 1.9 1.8 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
I 
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! 49 50 51 52 53 54 55 56 57 58 59 60 61 62 

Si0
2 46.45 45.95 48,02 42. 911 42.70 41. 56 42.20 43.70 42.12 45.12 42.66 44.96 42.30 44.60 

Al
2

o
3 

7,95 6,44 4,88 1. 04 0,17 0,62 1. 50 6.58 0.00 2.96 0.00 1. 66 1. 98 0.18 

Fe
2

o
3 

2.43 2.20 1. 94 9.37 7,73 7.23 2.30 6,09 8.34 5.14 9.87 5.23 2.65 6.48 

FeO 8.66 10,07 8.15 0.50 3.16 2.80 5.80 3.24 1. 58 4.16 0,36 3.94 5.90 2.58 

MnO 0.18 0,18 0.14 0.04 0.05 0.05 0.10 0.06 0.04 0.05 0.05 0.04 0.10 0.04 

MgO 22.89 29.10 32.35 37.67 40.42 42.97 43. 40 33.80 43.42 36,07 44.08 39.89 45.00 39,94 

Cao 9.06 4.48 2,97 3.47 3.37 2,29 2.50 4.58 1. 67 3,72 1. 49 2.40 1. 46 3,75 

Na
2
o 0.88 0.59 0.66 0.28 0.44 0.22 1. 30 0.47 1.47 0.38 0.22 0.34 0.25 0.31 

K
2

0 0.02 0.03 0.07 0.19 o. 08 0.05 o. 30 0.03 0.19 0.16 0.19 0.16 0.03 0,11 
+ 

0.29 H
2
o 0.52 0.79 3.54 0.38 0.22 0.87 0.34 o. 0 o.o 0.04 0.00 o. 30 0.64 

H2o - - 0.32 o. 70 0.16 0.04 0.05 0.06 0.60 0.44 0,42 0.56 0.00 0.00 

TiO 
2 

0.53 0.22 0.22 0.17 0.25 0.25 0.07 0.42 0.11 0.25 0.08 0.17 0.10 0.11 

Cr2o
3 0.18 0.29 0.25 0,58 1.11 0.91 0,50 0.02 0.59 0.86 0.50 0.51 0.50 1. 70 

NiO 0.13 0.17 - - - - - - - - - - - -
Other - - 0.07 - - - - - - - - - - -
Total 99.65 100.24 100.83 100. 49 100. 02 99.21 100.89 99.39 100.13 99.31 99,96 99.86 100.57 100.33 

Ab 8.1 5.4 4.6 3.7 1.0 2.0 10.1 3.8 4.4 3.8 1. 2 0.6 
An 18.5 15.5 9.8 1.0 0.5 14.9 5.3 2.1 5.2 
Cal 

Ne 

Di 11.1 2.9 3.4 12.4 12.4 7.9 3,2 5.2 6.2 9.6 5.5 7,1 13.8 
01 59.5 74.0 43.1 52.2 62.0 71. 7 81. 5 53.3 66,7 52.7 62.6 61. 3 79.7 51. 4 
En 37,3 23.5 18.3 12.1 3,2 18.6 21.1 24.1 25.0 21. 7 11.1 28,3 

Ru 0,8 0.3 0.2 0.1 0.2 0.2 0.3 0.2 0.1 o. 5 *l) 

Cr 0.3 0.3 0.3 0.6 1.1 1. 0 o. 6 0.6 0.5 0.6 0.6 0.6 1. 7 
Hm L7 1. 6 1. 3 6.5 5.0 4.6 1. 4 3.9 5.4 3,3 6.3 3,3 1. 7 4,2 

Total 100.0 100.0 100.0 100.0 100,0 100,0 100,0 100,0 100.0 100.0 100.0 100.0 100.0 100.0 
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63 64 65 66 67 68 69 70 71 72 73 74 75 76 

SiO
2 

43.14 44.84 42.50 42.22 41. 80 43.45 42.70 42.50 42.90 42.86 43. 80 44.50 44.27 44.14 

Al
2
o

3 
0.16 0.16 0,43 1. 56 1. 40 1.15 2.10 0.40 1. 20 0,23 0,50 3.24 2.97 2.78 

Fe
2
o

3 
6.86 7.16 6.89 4.05 5.40 2.45 3.40 3.50 6.59 7.25 4.45 1. 68 0.67 1.02 

FeO 3.28 2.21 2,82 4.44 4.10 6.12 5.10 6.50 2.57 2.57 4.95 6.83 7.59 7.33 

MnO 0.04 0.04 o. 04 - 0.14 0.13 0.12 0.17 0.05 0.05 o. 35 0.17 0.13 0.12 

MgO 40.87 42.23 40,87 45. 04 44.40 45.35 41.10 44.50 40. 23 42.48 43.00 41. 02 40. 73 41. 65 

CaO 1. 66 1. 73 2.63 1. 92 2.01 0.65 2.60 1. 20 2.80 2.06 1. 40 2.22 2.55 2.15 

Na
2
o 0.15 0,19 0.19 0.11 0.21 0.30 1. 20 0. 70 0.38 0.19 0.65 0.22 0,20 0,19 

K
2

O 0.11 0,14 0.00 0,09 0.12 0,25 0.30 0.15 0.13 0,03 0,40 0,05 0.01 0.01 

+ 0.00 0.85 0.00 0,25 H
2
o 0.88 2.40 0.11 0.60 0.15 1. 00 - - - -

H
2

0 0.00 0,00 0,00 0.02 0.36 0,0 0,08 0.85 0.14 - 0.01 - - -
TiO

2 
0.11 0.14 0,17 - 0.05 - 0,09 0.05 0.14 0.06 - 0.06 0.14 0.12 

Cr2o
3 

3.06 0,58 1. 40 - 0.06 0.20 0.57 0,30 1. 90 1. 43 0.90 - 0.41 0.25 

NiO - - - - - - - - - - - - 0..31 0.23 

Other - - - - - - - - - - - 0,01 0.02 -

Total 99,33 100,16 100,34 100.16 100.65 100.20 100,36 100.87 99.03 99.21 100.66 100.0 100.0 100,0 

Ab 0.8 1. 3 1. 6 1. 3 2.3 3.7 7.0 6.4 3.9 1.8 2.5 2.0 1. 5 1. 5 

An 0,2 2.5 2.3 1.0 1.1 7.0 6.6 6.2 

Cal 

Ne 

Di 6.0 5.1 9,6 4.4 5.4 1. 6 9.4 4.2 9.5 7.5 5.1 2.2 4.0 2.6 

01 54.9 65.9 62.1 78.7 80.2 88.8 80. 9 86.9 62.8 64.8 69.5 70. 4 71. 2 72.7 

En 30.9 23,3 20.5 10.8 6.2 10.7 16.4 19.8 19.2 17.4 15.7 16.1 

Ru 0,1 0,1 0.1 0.1 0.1 

Cr 3.1 0,5 1. 4 0.1 0,2 0.6 0.3 1. 9 1. 5 0,9 0.4 0.3 

Hm 4.4 3.8 4,5 2.6 3.4 1. 5 2.1 2.2 4.3 4.6 2.8 1.1 0.5 0.6 

Total 100.0 100,0 100,0 100,0 100.0 100,0 100.0 100,0 100.0 100.0 100.0 100.0 100.0 100,0 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2022

APP ENDIXjt~ (Continued) 368 

77 78 79 80 81 82 83 84 85 86 87 88 89 90 

SiO2 38.78 39.33 40. 03 45.10 44.82 44.02 44.59 44.39 43.29 44.08 42.57 41. 56 40.66 39,23 

AI
2

o
3 

0.91 0.85 2.11 3.92 8.21 1. 03 2.98 3,26 2.36 u.47 0.28 1. 66 0.48 1, 48 

Fe
2

o
3 

3,00 1. 05 o. 75 L 00 2.07 0.83 1. 68 2,02 1..23 l. 29 2.44 2.28 3.40 L 52 

FeO 11. 48 12.96 7.38 7.29 7.91 7.06 6.83 7.06 7.20 7.25 4.44 5.27 3.00 13.73 

MnO 0,19 0.19 0.12 0.14 0.19 0.11 0.17 0,13 0,14 0,13 C,, 10 0,12 0,09 0.12 

MgO 43.46 · 44. 90 42.84 38.81 26.53 46.99 4L 10 40.79 40. 91 45. 32 47.85 14. 86 46,48 42.30 

CaO 0,05 0.18 1. 57 2.66 8.12 tr 2.22 0.94 2.84 0,76 0.10 1. 36 0.09 0.89 

Na
2

o 0.10 o. 04 0.28 0.27 0.89 0.05 0.22 0.35 0,33 0.14 0,03 0,10 0.04 0.30 

K
2

O - 0.01 o. 01 0.02 o. 03 tr 0.05 0.04 0.05 0.05 0,01 0.03 0.03 0.02 
+ 

H
2

o nd 0 0 0.07 0.11 0.09 0,09 0.13 0.93 0.65 1. 72 2.41 5.51 * 
Ho- 0.14 0.03 0.10 0.17 0.25 0.00 0.00 0.08 0,07 0,10 - - - * 2 
TiO

2 
o. 08 0.05 0.07 0.13 0.52 tr 0,06 0,13 0,20 0.06 0.01 0.04 0,01 0.13 

Cr
2

o
3 

1. 00 0.38 0,48 0.31 0.20 0,42 0.26 nd 0.27 0.32 o. 36 0.37 0.28 0., 28 

NiO nd. 0.29 0.29 0.25 0.20 - - - - ~ 0.38 0,34 o. 36 -
Other - 0,01 0.15 0,03 0.05 - - - * 
Total 99.19 100.26 100.03 100.14 100.05 100.60 100.26 99.47 99.85 100.57 100.29 100.40 100.43 100.00 

Ab 0,8 0.2 2.3 2.0 7.2 0.5 1. 9 4.1 3.6 1. 2 o. 7 0.5 
*2) 

2. 6 · 

An 0.2 1.0 5.3 8,7 16.0 5.9 4.4 4.1 0.5 0.6 3.6 0.5 2.6 

Cal 1. 4 

Ne 0.1 
*l) 

Di - - 1. 4 2.7 27.2 1. 3 3.5 1. 1 1.0 0,9 

01 92.8 97.6 76.4 63.7 42.2 80.5 70.1 68.2 76.0 77.8 80.6 72.7 72.3 91. 7 

En 4.1 14. 0 22.1 6.0 18.1 19.3 22,8 11.4 18.2 17.4 20.2 24.2 

Ru 0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.3 0.1 0.3 

Cr 0,4 0.4 0.3 0,3 0.3 0.4 0.4 0.3 0.4 

Hm 2.0 0.7 o. 5 0.7 1. 2 0.5 1.1 1.3 0.8 0.8 1.0 1.4 2.2 0.1 

Total 100. 0 100.0 100.0 100.0 100.0 100.0 100,0 100.0 100.0 100.0 100.0 100.0 100,0 100.0 
---. 
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I 
·-· 

91 92 93 94 9f-i 96 97 98 99 100 10!. 102 103 104 

i --------------- ---
Si0

2 47.55 40.65 41. 75 44.93 44.77 43,91 44,93 44.69 42.38 43.82 42. 55 43.40 47.6 49.2 

AI
2

o
3 4.77 1. 90 4.80 6.40 4.16 2.65 3,21 3.19 1. 98 5.04 2.10 1. 76 4.8 2.4 

Fe
2

o
3 2.93 5.00 1. 25 3.10 - 1.44 o. 09 0,09 5.21 1. 31 1. 33 2.01 2,9 2.0 

FeO 5.58 6.62 5.90 10.25 8.21 7.23 7.58 7.54 6,90 6,20 6.76 6.35 5.6 6.8 

MnO 0.03 0.26 0.17 0.16 0.11 0.15 o. 14 0.14 0.27 0.18 0.11 0.13 0.0 0.2 

MgO 18.46 38.55 37.10 25.57 39.22 42.01 40. 03 39.80 40.13 38.92 44.06 43.15 18.5 19.1 

CaO 18.66 2.50 3.70 7.36 2.42 2.02 2.99 2.97 2.60 3.E.8 2.36 2.45 18.7 18.9 

Nao 
2 

o. 45 0.37 0.50 0.75 0.22 0.13 0.18 0.18 0.39 0.52 0.14 0.19 0.5 0.2 

K
2

o o. 03 - - 0.03 0.05 0.00 o. 02 0.02 - - 0.04 0.03 o.o 0.1 

H
2

0 
+ 

0.70 6.13 6.12 0.48 - - - 0.38 - - - - 0.7 0.6 

H20 0.20 3.40 4.20 - - - - - - - - -· 0.2 o. 2 

Ti0
2 0.52 - - 0.44 0.19 0.06 0.08 0.08 - - 0.04 0.03 o. 5 o. 2 

Cr2o
3 0.23 0.31 0.12 o. 30 o. 40 0.41 0.45 0.45 tr tr 0.24 0.25 0.2 -

NiO - - - 0.19 0.24 - 0.26 0.26 tr tr 0.27 0.25 - -
Other o. 04 0.38 0.34 - o. 01 0.01 o. 04 0.04 0,14 0.13 tr - - -

Total 100.15 100.07 99.95 99.96 100,00 100.00 100.00 99.83 100.00 100.00 100.0C 100.ao 100.2 99.9 

Ab o. 7 3.2 4.2 7.6 1.8 1. 0 1. 6 1. 6 3.4 4.6 1. 3 1. 5 4.4 2.3 

An 11. 0 3.3 10.2 13.4 9.4 6.1 7.2 7.3 0,9 10. 1 4.4 3,5 10.7 5.4 

Cal 1. 8 
I 

Ne 

Di 57.6 6.8 5.7 17.4 1. 2 2.4 2.4 2.3 4.4 3.0 2.4 3.0 32.3 26.4 

01 15.9 73.9 68.9 44.9 66.5 72.1 68.0 67.8 75.7 74.0 81. 5 76.9 25.6 *3 1. 5 . , 

En 4.3*2 
9.2 10.1 13.9 20.5 17.1 20.1 20.4 12.2 7.5 8.1 13.5 24. 0 62.7 

Ru 1.0 0.2 o. 2 0.1 0.1 0.7 0.3 

Cr 0.3 0.3 0.1 o. 5 0.4 0.4 0.5 0.5 0.3 0.3 0.3 

Hm 7.2 3.3 0.8 2.1 0.9 0.1 3.4 0.8 2.1 1. 3 2.0 1. 4 

Total 100. 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

~ 
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APPENDIXJQ ( Continued) 

370 

F 

t 
i 105 106 107 108 109 110 lll 112 113 114 115 116 117 118 
• 

I r- ···---~-----~-----
I 

48.3 50.7 49.5 44,5:' 44.24 43.56 43.10 40.50 41,2 36,55 46.20 42.50 43.70 41. 40 Si.O0 
I 

i I 

i 4, , 
Al

2
o

3 ' 3.0 1. 6 2.0 4.10 2.91 2.36 0.71 0.22 1. 2 1. 7 3.49 4.56 1.04 3.16 i 

I Fe 0 I 3.1 1. 6 3.1 1. 17 1. 04 1. 00 1.42 2. 03 4.0 1. 8 2.30 5.64 1. 74 0.60 
2 3 

I FeO 6. 0 3,9 2.2 6.85 7.00 7.77 6.69 4.92 8.2 16.85 6.85 6.03 11. 60 6.63 

MnO ! 0.2 0,1 0.1 0.13 0.13 0.10 nd 0.10 0.1 0.15 . 09 0.10 0.17 0.10 
I 

MgO I 18.l 20,2 19.2 39.07 41. 36 41. 53 45. 71 49.34 34.4 37.95 36,50 31. 80 38.50 42.50 I 

I 
I 

Cao I 
l 

20. 2 20.9 20.2 2.87 2.37 2.51 0.69 0.02 1. 35 1. 0 2.04 2.53 1. 66 0.88 

Na
2

0 - - 0,2 0.32 o. 07 0,32 0.06 0.08 0, 20 tr 0.42 0.04 0.06 0.22 
' \ , ( 

K.20 - ~ 0.1 0.07 0.00 0,005 I o. 30 tr 0.25 0.03 0,01 0.11 
+ I 0.2 H

2
0 I 

0.3 2.4 - - - 0,32 2.05 5.2 2.6 
-

HO 0.3 
') 

0,2 0.3 - - - 0.08 0.15 0.25 0.4 
""' 

Ti0
2 

0.4 o. ,3 0.2 0.12 0.17 0.04 tr - 0.25 0.1 0.17 0.09 0.12 0.07 

Cr
2
o

3 
' 0.2 0.5 0.4 0.46 0.50 0.40 0.66 0.40 3.2 0.4 0.63 0.40 0.41 0.66 I 

NiO ! - - - 0.25 0.21 0.34 - - - tr 0.13 

~r 

i 

I - - - 0,02 - 0.07 0.20 - 0.05 0.65 

I 

i Tot.al I 100, 0 99.3 99.8 100.00 100.00 100.00 99.64 99.81 100.25 100.15 98.98 93.72 99.01 96.33 
I 

- ,,,_ - t 
I 
I 

Ab I 2,3 3.1 0.5 2.8 0.5 0.5 3.2 4.8 0.6 0.5 1. 7 

I An I 
8.1 4.2 4.3 8,8 6.9 I 4.4 1. 8 0.1 1. 6 4.3 5.1 9.8 2.5 4.0 

I 
Cal I 

I 
I Ne ! 
I 
I 

I Di I 36,3 38.8 38,5 S.5 3.0 5.7 1. 5 3.8 0.4 2.2 0.2 4.5 ! 
01 

I 
19.2 15.5 13.1 62.0 70. 7 76. 6 76.4 78.8 52.8 93.7 41. 7 36.2 67.6 76.4 

En 32.6 39.1 38.7 16.4 17.9 9.4 15.9 5.7 28.7 44.6 23.8 12.5 49.3 

Ru 0.6 0.4 o. ,3 0.1 0.4 o. 1 

Cr 0.3 0.6 0.4 0.6 0.4 0.9 0.7 6.8 0.4 
l H I *2) 3. 0 *2) 
~13.2 

1. 7 2.2 0.8 0.7 0.7 2.1 2.7 1. 2 1. 5 3.9 1.1 0.4 
---t-~ ----~------

~ 100. 0 100,0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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API-_~NDIX 3'f (Con~!ud~d) 371 

119 120 121 122 123 .124 125 12G 127 128 129 130 J.31 132 
-------.M-• -• • •---------

Si0
2 41. 50 38.31 51. 31 55.16 55.14 37.11 46.37 43.25 40. 06 40. 64 47. 73 37.62 42.36 3s. 55 

1 

Al
2
o

3 1. 16 1. 68 1.88 2.04 2.58 2.17 10.82 5.84 1. 67 1. 25 4.82 1. 72 3.36 2. 04 

Fe
2
o

3 2.19 3.42 1. 08 0.25 8.52 4.74 1. 60 5.92 6,05 7.10 2.94 5. 45 5.55 7.23 

FeO 6.13 8.82 8.48 7.60 - 4.06 7.85 4.67 7.52 6~03 6.54 1.44 3. 07 1. 76 
I 

MnO 0.53 0.19 0.12 0.17 0,05 0.16 0.16 0.08 0.19 0.18 0.17 0.05 0.10 0.41 

MgO 45.50 32.91 19.58 32.05 32. 01 43.53 20.78 28.87 35.55 36.03 28.98 37.80 36.48 35.88 

c~o 0.53 3.03 15. 80 1. 54 1. 48 nil 7.94 1. 92 2.34 1.49 2.44 0.50 2.24 0.37 

Na
2

0 0.22 0.37 1. 30 0.20 0.18 0.42 0.99 0.58 0.32 0.48 0.19 0.16 0.62 0.42 

K
2
o 0.012 o. 26 0.03 0.12 0.15 0.23 0.57 0.27 0.12 0.05 0.02 0.02 0,03 0.05 

+ 
H

2
o - 4.58 0.11 0.22 0,35 5.84 1. 97 2.22 6.01 6.53 4.91 13.02 4.62 11. 55 

H
2
0- - o. 75 0.14 0,22 '• 0.60 0.82 6.01 0.28 0.31 0.49 0.96 0.50 1. 01 

TiO'> 
~ 

o. 08 0,13 0.20 nil o. 14 nil 0.13 0.38 0,06 0.03 0.12 0.03 o. 10 0~ 04 I 
I 

Cr
2
o

3 o. 69 4.28 0.12 0.49 0.20 0.36 0.07 0.20 0.21 0.21 0.48 0.39 0.39 0.46 

NiO - 0.22 - - - 0.31 0.07 - - - - 0.26 0.26 0.21 

Other - 0.86 0.44 0.08 - 0.78 - - - tr 0.16 - - tr 
··- -------------- 'O•-•-R• • 

Total 98.50 99.81 100.70 100.14 100.80 100.31 100,14 100.21 100.38 100.33 99.99 99.46 99,68 99.98 

Ab 1.8 4.7 7.7 2.4 2.1 4.2 11.8 6,6 3.6 4.6 1.7 1.5 5.4 4.4 

An 2.0 4.5 4.0 5.6 23.2 10.8 2.6 0.9 12.2 2.6 6.2 1.8 
I 

I Cal 0.5 

Ne 2. 6*3 ,-

Di 0,4 8.3 61. 8 2.7 1.5 12.6 7.3 5.2 3.6 

01 85.3 66.0 23.3 8.1 0.0 91. 7 34.6 33. 17 67.3 65.8 19.8 64. 5 59.5 59.7 

En 9.1 9.3 4.1 82.0 82.3 16.5 44.1 14.7 18.4 63.5 26.8 21. 1 28.4 
I 

Ru 0.1 0.2 0.1 0.1 0.3 I 
Cr 4.7 0,1 0.6 0,3 0.4 0.1 0.3 0.3 0,3 0,7 o. 5 0.4 0.5 

Hm 1.4 2.4 0.8 0.2 5.5 3.2 1.1 4.2 4.2 4.8 2.1 4.1 3.8 5.2 

-- . 
____ ,. 

L 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100,0 100. 0 100.0 1.00.0 100.0 

= ·===-

********************************* 
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Appendix ~q: 

The chemical Malys es md molecular norms of garnet 

peridotite 9 peridotite and dunite from various 

parentageso 

I. Ultramafic nodules in kimberliteo 

1 Garnet peridotite 9 Premier Mine 9 (New an3lysis)o 

2 Spinel peridotite9 ditto 

3 - 5 Gg,rnet-lherzoli tes; Wessel ton; (New analysis) o 

6 -11 Ultr~nafic nodules9 Jagersfontein; Visser (1954 9 

365-369)0 

12-15 Ultr3Illmc nodules; Bultfontein 9 Visser (1964, 

357-360). 

16-17 Ultramafic nodules; .Annual Repto Univ. Leeds 
(1962-63). 

18-20 Ul tramafic nodules; Holmes (1936). 

21-22 Ultramafic nodules; Nixon et al. (1963). 

23-40 Ultramafic nodules from Russia; Bobricvich et al. 9 

(1959). 

41 Ultramafic nodule; Kennedy (1968). 

42-43 UltrJ.IDafic xenoliths from Chechoslovakia; 

Kopecky (1962). 

44-45 Ul tr'lmnfic nodules from Lesotho; Nixon et al., (1963) o 

II. 

46-51 

III. 

52-73 

74 

75 

76 

Ul tramafic rocks from region'.J.l peridoti tos. 

Ultr~mafic rocks from Karlskaret. 

Ultramafic nodules in alkaline bas~lts. 

Ultramafic nodules from Fr~nce; Brousse (1968)0 

Ul tr:1m2fic nodule; Wilshire and Binns (1961) o 

ditto 

ditto 

Hess (1960). 

Ku.no (1967) .. 

77-81 Ultr'3.Illafic nodules from the Nephelinites at Hawaii 9 
Jackson et alo, (1969). 

82-91 Ultr3.ID.afic nodules from J2pan 9 Ku.no (1967, p 338)0 

IV. Alpinotype rn~nites and peridotites and high 
temperature differentiates. 

92-93; Ultr3.Illafic rocks from Marocco; MacGrcggor et ~lo, 

( 196 3). 

94-96; Ul tr.'3.Illafic rocks from Venezuela; Lapham (1964) o 
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97-102; 

103-107; 

109-110; 
111-112; 

113-114; 

115-119: 

120-126; 

127-129; 
130-132; 

-373-

High temper7.ture ul tr'J.m'J.fic rocks; Green 
(19671 p 216). 
Zoned ultr1IDafic complexes 9 Al~sk2; T~ylor 
(1967, pl02). 
ultr~mqfic rocks from Venezuel~; L~~h81Il (1964). 
ul tr'J.mafic rocks from Norw2y; Rietz (1935). 
ul tr'.J.mafic rocks from the Bushveld Complex; 
Hqll (1938). 
ultramafic rocks from the Bushveld Complex; 
Liebenberg (1957). 
ultr3.Illafic rocks from South Africa; Hall (1938). 
Stilwater; Hess (1960). 
Mid Atlantic Ridge Peridotite; Bonatti (1968). 

*l Kyanite 

* 2 Magnetite 

-1(3 Qu2rtz 

*4 Other oxides, unspecified. 
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ADDENDW; TO APPENDIX :JQ 

] ,. 2. 3. 4. 5. 6. 

Si0
2 

37.70 34.87 43.99 43.47 37.67 42. 95 

Ti0
2 

tr 0.03 (.,. 01 0.03 tr. O.Cl 

Al 
2
o 

3 
Do28 0.37 0.,59 o. 61 1.51 1.09 

Fe
2
o

3 
2.64 5o87 1.11 r23 4.69 6.52 

FeO 4.63 2.54 6.97 6.63 2 .. 50 4.1 / 

MnO 0.10 0.09 L• .12 L,.12 0.09 0.17 

MgO 48.09 44.48 46.09 45.(,2 39. c5 .Jl. 50 

Cao 0.04 0.04 0.49 0.60 0.6c 5.15 

Na
2
o 0.17 0.13 L·.14 0.56 0.09 0.05 

K
2

0 0.,15 0.23 o· 10 o: 14 (,. 09 o. Jc, 

Cr
2
o

3 
0.27 c. 51 C,.40 0.40 0.23 0.40 

Ni0 0.35 o. 34 0.28 00.29 0.27 0.12 

P205 

~ 
1. 24 0;.83 0.11 o. 3() 1.40 0.74 

CO
2 . 

1-i,.p+ 2.45 8.63 0.38 0.75 7.53 4.52 
L 

H
2

0~ 2.49 2.57 o. 21 0 .. 48 4.01 2.39 

Total .100., 60 99.51 lOC.48 lG0.63 100. 61 99.96 

1 to 6 Ultramafic rocks from the Vourinos O(Jhd;olitic Com,·jlex, Moore, 

Spec. Paper of Geol. Soc. Amer.., 1969,116. 
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A. Chemical Analyses APPENDIX 3C - The Chemical analyses and molecular norms of eclogite 374 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

SiO2 I 43.56 43.32 45. 36 48.70 47.16 47.20 43.64 46.20 45. 04 45.40 45.68 45.80 50.60 46.60 50.28 

Al
2
o

3 I 12.80 18.22 7.49 10.87 7.29 8.49 16.48 9.89 13.13 16.51 19.17 23.86 20.68 11. 87 19.94 

Fe
2
o3 8.720 5.84 5.20 3.64 7.00 5. 04 8.24 7.05 6.96 5.20 3.80 nil 0.96 4.56 1.04 

FeO 9.43 6.26 9.72 3.55 11. 34 8.42 8.42 8.78 8.13 6.48 8.10 7.22 3.09 7.41 6.26 

MnO 0.21 0.21 0.31 0.08 0.29 o. 03 0.10 0.29 0.11 0.33 0.29 0.07 0.16 0.21 0.11 

MgO 14.40 8.42 15.55 18.36 13.60 13.68 10. 80 14. 04 15.33 8.64 11. 52 8.28 6.62 11. 88 7.20 

CaO 8.68 11.48 10.92 11. 90 8.54 9.94 7.84 8.40 6.86 11. 20 8.69 11.34 11.48 10.36 7.84 

Na
2

O nil 2.34 2.66 tr 1. 13 3.89 0.86 1. 01 0.56 0.54 0.20 0,33 3.29 3.78 3.86 

K2O nil 0.18 nil o. 90 0.31 0.76 0.82 0,95 0.33 0.80 nil nil 0.58 0.83 o. 76 

H2O + 
I 1. 30 1. 91 1. 25 0.25 2.43 1. 82 1. 77 1. 63 2.06 2.38 1. 98 1. 34 1. 38 1. 68 1.48 

-H2O nil 0.28 0.32 0.24 - nil nil 0.12 nil nil 0.16 0.12 0.16 nil 0.28 

P205 0.09 0.09 0.09 0.06 o. 08 o. 08 0.16 0.07 0.06 0.11 0,09 0.07 0.06 o. 07 0.05 

Cr
2
o3 - - 0.47 0.24 o. 14 nil nil nil nil nil nil tr nil nil nil 

TiO2 0.70 0.80 0.75 o. 75 1. 00 1. 00 0·66 0.95 o. 70 1. 65 o. 45 0.40 0.30 0.45 0.30 

NiO tr - 0.12 0.10 - tr tr 0.11 tr - tr tr 0.02 o. 04 tr 

Other *3) 
0,16 o. 19 0.26 0,64 o. 04 0.12 0,09 0.16 0.17 0.34 0,21 0.44 0.21 0.15 0,14 

Total 
I 100. 05 99.42 100.55 100.28 100.35 100.47 99.88 99.65 99.44 99.58 100.61 99.27 99.59 99.89 99.54 

B. Molecular norms 

Ab 15.2 14.3 10.1 15.8 8.1 9.2 5.2 5.0 0.7 1. 9 29.2 21. 8 34.6 

Ne 3.8 5.9 11. 3 3. 8 

Or 1. 1 5.2 1. 6 4.4 4.9 5.7 2.0 5.0 3.6 5.0 3.5 

An 36. 2 39.9 8. 7 26.6 13.8 3.5 40.4 20.6 33.0 42.4 43.3 57.4 40. 3 13.2 34.5 

Le 

Cal 

Di 6.7 15. 1 36.5 24. 8 22.3 36.5 17.9 1. 6 12.9 13.6 30. 8 3.5 

01 9. 6 20.1 29.9 7.1 23.9 24.2 12.8 14.4 9.8 4.9 2.3 12.4 21. 9 19.7 

Hy 40. 2 33.1 22.5 27.4 26.4 42.9 29.7 38.4 32.1 3.3 

Ru 1.0 o. 6 0.5 0.5 0.7 .,,, 0,7 o. 5 0.7 0. 5 1. 2 0,3 0.3 0.2 0.3 0.2 

Ch 0.5 0.3 0.2 

Hm 6.3 4.2 3.7 2.5 4.8 3.5 5.9 5.1 5. 0 3.8 2.7 0.7 3.2 0.7 

Qz 

Ky I 6.7 6.0 
-

Total 
' 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100. 0 100.0 100.0 100.0 100. 0 100.0 100.0 

 
 
 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2022

APPENDIX 3(l (Continued) 375 

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

SiO
2 

47.68 46.26 42.50 46.60 45. 67 45. 63 47.24 47.73 47.26 49.49 42.31 47.60 47.36 49.20 42.00 

Al
2
o

3 
21.16 12.70 17.72 7.15 17.85 16. 64 15.05 11. 97 10. 45 8.46 22.89 13.40 15.12 15. 08 17.66 

Fe2o
3 

1. 52 7.48 2.84 0.95 2.88 2.60 2.25 3.79 2.75 3.20 1. 72 0.80 3.44 6.72 3.12 

FeO 4.75 10.91 7.52 4.30 8.46 9.25 8.21 9.56 8.69 5.80 4.81 8.35 4.82 5.11 4.39 

MnO 0.14 0.37 0.36 0.10 0.17 0.31 0.28 0.33 0.45 0.24 0.16 0,05 0.15 0.08 0.24 

MgO 5. 04 9. 57 13. 03 16.50 11. 90 13.44 13.39 13.28 15.06 16.23 13.24 15.00 12.81 10.80 13.53 

CaO 10.78 9.94 9.76 19.65 7.35 7.46 8.68 8.76 8.46 10.60 7. 54 10.55 13.30 9.80 10.22 

Na
2
o 5.62 tr 2.19 0.90 2.01 1. 51 1. 74 2.18 1. 72 1. 67 1. 81 2.30 1. 64 1. 66 0.161 

K20 0.58 0.66 0.58 0.10 0.39 0.68 0.22 o. 40 1. 96 1.12 0.66 0.65 0.42 0.18 0.37 

H20 
+ 

2.40 2.48 3. 07 - 2.01 1. 34 1. 38 1. 28 1. 68 1.43 1 4. 23 o. 30 0.91 0.90 3.27 
- ( 

H20 0.08 nil 0.28 0.40 1. 07 0.29 0.68 0.33 0.48 0.64 \J .. 0.50 nil nil 0.40 ... 

P205 o. 08 0.05 0.05 0.05 o. 04 o. 06 0.06 0.01 0.05 o. 04 0.15 0.15 o. 07 0.04 0.09 

Cr
2
o

3 0.02 o. 08 0.07 0.50 0.07 o. 08 0.09 0.12 0.19 0.24 0.02 0.15 nil nil 0.26 

TiO 
2 0.60 nil 0.60 0.15 0.42 0.43 0.49 0.61 0.75 0.52 tr 0.40 o. 45 0.60 0.55 

NiO 0.26 0.10 0.19 - - - - - - - - - o. 03 0.33 0.17 
*3) 

0.05 0.90 0.04 3.30 0.40 0.11 0.15 0.14 Other - - - - - - -

Total 100.76 100.69 100.80 100.65 100.29 99.72 99.76 100.34 99.95 99.68 99.54 100.60 100.63 100.65 99.02 

Ab 31. 7 12.7 18.4 13.4 15.6 19.9 15.6 15.1 6.1 16.2 16.3 15.1 1. 5 

Ne 6.1 2.3 4.9 6.0 3.6 -

Or 2.6 4.1 3.3 2.3 4.2 1.1 2.2 11. 8 6.4 3.9 4.2 2.5 0.1 2.1 

An 30. 3 34.8 37.0 10.0 37.0 36. 9 32.8 21. 6 14.9 13.8 37.6 15.7 25.0 33.9 50.8 

Le 0.4 

Cal 3.3 

Di 18.0 13. 8 9.2 65.5 - o. 1 4.2 8.8 11. 0 31.1 24.3 28.3 12.1 1.8 

01 9.5 33.1 14.3 24.9 25.7 18.9 22.6 33.7 21. 2 33.3 34.9 24.9 17.3 

Hy 39.5 12.9 17.2 25.0 21. 2 9.6 9.4 32.4 23.3 

Ru 0.4 0.4 0.1 0.6 0.6 0.7 0.9 1.1 0.5 0.3 0.4 0.4 0.4 

Ch 0.1 0.1 0.8 0.1 0.1 0.1 0.1 0.3 0.2 0.5 

Hm 1. 4 5.5 1. 9 0.7 2.0 o. 6 1. 6 2.7 2.0 2.2 1. 2 0.6 2.6 4.7 2.3 

Qz 2.2 0.3 

Ky 1.8 11. 9 

Total 100.0 100.0 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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APPENDIX 3() ( ContinueQ) 376 

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 

SiO2 50.60 46.20 38.52 48.61 46. 65 42.72 43.04 4~; 00 43.25 45.15 46.98 50,24 38.18 40. 36 41.42 

Al2o3 8.03 17,49 6~94 13.61 11.70 16.62 24. 09 ll, 80 17.50 2.39 15.26 7.71 1.88 13.68 14.58 

Fe2o
3 5.16 3.96 4.36 4.15 4.09 11. 48 2.64 8!44 7.52 0.27 1.42 1. 02 3.49 8.48 8.15 

FeO 5.43 8.67 6.87 4.53 8. 02 2.99 5.18 7188 5.35 6, 35 9.76 4.64 1. 93 1. 50 4.06 

MnO 0.05 0.14 0.08 0.18 0,27 0.66 0.35 ~40 0.47 0.12 0.18 0.11 0.17 1. 86 0.32 

MgO 15.76 15.12 16.92 17.09 14.34 11. 00 5. 76 ~ 8.75 42.21 11. 51 17.79 20. 53 17.63 18.55 

CaO 10. 78 6.02 14.14 9.83 9.92 12.46 13.58 14. 98 13.67 2. 08 11.34 16.66 16.42 8.39 5. 70 

Na2
o 0.92 nil 0.82 1. 31 1.34 nil 3.28 tr 3.28 0.24 2.30 0.97 0,12 0,38 0,29 

K2O ·0.20 0,31 0.31 0.12 1. 16 nil nil tr - - 0.03 0.11 0.06 0,36 0.25 
+ 2.97 0.61 0.66 nil 0.58 1. 36 o. 89 0.65 H2

o 1. 49 1. 49 - - 13.14 5. 51 4. 07 
- o. 08 0.08 o. 51 0.74 0.28 

--.~ 
0.13 0.12 H2

o o. 76 nil - - 3.10 0,70 1.02 

P205 o. 05 o. 05 0.06 - o. 04 0.06 0,02 Q 02 0,03 o. 03 - 0.05 0.06 0,24 0.20 

Cr2
o

3 0.02 0.07 0,12 0.05 0.28 nil 0.14 0 03 0.06 0.09 0.00 0.54 0.91 0.014 0,025 

TIO 
2 0.65 o. 45 0.80 0.15 0.49 0.66 tr 075 0.47 0.15 1. 22 0.16 0.37 1.16 1. 64 

NiO 0.11 o. 18 0.13 0.04 0,03 0,03 0,23 Ho 0.12 - - - nd nd nd 
*3) 0,39 6.32 0.05 0.34 0.19 0.54 j1 0,24 Other 0.22 - - - - - -... _. 

. 

Total 100.23 100. 54 99.44 100, 44 100. 04 99.61 99.71 9rn8 99.57 99.85 100.00 100.00 100. 36 100,26 100.27 

Ab 8.4 11. 2 9.3 1. 1 14.5 8.2 3,4 2.8 

Ne 4.9 1. 4 16.7 + o-,.. 3.0 0.5 2.0 1.4 

Or 1. 3 1. 3 0.5 6.4 31. 8 Ar1 6. 0 29,3 16.2 35. 2 29.5 

An 17.2 29.8 6.7 34.4 21. 7 45.4 48.6 sj ~ 21. 1 tit:... 3.6 0.8 

Le 10. 9 *l 1. 5 0.2 I 
Cal 5.8 4.8 3.6 

Di 29.7 48.4 8.9 20.4 13,2 12.5 3!6 33.4 2.6 20.8 51. 4 57.8 5.7 

01 3.7 28.6 26.2 37.5 9.5 18.6 15 23.2 69.7 27.0 19.6 33. 6 *2 
15.8 24,7 

Hy 37,0 51. 0 16.0 23.4 - .,,, 
20. 3 2.8 31. 0 26.8 

Ru o. 5 0.4 0.6 0.1 0,3 0.5 0.4 0,8 0.1 0,3 0, 9 1. 2 

Ch 0.1 0.2 0,2 0.1 0,3 0.5 1.0 

Hm 3.7 2.8 3,3 2.7 2.7 8.0 3,5 ~~ 2 6.3 1.0 0.7 2.7 6.0 5.9 

Qz 1.2 I 

Ky ~;~- 7.8 
/! 
!,a 

I 
( 

Total 100.0 100.0 100.0 100.0 100,0 100.0 100.0 l 100.0 100.0 100.0 100.0 100,0 100.0 100,0 
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Ab 
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rle... 
Le 
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Di 

01 

Hy 
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Qz 
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Total 

I 
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I 
I 

I 
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46 47 48 

43.50 44.76 46.23 

15, 51 13.61 12.34 

10.97 10.37 8.79 

3.59 2.43 7.69 

0,23 0,27 0.20 

12.67 11. 67 11. 11 

8.32 10.38 8.12 

0.92 1. 16 1. 62 

0.34 o. 67 0,83 

2.35 1. 81 1. 09 

0.38 o. 63 o. 51 

o. 07 0.25 0.14 

tr 0.008 o. 01 

1. 40 1. 63 1. 39 

nd nd tr 

- - -

100.25 99.65 100.27 

14.7 7.4 6.3 

100.0 100.0 100.0 

49 50 

45.28 43.00 

18.36 20.69 

3.24 3.84 

5.11 5.21 

0.15 0.12 

10.42 10.84 

11. 77 12.41 

1. 68 1. 02 

0,39 0.40 

1. 50 2.10 

o. 75 o. 08 

0.08 0,004 

nd nd 

0.91 0.27 

tr tr 

- -

99,94 99.98 

4.5 2.7 

100.0 100.0 

51 

49. 58 

17.41 

3.20 

3.62 

0.13 
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0.23 
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100.0 
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11. 70 24. 07 
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8.02 1. 76 

0.27 0.03 

14.34 6. 11 

9.92 15.06 

1. 34 1. 22 

1.16 0,85 

0.66 o. 70 

0.51 -
0.04 0.14 

0.28 o. 014 

0.49 0.32 

0.03 -
0.34 0.96 

100.04 100.25 

2.8 3.4 

6.5 

100,0 100.0 

-

54 55 

44.96 47,26 

23.20 24.92 

3.14 5.24 

3.30 0,84 

0.05 0,06 

6.42 4.00 

15.47 11. 04 

1. 71 3. 11 

0.26 0.24 

0.33 o. 1'7 

- -
0.11 0.14 

0.014 o. 027 

0.35 0.30 

- -

0.85 0.81 

100.17 99.69 

2.1 3.7 

100.0 100.0 

56 

44.44 

14.56 

6.01 

8,95 

0,36 

9.34 

11. 30 

1.12 

0.51 

1.12 

tr 

0.16 

0.02 

1. 30 

tr 

1. 00 

100.19 
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100.0 
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46.45 
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11. 79 

3.94 

0.27 

5.23 

7·_ 02 

L18 

0.61 

1.65 

0.98 

o. 18 

0.028 

1. 66 

nd 

-

100.17 

8.8 

6.2 

8.8 

100.0 

58 

46. 130 

17.34 

5.69 

8.95 

0.15 

8. 07 

8. 54 

L 63 

1. 25 

0.66 

0.04 

o. 08 

tr 

1. 42 

tr 

-

100,62 

4,0 

100,0 
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45. 46 

17, 87' 

6.69 

7.73 
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8.15 

10,27 

o. 74. 

o. :{6 

0,95 

o. 30 
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1. 16 

tr 

-

99,99 

6.9 

2.0 

46.3 

5. 5 

33.2 
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4.8 
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APPENDIX 30 (Continued) 378 

61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 

SiO2 43.46 42.91 42.46 44.32 44.48 45. 31 42.83 41. 99 42.00 42.75 44.45 44.96 44.18 44.48 40. 26 

Al
2
o3 24.11 26.27 27.08 27.79 28.69 28.70 28.85 29.10 31. 04 31. 40 21. 93 23.20 24. 07 29. 70 29.43 

Fe
2
o

3 
1. 99 1. 59 1.48 o. 95 1. 03 0,95 1. 09 0.87 1. 40 0.95 1.42 3.14 4.84 1. 41 0.23 

FeO 4.82 4.13 5.36 3.66 2.23 2.55 3.07 2.22 2,49 2.19 4.18 3.30 1. 76 1. 29 2.50 

MnO 0.17 0.12 0.15 0.11 0,08 o. 08 0,10 0.10 0.07 0.10 0.15 0,05 0.03 0.06 0.06 

MgO 9.05 10. 53 8.87 8.06 7.05 5.71 6.94 8.33 9.54 7.12 9,97 6.42 6.11 5.15 9.48 

CaO 10.55 10.72 7.30 11.46 11. 61 13.17 13.36 11. 22 7.98 8.94 13.14 15.47 15.06 12.29 14.02 

Na2o 1. 87 1. 47 1. 93 1. 65 1. 52 2.37 1. 38 0.79 1. 22 1. 66 1.81 1. 71 1. 22 1. 44 1. 63 

K 2O 0.53 0.47 o. 54 0.69 0.79 0.47 0.27 1. 22 0.30 1. 26 0.45 0.26 0.85 1. 04 0.18 

+ 
H2O "'I t '"" t ' ~{ l ) ., J 3, 75 

' 7 "1 I { I 7 11 
- ~ 2. 65 \1.87 \3,52 ?,88 ,2.33 10.86 i2,03 J 3. 62 (3 77 .t 2. 09 j 1. 04 (l. 42 r. 3. 11 ; 1. 55 

H2o _.) .I ./ 
\ . I .. -✓ .) .J .) 

P205 0.11 0.06 0.16 0.07 0.09 0. 09 0.07 0.06 0.12 0,05 0.09 0.11 0.14 0.05 0.05 

Cr2o3 
0.02 o. 02 0,01 0.02 o. 01 o. 01 0.01 0,01 0.01 0,01 0.05 o. 01 0.01 o. 01 0.04 

I TiO2 
o. 35 tr o. 57 tr tr tr tr tr tr tr tr 0.·35 0.32 tr 0.18 

NiO - - - - - - - - - - - - - - -
*3) 0.28 Other - - - - - - - - - - - - - -

Total 99.68 100. 16 99.43 100.66 99.91 100.27 100.00 99.53 99.94 100.18 99.73 100.02 100.01 100.03 99.61 

Ab 9.7 2.5 5.5 5,6 9.9 4.2 11.4 14.8 11. 3 7. 2 

lk' 3.3 2.8 4.5 4.1 4.7 2.8 1. 7 1.1 2.8 1. 4 5.1 6.3 

h,v 52.3 52.5 36.6 56.4 57. 6 64. 6 66.2 56. 9 18.6 43.3 50.3 55.1 58.3 62.8 2.6 

Jltr.- 4.3 6.3 10.5 5. 6 4.8 6.6 4.8 4.4 6.4 9.1 2.8 0.3 3.1 8.7 

Le 3.7 1. 0 4.5 0.7 

Cal 11. 6 0.7 63.9 

Di 5,9 8.8 6.9 

01 24.6 26.3 24.5 20.4 17.2 14.5 17.8 19.7 21. 5 17.4 25.6 16.7 14. 5 10.5 21.1 

Hy 

Ru 0.6 0.8 0.6 0.5 0.3 

Ch 

I 

0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 

Hm 1. 4 1.1 1.1 0.7 o. 7 0.7 0.8 o. 6 1.0 0.7 1.0 2.2 3.4 1.0 0.2 
I 

Qz ( 

Ky 3.8 8.5 22.0 7.0 9.3 0,8 4.4 13.8 39.8 24.2 9.0 2.3 

Total I 100. o 100.0 100. 0 100.0 100. 0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
j 
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~ 76 77 78 79 80 81 82 83 84 85 86 
I 

87 88 89 

Si02 48.41 43.74 45.02 44.15 43. 04 ~:4. 57 45.58 48.42 49.52 50.20 47.56 48.02 47.41 46.25 

Al
2
o3 10.41 13.17 12.88 16.21 4.77 13.61 13.69 9.46 9.31 8.37 12.41 16.47 14.81 15.79 

Fe
2
o3 2.58 6.18 3.52 1. 34 2.60 4.17 3.76 3.14 2.26 1. 58 5.29 2.43 3.88 1. 06 

FeO 5. 61 5.60 6.71 9.75 11. 39 8.49 5.85 7.27 5.44 5.72 8.68 8.47 8.48 9.60 

MnO 0.18 0.25 0.19 0.23 0.14 0.21 0.16 0.17 0.16 0.16 0.23 0.16 0.32 

MgO 17.78 16.86 17.11 16.46 32.60 13.34 16.09 16.85 17.97 19.00 6.69 8.35 12.54 14.36 

cao 12.17 10.21 11.72 10.13 4.62 11.42 11.78 12.15 12.90 13.28 10.98 11.49 9.51 9.12 

Na
2
o 1. 24 2.34 1. 65 0.77 0.47 1. 69 1. 27 1. 41 1.17 0.87 3.71 2.26 1. 97 2.10 

K20 0.11 0.49 0.16 0.05 o. 04 0.02 0.02 0.01 0.04 0.02 o. 49 o. 46 0.38 o. 30 
+ H20 f o. 43 0.82 0.67 0.33 o. 21 0.29 0.35 0,09 0.17 0.05 ·,, 1. 29 -.. o. 60 0.75 0.18 
- I 

;• , 
H20 J 0.00 0,05 0.14 0.12 0.14 0.32 0.10 0.16 0.04 '1 0.83 l 

P205 o. 04 0.09 0.06 0.08 o. 05 0.02 o. 03 o. 03 0.03 0.02 0.28 0.10 

Cr2o3 0.43 0.22 0.19 - - 1. 76 0.80 0.70 0,42 o. 51 - - o. 11 

TiO 2 o. 62 0.66 0.44 0.75 0.30 0,06 0.12 0.22 o. 35 0.24 2.56 1. 22 0.47 0.47 

NiO 
\ o. 06 - - - - - -

*3) 
0.28 0.08 0.21 0.16 0.24 0.21 0.09 0,22 other - - - -

Total 100.29 100. 63 100.37 100.39 100.35 99.87 100.03 100.18 100.15 100.27 100.26 100.25 100.69 100.06 

Ab 11. 2 7.4 9.5 7. 5 3.9 15.3 11. 3 5. 5 10.6 7.5 24.6 20. 0 17.7 17.7 

~ (),1- 0.5 3.0 0.8 0.3 0.3 3.2 2.4 2.2 1. 6 

91' n,, 22.1 23.2 26.7 39.6 10.2 29.5 31. 2 19.3 19.4 19.5 16.3 33.8 30.1 30.6 

Mi /Ve., I• 7.9 3.1 4.1 5.7 

Le 

Cal 

Di 30. 1 20. 9 24. 2 7.7 9.0 21.6 21. 2 37.8 34.5 36,6 31. 8 18.7 6.6 9.1 

01 25.9 32.9 32.7 35.7 66.1 29.4 28.0 30.6 20.6 16.6 12.8 17.8 21. 9 19. 2 

Hy 7. 5 8.2 8.6 5.2 13.0 18.7 4.7 17.9 20.8 

Ru 0.4 0.5 0.3 0.5 0.2 1. 2 0.5 0.5 0.3 0.3 1.8 0.8 0.7 0.3 

Ch 0.5 0.3 0.1 0.2 

Hm 1.8 4.2 2.4 0.9 1. 7 2.9 2.6 2.2 1. 6 1.1 3.8 1.8 2.7 0.7 

Qz 

Ky 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

*********************** 
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Appendix ~~ 

L, 

1 

2 

3-10 
11-16 
17-19 
20-26 

27-33 
34 
35 
36-39 
40-42 
43 
44 
45-47 

The chemic'J.1 an~lyses 8.lld molecu.l~r norms of 
eclogi te. 

Eclogite from kimberlite. 

Eclogite from Roberts Victor:- H~ll (1938, No 113)0 
Kyanite eclogite Roberts Victor:- Hall (1938 9 114). 
Eclogite from Roberts Victor; Hall (1938, 115-122)0 
Kyanite Eclogite from Roberts Victor; Hctl.l (1938)0 
Eclogite from Roberts Victor; H'ill (1938). 
Eclogite from Roberts Victor; Aoki c.nd Kushiro 
(1968). 
Eclogite from Jagersfontein; Hall (1938~ 1133-1139)0 
Eclogite from Jagersfontein; Holmes (1936). 
Eclogite from Roberts Victor; Holmes (1936). 
Eclogite from TMz111i~; Hall (1938, No 4137-4140). 
Eclogite from Lesotho; Nixon eto al. (1963). 
Eclogite from Mir; Bobrievich eto al. (1959). 
Pl~gioclase eclogite_from Udachnaya; (ditto). 
eclogite from Udachnaya; (ditto). 

48 pl3.giocl'lse eclogite from Ud3.chnaya; (ditto). 
49 eclogite from Udachnaya; (ditto). 
5r;-51 

52-53 
54 
55-59 
60-75 

II. 

76-80 
81-85 
86 

kyani te eclogi te from Ud.2chnaya 9 (ditto). 
eclogite from Ud2chnaya and Zagodachnayn9 (ditto). 
ky:J.11.ite eclogite from Z~godachnaya; (ditto). 
eclogite from Zarnitsa; (ditto). 
ky3.Ylite eclogite (6) a.."YJ.d grospydite 9 sobolev (1968). 

Eclogite from alk3line bas'tlts. 

Eclogite from Enst Africa; Saggerson (1968). 
Eclogite from Hawqii; Jnckson et. :JJ.., (1969). 
iverage of qlpinotype eclogite; Smulikowski, 
(1968). 

87 A.ver3.ge of regi anal eel ogi t e; ( ditto). 

III. New Analyses. 
88-89 Eclogite from Roberts Victor 9 new wuyses. 

~Al 0 
2 3 

*2 )c s·o a2 i 4 

*3 )other oxides 9 unspecified. 
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