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FCBEWORD 

Four papers embodying port ions of the work presented here have 

been published in the scientific literature. These . papers are:-

i) Robinson, D.N. (1975) Abras ion features of diamond from the 

LichtenbU:!'.'g and Wolmaranstad Diggings, Transvaal. Extended 

Abstracts, Diamond Conference, Cambridge, 1975. 

2) Robinson, D.N. (1978) A review of the characteristics of natural 

diamond and their interpretation. Minerals Sci. Engng., 10 , 

55-72. 

3) Robi nson, D.N. (1979) Diamond and graphite in eclogite xenoli ths 

from kimberlite. In: The Mantle Sample: Inclusions in 

Kimberlite and Other Volcanics (editors F.R. Boyd and H.0 . A. 

Meyer), 50-58. Am. Geophys. Union, Washington. 

4) Robinscn, D.N. (1979) The development of diamond characteristi cs . 

Extended Abstracts,Kimberlite Symposium, Cambridge: 1979. 

Studies of the abrasion features displayed by diamonds progressed 

after publication of 1) above and revised conclusions are reported 

here. Some of the conclusions attained in publication 3) above are 

also revised slightly, in the light of subsequent observations. 

Publication 2) above represents the culmination of the author's reading 

of scientific papers mostly indirectly ~elated but, nevertheless, 

relevant to the subject of this dissertation. 
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ABSTRACT 

The results of the study of more . than 11 000 diamonJs, from 

thirty kimberlite and placer deposit localities, are reported. 

Forty one pristine surface textures are distinguished, including 

twelve which are described for the first time. Only two surface textures 

are -ascribed to crystal growth. The others are considered to result from 

crystal resorption and etching although internal features, such as growth 

stratification and dislocation planes, are expressed in aome _cases. The 

results of etching experiments on diamond are reviewed. Oxidation is 

considered to be responsible for most of the resorption and etching of 

diamonds in nature a~d neither pure graphitization nor dissolution 

appears to be important. A high-temperature regime of oxidation can be 

distinguished from a lower-temperaturP. regime. Crystal rasorption and 

negatively-oriented etch pits result from the high-temperature oxidation. 

Steam and wet carbon dioxide gas, at temperatures above 950°C, are 

probably responsible and nearly all diamonds are affected. Resorption 

generally produces the tetrahexahedroid form (i.e. the rounded dodeca­

hedron of other writers) but a much less common, approximately dodeca­

hed:cal form may also result, apparently if the oxidant is depleted. 

Free oxygen seems to be necessary for the relatively low-temperature 

(down to 450°C) etching of diamond. Few diamonds display any of the 

positively-oriented etch features which typify low-temperature etching. 

A positive correlation is demonstrated between the proportion of 

diamonds exhibiting octahedral or cubic surfaces and the amount of 

diamond in the host kimberlite. This correlation substantiates tr.e 

hypothesis that the tetrahexahedroid is a resorption form of the octa­

hedron and the cube. It is shown that the conversion, by resorption, 

of an octahedron to a simple tetrahexahedroid involves a minimum mass 
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loss of approximately 45 per cent. Even more may be lost during the 

conversion of a cube tc a tetrahexahedroid. 

A surface texture (lamination liues) which is considered to 

reflect the plastic deformation of diamond, was found to be 0ommon in 

most diamond samples. It is argued that diamonds which display this 

texture must be xenocrysts with respect to kimberlite . It is also 

argued that p~ired pseudohemimorphic crystals and crystals of approx­

imately dodeca.hed:cal form (and/or displaying surface textures, such as 

knob-like asperities, which are associated with this form), which 

together constitute a few per cent of the diamonds in some kimberl i tes, 

must be xenocrysts. The mixed character of individual, kimberlitic 

diamond populations further favours the hypothesis that the mineral is 

predominantly xenocrystic . Rare type lb diamonds are the only examples 

likely to be phenocrysts. 

The sequence o: the events which may affect diamonds is deduced. 

At some, possibly lengthy, interval after crystallization, some diamonds 

are plastically deformed. Most diamonds are then partly resorbed and 

etched by high-temperature oxidation within ascending kimberlite magma . 

Subsequently, some diamonds are slightly damaged by frictional contact 

with other materials and then a few are etched at a relatively low 

temperature. The res~rption and high-temperature etching probably 

commences at depths shallower than about 100 km end is completed by 

the time kimberlite magma enters the root zones of diatremes. Most 

breakage of diamond crystals occurs during the final stages of high­

temperature etching. 

The dfamonds of seventeen eclog-i te xenoli ths were studied. Tha diamond 

content of some of the xenoliths is substantial and the disintegration 

of eclogitic material can account for considerable proportions of the 

diamonds in some kimberlites. All of the differences between the diamonds 
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in eclogite xenoliths and in kimberlites are consistent with the more 

limited access of oxidizing fluids to the diamonds in the xenoliths. 

A range in temperature during the crystallization of the diamond is 

indicated in some eclogite, while the thermodynamic "boundary" between 

graphite and diamond was apparently crossed during the crystallization 

of carbon in diamond-graphite eclogite. In some of the xenoliths there 

is evidence that the diamond and gra~hite crystallized from a liquid. 

Diamonds were studied from thirteen kimberlite localities, .including 
\ 

·pipes and a dyke. Similarities in diamond characteristics indicate 

that diamond crystallized under a similar range of conditions and ex­

perienced a similar variety of post-genetic conditions, in most of 

the kimberlites. Some kimberlitic diamond . populations have unique 

characteristics, however, while subtle differences are generally 

evident between populations. Comparing the characteristics of the 

diamonds of particular kimberlite bodies within single pipes suggests 

the following:-

i. In some pipes, two or more kimberlite types may represent 

a single intrusion. 

ii. An individual kimberlite type may represent a pulse of magma 

which separated, from other magma emplaced into the same pipe, 

at either a shallow depth or some depth possibly as great as 

100 km. 

iii. In rare cases . i3, kimberli te type arose separately, from the earth's 

mantle, from other kimberlite emplaced into the same pipe. 

Separate origins are indicated for the kimberlites filling spatially 

associated pipes at two localities. 

The presence of abraded diaiuonds in two kimberlite pipes is noted. 

It is possible that some diamonds are abraded during the formation of 

epiclastic kimberlite at pipe vents. 



Diamonds were studied from nineteen alluvial and littoral 

deposits. The majority of detrital diamonds are clearly derived fro~ 

kimberlites while a minority are possi.bly derived from ca.cbonatites. 

Diamond abrasion textures are described. Abrasion involves the 

development of percussion cracks and spall scars. These features are 

strongly concentrated at crystal corners, edges and asperities where 

ground and polished surfaces may develop. Subaqueous collisions between 

diamond and bed.reek are ~onsid9red to be respons ible for most of t he 

abraRion observed and the role of pot-holes is emphasizei. S_ix degrees 

of abrasion are defined for diamonds which exhibit the tetrahexahedroid 

form. 

Comparisons between the diamonds in some placer deposits and in 

some kimberlites allow the following deductions:-

i. The Main Fissure near Swartruggens is probably not a source of 

any of th8 diamonds deposited near Boskuil and cannot be more 

than a minor source of the alluvial diamonds from Lichtenburg. 

ii. Most of the diamonds at Hlane, in Swaziland, are probably 

derived from the Dokolwayo Pipe. 

iii. In Namaqualand and adjacent areas, essentially the same 

diamond populations which are present in particular river 

valleys are also represented in littoral deposits situated 

near to the river mouths. Two main diamond populations are 

represented in the area. One of these predominates in the 

north and the other predominates in the extreme south. Other 

populations are locally important, as among the deposits 

in the vicinity of the Buffels River. Most of the abrasion 

of the diamonds occurred during their coastward transportation 

in westward-flowing rivers. The diamonds are derived mainly 

from the hinterland of the region, rather than from the 
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distant interior of the sub-continent. Evidence is presented 

which suggests that some of the diamonds ar2 from pre­

Cretaceous kimberlites. 

iv. The diamonds in the Macquarie River near Wellington, New 

South Wales may be derived from the same source as suppliad 

the diamonds to deposits in the Binga.ra-Copeton area, 300 km 

north-east of Wellh1gton. 

It is considsred that a deformation eveni is responsible fqr 

most of the brown colours of diamn1ds. 
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1. INTRODUCTION 

Diamond is highly valued both as a gem and for industrial use. 

Its value as a gem results from its optical properties (~ransparency, 

high refractive index giving a low angle of total reflection, and 

moderately high dispersion), its extreme physical and chemical dura­

bility and its rarity. The industrial value of diamond is a 

consequence of its extreme hardness and chemical inertness as we~l 

as its considerable thermal conduc~ivity. Diamond is the hardest 

substance known, is chemically inert at temperatures below about 

450°C and is the best known thermal conductor at room temperature 

(De Beers Industriai Diamond Division, 1976). The last-mentioned 

property minimizes damage by bur~ing o~ thermal fracture (Ditchburn 

and Custers, 1965) and also finds direct application in industrial 

heat sinks. 

Diamond is the tetrahedrally bonded form of carbon. Other 

aJ.lotropes are graphite, carbyne · ana a probable metallic form 

(Wedlake, 1974). Amorphous carbon consists of mixtures of condensed 

aromatic structures and is not strictly an allotrope (Wedlake, op.cit.). 

Since tetrahedral ar:L'angeinents of carbon atoms can be linked in two 

ways, two polymorphs of diamond a.re possible.One is cubic diarr!ond 

and the other is a hexagonal form, termed lonsdaleite, which is 

structurally similar to wurtzite. Lonsdaleite is known only in 

associaticn with diamond in some meteorites (Hanneman, Strong and 

Bundy, 1967), at the site of a meteorite impact in graphite-bearing 

country rock in Russia (Vishnevsky and Paltchik, 1975) and, rarely, 

in placer deposits (Sokhor, Polka.nov and Yeremenko, 1973). Lonsdaleite 

is not included in the present study. 

The diamond-graphite equilibrium is the only portion of the 



carbon phase diagram which need be considered here. This equilibrium 

(Berillan, 1979) and estimates of the variation of te~perature with 

depths beneath continental shield and oceanic regions, respectively 
I 

(Harte, 1978), are depicted in Figure 1. It is apparent, from 

Figure 1, that the depth beneath which diamond, rather than graphit e, 

should be the st~ble form of free carbon depends upon prevailing 

temperature, being approximately 154 km beneath shield areas and 

160 km beneath ocean basins assuming the geothermal gradier~ts sh~wn. 

Should diamond crystallize out of ~agma, then rock solidus ~equirements 

impose a minimum depth limit for diamond genesis which may be deeper 

than that imposed by consideration only of the local geothermal 

gradient. Such a case is illustrated in Figure 1 for the possible 

crystallization of diamond from anhydrous eclogite magma. 

Both diamond and graphite exhibit considerable metastability 

and each, once fcrmed, does not readily revert ~o the other phase 

(Dickinson, 1970, p. 76). According to Evans (1976), the rapid 

graphitization of diamond requires temperatures in excess of 1 500°C 

under vacuum and higher temperatures under pressure. At 1 200°C 

under vacuum, graphitization should not be detectable for at least 

/Ev ·+ ) a year\ ans, op.civ •• 

Diamond C9.Il be oxidized at temperatures above 450°C (De Beers 

Industrial Diamond Division, 1976). It is therefore necessary to 

consider the stability of diamond in the presence of oxygen. Woermann 

et al. (1977) have determined an expression which relates oxygen 

fugacity, temperature and pressure at the conditions of equilibrium 

between free carbon and carbon oxide gas. Rosenhauer et al. (1977) 

utilized this expression to plot the carbon-carbon oxide gas equi­

librium at the temperature-depth conditions of a Cretaceous geothermal 

gradient postulated by Boyd and Finger (1975). Assuming an upper 



- 3 -

mantle buffered at one log unit less than the fayalite-magnetite­

quartz buffer, Ro senhauer et al. (op.cit.) demonstrated a maximum 

depth (approximately 180 km) beneath which conditions would have 

been too oxidizing for the formation or preservation of diamond. 

Diamond is present in some meteorites (see Vdovkykin, 1967) 

and has 'on.en reported from rocks such as dunite (Pavlenko et al.,-

1974) and basalt (Kutyev and Kutyeva, 1975). The only terrestrial 

igneous rock known to ever contain substantial amounts of digmon~, 

however, is kimberlite and it is ,;enerally assumed (e.g. Wil_liams, 

1932, p. 546) that the diamond in detrital deposits is derived from 

kimberlite. Minimum depths of origin, as estimated from the mineral 

characteristics of garnet peridotite and spinel peridotite xenoliths, 

exceed 160 km for diamond-bearing kimberlites (e.g. Boyd and Nixon, 

1975; MacGregor, 1975; Dar,chin and Boyd, 1976). Depth estimates based on 

the xenoliths from some non-diamondiferous kimberlites (MacGregor, op. 

cit.), a carbonatite ·(Reid et al., 1975) and various basalts (MacGr egor 

and Basu, 1974) are generally shallower. Diamond may therefore be 

virtually restricted to kimberiite, amongst igneous rocks, because only 

kimberlite originates at depths sufficient for diamond genesis. In 

addition to occuxring in kimberlite matrix, diamond is also present in 

some eclogite ~enoliths (see Robinson, 1979) and, less commonly, in some 

peridotite xenoliths (Dawson and Smith, 1975; McCallum and Eggler, 1976; 

Pokhilenko, Sobolev and Lavrentiev, 1977). 

Two main types of diamond, known as type I and type II, can be 

distinguished by their spectral properties (Robertson, Fox and Martin, 

1934). Type I diamond absorbs ultraviolet radiation of wavelength 

less than 330 nm and absorbs infra-red radiation of 7 to lO' ;um wave­

length. Type II diamond transmits ultra-violet radiation down to 

about 220 nm, and transmits 7 to 10 ;um infra-red radiation. The 
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absorption at 7,8 fUII1 correlates with nitrogen content (Kaiser and Bond, 

1959; Lightowlers end Dean, 1964). Type I diamond co~tains substantial 

nitrogen (up to 0,3 per cent) while type II contains little. Differ~nces 

in electrical and magnetic properties allow subdivisions of the type 

classification. Most type I diamond is designated type Ia but rare 

samples are paramagnetic, on account of nitrogen as single, substit utional 

atoms (Dyer et al., 1965) ana are designated type Ib. Most type II 

diamond is classifLed as type IIa but rare examples ar9 electric8;,l 

semi-conductors, apparently on acc~unt of boron impurity (Chrenko, 

1971), and are designated type IIb. Differences which are apparent 

between diamonds of the different types are sumruarized in Robinson 

(1978). Points worth noting are that only type Ia diamond usually 

occurs as well-formed crystals, type I diamond exhibits relatively 

poor cleavage and type II diamond deforms plastically more easily. 

The vast majority of natural diamonQs are of type Ia (Dyer et al., 

op . cit.) while synthetic diamonds are usually of type Ib. It should 

be noted that the distinction between diamond types is not always 

. clear-cut. Diamonds of transitional type and of mixed types also occur. 

Orlov (1977, pp. 4-19) recognizes ten "varieties" of natural 

diamond. Each variety is supposed to be distinctive in terms of its 

structure (e.g. single crystal, radially-fibrous aggregate, crypto­

crystalline aggregate), crystal growth form, internal stratification 

and impurity centres. The classification is typomorphic in that it is 

meant to reflect genetic features. The effects of secondary processes 

are therefore ignored excepting insofar as they might aid in recog­

nizing internal features produced during crystal growth . Features 

considered, by Orlov, to result from secondary processes include smoky 

brown discolouration and a curve-faced crystal form . Ten diamond 

varieties are recognized by Orlov . Five of these occur as single 
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crystals (and occasional aggregates of a few individuals) and five 

occur as polycrystalline aggregates. The main characteristics of the 

five varieties of diamond single crystal are as follows:-

Variety I · Nitrogen-containing crystals derived from colourless to 

yellow, plane-faced or stepped octahedra. Nearly all of the 

nitrogen occurs as associated atoms but a very small 

proportion is in the form of isolated atoms. 

Variety II Ni trog(·n-containing crystals derived from characteris,tically 

amber-yellow to green ~lane-faced cubes. Most of . the 

nitrogen occurs as associated atoms but a substantial 

proportion, up to a per cent, is in the form of isolated 

atoms. 

Variety III Nitrogen-containing crystals derived from cubes and cubo­

octahedra which are colourless but contain abundant, 

microscopic inclusions in their outer parts. The nitrogen 

is in the form of associated atoms. 

Variety IV Variety I crystals which are coated by characteristically 

yellow to green diamond containing nitrogen only(?) in 

the form of isolated atoms. 

Variety 7 Nitrogen-containing crystals derived from colourless 

octohedra rendered black jn their outer parts by abundant, 

syngenetic inclusions of graphite. The mode(s) of occurrence 

of the nitrogen has not yet been firmly established. 

The varieties of polycrystalline aggregate distinguished by Orlov 

include ballas (variety VI), a coarse-grained (4 to 5 mm) aggregate 

of yellow octahedra (variety VII), a fine-grained aggregate of colour­

less octahedra grouped about a dark, granular core (bort, variety VIII), 

a dark, granular aggregate of fine-grained, irregular crystals (bort, 

variety IX) and carbcnado (variety X). 
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Orlov's (op.cit.) variety I diamonds are predominantly of type 

Ia but ir-clude occasional type Ib, type Ila and inte~mediate types. 

This variety predominates in most deposits. Variety II crystals are 

tJPically of type Ib, as is the coat of variety IV cryst~ls, while 

variety III crystals are of type Ia. From a geological standpoint, 

Orlov's typomorphlc classification scheme is preferable to the "type" 

classification for diamond. Some revision of Orlov's scheme may, however, 

be necescary. For cixample, the distinctive, type Ila a.~d type IIb 
I 

diamonds found in some Southern Af~ican deposits probably w~rant the 

recognition of at least another variety of diamond. 

Many scientific papers have been published which deal with 

aspects of diamond such as its modes of occurrence, thermodynamic 

stability, crystal form, colour, properties in the non-visible electro­

magnetic spectrum, trace element impurities, mineral inclusions, 

isotopic composition and individual surface textures. This literature 

is reviewed iri. Orlov (1977) and in Robinson (1978). With the exception 

of Orlov's (op.cit.) treatise, in which a large variety of surface 

textures are described, diamond surface textural studies have concentrated 

on a few specific features and, as far as the author is aware, no 

comprehensive list of textures has ever been compiled. 

Wagner (1914), Williams (1932), Cotty and Wilks (1971) and 

Grantham (1974) qualitatively distinguished between diamonds from 

different localities. They used criteria such as the predominating 

colour or crystal shape and the presence of unusual characteristics 

in some samples. Sutton (1928), Orlov and P-rokoptchuk (1965), Polkanov 

(1967), Gorina (1971), Harris et al. (1975) and Harris, Hawthorne and 

Oosterveld (1979) have quantitatively categorised certain diamond 

populations. Incidences of occurrence of different crystal shapes and 

colours were used. Only in the investigation by Gorina (op.cit.) was 
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much attention paid to surface textures. Orlov (1977) also mentions 

the peculiarities of some diamond populations. 
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2. AIMS OF THE INVESTIGATION 

The main aim of the present investigation is to classify diamond 

surface textures and to describe and explain each texture distinguished. 

Subsidiary aims include the following:-

i. To characterize the diamonds of each sample examj_ned, according 

to the distribution8 of individual surface textures and ot her 

features ~uch as colours, crystal forms (including subo~dinate 

forms) and degre8s of crydtal regularity. 

ii. To elucidate diamond crystallization and post-crystallization 

conditions in kimberlitic ·deposits. 

iii. To test whether or not the characteristic3 of diamond samples are 

related to the cilil.ounts of di31Ilond present in kimberlites. 

iv. To determine whether or not particular kimberlites supplied 

diamonds to some detrital deposits. 

v. To delineate the dispersal(s) of the diamonds in some spatially­

associated detrital deposits. 

The basic data were gathered by documenting individual diamonds 

in terms of the features mentioned in i)above. Aims ii) to iv) 

utilize the data satisfying aim i). Aim ii) is based on observed and 

deduced ag-e relationships between features and upon consideration of 

experimental and other evidence for the causes of certain features. 

Colour and main crystal form constitute the bases of the diamond 

classification schemes of Harris et al. (1975) and Harris, Hawthorne 

and Oosterveld (1979). These investigators also studied some of the 

samples examined by the author. Part of the present study thus com­

pliments and expands some of the earlier work of Harris and co-workers. 
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3. SAMPLES STUDIED AND METHODS USED 

More than 11 000 diamonds were studied from a total of 

thirty deposits. Samples are included from kimberlite pipes, from 

a constricted kimberlite pipe, from a kimberlite dyke and from 

alluvial gravels and marine terrace gravels. In some cases, separate 

samples were examined from different kimbe~lite types within a single 

pipe. Southern African localities predominate among thcl samples qut 

small samples from the U.S.S.R., t.:ne U.S.A. and Australia are 

included. 

In view of variations noted by Harris et al. (1975) in colour 

and crystal forru as a function of crystal size, the decision was 

made to restrict the present study, wherever feasible, to diamonds 

of a particular size. This expedited direct comparisons between 

samples. The minus 11 plus 9 diamond sieve class '\las chosen as 

diamonds of this size are a major component of most deposits. They 

are also large enough for examination under a binocular microscope 

and small enough to be examined in a scanning electron microscope. 

Diamonds of the minus 11 plus 9 sieve class pass through a circular 

aperture of 3,45 mm diameter but not through one of 2,85 mm. They 

range between ~pproximately 0,17 and 0,32 carat (1 carat= 0,2 g) 

and average about 0,23 carat in mass. In some cases only diamonds 

of other sieve classes were available for examination. Aperture 

diameters of the diamond sieves used and the mass characteristics 

of diamonds in the various diamond sieve classes are given in Table 1. 

Sample particulars are summarized in Tables 2 and 3. In 

addition to the diamond samples listed in these tables, special 

studies were also made of other diamonds (and associated graphite) 

from eclogi te xenoli ths and of some natural and synthetic diamonds 
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which had been subjected to laboratory experiments. 

Individual diamonds were examined under a binocular micro­

scope, at various magnifications up to 80 times. Approximately 5 

per cent of the diamonds in most kimberlitic samples and 10 per cer-t 

of those in detrital samples exhibited features which could not be 

adequately resolved by this technique. Wherever feasible, such examples 

were also examined in a JEOL JSM-35 scanning electron microscope.In 

addition to high magnification capability (up to 100 000 times) and 

high resolving power (10 nm), conEiderable depth of focus can be 

obtained in the scanning electron microscope ond this capability 

was also utilized in photography at low magnifications. Most of the 

diamonds examined had already been cleaned by boiling in hydrochloric 

and hydrofluoric acids. Diamonds examined in the scanning electron 

microscope were also ultra8onically cleaned in a solution of "Decon 

75" surfactant. They were then mounted on brass s:pecimen stubs, 

using colloidal silver solution as adhesive, and coated with approx­

imately 20 nm thick coatings each of carbon and gold. Coatings were 

applied in a JEOL JEE-48 vacuum coating unit fitted with a tilt­

rotation stage. Unless otherwise stated, all photographic 

illustrations presented in this dissertation are scanning electron 

micrographs. 
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4. DIAMOND COLOURS 

Impurities may cause absorption in the visible spectrum and, 

hence, colour in diamond. Yell0w is imparted by· absorption in the 

violet, brown by absorption in the blue-green (Bruton, 1978, p. 41 3) 

and red or mauve by absorption in the yellow-green part of the 

spectrum (Ousters, 1958). 

Harris et al. (1975) noted that the mai.~ ;ody colours of 

diamonds are colourless, yellow and brown. This was suostantiatcd 

by the present study with other colours such as green, mauve, orange, 

grey and black being rare or absent in the samples studied. The 

various colours of diamond grade imperceptibly into one another and 

some subjectivity is unavoidable in the colour classification of 

samples of diamond. 

4.1. COLOURLESS 

Diamond containing very little nitrogen impurity (i.e. type 

II diamond) is often colourless. Many diamonds which contain sub­

stantial nitrogen impurity are also colourless. 

The nitrogen in nitrogen-bearing, colourless diamond does not 

oc~ur as single, substitutional atoms. Instead, it is associated 

with submicroscopic platelets interstitial to the diamond lattice, 

resulting in absorption in the ultraviolet region which does not 

affect colour (Bruton, 1978, p. 411). The platelets may consist of 

carbon atoms, displaced by substitutional pairs of nitrogen atoms, 

rather than of nitrogen itself (Evans, 1973; Woods, 1976). In 

nitrogen-bearing diamond synthesized in the laboratory, most of the 

nitrogen is in the form of single, substitutional atoms, and 

platelets are not developed (Samoylovich et al., 1973). Such diamond 
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is coloured. The platelets in natural diamond have been attributed 

to post-crystalliz~tion diffusion of sj~gle, substitutional nitrogen 

atoms during millenia while diamond was held at high temperature 

(Dyer et al., 1965), or to the very slow growth of natural diamondR 

(Samoylovich et al., op.cit.). Experiments by Chxenko, Tuft and 

Strong (1977) support the former suggestion. These experiments 

indicate that at 1 300°C the diffusion of ~early all single, sub­

stitutional nitrogun atoms into other sites should occur in 

app~oximately four years. 

Lack of colour in diamond is probably a consequence of 

crystallization conditions in some cases (colourless type IIa diamond) 

and of post-genetic processes in other cases (colcurless type Ia 

diamond). According to Evans (1976), diamond held at temperatures 

higher than 1 200°C at atmospheric pressure will show evidence of 

graphitization within less than a yea:r. Since colourless type Ia 

diamond displays no evidence of graphitization, any high temperature, 

prolonged process by which its original colour may have been 

modified must have occurred at high pressure. 

4.2. YELLOW 

Yellow colour in diamond is related to nitrogen impurity and 

all yellow diamonds are of type I. 

Canary yellow and amber a:re the typical colours of type Ib 

diamond (Harris et al., 1975). These colours a:re caused by nitrogen 

in the form of single, substitutional atoms and they fade if the 

mode of occurrence of the nitrogen is changed (Chrenko, Tuft and 

Strong, 1977). Most synthetic di~ond is yellow and of type Ib and 

the form of nitrogen present must be incorporated during crystal 

growth. The survival of single, substitutional nitrogen atoms in 
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natural, type Ib diamond implies that such diamond did not 

expe1:ienc19 prolonged residence at high temperature. 

Light yellow (the "Cape" of the Diamond Trade) in diamond 

has been attributed, by Loubser and Wright (1973), to niirogen 

occurring partly as substitutional, nearest neighbour aggregates 

of three or more atoms in type Ia diamond. The conditions required 

to produce such nitrogen are not known. It is also possible that 

some light yellow, predominantly type Ia diamond owes its colour , 

to a small amount of the nitrogen ~eing present as single, sµb­

stitutional atoms. 

4.3. BROWN 

Brown, as used here, includes colours tinged pink or mauve. 

Both type I and type II diamonds may be brown. 

Brown colour in diamond ha,_s ~een attributed to submic~oscopic 

regions of graphite localized at epigenetic glide planes 

(Urusovskaya and Orlov, 1964). In support of this conclusion, it 

will be demonstrated in Chapter 18 that a surface texture considered 

to reflect internal. gliding is particularly common among brown 

diamonds. It will al.so be argued (in Article 6.5.2.) that glide 

planes are likely to develop in diamopd only at high temperature 

and high pressure. Since graphitization is favoured by high temp­

eratures and low pressures (see Figure 1), the intensity of brown 

colouration might reflect the relationship between temperature and 

pressure at the time the colour is imparted. 

Some brown diamonds have been shown to contain particularly 

high levels of trace element impurities, such as iron, aluminium 

and magnesium. These impurities are thought to occur as submicro­

scopic inclusions which were trapped during crystal growth (Bibby 
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et al., 1975). It is also feasible, however, that the impu.~ities 

represent magma which permeated along glide planes in diamonds. 

Pink and mauve colours have been attributed to the presence of 

trivalent manganese in didlllonds (Custers, 1958).Diamonds of these 

colours also display evidence of glide planes, however, and Orlov 

(1977, p. 130) refutes the conclusion of Custers (op.cit.). 

4.4. OTHERS 

Many diamonds which appear grey or black to the unaided eye 

were seen, under the binocular microscope, to owe this apparent 

colour to countless small, black inclusions. Usually the true diamond 

colour could be discerned under the microscope a."1.c this colour was 

assigned. In cases in which a diamond appears grey to black even 

U!!der the microscope, such colour is probably due to submicroscopic 

inclusions. Synthetic diamond grown at relatively low temperatures 

is usually black (Bovenkerk, 1961) and it is likely that grey or 

black colour also reflects relatively low temperature crystallization 

in the case of natural diamond. It is also conceivable that some 

diamonds are discoloured grey or black by epigenetic, internal 

graphitization. 

Blue diamonds are known only as rarities from the Preruier Mine, 

the old Kollur Mine in India (Bruton, 1978, p. 410) and the Helam 

Mine (Harris, Hawthorne and Oosterveld, 1979). Thfa colour appears 

to be due to boron impurity (Chrenko, 1971). All bluo diamond is of 

type IIb (Bruton, op.cit.). 

Yery light green diamonds, in which the colour appears to 

extend throughout the crystal, were rarely encountered. Orlov 

(1977, p. 124) notes that green diamonds have not been thoroughly 

studied, but mention~ that green in synthetic diamonds is probably 
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caused by single substitutional nitrogen atoms in abundances 

greater -than required to produce a yellow colour. 13.i.bby et al. (1975) 

found that green diamonds resemble brown diamonds in containing 

relatively high levels of trace element impurities. Custers (1958) 

mentions that diamond can be coloured green by bombardment with 

high energy particles such as neutrons. 

Green surface staining occurs either continuously, as irregular 

patches or as isc..lated spots on soma diamonds (Figure 2). 'l'he 

colour penetrates approximately 20 ;um into diamond (Vance, Harris 

and Milledge, 1973). Studies by Meyer, Milledge and Nave (1965) show 

that the diamond lattice parameters are increased at green-stained 

regions, as is also the case for diamond damaged 1iy irradjation. 

Orlov (1977, p. 126) considers the staining to be due to the Qiffus ion 

of impurities into the surface layer of diamonds. It is possible, 

however, that the diffusion responsible for relatively high levels 

of impurities in stained regions is facilitated by diamond lattice 

damage caused by irradiation. Many workers (e.g. Orlov, op.cit.) 

have observed that heating above 500°C turns the green stain to brown. 

Vance, Harris and Milledge (1973) reproduced green surface staining by 

alpha-particle irradiation in the laboratory. They also determiined 

that the same colour changes, to olive at 550°C and to brown at 600°C, 

occur in both the natural stain and the stain which they produced 

in the laboratory. It is therefore reasonably certain that a -particle 

bombardment is responsible for natural, green surface staining. Harris 

Hawthorne and Oosterveld (1977) found that green staining is much more 

common among diamonds recovered from weathered, than from fresh, 

kimberlite at Finsch Mine. In the present investigation, green surface 

spots were observed on the abraded surfaces of some detrital diamonds . 

It is therefore evident that the staining post-dates kimberlite 
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emplacement and is not necessarily related to kimberlite. Brown 

surface staining (Figure 2) is rare. It should indicate a heating 

event which post-dates kimberlite emplacement. 
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5. DIAMOND CRYSTAL FORMS AND SHAPES 

Diamond occurs as discrete crystals up to at least 600 gin 

mass (the largest recorded being the Cullinan diamond, only part of 

a crystal, with a mass of 3 106 carats or 621 g (Bruton, 1978, p. 446)) 

and as microcrystalline aggregates such as ballas, carbonado and 

framesite. 

Controversy t \ S to whether diamond crystallizes in the normal 

or tetrahedral class of the cubic ~ystem was seemingly resolved, in 

favour of the normal class, as a result of the Bragg's (1913) X-ray 

diffraction studies. Tetrahedral symmetry has since been assigned 

to diamond (e.g. Rama.~ and Ramaseshan, 1947) on acJount of features 

such as the apparent absence of a centre of symmetry in some diamond 

crystals, with crystals exhibiting properties of the normal class 

being regarded as combinations of (111) and (111) tetrahedra. 

According to Williams (1932, p. 448), however, crystal symmetry that 

is apparently less than that of the ~ormal class can be accounted 

for by the distortion of external crystal forms and classification 

in the normal class is entirely satisfactory for diamond. 

Distortion and irregularity are common features of diamond 

crystals so that the form of a cr:r·stal is not always obvious. It was 

found that crystal surfaces could usually be identified by the surface 

textures which they exhibit, however, so that most of the diamonds 

. examined could be visually identified as octahedra, cubes, tetra­

hexahedroida ("dodecahedra" of most other writers), combinations 

of these and fragments. As previously mentioned, well-formed crystals 

are typical only of type Ia diamond. 
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5.1. COMMON FORMS: THE TETRAHEXAHEDROID,OCTAHEDRON AND CUBE 

The octahedron is the only common: diamond cryatal form 

generally with planar surfaces. Cubic surfaces a.re commonly rough 

and indented. Tetrahexahedroid surfaces a.re conspicuously curved. 

Examples of typical diamond crystals a.re illustrated in Figure 3. 

The terms "rounded dodecahedron" (Moore and Lang, 1974) and 

"dodecahedroid" (Grantham, 1574) are improvements on the more 

generally used "doQecahedron" for a common form of diaIJ.lond crys tc\.l. 

However, in addition to being cha.r~cterized by curved faces,this 

form exhibits 24, not 12, like surfaces. The term "tetrahexahedroid" 

is therefore preferred in this dissertation. In the case of the 

tetrahexa.hedron (hkO), as h increases relative to \: the form 

approaches the cube while ash diminishes and becomes more equal t o 

k the form approaches the dodecahedron (Dana, 1958, p. 73). Diamond 

tetrahexahedroida are of the latter type with "h" :'lea.rly equal to "k" . 

However, it should be noted that the curvature exhibited by diamond 

tetrahexahedroid surfaces prohibits their indexing in the conventional 

manner (Ram.an and Ram.aseshan, 1947).The degree of curvature va.riec 

from one crystal to another, being most pronounced in examples some­

times described as "hexoctahedra" (Grantham, 1974) or "octahedroida " 

(Orlov, 1977, p. 79). The curvature of tetrahexah&droid surfaces i s 

responsible for a flattening of the interfacial angle at "A" edges 

(terminology of Dana, op.cit., for the tetrahexahedron) away from 

four-fold axial corners. 

Diamond crystals exhibit internal stratification that can be 

disclosed by etching polished sections or by X-ray topographic probing . 

Neighbouring layers apparently differ slightly in impurity and defect 

content (Seal and Wasmund, 1969) and a.re generally regarded as growth 

layers. Layers are either planar and octahedral (Seal, 1963) or 
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undulatory and of mean cubic orientation (Moore and Lang, 1972). 

Moore and Lang refer to "cuboid", rather than "cubic", surfaces in 

recognition of their undulatory nature. Some crystals exhibit both 

octahedral and cubic layering, with each type being restricted to 

specific growth sectors (Suzuki and Lang, 1976). 

Tetrahexahedroid surfaces truncate octahedral and cubic strati­

fication (Figure 4), indicating that the djamond tetrahexahedroid 

results by the par·:: ial resorption of either the octahedron o:i:- the. cube. 

Such an origin for the tet,rahexaherlroid is supported by observations 

(Bovenkerk, 1961; Bezrukov, Butuzov and Gorokhov, 1970) that only 

octahedral and cubic crystals are grown in diamond synthesis experiments. 

Davies and Evans (1972) produced diamond "dodecahe'ira" by graphitizing 

octahedra at temperatures above 1 850°C. Frank and Puttick (1958) 

sugg"ested that any process producing trigons (see Article 6.2.4.) 

on octahedral surfaces would tend to convert octah~dra to "dodecahedra". 

This sugg"estion finds support in a report by Kanda et al. (1977). 

Kanda et al. produced both trigons and curved, resorption surfaces by 

reacting diamond octahedra with steam at high pressures. While it is 

·firmly established that the diamond tetrahexahedroid results from 

resorption, the specific process 1:esponsible in nature has not been 

conclusively identified. 

In the conversion of an octahedron to a tetrahexahedroid, a 

maximum of diamond is removed at the four-fold axial corners and a 

minimum where the six-fold axial corners of the tetrahexahedroid 

develop. Commencing with a cube, the tetrahexahedroid six-fold axial 

corners develop where a maximum is removed. Moore (1973) calculated 

that a minumum mass loss of 55,7 per cent is required to convert an 

octahedron to a rhombic dodecahedron. Slightly less needs to be 

removed to produce a tetrahexahedroid. 
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The relationship between a parental octahedron and the 

resorpticn-derived tetrahexahedroid is illustrated i~ Figure 5. 

The material loss involved in the conversion can be determined by 

comparing the measured volume of a tetrahexahedroid with the 

calculated volume of its enclosing octahedral form. A number of such 

determinations are plotted in Figure 6, and it is evident that 

attainment of the tetrahexahi=droid form which has ,iust lost all 

vestiges of origin~l octahedral surfaces involves a loss of apprqx­

imately 45 per cent of diamond. Ir. view of this loss (which is a 

minimum in the case of pure tetrahexahedroida) being so substantial, 

the diamond content of any kimberlite is likely to be reflected in 

the relative proportions of tetrahexahedroid and cctahedral forms, 

as previously recognised by Milashev (1965). This relationship is 

investigated in Chapter 15 . 

It is not possible to estimate accurately the relationship 

between the tctraherahedroid and the parental cube. This is because 

most cubic surfaces are indented~ Therefore, their degree of 

preservation is not simply related to the extent of resorption. The 

common indentation of cubic surfaces can be explained by recourse 

to some results of etching experiments by Phaal (1965), which are 

referred to in more detail in the next chapter. Phaal deterrui~ed that 

at temperatures above 950°C, etchants such as wet carbon dioxide 

gas or steam attack diamond more rapidly at cubic surfaces than at 

octahedral or dodecahedral surfaces. Indentation of cubic surfaces 

is thus likely to have been produced under such conditions. These 

conditions also produce the common, trigonal etch pits demonstrated, 

by Frank and Puttick (1958), to develop in association with the 

formation of "dodecahedral" surfaces. Two manifestations of 

resorption therefore compete with one another. Initially, the 
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retreat of cubic surfaces may predominate over the "rounding" of 

cubic edges. With ffiOre advanced resorption the rounded (i.e. tetra­

hexahed.roid) surfaces develop and retreat relatively rapidly so that 

cubic surfaces eventually disappear and an entirely tetrahexahed.roid 

form results. The complete conversion of a cube to a tetrahexahedroid 

should involve a substantially greater mass loss than in the con­

version of an octahedron. St~ges in the re8orption of a diamond cube 

a.re illustrated in Figure 7. 

Bovenkerk (1961) and Bezruko,, Butuzov and Gorokhov (1970) note 

that in diamond synthesis experiments, cubes crystallize at lower 

temperatures (or much higher pressures) than octahedra. The approximate, 

thermodynamic fields in which the various growth forms of diamond 

develop in one synthesis system are shown in Figure 8. Dickinson 

(1970, p. 88) notes that the diamond form produced probably depends 

upon temperature L"l all diamond synthasis systems, but that the bound­

aries and relative sizes of the fields vary according to the carbon 

solvent used. By analogy with the results of diamond synthesis 

experiments, it is likely that natural diamond cubes crystallize at 

lower temperatures, or in different systems , than natural octahedra . 

Combinations of the tetrahexahedroid with either the octahedron 

or the cube a.re common among natural c'l.iamond crystals. The predominant 

form was established in each case by comparing the average width of 

the tetrahexahedroid surfaces with the average edge lengths of, 

respectively, the octahedral and the cubic surfaces. These comparisons 

a.re illustrated in Figure 9. Since certain surface textures a.re 

restri0ted to particular crystallographic surfaces (see Chapter 6), 

subordinate crystal forms are also considered in the present inves­

tigation. 
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5.2. TWINNING AND CRYSTAL AGGREGATION 

According to Sla':rnon (1950), the statistical opportunity for 

twinned structures to be initiated in diamond is high and nearly 

all diamond crystals are twinned. Most twinning is of the mosaic 

type and is not readily apparent unless a crystal be sawn or polished. 

Gross manifestations of twinning are obvious in the contact twin 

(macle, see Figure 3) and interpenetrant twin. Slawson (op.cit.) 

considers that most aggregates are probably multiply-twinned crystals. 

Some aggregates also involve parallel growth. 

5.3. BROKEN CRYSTALS, DISTORTION AND IRREGULARITY 

Broken crystals are common in some diamond samples examined. 

In this study, crystals classed as fragments are bounded either 

entirely by breakage surfaces or exhibit insufficient crystal 

surface to enable the predominant form to be satisfactorily iden­

tified. 

Some examples of breakage surfaces on diamond crystals are 

shown in: Figure 10. Octahedral cleavage surfaces, which are usually 

conspicuously stepped rather than "perfectly" planar, constitute 

the most frequently encountered type of breakage surface but sub­

conchoidal fracture surfaces are also common. Wilks (1958) showed 

that octahedral cleavage is more perfectly developed in type II, 

than in type I, diamond. Some breakage surfaces are unetched but 

in most of the diamond samples examined the majority of breakage 

surfaces are 8tched . Since etching of diamond requires temperatures 

in excess of at least 450°C, etched breakage surfaces are undoubtedly 

natural features and, in the general case, breakage has to have 

occurred prior to or during kimberlite emplacement. Occasionally, an 

octahedral depression is evident in a breakage surface. Such 
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depressions are likely to represent hollows vacated by inclusions 

and the s,i.ggestion by Sutton (1918), that much natural breakage of 

diamond is a consequence of stress caused by differential expansion 

between host and inclusion during cooling or pressure release, is 

difficult to refute. Wagner (1914, p. 165) noted that broken diamonds 

are more common in kimberlite pipes than in kimberlite dykes, 

however, and considered diamond crystal breakage to be largely a 

consequence of explosive magmatisrn.Tetrahexahedroid crystals are , 

broken as frequently as are other :arms so that most diamond _breakage 

in nature must post-date crystal resorption. 

Distortion is a common feature of diamond crystals (Figure 11 ). 

Even in relatively regular crystals, corners are usually represented 

by short edges, rather than points, and "C" edges (tetrahexahedron 

terminology of Dana, 1958, p. 73) of tetrahexahedroida are seldom 

linear. Crystal flattening or elongation may be asaociated with 

the virtual ncn-development of certain faces, but linearity of 

octahedral and tetrahexahedroid "A" edges is preserved in most cases. 

Complicated distortion is reflected in tetrahexahedroida with undulatory 

surfaces and sinuous edges. According to Gorina (1971), such distortion 

is a cons~quence of plastic deformation. Confirmatory evidence of 

plastic deformation is often lacking, however, and some such c_istortion 

may simply be a consequence of the undulatory nature of original cubic 

surfaces. Irregular crystals include forms exhibiting few, approximately 

tetrahexa.r.i.edroid surfaces. Some of these are probably resorbed fragments, 

including examples which were bounded by subconchoidal surfaces. 

Unusual shapes may result from the resorption of imbricately-stepped 

octahedra and from the resorption of diamonds possessing relatively 

resistant, internal features. According to Orlov _ (1977, p. 98), 

solution channels which penetrate xenoliths in kimberlite magma may 
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extend through the diamonds in some xenoliths so as to divide them 

into irregular grains. 

Nearly aquidimensional, slightly distorted, flat, elongate ani 

.:.rregular crystals are di~tinguished in the present study. No strict 

criteria were adhered to in making these distinctions. Flat cryst~ls 

generally have or.e dimension less than a third of the other two 

dimensions, however, while elongate crystals have two similar dimen­

sions which are less than a third of the other dimension. Irregular 
I 

crystals include examples of bareJy determinate form and examples 

with a depleted compliment of crystal surfaces and sinuous edges. 

Irregular crystals which are flat or elongate were included in the 

latter categories. Aggregates are classified according to the shape 

of their constituent crystals. Fragments are considered as a separate 

class. 

5.4. UNCOMMON FORMS AND SHAPES 

An approximate, but conspicuously ribbed, rhombic dodecahedral 

form of diamond (Figure 12) was encountered in some samples examined. 

This form has also been described from other localities (e.g. Gorina, 

1971). It is possible that the dodecahedron could result from the 

stacking of octahedral growth layers of regularly diminishi~g areal 

extent, as proposed by Varma (1967). Knob-like features, which are 

remnant, comm0nly occur on the ribbed surfaces of this form, however, 

so that it must have resulted from resorption. It will be shown in 

Article 6.5.s., which deals with the ribbed and knob-like surface 

textures, that the ribbed, approximately dodecahedral form of diamond 

is derived from the octahedron. 

Very rare diamond crystals have the form of a ~hombic dodeca­

hedron with curved faces (Figure 13). These crystals exhibit a 
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peculiar texture ("rhombic serration"), which i s discussed in 

Arti0le 6.4.15. The form is possibly derived from a t etrahexahedroi d. 

Paired pseudohemimorphic crystals (see Gorina, 1971; also 

t'3rmed "orange peel" crystals by Mendelssor.n, 1971), occur in some 

diamond samples. These crystals consist of two parts, with one part 

superficially re sembling a partial overgrowth on the other part 

(Figure 14). The form of the relatively large portion ranges from 

octahedral to tetr:tllexahedroid while the smaller portion is generally 
I 

part of a tetrahexahedroid. Both p0rtions are of identical c9lour, 

often brown. Both portions share the same crystallographic axes and 

in cases which are twinned the twinning plane embraces both portions. 

Gorina (op.cit.) considers these crystals to be zo~ally structured. 

However, they consist of a relatively ,.mresorbed portion and a 

smaller, relatively resorb&d portion as would result should part of 

a crystal have been protected from resorption, e.g. by enclosure in 

another mineral. 

Occasional diamond crystals exhibit tetrahexahedroid surface s 

which meet concavely (i.e. at a re-entrant angle; Figure 15). Some 

examples also exhibit octahedral surfaces and the concavity between 

tetrahexahedroid surfaces is relatively pronounced when the octahedral 

form is relatively well developed. This variety of tetrahexa...~edroid i s 

probably derived by resorption of the form referred to by Dana (1958, 

p. 187) as a repeated octahedral twin. 

Nearly spherical shapes of diamond (Figure 16) were encountered 

in some of the samples examined. Rare examples of this shape are 

g-enuine ballas but most are unlike ballas in being monocrystalline 

(see Jeynes, 1978). The .most spherical single crystals exhibit minor 

octahedral and major (convex) cuboid and tetrahexahedroid surfaces. 

They contain abundant, small black inclusions and thus appear grey or 
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black to the unaided eye. Close examination shows the inclusions to 

be strongly concentrated beneath cuboid surfaces, as in the case of 

crystals of mixed habit (octahedral and cubic) growth described by 

S·..izuki and Lang (1976). Sphericity apparently results fr0m an optimal 

amount of resorption of a mixed habit growth form while convexity, 

rather than the more frequently encountered concavity, of remnant 

cubic surfaces may be a consequence of the abundant inclusions in 

:cubic growth sectOJ:s. 

The trapezohedron and the trisoctahedron have also been reported 

for diamond crystals (Varshavsky and Bulanova, 1974). Minor trisoct a­

hedral surfaces were noted in association with a particular surface 

texture (terraces; see Article 6.4.1) but the trap~zohedron was no t 

identified in the present investigation. 
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6. PRISTINE SURFACE TEXTURES 

"Pristine", as used in this dissertation, refers to features 

developed on diamond crystals prior to their liberation or ex­

traction from kimberlite. Crystal growth or post-genetic processes 

may be responsible for such features. 

A total of 41 pristine surface textures are distinguished. 

These are listed i1~ the Table of Contsnts according to the crystal­

lographic surface(s) on which they occur. ~nly textures which can 

be recognized, but not necessarily resolved, under a conventional 

binocular microscope are ir.cluded. Some diamond surface textures were 

recognized by ea!.:ly investigators such as Sutton (L928). Headings 

enclosed in parenthesis in this chapter denote textures named by the author. 

It is important to note that certain textures, e.g. trigonal 

pits on octahedral surfaces, may exhibit either of two orientations. 

These orientations have been respectively designated "positive" and 

"negative" by Frank, Puttick and ·wnks (1958). They are illustrated 

in Figure 17. 

Prior to discussing individual textures, it is appropriate 

to consider experiments relating to the etching of diamond and, 

particularly, to the formation of positively- and negatively­

oriented textures. 

6.1. REVIE'i OF EXPERTI1ENTAL DATA. 

6.1.1. Low-pressure oxidation experiments 

In early experiments (e.g.Fersmann and Goldschmidt, 1911; 

Williams, 1932) diamond was etched in fused oxidizing salts, such 

as potassium nitrate and sodium carbonate, at temperatures less than 

900°C. Feature3 such as rounded trigonal pits on octahedral surfaces 
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were produced, but in the positive orientation only. Tolansky (1965) 

also produced trigonal pits by etching 211d noted that slow rates of 

attack were necessary for sharp, rectilinear, rather than rounded, 

pits. 

The author examined diamonds which had been treated in fused 

sodium hydroxide at 570°C, 650°c and 720°C, respectively (M.J. Simm, 

personal communication). Those treated at 570°C had not been affected. 

Mechanical surface damage had been piQked out and positively-oriented 

features (Figure 18) were developei on those treated at the higher 

temperatures. 

After 1958, experimental conditions were extended by many 

investigators to temperatures exceeding 950°C. This resulted in 

negatively-oriented etch pits being produced in some"experiments. 

Frank and Puttick (1958) first succeeded in producing negatively­

oriented features by subjecting diamond to molten kimberlite at 

1 450°c. They suggested oxidation by iron oxide as the specific 

reaction involved. Subsequently, ·various oxidizing gases were used 

in experiments by others. Using wet oxygen, Evans and Sauter (1961) 

produced positively-oriented textures at temperatures up to 900°C 

and negatively-oriented textures above 1 000°C. At between 900 

and 1 000°C, hexagonal pits were prod~ced on octahedral surfaces. 

Phaal (1965) produced only circular pits on diamond held in a fast­

flowing stream of wet oxygen at above 1 000°C. He suggested that in 

Evans and Sauter's experiments, which were performed in closed systems, 

the reversal in etch pit orientation occurring above between 900 

and 1 000°C could h~ve been due to attack by steam in association 

with a reaction product, namely carbon dioxide, rather than being a 

function only of temperature. Phaal (op.cit.) attributed the hexa­

gonal pits produced by Evans and Sauter (op.cit.) to the icombined 
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effects of oxygen and wet carbon dioxide which produce, respectivel y, 

posi tively-orientea. and negatively-oriented, trigona.l pi ts. 

Sauter (1961) and Phaal (1965) both found that oxygen readily 

attacks diamond above 600° C. Neither s team nor carbon dioxide is 

effective below 950° C and carbon monoxide is ineffective even at much 

higher temperatm·es. Phaal produced positively-oriented features below 

1 000°C using oxygen, and negatively-oriented features above 950°c 

using either steam or wet carbon dioxide. Dry carbon dioxide was ,found 

to produce semi-polished surfaces ~t temperatures above 950°C. 

Phaal (1965) determined etching rates at different crystall­

ographic surfaces, under various conditions. He found that at less 

than 1 000°C, oxygen attacked octahedral surfaces ~uch more rapidly 

than cubic surfaces. Conversely, with either steam or wet carbon 

dioxide at temperatures ab0ve 950°C, etching was fastest at cubic 

surfaces and slowest at octahedral Eurfaces. Phaal reconciled etch 

pit orientation with crystallographic variations in etch rate. Etching 

which is most rapid at octahedral surfaces results in positively­

oriented features, while relatively rapid etching at cubic surfaces 

results in negatively-oriented features. The rate of etching at a 

particular surface depends upon the stability of the chemisorbed 

complexes produced there as consequences of the etchant and the type 

of atomic bonding of surface carbon atoms. 

Sauter's (1961) and Phaal's (1965) investigations revealed that 

the diamond-oxygen reaction is not simply one of the oxidation of 

diamond to carbon-oxide gases. Instead, intermediate processes are 

involved. These processes . include the formation of a film of black 

carbon (referred to as amorphous carbon by Phaal (op.cit.) but 

referred to as graphite by Evans and Phaal (1962)). Whether or not 

this film of black carbon is preserved, during the partial oxidation of 
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diamond, depends on the relative rates of its formation and its 

oxidation to gas. Relatively rapid formation and, hence, preservation 

of the film is favoured by relatively high temperatures and low 

uxygen pressures. At relatively low temperatures and high oxygen 

pressures, however, the film is oxidized to gas as soon as it forms. 

In experiments by Phaal (1965) in which thick, black carbon 

films were produced (e.g. etehing with oxygen gas at pressures of 

less than one atmcsphere and temperatures higher than 1 000cc), , 

circular etch pits were produced ~n the underlying diamond surface. 

This implies that etch rates were the same in all directions which 

is to be expected should diffusion of oxygen through the film be 

the etch-rate controlling process. 

The most pertinent results of the low pressure, diamond­

oxidation experiments reviewed thus far are:-

i. Diamond oxidation involves an intermediate process whereby 

a film of black carbon forms at the diamond surface. At 

sufficient oxygen partial pressure relative to temperature, 

this film is removed as soon as it develops. 

ii. At temperatures of less than 950°C only oxygen gas and 

strong oxidizing agents attack diamond, producing 

positively-oriented etch pits. 

iii. At temperatures above 1 000°C, oxygen gas produces 

thick films of black ca:cbon on diamond and circular etch 

pits form in the underlying diamond surface. 

iv. At temperatures above 950°C, steam and carbon dioxide 

attack diamond. Steam and wet carbon dioxide produce 

negatively-oriented etch ~its. Dry carbon dioxide polishes 

diamond surfaces. 

v. For rectilinear pits to form, at least on octahedral surfaces, 
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the etching must not be too rapid. 

6.1.2. Oxidation experiments conducted at moderate and high pressure~ 

Since all natural diamond is almost certain to hav~ experienced 

very high pressures, it is important that the effect of pressure on 

the etch features produced during the partial oxidation of diamond 

should be understood. The oxygen fugacities of constant molecular 

proportions of oxygen gas, steam and carbon dioxide will increase with 
I 

increasing pressure. Therefore, the following questions may be asked:-

i. At temperatures above 1 000°C but with oxygen part~al 

pressure sufficient to eliminate the accumulation of a 

black carbon film, will oxygen gas continue to produce 

positively-oriented features ? 

ii. At high pressures will steam and carbon dioxide attack 

diamond at temperatures lower than 950°C and, if so, will 

negatively-oriented features continue to be produced? 

~iii. At high pressure will steam and wet carbon dioxide produce 

negatively--oriented e~ch features at temperatures above 

950°C, or will their effect resemble those of oxygen and 

strong oxidizing agents at low pressure? 

The experimental results of Harris and Vance (1974) and of 

Harris (1975) assist in clarifying some of these questions. Harris 

and Vance subjected diamond to powdered, dry kimberlite, which evolved 

steam and carbon dioxide upon being heated, at pressures of 1 kb. 

At 1 050°C, positively-oriented eteh pits were produced by kimberlites 

liberating mainly steam, while negatively-oriented pits developed 

in a case in which mainly carbon dioxide was liberated. At 1 300°C, 

negatively-'oriented etch pits were produced in all cases. Harris 

(op.cit.) etched diamonds in steam, at 5 kb pressure, at various 

oxygen fugacities controlled by buffers. Harris found that at low 
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oxygen fugacities (nickel-nickel oxide buffer conditions) steam did 

not attack diamond below 950°C while negatively-oriented pits de­

veloped at higher temperatures. At relatively high oxygen fugacitie s 

(magnetite-hematite buffer and more oxidizing conditions), however ; 

steam attacked diamond at temperatures as low as 900°C and produced 

positively-oriented etch pits up to at least 1 000°C. The results 

obtained by Harris and Vance (1974) and Ha:?:'ris (1975) suggest that 

under moderate to ~igh pressures, and in the absence of a buffer , 

imposing relatively reducing conditions, the action of steam. on 

diamond resembles that of oxygen gas at low pressures. This suggests 

that oxygen liberated from steam is the principal etchant at such 

conditions. Since steam can produce positively-oriented etch pits 

at temperatures as high as 1 050°C, it is likely that oxygen gas, 

under pressure, will also produce positively-oriented pits at 

temperatures substantially higher than the 1 000°C-limit obse::::'Ved 

in low press1rre experiments by Phaa.l (1965). Wet carbon dioxide 

appears to produce the same surface features on diamond at moderate 

pressure as a.re produced at low pressure. 

In an attempt to understand further the effects of pressure 

on the etching of diamond, the author colaborated with a collegue, 

E.A. Wyatt, in a number of experiraents conducted at high pressure. 

Full details of these experiments are recorded in an internal, Anglo 

American Research Laboratory report (Wyatt and Rohinson, 1975). Only 

a summary of relevant information is given here. In these experiments 

charges were loaded with finely crushed, variously modified kimber-­

lite (Table 4) to which two diamond crystals were added, and sub­

jected to temperatures of between 1150 and 1 450°C at 30 kb pressure 

(i.e. at graphite-stable thermodynamic conditions, see Figure 1). 

Textural characteristics of run products suggested that partial 
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melting of kimberlite was attained in most runs. Yellow, cubo­

octahedral, synthetic diamonds- cf approximately 0,5 mm diameter 

were used in the experiments. These were preferred to natural cryst als 

because they exhibit planar crys· :al faces which are smooth excepting 

for shallow, dendritic patterns, known as "river markings", which 

do not resemble any features : likely to result from etching. Although 

the octahedral and cubic faces of cube-octahedral crystals have 

triangular and square to rectangular outlines, respectively, crystal 

edge3 are disoriented with respect to the edges of the corre~ponding 

simple forms. Edges of octahedral faces are disoriented by 60° and 

cubic edges by 45°, as demonstrated in Figure 19. This complication 

must be cons i dered i~ determining etch pit orientations. Some edges 

of distorted crystals used are replaced by dodecahedral surfaces. 

Two series of experiments were performed. In one series graphite 

capsules sealed in :platinum were used and in the other series mo­

lybdenum capsules sealed in platinum were used. The two series 

differed mainly in respec~ of the oxygen fugacities considered to have 

been realized. Diamond should have attained equilibrium, with respect 

to redox potential, with the charges in graphite capsules. In these 

cases, diamond could have been oxidized until equilibrium was attained. 

According to Biggar (1970), molybdenum capsules should impose a buffer 

approximating to the iron-wustite buffer. Conditions buffered by the 

iron-wustite reaction are less oxidizing than necessary to oxidize 

free carbon (e.g. see Rosenhauer et al., 1977). Diamond could have 

been oxidized in molybdenum capsules only prior to equilibrium being 

attained between the charges and the capsules. The potential for 

diamond-oxidation should therefore have been 1greater in the 

graphite capsules than in the molybdenum capsules. 
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Details of Wyatt and Robinson's (1975) experiments and of the 

features produced on diamond are cumma.rized in Table 5. Some examples 

of the etch features produced are illustrated in Figure 20. Other 

features are illustrated subse1uently under discussions of individual 

surface textures. The following results are pertinent:-

i. In most experiments in which diamond was etched a film of 

graphite coated the surface. 

ii. The thickness of the graphite film pro~uced is not closely 

related to the degree of etching of diamond. 

iii. Etching was relatively pronounced in the runs in which the 

greatest potentials for oxidation were realized. 

iv. Negatively-oriented etch features were produced down to the 

lowest temperature, i.e. 1 150°C, employed. 

v. In cases in which diamond was strongly etched, attack was 

relatively pronounced at crystal edges. 

vi. Etching occurred in volatile-free kimberlite with only 

carbon dioxide added. 

Result i) above is compatible with either graphitization or 

oxidation having been responsible for the etching of diamond in the 

30 kb experiments. Result ii) points to graphitization not being 

directly responsible while result iii) substantiates that diamond was 

etched by oxidation. Result iv) shows that high pressure need not 

substantially increase the temperature necessary for the development 

of negatively-oriented etch pits. (The possibility of pressure reducing 

this temperature cannot be evaluated from the experiments performed). 

Result v) suggests that the diamond tetrahexahedroid can be produced 

by the oxidat.ion of the octahedron or the cube. Result vi) suggests 

that water is not essential for the formation of negatively-oriented 

etch pits, but it must be noted that the charges concerned were 
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"atmosphere damp". 

That diamond was oxidized ir. some of Wyatt and Robinson's (1975) 

experimer-ts which were suppcsedly buffered at conditions less oxidizing 

than those at the carbon-carbo~ oxides equilibrium, deoonstrates an 

importa.~t phenomenon. This is that the oxidation potential locally 

realized during an experiment may exceed that theoretically dictated 

by the buffer employed. During experiments at controlled cxidation 

potentials, special care apparently needs to be taken to ensure that 

the charge is always in equilibrium with the buffer. 

The highest-pressure, diamond-oxidation experiments yet reported 

are those by Kanda et al. (1977). In these experiments diamond . 
octahedra were etched in water, at temperatures of 1 100, 1 300, and 

1 500°C, constrained at 50 kb pressure within platinum capsules. At 

1 100°C, negatively-oriented trigonal pits were produced within a 

few minutes and tetrahexahedroid-like crystal surfaces began developing 

within half an hour. The same features were produced much more rapidly 

at the higher temperatures. 

6.1.3. Other experiments 

The reactivities of various gases and vapours, such as hydrogen, 

chlorine, bromine, hydrogen fluoride 811d hydrogen chloride, with 

dfamond were investigated, at low pressures, by Sauter (1961). With 

the exception of hydrogen in the presence of a metal catalyst, none 

of these substance£ was found to attack diamond at temperatures up to 

1 400°C. Instead they inhibited oxidation. 

A measurable degree of uncatalysed graphitization of diamond 

requires teu1peratures of at least 1 500°C under vacuum and even higher 

temperatures i:inder pressure (Evans, 1976). Davies and Evans (1972) 

record the formation of negatively-oriented trigonal pits in octahedral 

diamond surfaces during graphitization experiments. Although these 
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pits are trigonal in outline, in detail (Figure 21) they are more 

aptly described as "three bladed p.copeJ.lers" by :'.)avies (1972). 

Diai.nond can also be dissolved. Thus, Kennedy and Kennedy (1976) 

dissolved synthetic diamond crys tals in "Invar'' (nickel-iron alloy) 

subjected to various combinations of temperature and pressure ranging 

from 1 100 to 1 600°C and 45 to 60 kb. In all r:uns in which the "Invar" 

melted, diamond dissolution was complete so that, unfortunately, the 

features produced by dissolution-etching could. r:ot be determined 

(G. Kennedy, private communication). Molten kimberlite is repor~ed 

to be a very poor solvent of free carbon (Wentorf, 1965). 

6.1.4. Inferences for natural etching 

Considering the experimental evidence reviewed, the following 

inferences can be made concerning the origin of natural etch features 

on diamond:-

i. Processes likely to etch diamond in nature include only 

c:ridation, graphitization and dissolution. Extreme tem­

peratures appear to be required for non-oxidative e;raphit­

ization; while dissolution is unlikely to be significant 

in kimberlite magma. 

ii. NegativGly-oriented etch features always indicate temperatures 

in excess of 950° C. Steam and wet carbon dioxide gas are the 

etchants most likely to be responsible. 

iii. Tetrahexahedroid surfaces develop on originally octahedral 

crystals concomitantly with the development of negatively­

oriented etch pits. 

iv. At low pressures, cnly oxygen gas and strong oxidizing agents 

are capable of producing positively-oriented etch pits. 

Temperatures above 450° c but below 1 000° C are required. 

v. At pressures of about a kilobar an0 more, positively-oriented 
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etch features can also be produced by steam and at tem­

peratures up to between 1 050 and 1 100°C. Sufficiently 

oxidizing conditions (e.g. as oxidizing as buffered by the 

magnetite-hematite equilibrium) are, however , necessary. 

vi. Circular etch pits are most likely to result from reaction 

with oxygen gas at temperatures above 1 000°C and at low 

pressures. 

vii. Dry carbon dioxide gas at tefilp~ratures above 950°C is likely 

to be responsible for chemically-polished surfaces._ 

Some additional, diamond etching experiments are referred to 

in subsequent discussions of particular surface textures to which they 

are relevant. 

6.2. OCTAHEDRAL SURFACE TEXTURES 

Etch pit orientations are easier to deter;nine on octahedral than · 

other diamond surfaces . The following pristine surface textures are 

restricted to octahedral diamond surfaces :-

6.2.1. Smooth octahedral surfac~s 

Where locally free of the effects of etching, smooth octahedral 

crystal slD'.'faces can represent final growth surfaces. It is not always 

possible, however, to ascertain that entire octahedral layers have 

not been removed by etching. Therefore, only in the case of octahedra 

which lack any features which can be ascribed to resorption, can growth 

surfaces be positively identified. 

6.2.2. Triangular nlates (single anu imbricated) 

Triangular plates are developed on some octahedral crystal 

faces and some complex, octahedral forms consist essentially of 

imbricated triangular plates (see Figure 3). Willie.ms (1932, p. 499) 
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referred to triangular plates on octahedral surfaces as "growth 

layers". Grantham (1974) preferred "plates" for the same features 

and noted that "terraces:' has also been used. Triangular plates 

are octahedral in form but are seldom sharp-edged. Instead, their 

edges are usually rounded and they may even be completely modified 

to tetrahexahedroid forms (Figure 22). 

In the case of synthetically grown diamonds, octahedral 

crystals which can be classed as i mbricated app~rently result 

under growth conditions favouring rapid nucleation, with each 

triangular plate being separately nucleated (Wentorf, 1965). 

Natural triangular plates are likely also to represent separately­

nucleated octahedral overg-rowths. In the present study, triangular 

plates were never seen to post-date resorption or etch features. 

6.2.3. Shield-shaped laminae 

Superimposed laminae of progressively diminishing areal 

extent corranonly form terraces near to the edges of octahedral 

crystal faces (Figure 23). Toward four-fold axial corners, edges 

of laminae depart progressively from the adjacent edge of the 

octahedral face on which they occur. The degree of this departure 

increases between upwardly successive laminae. Shield-shaped laminae 

arc generally thinner than triangular plates. They are absent from · 

sharp-edged (i.e. unresorbed) octahedra. 

Grantham (1974) considered shield-shaped laminae to be 

incomplete growth layers, equivalent to thin, triangular plates. 

Their absence from unresorbed octahedra suggests, however, that 

they are associated with resorption. The shield-shaped outlines of 

laminae and the change in outline between successive laminae are 

also more compatible with a resorption process. It is considered that 

resorption commences at the corners and edges of octahedral crystals 
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and truncates growth laminae. Subsequent resorption causes an 

inward recession, toward the cent:res of octahedral faces, of 

laminae edges. The outermost laminae are exposed soonest and the:re­

fore recede furthest, particulurly from octahedral corr..ers which are 

relatively susceptible to resorption. The development of shield­

shaped laminae should result in octahedral crystal edges being 

replaced by curved, i.e. tetrahexahedroid, surfaces. 

6G2!4• Negatively-oriented trigonal pits (trigons) 

Equilateral triangular pits in the negative orientation 

(Figure 24) are one of the common and most studied features of natural 

diamond crystals. They are generally referred to as "trigons". 

Pyramidal (i.e. point-bottomed), flat-bottomed and terraced varieties 

of trigon occur and most have edge lengths of between 0,1 and 0,2 mm. 

Such trigons are evident on all crystals with octahedral faces in 

moat samples studied but are apparently absent on rare crystals, 

particularly sharp-edged octahedra, in some samples . It should be 

noted, however, that according to both Tolansky (1965) and Frank 

and Lang (1965), ~hase contrast microscopy generally discloses myriads 

of trigons with edge lengths of a few micrometres. Some trigons are 

truncated by an edge between an octahedral and a tetrahexahedroid 

SUI'face. This need not indicate that trigons are older than 

tetrahexahedroid surfaces. Provided trigons result from etching, 

they should be able to expand even after one corner has met with 

a crystal edgG. 

The origin of negatively-oriented trigonal pits has been a 

controversial topic. Tolansky (1965 and other, previous publications) 

and others argued that they represent regions not filled in by 

surrounding growth layers. One of their main lines of evidence for 

a crystal growth origin was that etching ex!)eriments had only 
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produced positively-oriented trigonal pits. Later experiments, in 

which negatively-oriented trigonal pits were produced by etc~ing, 

considerably weakened the growth hypothesis. Frank and Lang (1965) 

al.so convincingly refute other evidence considered to support the 

growth hypothesis. It is now generally accepted that both negatively­

and positively-oriented trigonal pits are etch pits. Frank and Lang 

(op.cit.) showed that fairly large, pyramidal varieties are localized 

at dislocation outcrops. They also showed that in some cases 

trigons are not developed at dislocations which extend to the 

surface, and suggest that this indicates that some natural diamonds 

were not subjected to the necessary etch process. The form and 

localization of flat-bottomed t~igons is not unde~stood. They ' possibly 

bottom out at the tops of internal layers which are relatively 

resistant to etching. As mentioned in Section 5.1., Frank and 

Puttick (1958) note that etching which produces trigons should 

convert an octahedron to a "dodecahedron". 

Rare trigons are developed on some sharp-edged octahedral 

crystals indicating that substantial resorption is not necessary 

for their development. They are usually associated with laminae, 

however, and probably result from the same process(es). As already 

noted, temperatures in excess of 950°c are probably required to 

produce negatively-oriented etch features. Such temperatures are 

unlikely to have prevailed in kimberlite magma in near-surface 

environments (Mitchell, 1973), so that trigons must develop at 

depth. Oxidation, by steam or wet carbon dioxide, is most likely 

responsible. 

6.2.5. Hexagonal pits 

Hexagonal pits are invariably flat-bottomed (Figure 25) and 

are generally of relatively large areal extent in comparison with 
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trigons. As with laminae and flat-bottomed trigons, growth 

stratification might be an essent~al =equiremen~ for hexagonal pit 

developm1:1nt. 

Hexagonal pits have been produced in etching expariments 

conducted at low pressures between 950 and 1 000°C (e.g. Evans 

and Sauter, 1961; Mendelssohn, 1971). According to Phaal (1965), 

they are to be expected at such conditions due to the comuined 

effects of two etchants, one of which (oxygen) Jroduces positively­

oriented trigonal pits and the other of which (e.g. steam or wet 

carbon dioxide) produces negatively-oriented trigonal pits. It is 

also possible for hexagonal pits to develop at temperatures above 

1 000°C. This requires an environment sufficiently oxidizing to 

enable the formation of the positively-oriented component of the pits. 

6.2.6. nHexagonal pits containing trigonal pits" 

Hexagonal pits may contain trigons or, less commonly, 

positively-oriented trigonal pits (Figure 26) . Both types are likel y 

to result from the combined effect of two etchants, one of ~-rhich 

continues to react after depletion of the other etchant. For example, 

should oxygen involved with steam in producing hexagonal pits be 

depleted before the steam, continued etching by tbe steam would 

produce superimposed trigons. Alternatively, should the steam be 

depleted first 1 superimposed positively-oriented trigonal pits 

would result. Temperatures of between 950 and 1 000°C a.re most 

likely but higher temperatures are possible under sufficiently 

oxidizing conditions. It is also possible that the trigonal pits 

formed separately, and subsequently, to the etching event that 

produced the hexagonal pits. 
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6.2.7. "Serrate laminae" 

Like shield-shaped laminae, se:;::-rate laminae (Figure 27) occur 

as superimposed individuals of progressively diminishing areal 

extent. The lamina nearest the centre of an octahedral face is often 

the highest but isolated examples near to octahedral edges may stand 

relatively high. The development of serrate laminae can be likened 

to a coalescence of laterally-expanding, flat-bottomed trigons, 

mostly initiated at the edges of successively exposed, octahedral 

growth layers. 

Serrate laminae are associated with pointed plates on cubic 

surfaces (Article 6.3.}.) and with knob-like asperities and 

dodecahedral ribbing (Article 6.5.8.). The modes cf formation of 

all of these surface textures are discussed in Article 6.5.s. 

which deals mainly with knob-like asperities a.~d dodecahedral 

ribbing. 

6.2.8. Positively-oriented trigonal pits 

Positively-oriented trigonal pits (Figures 26 and 28) are 

much less cor;;mon features than negatively-oriented trigons. As 

mentioned previously, they are sometimes associated with hexagonal 

pits. They always appear to be relatively young features • 

. In view of experimental evidence, there can be little doubt 

that positively-oriented trigonal pits result from the oxidation 

of diamond. They ace likely to result from attack by oxygen gas, or 

a strong oxidizing agent, under low pressures and at temperatures 

of between 650 and 1 000°C. Alternatively, they may be produced by 

pressurized steam (or oxygen gas) in a strongly oxidizing environment, 

at temperatures both below and slightly above 1 000° C. 
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6.3. CU.SIC SUP.FACE TEXTURES 

Only a limited variety of t&xturP.s which are restricted 

to cubic crystal surfaces were encountered. This may be partly due 

to the cubic form being relati-,ely rare in most of the samples 

studied. The following cubic textures are distinguished:-

6.3.1. Negatively-oriented tetragonal pits (tetr agons) 

Tetragonal, pyramidal pits in the negative orientation (Figure 

29) are ubiquitous features of cubic surfaces of the diamonds 

Gxamined. Commonly, tetragonal pits are abund~1t and deep. 

Experiments producing negatively-oriented trigonal pits on 

octahedral surfaces also produce such tetragonal pits on cubic 

surfaces. The se pits therefore share a common origi n. 

The relative depth of tetragonal pits, compared with trigons, 

and the common indentation of cabic surfaces are not surprising 

since the cubic surface is most easily etched under conditions 

producing negatively-oriented etch features (Phaal, 1965). 

6.3.2. Crescentic steps 

Superimposed layers of crescentic to semi-circular outline 

(Figure 30) are sometimes associated with negaGively-oriented, 

tetragonal pits. These layers possibly represent cubic growth layers 

picked out by etching, in which case they would be equivalent to 

the shield-shaped laminae of octahedral surfaces. 

6.3.3. "Pointed plates" 

Pointed plates (Figure 31) are uncommon features developed 

on some cubic surfaces. The plate surfaces appear to be octahedral. 

A pointed plate may extend into a negatively-oriented tetragonal pit, 

in which case it resembles an octahedral crystallite which post­

dates a period of etching. In passing from a. cubic to a tetrahexa-
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hedroid or dodecahedral surface, however, groups of pointed plates 

grade into ribbing (Article 6.5. s .). As discussed in Article 6.5.8., 

ribbing is unlikely tu have been produced by crystal growth. Pointed 

plates are therefore likely to be remnant features which resisted the 

etching responsible for tetragonal pits. Pointed plates are probably 

also akin to the serrate laminae of octahedral surfaces. A process 

which could be responsible for producing pointed plates and associated 

surface textures is considered in Article 6.5.s , 

Isolated, tiny (less than 50 fUID diameter), protruding _ fe~tures 

with symmetrical, octahedral forms (Figure 31) were noted in 

association with some pointed plates examined in the scanning electron 

microscope. These protruding features may lie astride an edge be­

tween adjacent tetragonal pits. In a previous publicati0n (Robinson, 

1979), these features were interpreted as octahedral crystallites 

which post-date the etching responsible for tetragonal pits. They 

can be regarded as variants of pointed plates, however, and the 

observation (made subsequently to Robinson, 1979 being in the press) 

that pointed plates grade into ribs on dodecahedral surfaces, places 

the author's previous interpretation in doubt. 

6.3.4. Positively-oriented tetragonal pits 

Positively-oriented tetragonal pits (see Figure 45) were noted 

on an isolated cubic surface of only one of the diamonds examined. 

Imbricate wedge-forms (see Article 6.4.14.), which are also 

positively-oriented, are developed on the tetrahexahedroid surfa~es 

of the diamond concerned. 

6.4. TETRAEEXAHEDROID (AND DODECAHEDRAL) SURFACE TEXTURES 

The influence of octahedral structure is evident in the form 
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assumed by many textures developed on tetrahexahedroid surfaces. It 

is therefore appropriate to note the octahedral planar traces on 

tetrahexahedroid surfaces, as illustrated in Figure 32. Also shown 

in Figure 32 is the terminolog:r used for crystal edges ( that of 

Dana (1958, p. 73) for the tetrahexahedron), and for specific dimen­

sions of the approximate rhomb which outlines ~wo tetrahexahedroid 

surfaces sharing a "C" edge. 

Since tetrahexahedroid surfaces form by resorption, the only 

growth features which they can exhibit are exposed, internal fe2tures 

ci...~d features due to re-growth subsequent to resorption. The following 

surface textures are restricted to tetrahexahedroid (or dodecahedral) 

surfaces:-

6.4.1. Terraces 

Concentric terraces are commonly developed about the points of 

emergence of sL~-fold, tetrahexahedroid axes (Figure 33). Regular 

crystals display the same number of terraces about each six-fold 

axial corner. Terra~es are particularly prominent on some tetrahexa­

hedroida which exhibit small, remnant octahedral surfaces. In such 

cases, an octahedral surface forms the innermost plateau of each set 

of concentric terraces. Otherwise, the innermost plateaus are defined 

by trisoctahedral surfaces which depart but slightly from octahedral 

surfaces. Successive plateau surfaceE diverge progressively from (111) 

and converge toward (1L~O). The scarps of inner terraces are steeply 

inclined to their plateau surfaces but successive scarp surfaces also 

converge progressively toward (hk:O). These progressive changes, away 

from six-fold axial corners, in the inclinations of successive terrace 

surfaces result in a stepped curvature of tetrahexahedroid surfaces and 

also in the elimination of terraces in the vicinity of major rhombic 

axes. Terraces are never developed on tetrahexahedroida which appear 
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to have been derived from cubes. 

Terrace scarps probably mark the outcrops of octahedral 

growth l ayers which were relatively resistant to resorption. This is 

suggested by the association with the octahedral , and not the cubic, 

growth form and by the tendency for the plateau surfaces of prominent 

terraces to approximate to octahedral surfaces. X-ray topographic 

studies by Moore and Lang (1974) also suggest that terraces reflect 

L~ternal, octahedral layering. 

The degree by which innermost terrace surfaces depart froLl 

octahedral surfaces determines the prominence of terraces. The degree 

of this departure can be expected to increase with increasing resorption. 

It should therefore be possible to qualitatively estimate the degree 

to which a tetrahexahedroid has been resorbed, even though it lacks 

vestiges of the octahedral form from which it is derived 1 by the 

promi..~ence of its terraces. Thus, a tetrahexahcdroid displaying 

prominent terraces is likely to have been less resorbed than one 

displaying insignificant, or no, terraces. Terrace prominence, however , 

also reflects the internal structure of a crystal. A tetrahexahedroid 

without terraces could therefore also result from the insubstantial re­

sorption of an unstratified octahedron. 

6.4.2. Elongate hillocks 

Hillocks which are elongated in the direction of the major 

rhombic axes are very common features of tetrahexahedroid surfaces 

(Figure 34). The usual form of individual hillocks varies from sami­

cylindrical to semi-ellipsoidal. Semi-cylindrical hillocks may extend 

entirely across pairs of tetrahexahedroid surfaces joined at a "C" 

edge. Such hillocks can be regarded as features which are interr:1ediate 

between terraces and ellipsoidal hillocks. The outlines of ellipsoidal 

hillocks are often slightly more blunt at ~he ends facing four-fold 
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axial corners than at the ends facing "C" edges. These outlines can 

be described as "boat-shaped" and it is considered likely that such 

hillocks have been mistaken for "boat-shaped pits" by some previous 

investigators (e.g. Tolansky, 1965). 

Hillocks are relatively long on crystals which are partly 

octahedral and relatively short on crystals which are partly cubic. 

Therefore, the form of hillocks is related to the nature of the 

original growth form. Hillocks are usually long and prominent on 

crystals exhibiting growth form vestiges but are boat-shaped, e~all 

and subdued on more resorbed crystals. On particular tetrahexahedroid 

surfaces, hillocks tend to be least prominent where most resorption 

has occurred. The form of hillocks is therefore also related to the 

degree of resorption (although there are exceptions, e.g. some pure 

tetrahexahedroida exhibit prominent, long hillocks). In addition, 

some crystals exhibit only a single ba.~d of relatively prominent 

hillocks on each tetrahexahedroid surface. Hillock elongation 

parallels the strike of octahedral stratification and it is evident 

that the relative resistence, to resorption, of individual, octahedral 

growth layers also influences the form assumed by hillocks. 

The relationship noted between hillock characteristics ru1d 

Cr'Jstal growth form should aid in identifying the growth form of 

tetrahexahedroida now devoid of growth form surfaces. Any tetrahexa­

hedroid exhibiting prominent, long hillocks is likely to have been 

derived from a stratified, octahedral crystal. One exhibiting only 

subdued hillocks is likely to have originated from either a cube 

·or a non-stratified, octahedral crystal. Prolonged resorption of a 

stratified octahedron could, however, also produce a tetrahexahedroid 

with only subdued hillocks. Similar hillocks are generally developed 

on all of the tetrahexahedroid surfaces of any particular crystal. 

"'} 
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Relationships between hillock characteristics, terraces, 

degree or resorption and original gro~th form indicate that hillocks 

result during the resorption process which produces tetrahexahedroid 

surfaces. Negatively-oriented etch features are developed on associated 

octahedral and cubic surfaces. Some particularly wide, semi-cyli11drical 

hillocks might represent the rounded sides of resorbed triangular plates 

(Article 6.2.2.). 

The forms assumed by hillocks ma~ depart ~ubstantially from those 

described above. Distinct textures, such as shagreen texture. (s2e Article 

6.5.2.), are thus produced. In addition, textures such as corrosion 

sculpture, microdisk patterns and fine striation with edge enhancement 

(Articles 6.4.s., 6.4.10. and 6.4.11., respectively) have very fine, 

elongate hillocks as component features. Modified hillccks may also 

be regarded as distinctive textures, as in the case described next. 

6.4.3. "Semi-cylindrical hillocks with hexagonal pits" 

The sides of prominent semi-cylindrical hillocks may approximate 

to octahedral surfaces and trigons may be developed there. Much more 

common, however, are semi-cylindrical hillocks which exhibit hexagonal 

pits at their approximately octahedral sides (Figure 35), Combined forms 

exhibiting semi-cylindrical hillocks with hexagonal pits also exhibit 

hexagonal pits on their octahedral faces. As previously discussed 

(Article 6.2.5 . ), hexagonal pits can be regarded as positively-oriented 

in part. Etching processes which produce positively-oriented features 

preferrentially attack octahedral surfaces (Phaal, 1965; see Sevtion 

6.1.). Therefore, octahedral sites for hexagonal pit development on 

hillocks are more likely to be initiated by an etchant (e.g. oxygen 

gas) producing positively-oriented textures than by one producing 

only negatively-oriented textures. 
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6.4.4. "Low- r elief surfaces" 

Tetrahexahedroid surfaces seen, at low magnifications, to display 

only vague undulations, are designated as low-relief surfaces. In t he 

scanning electron microscope, Dowever, very small hillocks and other 

irregularities can be discerned (Figure 36). Crystals with low-relief 

surfaces generally lack octahedral vestiges but may display subordinate, 

indented cubic surfaces. Some exhibit subdued terraces about six-fold 

a.x:ial corners. 

Most crystals with low-relief surfaces are likely to have 

resulted from the moderate to advanced resorption of cubic or un­

stratified octahedral crystals. Examples which also exhibit terracing 

probably represent highly resorbed, stratified octahedra. 

6.4.5. ShagTeen texture 

The Sho:cter Oxford English Dictionary (1968) defines "shagreened" 

as referring to a roughened surface of appearance like shark skin, 

untanned leather, etc •• The term has been used by Afanas'yev et al. 

(1974) to denote the appearance, at low magnification, of very fine 

hillocks developed in association with lamination lines on diamond 

tetrahexahedroid surfaces. Since shagreen texture is intimately 

associated with lamination lines, full discussion of shagreen texture 

is deferred to Article 6.5.2. 

6.4.6. Pyramidal hillocks 

Isolated or scattered, conspicuou3 hillocks of rounded, triang­

ular-pyramidal form occur on one or more tetrahexahedroid surfaces of 

some diamonds. Individual pyramidal hillocks are elongated in the 

negative orientation and present a distinctly blunt end towards four­

fold axial corners (Figure 37), 

Orlov (1977, p. 93) discusses pyramidal hillocks in some detail. 
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He cons iders t hat they re sult from the resorption of crystals with 

cube-octahedral layering and offers geometric "proof" of their 

derivaticn. Diamonds with prlmary layering of the type required were 

not encountered, however, in the present inve s tigation. Some pyramidal 

hillocks are as sociated with lamination lines (see Section 6.5.2.) 

and it is considered more likely that the pyrawidal form of the hill ocks 

results from a relative resista..~ce to resorption at the ihtersections 

between three lamination lines. This explanation also appears to have 

been favoured by Urusovskaya and Orlov (1964). 

6.4.7. "Zigzag texture" 

Zigzag patterns are sometimes observed about four-fold axial 

corners (Figure 38). The pattern traces the intersections between 

two sets of the octahedral layers not generally expressed on tetra­

hexahed:roid surfaces. Truncated, "complex rectilinear" (Seal, 1963) 

octahedral growth layers are possibly represented. 

6.4.8. Corrosion sculpture 

Fairly deep depressions of elliptical to irregular, curved 

outline are developed on the tetrahexahedroid surfaces of some crystals 

(Figure 39). Most of these depressions are bet~een 50 fUID and 0,3 mm 

in maximum diameter (on minus 11 plus 9 crystals) and are sepaxated 

by a surface exhibiting only minor hillocks. The bottoms of the 

depressions are usually striated and coalescence of depressions some­

times results in large areas, and even entire tetrahexahedroid surfaces , 

exhibiting only the striations. The striations resemble very fine 

and long, semi-cylindrical hillocks. 

Wagner .(1914, p. 144) and Williams (1932, p. 438, Plate 151) 

referred to the depressions as "pock marks". Orlov (1977, p. 93) 

includes them among his "etch pi ts''. Gorina (1971) apparently first 
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suggested the term "corrosion sculpture" for these (and other, 

possibly related) features because, unlike typical etch pits, their 

outlines lack geometric regularity dependant on crystal structure. 

Associated octahedral and cubic surfaces on corroded tetra­

hexahedroida usually exhibit only the almost ubiquitous trigons and 

tetragons, respectively. Only occasionally, associated octahedral 

surfaces are coarsely frosted (see Article 6. 5.11.) and cu.bic sur-­

faces exhibit small, irregular to circular micrc,-pi ts (Article 6. 5.10.). 

Whatever cause s corrosion sculpture therefore appears to freteren­

tially affect tetrahexahedroid surfaces . Corrosion sculpture post­

dates the resorpticn process which produces hillocked tetrahexahedroid 

surfaces but occasional trlgons are younger. Shallow depressions 

(Article 6.4.9.) are relatively common on the diamonds in kimberlitic 

samples in which corrosion sculpturing is also common. Fine corrosion 

sculptures may grade into coarse frosting (Article 6.5.11.). Microdisk 

patterns (Article 6.4.10.) are associated or may be superimposed on 

corrosion sculptures. 

Williams (1932, p. 438) noted the development of corrosion 

sculpturing beneath coatings of graphite. Gorina (1971) considers 

that attack by a gaseous agent, rather than a phase transformation, 

is the most likely cause of corrosion sculpt·c.ring. In the present 

investigation, black coatings were never seen to overlie corrosion 

sculptures, while the graphite observed by Williams (op.cit.) could 

have resulted from diamond oxidation at a sufficiently low oxygen 

fugacity. The nature of the constituent depressions suggests that 

corrosion ~culpturing is produced by rapid, brief etching. The rare 

association with graphite suggests that low oxygen fugacities some­

times prevailed. This implies relatively high temperatures for the 

etchant concerned. Temperatures exceeding 950°C are indicated by 
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developreents of younger trigons, unless a heating 8vent be allowed. 

SteaLJ is a possible candidate for the etchant respons ible. 

Wagner (1914, p . 144) observed that corroded diamonds are 

c?mmon among thos8 recove~ed from the deeper mining level s (i.e. 

depths of a few hundred metres) of the Kimberley mines but that thay 

are apparently absent from the shallow levels. This suggests that 

diamond was corroded after mo.gma emplacement into the diatremes at 

Kimberley. 

6.4.9. "Shallow depressions" 

Shallow depressions (Figure 40) have irregular, curved out­

lines. They are much shallower , but often of greater areal extent, 

than corrosion sculptures. The bottoms of the depressions are flat 

and either smooth or shagreened. Microdisk patterns (Article 6.4.10.) 

are sometimes associated and appear to be of the same age. As 

previously mentioned, diamonds with shallow depressions appear to be 

associated with diamonds displaying corrosion sculpture. Shallow 

depressions are considered to represent either an incipient, or less 

localized, manifestation of corrosion. 

6.4.10. Microdisk patterns and "pa.tterns of micro-nits" 

Circular disk patterns (Fig,.i.re dl) occurring on tetrahexa­

hedroid surfaces have been comprehensively described by Pandeya and 

Tolansky (1961). These investigators noted the circular outline of 

disks over crystal edges and a frequent association with patterns of 

etch pits. Overlap between neighbouring disks is also evident in 

illustrations presented by Pandeya and Tolansky (op.cit.). It can 

be added that fine, elongate hillocks frequently extend across disk 

boundaries and that large disks may have concaYo-convex, rather than 

circular, outlines. Where micro-disk patterns are locally developed, 
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the summits of the uppermost disks correspond in elevation to the 

adja0ent surfaces without disks. 

In the present study, patteI'!l.s of micro-pits (Figure 42) were 

o.J.so found to be comiilon associates of microdisk patterns. Individual 

pits are circular or elliptical to rectangular in outline and only 

A few micrometres across. They might be allied to circular micro-pits 

Article 6.5.10.). The pits aJ..~e arranged in arrays which are commonly 

circular or oval and conceivably define the outlines of incipient disks. 

According to Orlov (1977, p. 97) the opinion has been ventured 

that microdisk patterns re sult from successive accumulations of disk­

shaped growth laminae. A growth origin can be refuted by the assoc­

iation of microdisk patterns with the patterns of ~icro-pits and by 

local areas of microdisk patterns being at lower elevations than 

crystal surfaces not exhibiting them. In addition, microdisk patterns 

have been produced experime~tally by oxidation. Patel and Agarwal 

(1966) were responsible. They etched diamond in oxygen gas, under 

pressures of a few bars, at 800°C and found that very rapid etching 

for a short period was necessary to produce microdisks. Patel and 

Agarwal subscribed to the suggestion of Pandeya and Tolansky (1961), 

that successively superimposed disks owe their relatively high 

elevations to the protective action of gas bubbles of progressively 

diminishing size. The protective gas could have been carbon .dioxide 

and/or carbon monoxide. 

Patel and Agarwal (1966) also succeeded in producing micro­

disk patterns on octahedral surfaces of diamond. In the present 

study, microdisk patterns and patterns of micro-pits were found to be 

restricted to tetrahexahedroid surfaces while octahedral surfaces, 

where associated, displayed no unusual features. No crystal encoun­

tered with microdisk patterns exhibited cubic surfaces. Natural 
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microdisk patterns and patterns of micro-pits apparently result, 

therefore, from a :i:·rocess toward which octahedral sw:-faces are 

relatively resistant. Likely etcha.~ts are steam or wet carbon 

dioxide gas at temperaturas above 950°C. Relatively high temperature 

and/or oxygen fugacity are/is required for the etching to be 

sufficiently rapid to produce microdisk patterns rather than only 

the common, elongate hillockb of tetrahexah.edroid surfaces. In the 

case of steam, howtwer, conditions need to be less oxidizing them 

necessary to produce positively-oriented etch features. Carbon monoxide 

gas is the most likely oxidation product which could have formed 

protective bubbles. 

6. 4.11. "Fine striation with edg-e enhancement " 

Some diamonds from two of the localities studied (Dokolwayo 

and Blane, both in Swaziland) exhibit finely-striated to complexly 

sculptured tetrahexahedroid surfaces and associated, ridge-like tetra­

hexahedroid crystal edges (Figure 43). At the incipient stage of 

development of the taxture, only light frosting is evident but this is 

absent at crystal edges. The frosting can be resolved into a system of 

linear to curved grooves and pits exhibiting no easily recognizable, 

crystallographic elements. At relatively advanced stages of development 

of the texture, fine, semi-cylindrical hillocks elongated parallel to 

the traces of octahedral growth layers are developed in the vicinity 

of "C" edges. Elsewhere, the hillocks assume a triangular-prismatic 

form produced by their truncation at one end and thinning toward the 

other end. As in the case of pyramidal hillocks, blunt ends are 

presented towards four-fold axial corners. The ends of adjacent 

hillocks are locally aligned so that discontinuous, wavy steps which 

are roughly parallel to "A" edges are apparent. The most conspicuous 
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feature of diamonds exhibiting this surface is that tetrahexahedroid 

crystal edges stand at a higher elevation than the striated surfaces 

of these crystal faces. Associated octahedral crystal faces exhibit 

n) extraordinary features. 

The poorly-defined crystallographic control on features con­

stituting the texture suggest that it probably results from rapid 

etching. Since little diamond is removed, only short periods of 

etching axe probab~y involved. Constitue~t hillocks are in the 

negative orientation. It is not understood why crystal edges should 

be less etched than tetrahexahedroid surfaces. 

6.4.12. "Ribbing" (on dodecahedral surfaces) 

Ribbing is intimately associated with knob-llke asperities. 

These two textures are therefore considered together in Article 6.5.s. 

6.4.13. Transverse hillocks 

Rare examples of tetrahexahedroida exhibit hillocks which are 

elongated transversely to the common, elongate hillocks (Figure 44). 

Transverse hillocks are positively oriented. Such hillocks may be 

superimposed upon terraces and elongate hillocks, in which case a 

complex texture results. Positively-oriented trigonal pits are 

developed on ar...y octahedral crystal surfaces present on tetrahexahe­

droida which display transverse hillocks. Tra.~sverse hillocks always 

post-date negatively-oriented textures and apparently form in assoc­

iation with positively-oriented trigonal pits on octahedral surfaces. 

6.4.14. "Imbricate wedge-forms" 

Imbricate wedge-forms (Figure 45) is a rare surface texture. 

As in the case of transverse hillocks, positively-oriented trigonal 

pits are developed on any octahedral crystal faces p~esent on tetra­

hexahedroida which display imbricate wedge-forms. Imbricate wedge-
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forms can be regarded as a variation of transverse hillocks. 

6.4.15. "Rhombic serration" 

Rhombic serration (see Figure 13) was noted on only two crystals , 

both of curve-faced dodecahedral form, among the diamonds s tudied. 

Neither of these crystals exhibits octahedral or cubic crystal surfaces 

and the orientation of the tAxture is not self-evident on dodecahedral 

surfaces. The development of rhombic serration appears to also result 

in the dodecahedral form, possibly by modification of the tetrahexa­

hed~oid. Conside~ing that only two diamonds displaying rhom~ic 

serration were studied, speculation about the process responsible for 

the texture is not warranted. 

6.5. NON-RESTRICTED SURFACE TEXTURE,S 

Some surface textures are not restricted to any particular 

crystal surface of diamond. Such textures include those listed below. 

6.5.1. The macle li~e 

Planes of contact twinning are characteristically expressed 

by a herringbone pattern (Figure 46). The "spine" marks the plane of 

twinning. The "ribs" are elongate hillocks in the case of tetrahexa­

hedroida and the edges to shield-shaped laminae in the case of octa­

hedra. Rhombic pits which lie astride the plane of twinning app~ently 

consist of pairs of opposed trigons. 

6.5.2. Lamination lines (and tetra11exahedrcid, shagreen texture) 

Tetrahexahedroid surfaces commonly exhibit series of lineations 

(Figure 47) which are best seen in the vicinity of four-fold axial 

corners. These "lamination lines" are parallel to octahedral planar 

traces. One or two, transecting sets of lamination lines may be 

evident, with. neither set being parallel to the traces of octahedral 
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growth layers on tetrahexahedroid surfaces. On tetrahexahedroida, 

laminati0n lines extend across the edges between adjacent surfaces. 

Only rarely, however, are lamination lines which might be con­

~picuous on tetrahexahedroid surfaces seen to extend onto associated 

octahedral surfaces. Then they are inconspicuous features unless 

marked by lines of trigons. Lamination lines are usually spaced 

evenly and less than 0,1 mm apart but a widely-spaced variety is 

also distinguished. The widely-spacea. variety consists of compound 

lamination lines, each of a few cJ.osely-spaced individuals, which 

a.re widely separated from one another or occur in isolation. Closely­

spaced lamination lines either mark steps between differently-elevated 

strips of tetrahaxahedroid surface or mark the crests of micro-ridges. 

In the former case the lamination lines resemble micro-fault scarps. 

In the latter case there is no resemblance to faulting. Widely-spac2d 

lamination lines on tetrahexahedroi~ surfaces alw~ys mark topographic 

ridges. 

Shagreen texture (Figure 47, see also Article 6.4.5.) is 

generally associated with closely-spaced lamination lines on tetra­

hexahedroid surfaces. At low magnification, surfaces displaying shag­

reen texture appear rough on a very fine scale, as in the case of 

shark skin. At high magnification, shagreen texture is seen to consist 

of prolific micro-hillocks which are each approximately 10 fUill wide. 

Micro-hillock lengths are determined by the spacing of lamination 

lines. In the absence of surface irregularities, the micro-hillocks 

trend parallel to the traces of octahedral growth layers. At the sides 

of ridges which are crested by lamination lines, however, the trends 

of micro-hillocks deviate so that a herringbone pattern results. 

Widely-spaced or isolated lamination lines may, thus, easily be 

mistaken for macle lines. 
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Williams (1932, p. 461) first demonstrated that lamination 

lines do not expre ss twinning. He suggested, on the 3.dvice of M.D. 

Mountain, that they are glide lines. More detailed X-ray diffraction 

analyses by Urusovskaya 8.L<d Orlov (1964) substantiated william's 

suggestion and demonstrated that crystals exhibiting lamination lines 

have experienced plastic deformation by internal gliding along sets 

of octahedral planes. 

The lack of topographic expression of lamination lines on 

octahedral surfaces indicates that the amount of translation involved 

at each glide plane cannot be more than minute. The apparent "micro­

faul ts" on tetrahexahedroid surfaces therefore <io not reflect actual 

amounts of translation. Instead, the "micro-faulti:::ig" is likely to 

be a consequence of differential resistance to resorption between 

strips of surface bounded by lamination lines. The manner in which 

lamination lines commonly define the crests of ridges on tetrahexa­

hedroid surfaces indicates that these lines mark the traces of plane s 

which were relatively resistant to resorption. A general, relative 

resistance to resorption at lamination lines is also suggested by 

their particularly good expression near to the four-fold axial corners 

of some tetrahexahedroida, since these corners are the regions where 

a maximum resorption of original octahedra would have occurred. 

Evidently, it is only in rare cases that glide planes are relatively 

weak planes. Lamination lines at which trigons are localized on 

octahedral surfaces are probably examples of structurally weak glide 

planes. 

Lamination lines pre-date trigon formation and crystal resorp­

tion. Both . lamination lines and sha.green texture are particularly 

common among brown diamonds but also occur on colourless and other­

coloured diamonds. 

' 
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According to Gane (1971), it is possible for diamond to 

deform plastically at room temperature. Stresses close to the 

theoretical strength of diamond are required, however, and only a 

slight tensile stress component will cause brittle fracture to 

occur instead (Gane, op.cit.). Evans (1976) has shown that only 

at temperatures above approximately 1 500°C is plastic behaviour 

more likely than brittle behaviour. At suer. high temperatures, 

diamqnd should be ~apidly graphitized unless pressure is also very 

high. High pressure probably inhirits brittle fracturing to -some 

extent so that Evans (op.cit.) estimates that temperatures of at 

least 1 300?C and pressures of approximately 50 kb probably prevailed 

during the natural, plastic deformation of diamond. The environment 

in which the plastic deformation considered responsible for 

initiating lamination lines on diamond probably occurred is discussed 

further in Secticn 7.2. 

When lanination line s and shagreen texture are evident only 

near to four-fold axial corners," remaining tetrahexahedroid surfaces 

commonly exhibit elongate hillocks. In common with elongate hillo0ks , 

the micro-hillocks of shagreen texture probably also result from 

resorption. Micro-hillock forms are strongly influenced, however, 

by the glide planes with which they a"':'e associatecl-. 

6.5.3. Chemically-polished surfaces 

Some tetrahexahedroid surfaces display only occas~onal, sub­

dued hillocks and lack any ultrafine texture. Crystals with these 

polished, tetrahexahedroid surfaces display nearly perfect adamantine 

lustre which is usually the case only for octahedal diamond surface s . 

Another notable feature of such crystals is that their edges, and 

edges to trigons on octahedral crystal faces, are distinctly rounded. 

Diamonds with polished surfaces of the type described were encountered 
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only among some samples frow detrital deposits. Nevertheless, it is 

clear th3.t the polishing is due to a chemical, rathe:!'.' than mechanical, 

process which pre-dates all abrasion features. This type of polished 

~urface is therefore likely to be a pristine surface texture. Chemically­

polished sur_faces are illustrated in Figure 48. 

Chemical polishing post-dates crystal resorption and the form­

ation of trigons. · A dispropor tionate number of the diamonds with 

chemically-polished surfaces also displ~y shallow , network patte+ns 

(Article 6.5.5.). The process resr0nsible for chemical polishing 

apparently also picks out the structural features which network 

patterns reflect. 

Considering the experimental data reviewed (Section 6.1.), 

reaction with dry carbon dioxide gas is the most likely process by 

which diamond may be chemically polished. This reaction requires 

temperatures above 950°C (Phaal, 1965). 

6.5.4. Ruts 

Typical ruts are illustrated in Figure 49 . Most ruts trace 

octahedral to subconchoidal planes on tetrahexahedroid surfaces. 

Others radiate from inclusion cavities or are developed at seams 

between interpenetrantly-twinned parts of crystals. Some are sinuous. 

Rut sides are usually conspicuously etched while edges betwee~ such 

sides and crystal surfaces are typically rounded, and there can be 

little doubt that many ruts represent either planar zones of weakness 

or actual cracks widened by resorption or etching. Textures such as 

frosting (Article 6.5.11.) were sometimes seen to partly extend into 

ruts, proving that some are relatively old features. Orlov (1977, p. 98) 

refers to ruts as "etch channels". He (op.cit., p. 205) suggests 

that sinuous examples are produced by etchants which penetrated along 

cracks in xenolith hosts to diamond. The forms of such ruts then 
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reflect the forms of the cracks, rather than any planes of weakness 

in diamond. 

6.5.5. Network patterns 

Patel and Agarwal (1966) imply that network patterns are common 

features on diamonds. In the present s tudy they were found to be 

rare features noted only in some detrital diamond samples. Network 

patterns pre-date diamond abrasion and etching is obviously involved 

in their formation. Although network paiterns were not observed in 

any kimberlitic diamond sample studied, they are therefore Likely to 

be pristine features. Network patterns occur on cubic, octahedral 

and tetrahexahedroid crystal surfaces (Figure 50). In all cases the 

networks define the intersecting traces of octahedral planes .• Tolansky 

(1959) and Patel and Patel (1972) report that some network patterns 

mark elevations on diamond surfaces. In the present study they were 

always seen to consist of grooves. In most cases the grooves are 

much less substantial features than the ruts described previously. 

They are sometimes difficult to distinguish from cracks. 

Network patterns on cubic surfaces consist of two sets of 

parallel grooves intersecting at 90°. Intersections between grooves 

may be curved. Convex cubic surfaces (see Section 5.4) commonly 

exhibit network patterns. In such cases the grooves extend only 

partly onto adjacent tetrahexahedroid surfaces. On some cubes with 

indented surfaces, network patterns were found to be developed on 

adjacent tetrahexahedroid surfaces but to be absent within the most 

indented areas of the cubic surfaces. 

On octahedral surfaces, network patterns consist of three, 

intersecting sets of parallel grooves. Each set is parallel to an 

octahedral crystal edge. Complex, local patterns may develop according 

to the variet~r of groove intersections involved. The network patterns 
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observed on octahedral crystal surfaces were seen to peter out 

on adjac~nt tetrahexahedroid surfaces. 

Rhombic and crescentic network patterns develop on tetrahexahedroid 

surfaces. These patterns reflect two of the three directions of octahedral 

planar traces, the unrepresented direction being that tracing 

octahedral growtn layering. The grooves on tetrahexahedroid surfaces 

may be narrow and shallow or substantially wider and deeper than 

those observed on other crystal surface$. The crescentic pa~ternsconsist 

of particularly wide and deep, bu~ shor\ grooves which resemble ruts. 

Crescentic patterns are considered as a variety of network pattern 

in which groove development is localized at intersections. They also 

resemble large percussion figures (see Section 8.2.). Unlike per­

cussion figures, however, the crescentic patterns are distinct 

grooves, rather than mere cracks, and spall scars are not generally 

associated. Another variant of the network patterns developed on 

tetrahexahedroid surfaces consists of small, crescentic grooves 

arranged in series. These features a.re easily mistaken for chatter-

mark trails (see Section 8.2.). Series of crescentic grooves also 

resemble scratch-like markings (Article 6.5.12.) in some respects. 

The depth of the grooves constituting the rhombic and a.rcuate patterns 

tends to be uniform on any tetrahexahedroid surface. Groove depth is 

therefore unrelated to the amount the crystal surface was lowered by 

resorption, which is not the case with most other network patterns. 

Network patterns which consist of narrow, shallow grooves, a.re 

nearly always developed on chemically-polished diamond surfaces. 

Deep network patterns on tetrahexahedroid surfaces may be associated 

either with very fine, negatively-oriented hillocks which are super­

imposed on larger, elongate hillocks, or with positively-oriented 

surface textures. Pa.ndeya and Tolansky (1961) record the development 
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of network patterns upon microdisk patterns. 

Orlov (1977, p. 100) mentions experiments by Titova (1960) 

who produced network systems of cracks by heating diamonns in air 

at 700°C. Orlov suggests that cracks may be produced by heat alone 

and that these could be subsequently widened by etching. Air at 

700°C should oxidize diamond (Phaal, 1965), however, and the features 

observed by 'l'itova could have been the incipient grooves of network 

patteIT.s, rather than cracks . Should Or_lov's (op.cit.) suggestion, 

thai, network patterns can be initiated by heat, alone, be tenable, 

network patterns could be expected to be exceptionally common 

feature s of diamond. 

Patel and Patel (1972) succeeded in widening the grooves of 

existing network patterns by etching in fused potassium nitrite at 

800 to 860°C. They aiso found that s~stained etching, which lowered 

the general surface of the crystals experimented on, eventually 

eliminated the network patterns. The latter result indicates only 

shallow penetration of wh~tever planes of weakness the grooves are 

localized at. Patel and Patel (op.cit.) suggest that the grooves 

are caused by etching which is localized at arrays of dislocations 

between slightly misoriented sub-grains. The sub-grains are considered 

to forro in the vicinity of diamond surfaces during the final stages 

of the growth of some crystals. Patel and Patel's (op.cit.) sugges t ion 

can explain why network patterns on cubic and octahedral crystal 

surfaces commonly fade out on resorbed and deeply~etched surfaces. 

Deep extensions of sub-grain boundarie s are required, however, for most 
I 

of the grooves on tetrahexahedroid surfaces. Considering their resem-

blance to percussion figures and chattermark trails, it is also 

possible that some crescentic grooves are the etched sites of 

damage caused by impacts between diamonds and other particles. A 
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similar origin for scratch-like markings is discussed more fully 

in Articl~ 6.5.12 .. 

The dislocation planes presumed responsible for network 

patterns contrast with the glide planes causing lamination iines in 

generally being more easily etched than undislocated diamond. The 

upstanding varieties of network pattern reported by Tolansky (1959) 

and Patel and Patel (1972), however, FOssibly reflect dislocation 

planes ,1hich proved relatively resistant to resorption and etching. 

6.5.6. Inclusion cavities 

Isolated cavities with oct~edral sides occur in some diamond 

crystal and breakage surfaces (Figure 51). Cavity sides generally 

exhibit prolific, trigonal pits. One or two ruts commonly radiate 

from the cavities. 

Sutton (1~16, pp. 84-88) describes similar cavities and 

considers them to represent sites of pre-existing inclusions. This 

is difficult to prove but the author co~curs with the opinion that. 

inclusions were responsible for the cavities. In support of this 

opinion, syngenetic inclusions in diamond corm:1only assume an octahedral, 

external form (e.g. Prinz et al., 1975) and some cavities might be 

moulds of inclusions plucked from, or dissolved out of, their hosts. 

Radiating ruts reflect release of strain about the cavities. In these 

and possibly other cases, inclusions may havo escaped from their 

hosts by ejecting a cleavage block of diamond. ~he octahedral form 

of some of the cavities may thus reflect the cleavage of diamond 

rather than the external form of an inclusion. 

Strain about inclusions is most likely to result frc;>m a 

relative contraction of diamond, by comparison with inclusion, 

during cooling. That the cavities a.re etched indicates that they a.re 

produced during (or before) ki~berlite emplacement. While diamond 
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crystal resorption may be important in reducing the amount and, 

therefore; the strength of diamond overlying an inclusion, sharp 

edges between cavities and crystal surfaces indicate that some 

inclusions must have depar~ed after crystal resorption. Others 

have rounded edges and pre-date some resorption. 

6.5.7. "Pitted hemispherical cavities" 

Hemispherical cavities (Figure 52) are conspicuous features 

on some diamond tetrahexahedroida from Wellington, Australia, and 

from the Prairie Creek KimberJite, U.S.A •. Most of the cavities have 

diameters of between 0,2 and 1,0 mm. Many are too shallow to strictly 

be termed hemispherical. Others actually have rectangular or hexa­

gonal outlines. In the Welli~gton s8.mple examined, most of the 

cavities are coated with light brown material which was not removed 

by ultrasonic cleaning. Cavity walls, where: exposed, are marked by 

prolific etch pits. Cavities of circular or rectangular outline 

usually exhibit tetragonal pits although trigonal pits may also be. 

associated. Cavities of hexagonal outline exhibit hexagonal pi ts. 

Tetragonal pits are diagnostic features of cubic surfaces of diamond 

but cavities exhibiting tetragonal pits are apparently distributed 

randomly on tetrahexahedroid surfaces. It was not possible to 

determine the orientation of thG tetragonal pits, but trigonal 

pits were seen to be in the negative orientation. Cavities containing 

hexagonal pits occur either ·on remnant, approximately octahedral 

faces or close to six-fold axial corners where octahedral su:r:·faces 

would occur if preserved. 

Few of the diamonds exhibiting pitted hemispherical cavities 

contain inclusions. Therefore, the cavities are unlikely to represent 

inclusion cavities. Grantham (1974) tentatively suggested that the 

cavities could be due to restricted growth against other mineral 
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grains. Such mineral grains would be required, however, to exhibit 

spherical, rectangular or hexagonal shapes. Also, most cavities occur 

on resorption, not growth, surfaces. 

All of the crystals ~ncountered with pitted hemispherical 

cavities are distorted tetrahexahedrcida with surfaces of low relief. 

As discussed in Article 6.4.4., many such crystals probably repre sent 

substantially resorbed cubes. The internal stratification of diamond 

cubes is undulatory (Moore and Lang, 1972). Resorption which transects 

the r,eneral, cubic stratification may therefore locally cxpo?e layers 

which are nearly parallel to a resorption surface. Etching by steam or 

wet carbon dioxide, at temperatures above 950° C, is relatively rapid 

at cubic surfaces (Phaal, 1965). Cavities may thus develop locally 

where cuboid layers nearly parallel to tetrahexahedroid surfaces are 

exposed. In the case of pitted cavities of hexagonal outline, it is 

necessary that etching was relatively rapid at octahedral surfaces. 

The hexagonal cavities are likely to have been produced under slightly 

different conditions (e.g. 950 to 1 ooo~c with free oxygen present ) 

than prevailed during the formation of typical hemispherical cavitie s . 

6.5.8. "Knob-like asperities" (and ribbing and other associated features) 

Dodecahedral diamonds displaying ribbing (Article 6.4.12.) and 

knob-like asperities (Figure 53, also Figure 12) are fairly common in 

some samples but are absent in most samples. Such diamonds are also 

very common among those studied from eclogite xe~oliths (see Chapter 9). 

Knob-like asperities occu.~ on octahedral, as well as dodecahedral, 

surfaces. Serrate laminae (Article 6.2.7.) and pointed plates (Article 

6.3.3.) are associated at octahedral and cubic surfaces, respectively. 

Coatings of very fine-grained graphite are commonly present on the 

surfaces of diamonds, recovered from both kimberlite and eclogite 
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xenoliths, which display ribbing and laJ.ob-like asperities. 

Most diamond dodecahedral surfaces display conspicuous ribs 

which are parallel to the major rhombic diagonal. Individual ribs 

are actually bounded by oc~ahedral surfaces. The dodecahedrc'.J. crystal 

surfaces are therefore compound and actually consist of octahedral 

micro-surfaces. Some ribs end in wedge-shaped terminations which 

generally point toward the nearest dodecahedral crystal edge. These 

terminated ribs grade into pointed plat~s as cubic surfaces are 

apprr,ached. 

Knob-like asperities occur upon the ribbing of dodecahedral 

surfaces and upon serrate laminae on octahedral surfaces . The outlines 

to the asperities va~y from nearly circular on dodecaheci.ral surfaces, 

and triangular ori octahedral surfaces , to grossly irregular. The 

asperities can be flat featuxes, only a few micrometres in height, 

on some diamonds and steep-sided featur~s, up to more than 0,1 mm 

in height, on other diamonds. Underlying, dodecahedral ribbing 

extends to the surfaces of_ the flat varieties of knob-like asperities. 

The sides of irregular asperities are finely pitted. A surface texture 

which is considered to be an extremely coarse variant of knob-like 

asperities is peculiar, among the samples studied, to rare diamonds from 

Pipes DK 1 and DK 2. Knob-like asperities are always of diamond 

identical in colour (frequently brown) to the diamond crystal on 

which they occur. 

Knob-like asperities, ribbing, the dodecahedral form on which 

ribbing occurs, serrate laminae and pointed plates are all uncommon 

features of diamonds in general. Intimate associations between these 

features therefore strongly suggest that they all form together. The 

universal correspondence in colour between knob-like asperities and 

host diamond does not support any likeli·hood of the asperities being 
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overgrowths. The role of flat-bottomed trigons in the development 

of serrate laminae (see Article 6.2.7.) links all of the associated 

features to a diamond-etching process. The graphite coatings which 

are commonly associated with knob-like asperities and ribbi~g 

indicate that either graphitization or oxidation at a relatively low 

oxygen fugacity (with respect to temperature) is involved in their 

formation. Oxidation is the more likely process, considering the 

association with trigons rather than with any features resembling 

"thr:;e bladed propellers" (see Article 6.1. 3.). Likely etchants are 

steam or wet carbon dioxide gas at temperatures above 950°C. One 

situation in which sufficiently low oxygen fugacities could be 

reaJ.ized is within xenoliths, where kimberlitic volatil8s have only 

limited access to any diamonds inside. 

The dodecahedral form is evidently derived by resorption of the 

octahedron. While the formation of dodecahedral, rather than tetra­

hexahedroid, surfaces appears to be a response to a relatively low 

oxygen fugacity during resorption, it is not clear why this condition 

should alter the mechanics of the resorption process. 

6.5.9. "Pitted disks" 

Rare diamonds from the Premier Mine appear light grey and 

exhibit an almost metallic lustre when viewed under the binocular . 

microscope. Their appearance is so unusual that it was initially 

suspected that the specimens were of some other mineral. X-ray 

diffraction enalysis showed this not to be the case. The surfaces 

of these diamonds consist of circu1ar disks with lightly pitted 

surfaces, which are separated by intervening, intensely pitted areas 

at a lower elevation (Figure 54). Individual disks range from 10 to 

70 ;um in diameter. Trlgonal pits are developed on disks situated on 

octahedral surfaces. Pitted disks are developed on some breakage 
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surfaces but not on others. The texture was noted only on crystals 

of irregular form so that the orientations of cons tituent etch pits 

could not be determined. 

The nature of areas between disks suggests that they ~xper­

ienced rapid etching for a short period. The circular form and less 

etched surfaces of disks can be explained by gas bubbles which 

inhibited etching. One possible sequence of events is reaction between 

diamond and oxygen gas liberating carbon dioxide at a temperature 

belo1
-: 950° C. Should the carbon dioxide have adhered as bubbl~s for 

the duration of the etching, underlying surfaces would only exhibit 

etch features developed before bubble formation. 

6.5.10. Circular micro-pits 

The detailed examination of low-relief, tetrahexahedroid surf a ces 

sometimes discloses the pre sence of scattered, shallow pits 0f cir­

cular to oval outline (Figure 55). These pits commonly have diameter s · 

of between 5 and 60 ;um. Their bottoms may be flat or the pits may. 

deepen slightly towards their margins. In most cases, only a few 

circular micro-pits are to be seen. Someti~es, however, they are 

prolific features. Then small pits occur within larger examples and 

neighbouring pits commonly overlap. Areas of overlap are relatively 

deep. Examination in the scanning electron microscope sometimes dis ­

closes the presence of associated, rectangular pits less than 5 fLUil 

in size. These rect~gular pits are possibly incipient forms of 

circular micro-pits. They re semble the constituent features respon­

sible for the fine frosting of tetrahexahedroid surfaces (see Article 

6.5.11.). 

Circular micro-pits were also noted (rarel y) on cubic crystal 

surfaces. They are apparently never developed on octahedral surfaces 

but very small pits of irregular outline may be present instead. 
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Where prolific, such pits can cause octahedral surfaces to be finely 

frosted (Article 6.5.11.). 

Circular micro-pits post-date the resorption of octahedral and 

cubic crystals. The association with some of the constituent features 

of fine frosting suggests that circular micro-pits might be a variation 

of fine frosting. According to Phaal (1965), oxygen gas at temper­

atures above 1 000° C can produce a graphite film, on diamond, which is 

sufficiently thic~ to control, and equalize, the diamond etching-

rate~ in various directions. Circular etch pits will thetl be _produced 

on diamond surfaces. No graphite films were observed, however, in 

association with circular micro-pits. The form of and inter-relation­

ships between circulP..r micro-pits are also consistent with their 

having resulted from etching by adhering gas bubbles. Carbon dioxide 

bubbles, produced as a reaction product during the oxidation of diamond, 

could possibly be responsible. 

6.5.11. Frosting 

Surface frosting is a common feature in some diamond samples 

examined but is rare or absent in other samples. It is usually only 

a local feature but entirely frosted crystals occur and may be 

confused with abraded crystals when viewed at low magnification. 

Frosting appears to be preferentially developed on tetrahexahedroid 

surfaces but commonly extends onto associated octahedral faces. It 

is superimposed on textures such as elongate hillocks and trigons. 

Relatively coarse frosting can be distinguished from relatively 

fine frosting under the conventional, binocular microscope. However, 

the one variety may grade into the other and clear distinction is 

not always possible. 

In coarse frosting, constituent features (Figure 56) can 

sometimes be resolved unde~ the conventional, binocular microscope. 



- 71 -

On tetrahexahedroid surfaces, coarse frosting consists of a myriad 

of hexagonal, e~uidimensional to prismatic pits. Prismatic varietie2 

are oriented in various directions but a preferred, negative orien­

tation is evident. On octahedral surfaces the pits are flat-bottomed . 

Their outlines vary from irregular to trigonal (negatively-oriented) 

and hexagonal. Etch pit characteristics are compatible with coarse 

frosting having formed by rapid etching, for a limited period, by 

either steam or wet carbon dioxide plus subordinate free oxygen, at 

temperatures mostly between 950 and 1 000°C. Coarse frosting can gTade 

into corrosion sculpture on tetrahexahedroid surfaces. 

In fine frosting (Figure 57), pyramidal pits of rectangular 

outline are developea on tetrahexahedroid surfaces. Irregular, hexa­

gonal and positively-oriented, trigonal pits are developed on octahedral 

surfaces. Rarely, fine frosting is localized in narrow, curved bands 

on tetrahexahedroid 3urfaces, th8reby p~oducing features which resemble 

scratches when viewed at low magnificat~on. The characteristics of the 

octahedral etch features suggest that fine frosting results from rapid, 

brief etching, mainly by oxygen gas, at temperatures of about and be­

low 950°C. It is common for breakage surfaces to exhibit fine frosting. 

This indicates that fine frosting is a very young surface texture. The 

.fine frosting which accompanies the development of fine striation with 

edge enhancement (Article 6.4.11.) is distinct from that discussed here. 

6.5.12. "Scratch-like markings" 

Linear to curved features resembling scratches (Figure 58) occur 

on the octahedral and tetra.hexa.hedroid surfaces of some diamonds. 

Rare examples resemble percussion figures. None of these features 

was observed on cubic surfaces. Scratch-like markings were found 

to be particularly common on the diamonds of some detrital deposit s 
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but were also noted in some samples from kimberlite. Scratch-like 

markings were first reported on natural diamond by the author in 

1975 (Robinson, 1975). 

On diamonds of the mlnus 11 plus 9 sieve class, individual 

scratch-like markings vary from a few micrometre s to about 2 mm 

in length. The shortest are usually only a few micrometres in 

width while most long examples have widths up to 0,1 mm. Width is 

not always related to length, however, so that long examples may be 

narrr,w and short examples may be wide. Only wide examples ar~ prom­

inent features under the binocular microscope. Scratch-like markings 

are frequently, but not always, concentrated at crystal edges and 

on octahedral crystal faces. On tetrahexahedroid surfaces they are 

sometimes relatively abundant in the vicinity of six-fold axial 

corners. Parallel scratch-like markings are sometimes developed 

but nc universal, strongly preferred orientation was noted. 

At high magnification, scratch-like markings are seen to 

consist of evenly-spaced, crescentic to elbowed grooves arranged in 

8eries. Careful examination discloses that individual grooves trace 

three octahedral planes although intersections between these traces 

may be curved. Some wide, prominent examples of scratch-like markings 

exhibit one or more medial, linear grooves and linear grooves which 

join the elbows of crescents. Slight displacements sometimes appear 

to have occurred at these linear grooves. Examples of scratch-like 

markings which resemble percussion figures consist of a small number 

of relatively wide, sometimes opposed, crescentic grooves. 

Similar, scratch-like features noted on detrital alma.~dine 

grains were interpreted by Folk (1975) as chattermark trails 

accredited to glacial scouring. This was contradicted by Bull (1977) 

who demonstrated that light etching can produce the same features 
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on quartz crystal faces. The author has also observed scratch-like 

features on lightly-etched, breakage surfaces of kimberlitic pyrope 

grains. Developments of scratch-like features on kimberlitic pyrope 

and on diamonds recovered r'rom kimberlite disproves any depe:ndence 

on glaciation for the texture. 

Scratch-like markings must reflect either mechanical surface 

damage or an internal, structural featura. Myriads of extremely small 

(edge length approximately 1/Uill), positively-oriented., trigonal pits 

are ~requently associated with the scratch-like markings on niamond 

octahedral surfaces. Such pits are otherwise very rare and it is 

evident that the etching which produced them also disclosed the 

scratch-like markings. The scratch-like markings are absent in the 

deepest parts of"" some trigons.This indicates that they are confined 

to the near surface. The presence of scratch-like markings on 

tetra.hexa.hedroid dia;nond surfaces indic~tes that they post-date 

diamond resorption. Scratch-like markings are therefore likely 

to reflect mechanical sur:t:ace damage, rather than an internal, struc­

tural feature. Mechanical spalling is seldom evident, however, at the 

scratch-like markings on diamonds recovered from kimberlite. 

Brookes and Green (1973) observed that light etching.may 

disclose micro-deformation, which is not otherwise evident, at the 

surface of a hard crystal where it has been contacted by a softer 

material. Contact pressures of only a hundredth of the nominal 

indentation hardness are required. Brookes and Green (op.cit.) 

consider the deformation to be by dislocation activity, i.e. plastic 

deformation. However, Wentorf (1959) noted that diamond is relatively 

weak in tension and therefore likely to fail under frictional stress 

by cracks resulting from the pulling apart of octahedral layers. 

Published photomicrographs (Brookes and Green, op.cit.; Wentorf, op,cit. 
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and Schl~ssen, 1969) of friction tracks on various materials over 

which indenters had been slid closely resemble natural, scratch­

like markings on diamond. The natural markings are therefore con­

sidered to reflect friction between diamond and softer materials, 

with disclosure of the tracks requirlng subsequent, light etching. 

Scratch-like markings were produced on a synthetic diamond 

lightly etched by water-rich kimberlite at 1 080° C and 30 kb (Wyatt 

and Robinson, 1975). Frietion was presumably a consequence of the 

compdction of the particulate kimberlite surrounding the diamond, 

as pressure was increased during the experiment. 

The influence of scratch-like features on the abrasion of 

diamond is discussed in Section 8.5. 

6.5.13. Concentric patterns on ballas surfaces 

Rare ballas diamonds were noted from the Premier Mine and 

the State Diggings. This diamond curiosity is a radial aggregate 

(Orlov, 1977, pp. 14-15; Jeynes, 1978). Ballas surf~ces exhibit 

concentric, hexagonal patterns (Figure 59) which presumably represent 

sections through the conical constituents radiating from the 

ballas centres. 

6.5.14. Graphite coatings 

A surface coating of very fine-grained, black material is 

common on the diamonds in eclogite xenoliths (see Chapter 9). Textures 

such as flat-bottomed trigons, serrate laminae and ribbing are 

developed beneath this coating. Black coatings are very rarely 

present on diamonds recovered from kimberlite. Where present, ~uch 

coatings invariably overlie rare surface textures, particularly 

ribbing, knob-like asperities and serrate laminae. Although not 

strictly a diamond surface texture, it is appropriate to discuss 
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these black coatings in some detail . 

Phaal (196 5) refers to "amorphous carbon" bei!lg produced in 

diamond-oxidation experiments . Evans and Phaal (1962) refer to the 

same material as "graphite". A number of crushed samples of black 

material coating diamond surfaces ware subjected to X-ray diffraction 

analysis. It was found that very poor diffraction patterns were obtained 

in a conventional, Debye-Scharer X-ray camera. This suggested tha t the 

material is ei theJ .· poorly crystalline or predominantl;-, amorphous .. The 

same samples were also X-rayed in a Gandolfi camera, in whiQh the sample 

is exposed through a much wider range of solid angles to the X-ray beam 

than in the Debye-Scherer arrangement. Sharp diffraction patterns 

diagnostic of well-crystallized graphite (E. Ho-T1.:n, personal communication) 

were obtained. The poor results obtained in the Debye-Scherer camera 

can be ascribed to the difficulty of producing suitable graphite s2mples. 

Well-formed graphite crystals were also imaged in the scanning elec t ron 

microscope in some cases (Figure 60). 

A graphite coating on diamond need not imply the purely physical 

transformation of diamond. As mentioned previously, graphite coatings 

may develop on diamonds during fairly low temperature oxidation experi­

ments conducted at sufficiently low oxygen fugacities. Oxygen evidently 

catalyses graphitization. The presence of sufficient oxygen will ensure, 

however, that all traces of oxidation-graphitization are removed. 

The common preservation of graphite coatings over certain, rare 

diamond surface textures indicates that the general scarcity of graphite­

coated, kimberlitic diamonds is not entirely due to the coatings having 

been removed by magmatic attrition. This is also indicated by a general 

absence of graphite in deep depressions in the surfaces of some diamonds. 

The general scarcity of graphite coatings must be mainly due, instead, 

to their uncommon development. 
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7, THE SEQUENCE OF EVENTS AFFECTING DIAMONDS 

In the previous chapter, relative ages were noted between 

some surface textures. Only in the case of trigons within hexa-

gonal pits, is it possible that a negatively-oriented feature might 

post-date a feature containing a positively-oriented element. As 

detailed in Article 6.2 .5., however, both the negatively- and posit­

ively-oriented cc::nponents of this texture probably develop at about 

thz same temperature. The relati·,e ages between some surface textures 

and crystal forms were also noted in the previous chapter. Most of the 

surface textures and crystallographic features can therefore be 

arranged in a t:hronological sequence. The develo:::;ments of the main 

colours in diamond can also be included in the sequence . Considering 

the conditions under which some diamond features were probably produced, 

the sequence of the events affecting diamonds 1 can be compiled. The 

diamond characteristics considered are listed in the chronological order 

of their development in Table 6. Five main processes responsible for 

these characteristics are recognized. These processes are:-

i. Crystal growth. 

ii. Plastic deformation. 

iii. Crystal resorption and high-temperature etching. Thz etching 

typically produces negatively-oriented etch features. 

iv. Damage caused by friction. 

v. Relatively low-temperature etching which typically produces 

positively-oriented etch features. 

7.1. CRYSTAL GROWTH 

Colours which can be attributed directly to the growth environ­

ment include the colourless of type Ila diamonds (which contain very 
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little nitrogen) and the amber yellow of type Ib diamonds (which 

co~tai~ nitrogen as single, substitutional atoms) . As in diamond 

synthesis experiments (Giardini and Tydings, 1962), only the octal:~dron 

and cube need to be primary crystal formE . Smooth octal1edral faces 

and triangular plates are the only growth-produced surface texture s noted 

to ever survive. The potential for textures such as terraces, zigzag 

texture, some network patterns and the macle line to develop sub­

sequently is als0 determined during crystal growth . 

The intersection bet~een t~e shield geothermal gradient and the 

thermodynamic boundary for diamond crystallization, which are plotted 

in Figure 1, indicates a minimum depth of 154 km and a minimum temper­

ature of approximately 1 250°C for diamond crystallization. While 

cubes might crystallize at this temperature, octahedra probably require 

higher temperatures and, hence, a greater minimum depth. (It should 

be noted that the geothermal gradients which prevailed during periods 

of diamond crystallization are not known. The gradient used in Figure 

1 is only one of a number of calculated or inferred examples which 

have been published. Depending on the example selected, any minimum temp­

erature between 1 000 and 1 300° C can be implied for diamond growth). 

The aggregation of substitutional nitrogen atoms to produce the 

relatively common, colourless or yellow type Ia diamonds should occur 

.within a few years in diamond growth environments, according to the 

experimental results of Chrenko, Tuft and Strong (1977). This interval 

suggests (but does not strictly imply) that type Ia diamonds pre-date 

the generation of kimberlite magma, while favouring the possibility th~t 

the rare, type Ib diamonds originate in kimberlite magma. 

7.2. PLASTIC DEFOfilvT.ATION 

Lamination lines are considered to reflect plastic deformation. 
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Most of the brown colour in diamond is considered to develop in 

association with plastic deformation (see Chapter 18). 

The conditions estimated by Evans (1976, see Article 6.5.2) 

ior the natural, plastic deformation of diamond places this process 

within the earth's upper mantle. Brovm discolouration, if due to 

incipient graphitization (see Section 4.3 ), suggests that diamond 

may be taken to conditions outside of its thermodynamic stability 

field during the d.~formation event. Stress heating is likely to be 

responsible. 

Plastic deformation requires a deviatoric stress which implies 

that diamonds were contained within an essentially solid medium while 

they were undergoing deformation. It is therefore concluded that any 

diamond displaying lamination lines must be a xenocryst with respect 

to kimberlite magma. Both Orlov (1977, p. 205) and Robinson (1978) 

have suggested that diamonds are plastically deformed during the 

shearing process which is recorded in the textures of many ultramafic 

xenoliths in kimberlite (e.g. Boyd e.nd Nixon, 1975). Orlov (op.cit.) 

is of the opinion that the process which fractures eclogite xenoliths 

can also plastically deform diamonds. Boyd and Nixon (op.cit.) 

suggested that the shearing evident in ultramafic xenoliths could 

have been caused by mantle creep asso0iated with the fragment~tion of 

Gondwanaland.. Goetze (1975) subsequently demonstrated that the deformed 

textures should not survive long residence at high temperature, so that 

they are probably caused by sheer stresses induced at the conduit walls 

of ascending kimberlite magma. Goetze's conclusion has been substan­

tiated and elaborated on by Mercier (1979). According to Mercier, 

stresses of 0,4 to 1,2 kb are involved in the deformation of the 

ultramafic rocks. 
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7.3. RESORPTION AND HIGH-TEMPERATURE ETCHING 

The etching which produces negatively-oriented surface texures 

requires temperatures higher than 950°C. Frank and Puttick (1958) 

Guggested that etching which produces negatively-oriented etch pits 

would preferent ially resorb octahedral corners and edges to produ.ce 

rounded "dodecahedral" (i.e. tetrahexahedroid in the general ·case) 

surfaces. This suggestion has been experimentally verified by Kanda 

et al. (1977). Nee,atively-oriented surface textures were always found 

to be associated with tetrahexahecl.roid (or dodeca..liedral) s~faces. 

Crystal resorption ar,d high-temperature etching are therefore con­

sidered to be manifestations of the same process. Oxidation, by steam 

or wet carbon dioxide gas, is the process most lil:ely to be responsible. 

Diamond crystal re sorption is necessary to disclose the effects 

of plastic deformation. Resorption therefore post-dates plastic de­

formation. High temperature etching must pre-da~e kimberlite ground­

mass crystallization which, according to Mitchell (1973), takes place 

at about 600° C. Crystal resorption and high-temperature etching there­

fore occur in kimberlite magma. Experimental studies by Wyllie and 

others (Wyllie, 1979) indicate that ascending kimberlite magma should 

evolve carbon dioxide gas and water vapour at between 100 and 80 km 

from the surface. Resorption and high temperature etching is likely to 

commence then. Since graphite films are rarely preserved on diamonds, 

conditions sutstantially more oxidizing than those for equilibrium 

between carbon and carbon oxides are suggested. That diamond is not 

entirely destroyed must be due to the rapid emplacement and cooling 

of kimberlite magma. In this regard, the kimberlite emplacement 

model considered by McGetchin and Ullrich (1973) allows only one hour 

for kimberlite magma to ascend from 100 km depth to the surface and to 

cool to low temperatures. 
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Textures such as hexagonal pits, corrosion sculpture, chemically­

polished surfaces and coarse frosting are also cons5dered to require 

temperatures in excess of 950° C for their development. All of these 

textures are younger thar.. tetrahexahedroid surfaces although minor, 

negatively-oriented etch pits (i.e. trigons) were seen to be even 

younger in some <..;ases. An imperfect, two-fold division of the features 

produced by high-temperature etching is therefore possible. 

Diamond brea"i.<:age surfaces commonly display trigcY.Ls, he:cagm:;i.al 

pits or coarse frosting. Much dialI'ond crystal breakage therefore occurs 

before the termination of high-temperature etching. 

Any diamond exhibiting resorption surfaces or high-temperature 

etch features must have crystallized at above 950°C, unless subsequent 

heating occurred. 

7.4. FRICTIONAL DAMAGE 

Scratch-like markings are considered to reflect frictional damage. 

These markings post-date crystal · resorption and high-temperature 

etching and are disclosed by light, low-temperature etching. Frictional 

damage which is disclosed is likely to be produced at temperatures 

between 950°C and not much below 600°C, in kimberlite which is largely 

particulate but still in motion. Considering that few diamonds are 

evidently subjected to low-temperature etching, more diamonds than 

those exhibiting scratch-like markings are probably frictionally-damaged 

at temperatures above about 600°C. Frictional damage which occurred 

at temperatures too low for disclosure by natural etching may be 

very common among the diamonds of tuffaceous kimberlite. 

7.5. LOW-TEMPERATURE ETCHING 

The effect of low-temperature etching is epitomized by positively-

\ 
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oriented surface textures. Such textures are likely to be produced 

only at temperature s of between slightJy above 1 000°C and 450°c. 

Oxygen gas and pre ssurized s team are the likely etcha.nts. In the 

ease of steam, it is necessary that the environment i s not bufferen 

at too low a level of oxygen fugacity. 

Textures such as coarse fro sting , hexagonal pits and fine 

frosting can be regarded as intermediate between those due to high­

temperature etchir_g and those due to lo:r-temperature etching. Generally, 

however, posi tively-orier..ted surf,ice textures are clearly younger than 

any negatively-oriented features so that most low-temperature etchi ng 

probably occurs below 950°C. At least some post-date s frictional damage. 

A preferential loss of hydrogen from dissodating steam migh t 

increase the oxygen fugacity of kimberlite magma near to the earth 's 

surface (Wedepohl and Muramatsu, 1979). It is possible that conditions 

sufficiently oxidizing to etch diamond at low temyeratures cculd 

thereby result. The general scarcity of diamonds displaying positively­

oriented etch features suggests," hm·rever, that sufficiently oxidizi ng 

conditions are only realized locally. This is more compatible with 

the contamination of kimberlite magma by atmospheric gas or ground 

water being responsible. 

McGetchin and Ullrich (1973) stress the very rapid, adiabatic 

cooling of kimberlite magma which should accompany the increasing 

decompressibility of volatiles as depths shallower than about 10 km 

are attained. According to their model, low-temperature etching might 

be possible for only a few minutes during the formation of kimberl i t e 

pipes. 
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8. DIAMOND ABRASION FEATURES 

Since diamond is by far the hardest mineral known, perhaps 

it is surprising that it can be abraded in nature. Although hard, 

diamond is also brittle and exhibits easy cleavage along octahedral 

planes. F'uthermore, experiments by Dietrich (1977) in which soft 

particles were impacted against hard materials demonstrate that 

damage to the impa~ted material is largely a function of the kin~t i c 

energy, rather than the relative bardness , of the impacting particles. 

Possible manifestations of the abrasion of diamond include the 

development of cracks, breakage surfaces and surface textures such as 

percussion figures, spall scars, ground surfaces a~d polished surfaces. 

8.1. CRACKS AND :BREAKAGE STIR.FACES 

A severe blow to a diamond crystal will cauee it to split. 

Experiments by Levitt (1965) showed that for a small, circular area 

of contact, splitting is initiated at an annular or crescentic per­

cussion crack which develops about the area of contact made by the 

impinging particle. With sufficiently severe impact, this crack 

propagates in depth as a diverging cone which, howeV!i?r, soon passes 

into cleavage surfaces. Sutton (1928) mentions that diamonds which 

are severely cracked before being released from kimberlite will 

disaggregate under gentle treatment. 

Orlov (1977, p. 167) believes that broken diamonds are more scarce 

in placer deposits than in kimberlites because cracked diamonds dis ­

integrate into small fragments during transportation. This might ex­

plain scarcities of diamond fragments, but not of broken crystals, in 

placers. In the present study, breakage surfaces on detrital diamonds 

were often seen to be etched, indicating that many are pristine 
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features. (mly rarely were percussion cracks observed which pene-

trate substantially into underlying diamond. It is therefore considered 

likely that while sedimentary transportation may winnow out 

intricately cracked diamonds, few diamonds not previously cracked 

will be broken. 

8.2. PERCUSSION FIGURES AND SPALL SCARS 

Some detri taJ_ diamonds display shallow, surface cracks of , 

characteristic crescentic to annuJar-hexagonal outline (Figure 61). 

Tolansky (1965) reported small (10 to 50 ;um diameter) percussion 

figures which were disclosed, by light etching, on diamonds recovered 

from kimberlite. Et~hing was not employed to highlight surface 

damage in the present investigation and genuine percussion figures 

were observed only on detrital diamonds. 

The crescentic to annular outline of percussion figures is 

influenced by the octahedral cleavage of diamond. On octahedral and 

tetrahexahedroid surfaces, at which traces of three octahedral 

planar directions are expressed, they tend to exhibit a hexagonal 

form. Percussion crack figures were not observed on cubic surfaces 

but square pressure crack figures with rounded corners were ex­

perimentally-produced on a polished cubic surface by Tolansky 

(1955, p. 57). At crystal edges, percussion figures are represented 

mainly by short, straight to curved cracks. These tend to cross edges 

between octahedral surfaces at 60°, "A" tetrahexahed:?:'oid edges either 

at 90° or a small angle and "C" tetrahexahedroid edges at 30° or 90° . 

Most percussion figures on minus 11 plus 9 sieve size diamonds are 

between 10 and 100 ;um in diameter. Much larger figures are few in 

number but are conspicuous features on some detrital diamonds. 

Intersections between the constituent cracks of percussion figures 
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less than 100 ;um in diameter are generally angular. All gradations 

from crescentic (i.e. open) to hexagonal forms occur among these 

smal.l percussion figures and crescentic varieties can be regarded 

as incompletely develop9d. Hexagonal outlirJBs are developed only on 

locally flat surfaces. This indicates very shallow extensions of the 

cracks. Compound figures consisting of concentric cracks are common. 

In some cases the diamond between two concentric cracks has spalleQ 

off, thereby produ~ing moat-like features about flat-topped, conical 

interiors. Associated, trigonal srall scars of edge length 0,5 to 

5/UID are characteristic features of small percussion figures. Spall 

scars are al.so illustrated in Figure 61. One edge to each spall scar 

is definGd by the percussion crack and each scar rrarks the site of 

a tiny, octahedrally-bounded fragment removed from the diamond surface. 

Very smal.l (edge length < 1 ;um ) spall scars also occur which are 

not in contact with a crack. Spall scars resemble very small trigonal 

etch pits but are less regular in outline and are rough-bottomed. 

Subconchoidal spal.l scars may also cccur on diamond crystals. These 

are most common at crystal corners and very sharp edges, particularly 

those representing distorted four-fold axial corners of tetrahexa­

hed.roida, and are not necessarily associated with percussion cracks. 

Closed forms are rare among percussion figures which exceed 

250/1.llil in diameter. In these large examples, one octahedral "direction 

is typically poorly developed and is represented by a strongly curved 

crack. This continues, at each end, as a relatively long, straight 

crack following the other octahedral. cleavage traces so that a 

widely open form results. In some cases a crescentic arm traverses 

a crystal edge, indicating considerable penetration of the crack 

unless its base undulates in accordance with tha crystal surface. 

Internal reflection cf light from the crack also discloses a 
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considerable penetration by some large percussion figures and it i s 

conceivable that diamond crystals could. thus be broken. Trigonal 

spall scars are much less common, per unit length of percussion 

crack, than with small percussion figures. 

Howes and Tolansky (1955) produced surface markings on diamond 

very similar to the small percussion figures described. This they 

achieved by pressing a ball-ended diamond .indenter against a diamond 

surface. Subsequer:tly, Tolansky and Howes (1957) succ6eded .i....1 pr9-

ducing hexagonal, pressure crack ~igures on diamond using relativel y 

soft indenters, such as sapphire and tungsten carbide. In experiments 

producing pressure crack figures, the surface crack is localized 

just outside the area of contact of the indenter. Howes (1965) showed, 

by optical interferometry, that in both experimentally-produced 

pressure crack figures and natural percussion figures the surface 

inside of the crack is undisturbed. The crack mar~s an abrupt ele­

vation increase of a few tens of nanometers and this elevation tapers 

off outside of the crack. No ductile behaviour is evident. Therefore, 

the stresses developed in the contact area can be calculated for 

experimentally-produced pressure crack figures using the Hertzian 

equation for elastic deformation. Bowden and Tabor (1965) detail 

the calculation involved. Such calculations indicate that p.cessure 

crack figures are most easily produced on octahedral surfaces of 

diamond. For equivalent-sized figures, slightly higher stress is 

required at dodecahedral surfaces and three times as much stress is 

required at cubic surfaces (Howes, 1959). The different effects of 

ha.rd and soft indenters of like radius of curvature are expressed 

by the sizes of pressure crack figures produced and by the forces 

required to produce them. A relatively soft indenter will deform 

more on impact so will contact a larger area of diamond. A relatively 
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large pressure crack figure will therefore tend to result. However, 

a relatively large force is required tn produce a relatively large 

crack figure. Stresses of approximately 1011 dyne.cm-2 are required 

to produce a small pressure crack figure on an octahedral diamond 

surface (Howes, 1959). In practice it is found that the tensile 

stress (but not the force) requirement diminishes with increasing 

size of the crack figure (Howes! 1965). Concentric crack figures 

develop in experi2ents in which the load is increased after the , 

indenter has already procuced a c·cack figure (Howes, 1965). Crack 

figures have .also been produced in dynamic experiments. Cooper (1960, 

in Bowden and Tabor, 1965) found that a .large number of impacts 

will produce a ring crack at a quarter the tensil8 stress required 

in static loading experiments. Although the experimental production 

of pressure crack figures suggests that the cracks could form by 

compaction in nature, all natural examples must have formed by 

percussion. Otherwise crack figures would be very common features 

of buried detrital grains of other minerals. 

Two differences are apparent between experimentally-produced 

pressure crack figures and natural and experimentally-produced per­

cussion figures. The first difference is that spall scars are not 

reported in association with pressure crack figures. Davids (1960) 

considers that spalling is caused by compressional stress waves being 

reflected at the edge of a medium and converted to tensile stress 

waves, which brittle materials withstand poorly. Presumably, this 

phenomenon is more likely with dynamically-applied, than statically­

applied stresses. The second difference is that only closed forms 

are mentioned in reports of experimentally-produced pressure crack 

figures. Open (crescentic) forms of many natural crack figures are 

adequately explained by their being caused by angled impact traject ories. 
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Chattermark trails of crescentic percussion figures have 

been reported on diamonds (Tolansky, 1965; Howes, 1965), In most 

cases of apparent chattermark trails observed under the binocular 

microscope, in the present study, examination in the scanning electron 

microscope showed them to consist of pristine, arcuate features allied 

to network patterns (see Article 6,5,5,), Genuine chattermark trails 

consisting of only two, associated percussion cracks are, however, 

fairly common. 

As short, straight to curvea cracks, small percussion Iigure s 

are usually strongly concentrated at crystal edges. Such a concen­

tration would not be anticipated should most of the cracks be caused 

by small particles, or large but sharp-pointed pa~ticles, impacting 

against diamond. Preferrential development of percussion figures at 

crystal edges is to be expected, however, should they be caused by 

diamond striking a relatively flat surface, such ~sin rolling or 

saltation over smooth bedrock. It is also compatible with their be i ng 

caused by flat-surfaced particle·s striking diamond. Another reason 

for concentrations of small percussion markings at crystal edges is 

that only very small areas of contact can be made at sharp edges. 

Particularly small percussion figures may therefore form at such s i tes 

during collisions involving relatively little transfer of kinetic 

energy. 

There is no report in the scientific literature of any attempt 

to calculate the particle size-velocity relationships necessary for 

natural percussion figures to form on diamond. It nevertheless seems 

apparent that impacting sand grains would require unrealistic velo­

cities for them to produce percussion cracks, It also seems that for 

large percussion figures to result from impacts between diamond and 

stationary targets, excessive velocities are required for diamonds 
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of the sizes studied. Large percussion figures are therefore more 

likely to result from impacting rock pe"bbles or boulders. 

8.3. GROUND SURFACES 

Ground surfaces are developed at the rounded corners cµid edges 

and protuberances of some detrital diamonds. At (initially) sharp 

crystal corners, ground surfaces are due mainly to subconchoidal, 

micro-fracture sur:aces. Elsewhere, ground surfaces usually consis t 

almost entirely of closely-spaced ~ercussion cracks and trigonal 

spall scars (Figure 62). Grinding at scratch-like markings (Article 

6.5.12.) produces a unique, ground surface attributable to a spall i ng 

of plates of diamond bounded by neighbouring grocves of the 

markings (Figure 63) . Scratch-like markings are often ground on 

detrital diamonds without any percussion markings and it is apparent 

that the surfaces at scratch-like markings are relatively easily 

abraded. 

8.4. POLISHED SURFACES 

Mechanical, smooth-polishing appears to involve a cutting 

(planing) action or a smearing of surface asperities (buffing). The 

first-mentioned process is probably r~stricted to the ·action of a 

hard material on a softer material. Buffing implies ductile behaviour 

by the material being polished. Neither of these polishing processes 

is known in diamond. In the commercial polishing of diamond surfaces 

with fine diamond powder, the surface produced (see Wilks and Wilks , 

1972) resembles an extremely finely ground surface. Local relief is 

only about 5 nm (Thornton and Wilks, 1974), which is not resolvable , 

even in the scanning electron microscope. 

Rare detrital diamonds exhibit surfaces, between percussion 
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cracks and spall scars, with local relief down to less than 0,5 /UIIl 

(Figure 64). This :ocal relief is due to extremely small, trigonal 

spall scars. Such surfaces can be described either as finely-ground 

or as polished. Surfaces qualifying to be described as mechanically 

polished are developed only on the most rounded diamonds encountered. 

Evidently, grinding of previously ground surfaces produces progress­

ively smaller spall scars. This is to be expected since very small 

areas will be cont acted during impacts at the asperities on ground 

surfaces. Minor impacts may therefore cause minor spalling and it 

is not easy to eliminate even sand-blasting as a possible cause of 

polishing. Percussion cracks which should be associated with trigonal 

spall scars may be too weakly developed to be evic.ent or may truncate 

thin asperities so that they are seen as planar surfaces , rather than 

as cracks. 

8. 5. TYPE AND DEGREE OF .ABRASION 

Figure 65 illustrates a diamond which was well rounded by 

treatment with other diamonds in an air-circuit attrition mill 

(C.M. Levitt, personal communication). In addition to percussion cracks 

and spall scars, upturned plates which resemble those developed on 

wind-abraded qn.artz erains (see Krin~ley and Doornkamp, 1973) are 

also present. Upturned plates were not observed on any naturally­

abraded diamonds. Consideration of the likely kinetic energies of 

particles of the sizes moved by wind also does not favour wind-action 

being responsible for any significant natural abrasion of diamond 

(excepting to possibly smooth ground surfaces). The constituent 

features of naturally-ground surf?..ces on diamond closely resemble 

the curved grooves and V-shaped impact pits occurring on the surfaces 

of subaqueously-abraded quartz grains (see Krinsley and Doornkamp, 
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op.cit.). In general, ground surfaces on diamonds are distributed 

according to the (initial) sharpness of the intersections between 

crystal surface s . In exceptional cases in which grinding is localizdd 

~lsewhere, this is at sites weakened by sc~atch-like markings. The 

general distribution of ground surfaces on diamonds is more consistent 

.with subaqueous, than glacial, abrasion. It is therefore concluded 

that the ground diamonds examined in the present investigation were 

subaqueously abraded. 

In some fluvial and littoral diamond deposits, diamonds are 

strongly concentrated in bedrock pot-holes (Wagner, 1914, p. 272; 

Keyser, 1972). Diamonds may travel many times around such pot-holes 
I 

before either being deposited therein or escaping therefrom. In addition, 

considerably more diamond-bedrock collisions, per unit distance of 

travel, should occur within pot-holes than in wide stream channels. 

This is because side-wall collisions are also possible and are even 

likely to strongly predominate over floor collisions. lFor diamonds to be 

concentrated in pot-holes, by comparison with overlying gravel, requires 

a winnowing of the large rock particles also entrapped with diamcnds. 

Such winnowing must be by comminution, which suggests that consider­

able abrasion may oc0ur in pot-holes containing diamonds. While diamond­

diamond collisions are unlikely events in wide stream channel3, they 

might be frequent in pot-holes in which diamond is concentrated. As 

previously discussed, however, concentrations of percussion feature s 

at crystal edges probably indicate that particle-particle collisions 

are not responsible for much of the abrasion of diamond. 

Excepting for diamonds with pristine, scratch-like markings where 

abrasion can be localized, the (initially) sharper surfaces of abraded 

diamonds are always more abraded than blunter surfaces . In all of the 

detrital diamond samples examined, tetrahexahedroid crystals pred.ominate 
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and nearly all of the diamonds exhibit the tetrahexahedroid form. 

Similarly sharp edges are therefor~ developed on mo3t of the diamonds. 

The relative degree of abrasion displayed by individual diamonds could 

·oe gauged by considering the extent of development of ground surfaces . 

This was done under the binocular microscope. The following categories 

are recognized:-

i. Unground crystals. 

ii. Crystals ground at points of emergence of four-folu axes. 

iii. Crystals ground at sharp crystal edges (i.e. "A" tetrahexa-

hedroid edges close to points of emergence of four-fold axes) . 

iv. Crystals ground at all "Ai' tetrahexahedroid edges. 

v. Crystals ground at "C" tetrahexahedroid Gdges . 

vi. Conspicuously rounded crystals. 

Examples of the categories distinguished are illustrated in Figure 66 . 

Some crystals classed as unground exhibit occasional percussion 

cracks and spall scars, mainly at crystal edges. Grinding at protruding 

surface feature s , such as hillock summits, depends on their prominence. 

Otherwise, no diamond assigned to a particular category ever lacks the 

features diagnostic of a subordinate category. The ranking scheme 

employed is therefore meaningful. It can be applied, up to category iii) 

above, to octahedra and cubes with onJy minor tetrahexahedrold sui·faces. 

Between five and ten per cent of the diamonds in most of the samples 

studied, however, had to be excluded from consideration. Excluded 

diamonds include:-

i. Sharp-edged octahedra. 

ii. Fragments. 

iii. Frosted and other finely-etched crystals on which ground 

surfaces are not readily distinguished from the pristine 

surface. 
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iv. Crystals displaying scratch-like markings. 

Crystals with scratch-like markir..gs (Article 6 .5.11.) were 

excluded for two reasons. Firstly, prominent scratch-like markings 

at crystal edges are often difficult to distinguish, under the 

binocular microscope, from ground surfaces. Secondly, crystals with 

scratch-like markings were very often found to be genuinely more 

abraded than other diamonds in the same samples. It is therefore 

considered that scratch-like markings considerably reduce the 

resistance of dirunond to abrasion . 
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9. THE DIAMOND AND GRAPHITE IN SOME ECLOGITE XENOLITHS FROM KIMBERL I 'l1E 

Strontium isotope studies (Barrett, 1975) and lead isotope 

studies (Kramers, 1979) demonstrate that eclogite xenoliths are 

non-cognate with respect to the kimberlites in which they occur. At 

least 69 diamond-bearing eclogite xenoliths, some of which also contain 

graphite, and 20 containing gTaphite but no diamond had been reported 

in the literature ·oy 1977 (see Robinson, . 1979). Two addition~l 

diamond-bearing xenoliths (Shee, 1978) are included in the present 

study. 

Eleven diamond eclogite xenoliths, one diamond alkremite 

xenolith, five diamond-graphite eclogite xenolithE and ten graphite 

eclogite xenoliths were examined. In some cases, diamond and graphite 

crystals were extracted for study by dissolving the xenolith silicate 

minerals by the mathod of Neuerburg(1975). Diamonds were recovered 

down to the 400 Tyler Mesh sieve size. In other cases, only the portions 

of diamond and graphite crystals · exposed at xenolith surfaces were 

examined. Most of the xenoliths which were only superficially examined 

are museum specimens which could not be damaged in any way. 

Xenolith particulars are summarized in Table 7. Details of the 

occurrences of native carbon in the xenoliths are summarized in Table 8. 

The petrography and mineral chemistry of the AK 1-labelled specimens 

have been documented by Shee (1978). Previous work done on other 

xenoliths is referred to where appropriate. 

The diamond content of exploitable deposits is commonly referred 

to as the "grade" and is expressed in carats per metric tonne (cpmt). 

To facilitate comparisons between eclogite xenoliths and kimberlites, 

diamond "g..cades" were calculated for some of the xenoli ths (Table 9). 
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9.1. DIAMOND ECLOGITE XENOLITHS 

9.1.1. A..~ 1/9 

Eleven diamonds and three moulds of diamond crystals are 

fairly evenly distributed at the surface of the 7,4 g xenolith. Some 

of the diamonds a~e illustrated in Figure 67 . Most are surrounded by 

clinopyroxene or its alteration products but some protrude into garnet 

grains or kelyphitic material. The average diameters of the diamonds 

range from 0,3 to 2,0 mm. This corresponds to a range of O,OOD2 ~to 

~,0 17 carat in crystal masses calculated for assumed octahedral shapes. 

The total mass of diamonds (including moulds) exposed is approximately 

0,135 carat. At least 0,35 per cent of the xenolith therefore consists 

of dia!!lond. This corresponds to a diamond grade of at least 18 000 cp~t . 

The diamonds are colourless and without graphite coatings. Most 

are octahedra with subordinate tetrahexahedroid or dodecahedral surfaces, 

but the tetrahexahedroid form predominates in some cases. Serrate 

laminae a~e developed near to the apices of octahedral faces. The 

apices of many of these laminae are rounded to forms resembling the 

pointed plates of cubic surfaces. Tetrahexahedroid surfaces display 

elongate hillocks. Dodecahedral surfaces are ribbed. Tetrahexahedroid 

and dodecahedral surfaces of diamond are in contact with the alteration 

products of clinopyroxene and garnet, suggesting that diamond crystal 

resorption occurred before the alteration of the rock. 

9.1.2. AK 1/10 

Two diamonds of approximately 0,02 and 0,2 carat, respectively, 

are exposeQ in close proximity to one another (Figure 68). Both are 

surrounded by clinopyroxene but they might join in depth to form an 

aggregate. At least approximately 0,3 per cent of the xenolith consists 

of diamond. 
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The diamonds are colourless octahedra with ribbed dodecahedral 

surfaces. Serrate laminae are developed on the octahedral crystal ' 

surfaces. Both diamonds are freshly broken at their exposed surface s . 

9.1. 3 • . AK 1/111 

Upon the xenolith being broken in twos a diamond was discloseJ 

in its interior (S.R. Shee, personal communication). The diamond also 

broke so that the breakage surface of each half of the xenolith then 

displayed a mould partly occupied by pieces of the diamond (Figure 69) . 

. 1'1ore than one per cent of the xenoli th consists of diamond. 

The diamond is a colourless octahedron of mean length 4,8 mm 

(i.e. of mass approximately 0,95 carat). Octa..~edral edges are almost 

sharp. Thin, serrate laminae and occasional trigons are the only 

octahedral surface textures represented. Breakage surfaces radiate 

from a large, now altered, inclusion in the diamond and appear not 

to be etched. 

9.1.4. DB l 

Freshly broken surfaces of diamond are exposed at the surface 

of the xenolith to form a nearly closed, oblate ring of about 9 x 8 mm 

external diameter (Figure 70). Fine-grained micaceous material forms 

a narrow rim around the ring of diamond and also fills the interio~ 

of the ring. No crystallographic surfaces of diamond are exposed. It 

is possible that the outcropping fragments of diamond join within the 

specimen, thereby forming a crystal which must have originally 

exceeded 5 carats in mass. Diamond crystal breakage, although repre­

sented by fresh surfaces, must have preceded the introduction of 

micaceous material. It is also possible that the micaceous material 

surrounding diamond is kimberlite, in which case the association 

of diamond with eclogite might be fortuitous. 
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9 .1. 5. DB 2 

A colourless, octahedral diamond of mass ~pproximately 1,8 

carats protrudes from garnet. The diamond constitutes approximately 

three per cent of the xenolith. 

Crudely dodecahedral surfaces which are coarsely ribbed replace 

the octahedral crystal edges of the diar,iond. Octahedral surfaces exhibit 

flat-bottcmed trigons a.~d serrate laminae. An interesting feature is 

t:he development of tetrahexahedroid surfaces ab,1ut the four-fold axial 

corner which protrudes furthest from the xenolith surface (Fig~Le 71). 

These tetrahexahedroid surfaces are topographically lower than adjacent 

dodecahedral surfaces. Maximum exposure, maximum resorption and the 

development of tetrahexahedroid, instead of dodecahedral, surfaces 

therefore appear to all coincide. 

9.1.6 . .mLJ 

A complex aggregate of irregular, diamond tetrahexa.~edroida 

protrudes from micaceous material and altered clinopyroxene at the 

xenolith surface (Figure 72). A mass of approximately 0,15 carat of 

diamond is indicated, so that diamond constitutes approximately one per 

cent of the specimen . Diamond tetrahexahedroid surfaces exhibit coarse, 

cylindrical hillocks on which are superimposed fine, elongate hillocks. 

Possible lamination ,lines are locally just discernible. Minor cubic 

surfaces are also evident and these exhibit shallow, tetragonal pits. 

Fresh breakage sur,faces are also present. 

It appears that crystal resorption to produce the tetrahexahedroid 

foi"'Ill pre-dates the development of micaceous material in the xenolith. 

It also appears that plastic deformation of diamond may occur within 

eclogite but it must be noted that the identification of lamination 

lines is tentative. 
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9.1. 7 • .mL4 

A freshly broken colourless dicIBJ.ond protrudes from micaceous 

material surrounding garnet . Little of the exposed diamond surface 

is crystallographic. That which is present suggests that the diamond 

is an octahedron with slightly rounded edges (Figure 73) , As far as 

can be judged from the available exposure, the length of the diamond 

crystal is at least 5 mm, indicating a mass in excess of a carat. 

9 .1. 8. llli..-2 

A group of five broken dia!!lond crystals and fragments are 

exposed in altered clinopyroxene (Figure 74). It is possible that 

a section through a crystal aggregate is represented. The largest 

crystal exposed probably has a mass of about 0,01 carat and diamond 

is likely to constitute at least one per cent of the xenolith. 

As far as can be judged from the limited exposure of crystal 

surfaces, the diamond crystals are octahedra with substantial tetra­

hexahedroid surfaces. Hexagonal pits and trigons are present on 

octahedral crystal faces and cylindrical, elongate hillocks are 

present on tetrahexahedroid surfaces . Breakage surfaces are not etched 

excepting for one example on the largest diamond exposed. 

9.1.9. DB 6 

A diamond of mass at least one carat is largely surrounded 

by clinopyroxene but also truncates a garnet crystal. Approximately 

one per cent of the xenolith consists of diamond. The diamond is a 

sharp-edged, sharp-pointed octahedron (Figure 75) . The surface is 

thinly coated by opaque black material, presumably graphite. Shallow, 

flat-bottomed pits of irregular, hexagonal and trigonal (negatively­

oriented) outline are developed in profusion on the exposed crystal 

surfaces and have coalesced to form flat areas without relief. It 
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is uncertain, however, whether the pits impress diamond or whether 

they are developed only within the graphitic coat. Minor breakage 

surfaces a.re the youngest features evident. 

9.1.10. DB 7 

A diamond of approximately 4 ca.rats is largely surrounded by 

clinopyroxene but impinges against a garnet crystal. The diamond 

constitutes approximately 8 per cent cf the xenolith. The diamond 

is a sharp-edged, sharp-pointed octahedron (Figure 76) which is 

~olourless. Most of the surface consists of thin lruninae with serrated 

to irregular outlines, which are raised above smooth, planar surface s . 

Shallow, flat-bottomed pits of irregular, hexagonal and trigonal 

(negatively-oriented) outline are developed within laminae and on 

the lower, planar surfaces. Most of one exposed octahedral face appears 

to have not been etched to the same degree as the other exposed surfaces. 

On this face smooth-surfaced, oval laminae are evident. Minor, unetched 

breakage surfaces are developed on the diamond. The diamond is very 

similar to that of DB 6 excepting that no black surface coating is 

present. 

9.1.11. DB 8 

This small xenolith consists only of diamond and garnet. The 

garnet is the typical orange colour of eclogitic garnet and the 

specimen is regarded as a fragment of diamond eclogite. Two groups 

of diamond crystals, each of four or five interpenetrating individuals, 

protrude from the garnet (Figure 77). Diamond constitutes roughly one 

per cent of the specimen. 

Individual diamond crystals are sharp-edged, sharp-pointed 

octahedra. Triangular plates produce steps on some surfaces. Occasi onal 

laminae which are thinner than obvious triangular plates have serrated 
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edges. This serration probably reflects the incomplete development of 

thin triangular plates (i.e. growth layers), rat.her than the coa­

lescence of flat-bottomed trigons, since no obvious trigons or etch­

induced laminae were observed. The crystals therefore display no clear 

evidence of having been modified by resorption or etching. Some crystals 

are modified by minor, fresh breakage s1i.rfaces. 

9.1.12. PJL 18 

A diamond was observed when the xenolith was broken (P.J. Lawless , 

~ersonal communication). 260,7 g of the xenolith was digested in acids. 

Ten more diamond crys t als, 42 small fragments of diamond and a few 

very small (up to 70 /UIIl diameter) flakes of graphite were recovered. 

Diamond (excluding the example noted by Lawless) totalled 0,0045 carat, 

giving a diamond grade of 17 cpmt for the portion of the xenolith 

treated. 

The diamonds recovered are colourless, excepting for one which 

is very light brown. All have partial veneers of graphite . They range 

from nearly pure octa.hedra to examples in which the ribbed, grossly do­

decahedral form predominates (Flgure 78). Flat-bottomed trigons and 

serrate laminae are developed on octahedral crystal faces. Depressions 

which approximate cubic surfaces contain pointed plates. Ribbing is 

very prominent on dodecahedral surfaces . Ribs often have wedge-shaped 

terminations and small, knob-like asperities are developed on some 

of them. 

Euhedral graphite crystallites with basal diameters greater than 

25;wn were observed in veneers on diamond. It is likely that the small 

graphite flakes recovered with diamond are also from veneers. Since 

all of the graphite is likely to be secondary, the xenolith is c.lass i-­

fied as a diamond eclogite and not a diamond-graphite eclogite as 

in Robinson (1979). 
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9.2. DIAMOND ALKREMITE XENOLITH AK 1/110 

The xenolith measure s 15 x 12 x 4 mm and haa a mass of 4,5 g. 

According to Shee (1978), medium-grained(~ 2 mm), flesh-coloured 

garnet is the principle consth;uent. The garnet is a grossular (17 ,1 

per cent)- almandine (22,4 per cent)- pyrope (60,7 per cent) contai ning 

little of either chromium or titanium. ro clinopyroxene was observed. 

UndeI· the binocular microscope, 43 d~.amonds can be seen exposed 

at the xenolith surface. Clusters of tliree or f 0ur diamonds occur but 

they are otherwise fairly evenly distributed (Figure 79). The l ·:trgest 

diamond exposed is an aggregate of length nearly 2 mm and single cr ys tals 

down to 0,2 mm diameter were discerned. 

1,60 g of the specimen was subjected to dissolution. This por tion 

was sawn from the specimen and not broken. 644 diamond crystals and a 

few, small, brown octahedra of spinel (A12 03 61, 6% , MgO 21, 6% , Fe as 

FeO 14, 9% and Cr2 03 1, 3% ) were recovered from the residue. Some of the · 

diamond crystals were recovered broken and only fragments considered 

to represent mora than half of a crystal were counted. Some crystals 

recovered intact broke upon gentle prodding. A total mass of 0,05956 

carat of diamond was recovered. This gives a diamond content of 0,75 

per cent or a "grade" of approximately 37 000 cpmt for the xenolith. 

The crystal size frequency distribution of recovered dia.nonds 

is illustrated in Figure 80. The 75 to 150 ;um size range is the modal 

class in terms of the number of crystals recovered. The smallest 

crystal recovered has a medial octahedral length of 42;um and only 

10 crystals measure less than 60fU!Il. Since the diamonds were collected 

in a screen of aperture size not much smaller ( 37 fUill square) it is 

possible that the apparent scarcity of 37 to 75 ;um .crystals is due to 
I 

poor recovery in this size range. Therefore, minus-37 ;um crystals 

could be· the most abundant. Diamonds less than 3oo ;;um in size 
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constitute more than 87 per cent by number but only 24 per cent by 

mass. The 300 to 600 /UIIl size range contains the best compromise 

between frequency of occurrence and individual crystal mass. 

The diamonds a.re probably colourless but all exhibit locally­

preserved to continuous coatings of graphite. Graphite also penetrates 

along cra~ks in some crystals. Graphite coatings are relatively poorly 

preserved on the diamonds exposed at the xenolith surface . A selection 

of diamond crysta!s is shown in Figure· 79. All are octaheiira. Parallel 

growth phenomen~e are cc:nmon, sorretimes resulting in complex shapes. 

Most octahedra are sharp-edged and sharp-pointed but some also have 

compound, approximately dodecahedral surfaces. These can possibly be 

ascribe6 to the superimposition of triangular plr.tes of diminishing 

areal extent but could also have been caused by resorption. The presence 

of incipient, knob-like asperities supports the latter alternative 

in some cases. Interpenetrantly-twinned crystals, but no macles, were 

noted. Beneath their graphite coatings, diamond surfaces display flat ­

bottomed etch pits of irregular· to trigonal (negatively-oriented) 

outline. Such pits are generally abundant but less so on sharp-poi nted 

octa.hedra. Most breakage surfaces are also etched or display graphite 

coatings. 

That di8mond crystals recoverei whole broke u~on gentle prodding 

suggests that cracked crystals, rather than isolated fragments, occur 

within the xenolith. The graphitization and concomitant etching of 

the diamonds post-dates most diamond breakage. 

9.3. DIAMOND-GRAPHITE ECLOGITE XENOLITHS 

9.3.1. HRV 247 

This 3,3 kg xenolith was discovered by C.J. Hatton who studied 
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its petrography and mineral chemistry (Hatton, 1978; also Hatton 

and Gurney, 1979). Before being broken into six fragments, the xenclith 

was an oblate spheroid with axial dimensions of approximately 23 x 14 

x 7 cm. 

Two diamonds are exposed at the xenolith surface and a further 

five were revealed upon the xenolith b0ing broken. Well-formed moulds 

developed in breakage surfaces opposite to those in which some of the 

diamonds were embedded. The surface of a mould of a dodecahedral 

diamond surface appears to consist of clinopyroxene, suggesti~g that 

diamond resorption pre-dated the crystallization of the pyroxene. 

Graphite crystals were also revealed at breakage surfaces. Examination · 

of the xenolith fragments indicated that diamond is concentrated in 

one portion of the xenolith and graphite in the remainder, and a r ough 

boundary between these portions could be drawn on the reassembled 

xanolith. Hatton and Gurney (1979) subsequently defined a petrographic 

discontinuity which appears to coincide with that demarcating diamond­

rich and graphite-rich portions. The re-assembled xenolith is ill ustrated 

in Figure 81. 

Diamond and graphite (and rutile, etc.) were recovered from 

three portions of the xenolith (A, F2 and G of Figure 81). Each 

portion was first broken into manageable fragments using a hammer. 

Table 10 lists the amounts of rock treated and the number and mass of 

diamonds and the mass of graphite recovered from each portion. Portion 

A yielded 47 diamond crystals and many fragments and had a diamond 

content of 0,157 per cent. It contained the least graphite of the 

portions treated. Portions F2 and G yielded only fragments of diamond. 

Hatton and Gurney (1979) note, however, that they removed three 

diamond crystals, with a total mass of 0,1 carat, from portion G. 

Portion G therefore contained approximately 200 ppm of diamond. 

, J 
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Portion F2 contained less than 5 ppm of diamond. The average diamond 

grade of the portions treated is 3 61\) cpmt. Pox·tions F2 and G yield'3d 

substantially more graphite than portion A. The total free carbon 

content of each portion is between 0,1 and 0,2 per cent. 

The smallest diamond crystal recovered (excluding possible 

inclusions and overgrowths) measures 0:00015 carat. The largest single 

crystal measures 0,1675 carat and the largest aggregate 0,2030 carat. 

The size distribution of the diamonds ·from portion A is illustrated 
I 

in Figure 82. Most crystals are between 0,5 and 3,0 mm in medjal length. 

The size distribution appears to be unimodal which is consistent with 

a single population of diamonds being represented. The incorporation of 

possible overgrowths in the data, however, would introduce an additional 

mode in the 37 to 75 /UIIl class. 

l·lost diamonds recovered are colourless but one very light brown 

crystal and two very light green diamonds are represented. The light 

green examples might be stained at their surfaces , rather than body­

coloured. Six other diamonds exhibit light green surface stainings. 

Some typical features of the diamonds in the xenolith are illus­

trated in Figure 83 . Crystallographic data for recovered diamonds 

are summarized in Table 11. Most diamond crystals are classified as 

octahedra but all are combined forms. All exhibit either grossly 

dodecahedral or tetrahexahedroid modifications which range from slight 

truncation or rounding of octahedral edges to examples in which either 

of the forms predominates. The dodecahedral form is much more common 

than the tetrahexahedroid form. Indented cubic surfaces are also 

represented on most crystals. However, no crystals were seen to have 

all six possible cubic surfaces . Crystal aggregates are fairly common 

and macles also occur. Macles are also present as constituents of 

aggx:egates~ Some relatively large crystals can be regarded as paxallel 
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growth forms. The approx imately cubic surface of one diamond exhibits 

a number of features which resemble protruding, epitaxial inclusions 

of smaller diamonds . These features have octahedral-dodecahedral 

forms and display trigons on their octahedral surface~. 

More than half of the diamond crystals recover ed and nearly al l 

of those smaller than 1 mm are fragments. A substantial proportion of 

breakage surfaces are conchoidal to undul~tory and displ~y either 

fine scales of graphite or etch pi ts. ·other br ')akage surfaces are 

''fresh". These are mainly stepped, octahedral cleavage surfacea but 

include splintery, subconchoidal fracture surfaces. Some "fresh" 

breakage surfaces could have been produced when the xenolith was broken 

by hammering. 

Some of the diamonds have locally-developed, thin veneers of 

extremely fine-grained graphite. Serrate laminae are the most con­

spicuous features of octahedral crystal surfaces. Trigons are also 

common. These are flat-bottomed excepting for some small examples which 

are pyramidal. Ribbing is developed on dodecahedral surfaces while 

tetre.hexahedroid surfaces exhibit elongate hillocks which may resemble 

ribs with rounded edges. Some dodecahedral ribs have wedge-shaped 

terminations. Negatively-oriented tetragonal pits and pointed plat es 

are developed on cubic surfaces. Tiny features which resemble octahedral 

crystallites, including parallel growth forms, are also present on 

some cubic surfaces and often straddle a ridge between adjacent 

tetragonal pits. These crystallite-like features were noted on diamonds 

examined in eclogite and on diamonds recovered by acid treatment. They 

are coloU!'less and apparently have the same refractive index as t he 

diamond crystal on which they occur. Energy-dispersive micro-analysis 

of the features in the scanning electron microscope did not disclose 

the presence of any elements detectable by this method (i.e. elements 
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of atomic number eleven and greater). They therefore probably consist 

of diamond. The octahedral, crystallite-like features were previousJ.y 

interpr~ted (Robinson, 1979 ) as diamond overgrowths which are younger 

than the etching event responsible for the tetragonal pits. As noted 

in Article 6.3.3,, however, similar features were subsequently 

observed which closely resemble pointec'. plates. The crystallite-like 

features might the~efore be no more than~ variety of pointed plates. 

3ome of the diamond crystals in the xenolith eJ:hibit ruts. 

Graphite occurs as discrete crystals with basal diaTI1e.terr.; of 

0,5 to 2,0 mm. These range from thin plates to barrel-shaped individuals 

exceeding a millimetre in length (Figure 83). Graphite crystals are 

subhedral or euhedral with slightly rounded crystal edges. Pyramidal 

crystal faces are evident, in addition to pinacoidal and prismatic 

faces, on barrel-shaped crystals. Pitting of the prismatic and pyramidal 

surfaces of some crystal suggests that they have been lightly etched. · 

There is no suggestion of any pseudomorphic relationship between 

diamond and discrete graphite crystals. Both minerals therefore appear 

to be primary. The euhedral forms of graphite crystals suggests 

crystallization from a fluid. The spatial relationship between diamond 

and primary graphite in the rock is best explained by gravimetric 

separation within a liquid as a consequence of the contrasting den­

sities of the two minerals. 

9.3.2. XRV 22 

The mineral chemistry of this specimen has been documented by 

Reid et al. (1976). It should be noted that before the xenolith was 

broken it was observed that diamond occurred mainly in one portion 

and graphite mainly in the remainder (J.J. Gurney, personal cor.miuni­

cation). A cursory examination of a coarsely-crushed sample of approx­

imately 250 g of the eclogite did not disclose any more diamond or 
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graphite. Upon acid-digestion of the sample, however, 119 diamond 

crystals, 510 diamond fragments and a number of graphite crystals 

and cleavage flakes were recovered. Diamond totals 0,1620 carat, 

giving a diamond content of approximately 0,013 per cent or a "grade" 

of 650 cpmt, for the eclogite treated. 

· The size frequency distribution of diamond crystals is illus­

trated in Figure 84. These range from 70 /Um to 0,9 mm in mean length, 

~ith the majority between 0,25 and 0,70 mm. Mot;t fragments are relatively 

small but some which display portions of tetrahexahedroid crystal 

surfaces were recovered up to sizes which exceed l mm. 

Most diamonds are nearly colourless but very light brown colour 

becomes increasingly appa:rent with increasing particle size. Examples 

of the diamonds present are illustrated in Figure 85. Most crystals 

are combined forms ranging from octahedra with slightly modified edges 

to predominantly tetrahexahedroid or dodecahedral forms. Crystals 

smaller than 0,2 mm are predominantly octahedra while some of the larger 

are tetrahexahedroida without octahedral vestiges. Three c~ystals are 

cubes with slightly modified corners and edges. Aggregate crystals and 

macles are also present. Included among the tetrahexahedroida are some 

hopper crystals and horn-shaped crystals. These probably reflect 

c~stallization of diamond about pre-existing mineral grains. Most 

breakage surfaces are not etched. Some are etched only near one of their 

margins and probably resulted from breakage along extensions of ruts. 

Much diamond breakage could have been caused by the crushing of the 

xenolith sample. 

Oct~hedral crystal faces exhibit flat-bottomed and point-bottomed 

trigons and shield-shaped to serrate laminae. Some laminae are relatively 

thick and possibly represent modified triangular plates. Tetrahexa­

hedroid surfaces exhibit cylindrical to elliptical hillocks. Dodecahedral 
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surfaces are ribbed. Small, negatively-oriented, tetragonal pits are 

developed on cubic surfaces which are not noticably indented. 

Some graphite crystals recovered are also depicted in Figure 85. 

Basal diameters range from about 70 /LlIIl to 1,2 mm. All are euhedral or 

subhedral crystals of tabular habit, usually with slightly rounded 

crystal edges. There is no evidence to suggest that graphite crystals 

were derived from diamond. 

9.3.3. JJG 531 

Three diamonds and many graphite crystals were exposed at the 

xenolith surface . Features of these minerals are illustrated in 

Figure 86. 

Six colourless diamonds were recovered from the xenolith. The 

smallest has a diameter of approximately 0,2 mm and the largest a 

diameter of 5 mm. Diamond constitutes one per cent of the xenolith, 

with the largest diamond accounting for more than 70 per cent of the 

0,718 ca:cat of diamond recovered. Even if the relatively large diamond 

is excluded, the diamond grade of the xenolith exceeds 15 000 cpmt. 

The diamonds are octahedra. Those from within the xenolith are almost 

sharp-edged but substantial, ribbed dodecahedral surfaces are developed 

on two of the exposed crystals. Veneers of very fine-grained graphite 

are present on all of the diamonds, particularly on dodecah8dral 

surfaces. Most of the diamonds exhibit only rare trigons and locally­

developed, serrate laminae on octahedral surfaces. Thin, triangular 

laminae are developed, however, on one of the exposed crystals. 

Dodechaedral surfaces are ribbed. Knob-like asperities are also 

developed in one case. 

Discrete graphite crystals are tabular and have basal diameters 

ranging from less than 0,1 mm to 0,5 mm. They are euhedral to sub­

hedral but nearly always distinctly rounded. Embayed examples are 
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also common. While the graphite coating diamonds is obviously second­

a;ry, that occurring as discrete crystals appears to be primary. 

9.3.4. AK 1/25 

This xenolith was initially classified as a graphite eclogite 

but yielded a colourless diamond upon dissolution 0f the silicate 

minerals. The diamond and some of the graphite crystals recovered are 

illustrated in Figure 87. 

The diamond is a flat, sharp-edged and sharp-pointed octahedron 

of maximum length 1,3 mm. Its filass is 0,0055 carat so that diamond 

constitutes approximately 0,01 per cent of the xenolith. Crystal sur­

faces are partly smooth. Graphite veneers are locally present, however, 

and beneath these serrate laminae and shallow trigons are developed. 

Three graphite crystals were exposed at the xenolith surface and 

16 were recovered altogether. Most graphite crystals are euhedral 

tabular prisms. Scme are slightly rounded and others have irregular 

outlines. There is I:o reason to suspect a direct link between graphite 

veneers on the diamond and the discrete graphite crystals in the xenolith. 

9.4. GRAPHITE ECLOGITE XENOLITHS 

Ten graphite eclogite xenoliths were examined. All are from the 

Orapa Mine. Seven xenoliths classified as graphite eclogite after 

superficial examination were subjected to laboratory dissolution. As 

mentioned previously, one of these (AK 1/25) yielded diamond and had 

to be re-classified as a diamond-graphite eclogite xenolith. 

Details of the graphite which the xenoliths contain are summ­

arized in Table 8. Typical graphite crystals are illustrated in Figure 

88. The most important features and their relevance to diamond-bearing 

eclogite xenoliths are as follows:-

i. Most graphite crystals have basal diameters of 0,2 to 4 mm 
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and graphite commonly constitutes between 0,1 and 0,2 per cent, 

by mass, of a xenolith. In these regards, the occurrence of 

graphite is similar to that of free carbon phases in diamond 

eclogite and diamond-graphite eclogite xenoliths. The three 

varieties of eclogite are therefore likely to have similar 

origins. 

ii. In a number of the xenoliths, the graphite crystals are 

euhedral. This suggests that the graph~te crystallized in a 

fluid medium. Some subhedral examples can be ~ccounted for 

by relatively late crystallization within volumes confined by 

silicate grains. 

iii. Euhedral graphite crystals are commonly slightly rounded. 

Associations between rounded and sharp-edged crystals are 

explained best by etching which occurred after solidification 

of the eclogite. Sharp-edged crystals could then have been 

protected from the etchant. 

iv. In some xenoli ths, most of the graphite crystals are mar!cedly 

rounded or embayed. These crystals could have been strongly 

etched. Alternatively, they could have been partly dissolved 

while diamond was being precipitated. 

v. In no instance is there any evidence to suggest that the 

graphite is derived from diamond. Instead, graphite appears 

to be a primary mineral. 
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10. GENERAL FEATURES OF THE DIAMOND AND GRAPHITE 

IN ECLOGITE XENOLITHS 

The most striking feature of the diamond-bearing eclogite 

xenoliths described is that, by comparison with kimberlites, they 

are extremely rich in diamond . This fea~;ure of diamond-bearing eclogi te 

xenoliths was first noted by Bonney (1899). Small xenoliths containing 

011e large diamond or few diamonds (e.g: DB 1, D:~ 2, DB 3, DB 4, DB 6, 

DB 7, DB 8, AK 1/111 and AK 1/25) might not accurately reflect ~ ... he 

diamond content of possibly large bodies of eclogite. Better indications 

of the diamond content of large bodies should come from large xenoliths 

and from xenoliths containing many diamonds. The best indications 

should come from large xenoliths displaying a unimodal diamond size 

frequency distribution because a significant sample of the diamond 

population of the parent rock is likely to be present in such xenoliths. 

Specimens XRV 22 and ERV 247 best meet the requirements for being 

representative samples. Specimens AK 1/9, PJL 18, AK 1/110 3Ild JJG 531 

meet these requirements less stringently. 

Specimen FJL 18 contains approximately 40 times as much diamond 

as the kimberlite which transported it. XRV 22 contains approximately 

l 600 times as much, ERV 247 contains 8 500 times as much and AK 1/9 

AK 1/110 and JJG 531 all contain at least 15 000 times as much diamond 

as their host kimberlites . Only a few hundred parts of disaggregated 

diamond eclogite, per million parts of kimberlite, might therefore 

account for all of the diamond in some kimberlite. This is not to say 

that all, or even most, diamond in many kimberlites is derived from 

eclogite. Studies of inclusions in diamond indicate that eclogite­

derived diamonds are usually subordinate to diamonds of peridotitic 

paragenesis · (e.g. Sobolev, 1977). At Orapa, however,
0

eclogitic inclusions 
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strongly predominate (J.J. Gurney, personal communication) and most 

of the diamonds in the Orapa kimberlit~ could have been derived from 

eclogite. 
~ 

Orapa is the only locality from which diamonds from both kim­

berlite (see Section 12.5.) and eclogite xenoliths were studied. Never­

theless, it is reasonably certain that 6.iamonds of the same colours 

as in the eclogite Aenoliths are also common in the kimberlites in 

wr1ich all of the xenoli ths were found. ·Much of ·.::he size range of the 

diamonds in kimberlites is represented among the xenoliths • . 

Significant differences were also observed between the diamonds 

from Orapa xenoliths and the diamonds from Orapa kimberlite, and there 

a.re good reasons for anticipating the same differences at other xenolith 

localities. Differences between the diamonds in the eclogite xenoliths 

and the diamonds in nearly all of the kimberlitic samples studied 

(Chapter ·12) are as follows:-

i. The octahedral for::c. is much more common in the xenoliths. 

ii. The dodecahedral form is much more common, relative to the 

tetrahexahedroid form, in the xenoliths. 

iii. Serrate laminae, pointed plates, ribbing and knob-like 

asperities a.re relatively common surface textures of the 

xenolith diamonds. 

iv. Graphite veneers are much more frequently observed on the 

diamonds of the xenoliths. 

All of the differences outlined above are as to .be anticipated, 

should oxidizing, kimberlitic fluid be the main agent responsible for 

diamond re~orption and etching. Diamond enclosed in impermeable material 

would not be -modified by such fluid. The limited access, along grain 

boundarie s and cracks in xenoliths, of kimberlitic fluid to diamonds 

in xenoliths would result in these diamonds being less modified than 

j' 
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any which are unprotected. Growth forms would therefore tend to survive, 

as is the case for most of the diamond3 examined from eclogi te xenol:i.ths. 

Within tne semi-closed systems inside xenoliths, reactions between 

infused fluid and diamond ~ould approach equilibrium. Once the oxidation 

potential of the fluid is sufficiently diminished, graphite films 

would build up on diamond surfaces. Thi ~; would favour the limited 

development of dode~ahedral, rather than tetrahexahedroid, resorption 

surfaces and the development of the surface tex-::ures associated with 

graphite coatings. The external features of the diamond exposed in 

xenolith DB 2 and the diamonds in xenolith JJG 531 are particularl y 

informative. Tetrahexahedroid surfaces are developed only at the most 

exposed part of the diamond in DB 2. The diamonds presently exposed 

in JJG 531 appear to have been oxidized more than those from within 

the xenclith. 

Considering both the similarities and differences between the 

xenolith diamonds and diamonds more typical of kimberlites, it is 

unnecessary to regard the xenolith diamonds as unique. Furthermore, 

diamouds which are liberated from xenoliths before the cessation of 

diamond resorption and etching should lose the external features by 

which they might be recognized. 

Should the crystallite-like features occurring on some cf the 

etched surfaces of diamonds in specimen ERV 247 be diamond overgrowths, 

diamond resorption can pre-date diamond crystallization. This would 

suggest the likelihood of diamonds being partially dissolved by the 

liquid from which they crystallized. In ERV 247 there is al so evidence 

that diamond resorption occurred before clinopyroxene crystallizati on. 

In none of the other specimens, is there any suggestion that diamond 

resorption pre-dates solidification of the eclogite. In specimens AK 1/9 

and DB 3, diamond resorption is seen to pre-date the phlogopitizati on 
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of eclogite. 

Only in one case (DB 3) was tentative, direct evidence obtained 

for the plastic deformation of a diamond in eclogite. Occurrences of 

brown diamonds (e.g. XRV 22), particularly when associated with col our­

less diamonds (e. g . PJL 18, HRV 247), also suggest, however, that 

diamond may be plastically deformed in 8clogite. Orlov (1977, p. 205) 

mentions that the diamonds in fragmented, diamond-bearing xenoliths 

are often plastically deformed. Although Orlov ~snot specific, he is 

probably referring to eclogitic, not peridotitic, xenoliths. -

Apart from the possibility of minor, diamond inclusions and 

overgrowths in specimen HRV 247, none of the xenoliths studied appears 

to contain more than one population of diamonds. Associations between 

single crystals, macles and aggregates (e.g. HRV 247 and XRV 22) and 

between octahedra and cubes therefore mean that similar associations 

in kimberlites do not necessarily attest to the presence of more than 

one generation of diamonds. The occurrence of cubes with octahedra in 

specimen XRV 22 probably indicates that the temperature changed during 

crystallization of the diamonds. 

The fairly common association of diamond and primary graphite in 

eclogite xenoliths is interesting. This suggests that diamond in eclogite 

may crystallize close to its thermodynamic stability limit. A chan~e in 

either temperature or pressure during the crystallization of free carbon 

is also indicated. At 1200° C and 47 kb, which are realistic conditi ons 

for the crystallization of diamond-bearing eclogite, the densities of 

both diamond and graphite are similar to their densities at normal 

temperature and pressure (i.e. 3,5 and 2,2 g/cm3; after Berman, 1965). 

Considering the difference in their densities, a gravitational separation 

is likely between diamond and graphite crystallizing from the same 

liquid. Such differentiation is probably evident in specimens HRV 247 
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and XRV 22. For a boundary betwaen diamond-rich and graphite-rich 

portions of eclogite to be observed in at least two mantle-derived 

rock samples suggests that carbon-bearing eclogite occurs as abundant, 

very small bodies in the earth 1 s mantle. Large bodies of igneous, 

predominantly carbon-free eclogite might contain diamond in their 

lowermost portions and graphite in their uppermost portions. Crystal­

lization of both graphite and diamond from a liquid is more readily 

explained by cooling than by a change in confin:.ng pressure. Diamond 

crystallization should ther. follow graphite crystallization. Considering 

an analogy with the process occurring during diamond synthesis experi­

ments (Wentorf, 1965), primary graphite crystals should be partly 

resorbed when associated with diamond. Specimen ERV 247 might be unique 

in that a period of heating possibly occurred during crystallization 

of the rock (see Robinson, 1979). Such an interpretation for ERV 247 

depends upon the crystallite-like features, which occur on the cubic 

surfaces of some di&monds in the xenolith, being diamond overgrowths. 
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11. THE DATA REPORTED lt10R KIMBERLITIC AND PLACER DEPOSIT SAMPLES 

The data for samples from kimberlitic and placer deposits, which 

a.re reported in Chapters 12 and 16 respectively, refer to the dis­

tributions of particular features of diamonds. These data a.re tabulated 

as percentages of the (total or pa.rticu~a.r) diamonds which exhibit the 

individual features. Since it was not always possible to examine any 

of a sample in a scanning electron microscope, ·';he results quoted 

refer to observations made under the binocular microscope. 

The distributions of particular colours, crystal forms, and 

crystal shapes a.re quoted as percentages of the total of diamonds i n 

each sample. The distributions of pristine surface textures which a.re 

not restricted to particular crystal surfaces are quoted as the per­

centages of the totals of diamonds, less fragments, which exhibit 

the particular textures. The distributions of surface textures which 

are restricted to particular crystal surfaces are quoted as the per­

centages of the diamonds, displaying the requisite crystal surface 

as either the predominant or a subordinate form, which exhibit the 

particular textures. (Less meaningful figures would have been obtained 

for restricted surface textures had their distributions been determined 

with reference to the totals of diamonds. For example, in some samples 

from Letseng-le-terai (Section 12.4.), it is the scarcity of crystals 

displaying octclledral surfaces, rather than a scarcity of trigons, which 

is an outstanding feature, for trigons a.re as commonly developed on 

octahedral surfaces as in other samples). As detailed in Section 8.5., 

up to ten rer cent of the diamonds in individual samples were excluded 

from the totals on which the degree-of-abrasion determinations were 

based. The data for diamonds displaying percussion markings a.re 

percentages ·of the totals of diamonds in the samples. A single 
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percussion marking was sufficient for a diamond to be counted. Examples 

were not counted i~ which small percussion markings (generally very 

few) were disclosed only during examination in the scanning electron 

hlicroscope. 

As previously noted, some diamond colours and surface textures 

grade intc others. Certain determinations, for example the relative 

proportions cf light brown a.id brown diamonds and of coarsely-frosted 

and finely-frosted diamonds, may therefore net be stri8tly r2pro~ucable 

in any sample. Subjectivity is mo8t pronounced, however, in _some of 

of the classification of diamonds according to crystal shapes. No 

strict criteria were adhered to in distinguishing between equidimen­

sional, distorted and irregular crystals. These data must therefore 

be regarded as only semi-~uantitative. 

The numbers of diamonds constituting the individual samples are 

listed in Tables 2 and 3. Totals ra.~ge from less ~han 50 to 500 diamonds 

per sample. In most cases in which less than 200 diamonds were examined, 

the sample size was determined by the availability of material. Excep­

tions are the Mir and Urals samples which were examined during a brief 

visit to the United Kingdom. The time at the author's disposal limited 

-the sizes · of these two samples. The inclusion of diamonds not of the 

minus 11 plus 9 diamond sieve class was determined partly by the nature 

of the material available and partly to allow comparisons between 

diamonds of different sizes. 

With regard to samples of 200 or more diamonds, much more material 

was generally available than was examined. Whenever possible, large 

diamond parcels were sampled in their unsorted state. A reasonably 

random sample of the selected sieve class was obtained as follows: 

the approximate number of diamonds available was determined by weigh­

ing; the diamonds were spread to a circular layer on a table top; a 
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spatula edge was used to cut the circular layer into segments con­

tain.lng ::i. fraction ( usually one third) of approximately the required 

number of diamonds; geometrically-spaced segments were ta.ken out to 

obtain approximately the required number of diamonds; final adjustment 

to the exact number required was affected by subtracting or adding 

a few diamonds without viewing them. (It was found necessary not to 

view the diamonds while ma.king the final adjustment because of a 

strong inclination to select deeply-colbured diamonds which attract 

the eye) • . Some diamond parcels had previously been sorted, a,ccording 

to commercial considerations, into as many as twenty categories per 

sieve class. To obtain a representative sample of a sorted diamond 

parcel, each category of the selected sieve class was weighed and a 

proportionate number of diamonds was extracted for examination. It is 

assumed, for statistical purposes, that most of the diamond parcels 

sampled a.re representative of their localities. The Mir and Urals 

parcels a.re not considered to have been representative, since each 

consisted of only one commercial· assortment of diamonds. 

Ninety five per cent confidence limits for the determinations 

reported in Chapters 12 and 16 can be got by referring to Figure 89. 

In order to use Figure 89, the number of diamonds involved in the 

particular determination must be known. For data involving all of the 

diamonds in a sample (colours, crystal forms, crystal shapes, percussion 

markings), this number can be obtained from Table 2 or Table 3. For 

data involving most diamonds (unrestricted and tetrahexahedroid surface 

textures, degrees of abrasion) little error will generally be introduced 

by assuming numbers of 90 per cent of those in Table 2 and 95 per cent 

of those in Table 3. Some samples, however, are exceptional. For 

example, in the De Beers Mine samples only approximately 60 per cent 

of the diamonds are involved in the unrestricted a..~d tetrahexahedroid, 
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surface texture determinations, on account of the high proportions 

of fragm~nts in these samples . The numbers of diamonds involved in 

the octahedral and cubic, surface texture determinations are given 

in the relevant data tables. 

Some examples of 95 per cent confidence limits (to the neare s t 

integers) are given in Table 12. The following points are worth 

noting:-

i. Wide confidence limits apply to data based on less than . 

abou.t 50 diamonds. 

ii. Confidence limits are not substantially reduced by increasing 

the number of diamonds examined from 200 to 500. 

For data involving all or most of the diamonds, 300 diamonds is there­

fore considered to be an optimum sample size. Samples with as few 

as 100 diamonds should also give meaningful results. 

In most of the samples studied, only about 30 per cent of the 

diamonds exhibit octahedral crystal faces and only about 10 per cent 

exhibit cubic surfaces. The confidence limits for octahedral and, 

particularly, for cubic surface texture determinations are there-

fore much wider than for data involving all or most diamonds. For this 

reason, little significance is placed upon the distributions of 

octahedral and cubic surface textures in most samples . The data on 

crystal shapes are de-emphasized on account of the subjective manner 
~~- ,.:_: ..... ~ ... 

in which some shapes were distinguished from others • . · 

In order to test whether different distributions of a feature 

between two samples are significant (with respect to the populations 

from which the samples were drawn), use was made of the statistic 

(Dixon and Massey, 1969, p. 249): 

x -x 
z = l. 2 

j p.(1-p) (1/N
1 
+l/N

2
) 

where p = (N1X1 +N2X2 )/(N1+N2 ) 
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and it was concluded, with 95 per cent confidence, that the populations 

from which the samples are drawn are significantly different with 

respect to the feature considered, when: 

z < -1,96 or> 1,96 

(In the above formulae, Xi and X2 are the proportions (i.e. percentages 

/100) of diamonds displaying the feature in the two samples and Ni and 

N2 are the nunbers of diamonds involved in the determinations). 

The percentat.3Bs of the diamonds d1splaying lamination lines are 

listed in the tables (17 and 25) dealing with tetrahexahedroid surface 

textures. This contradicts the fact that lamination lines are not 

entirely restricted to tetrahexahedroid surfaces. Lamination lines, 

however, are developed preferrentially on tetrahexahedroid surfaces. 

A better indication of the percentage of diamonds displaying lamination 

lines is therefore obtained by regarding the texture as specifically 

tetrahexahedroid. This results in a slight complication in the case 

of the Mir Mine sample, in which some diamonds without tetrahexahedroid 

surfaces display lamination lines. 
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12. TEE CHARACTERISTICS OF THE DIAMONDS FROM SOME KIMBERLITES 

Comparisons between the diamonds from associated kimberlites 

should contribute toward an understanding of kimberlite magmatism. 

In order to determine whether, or not, a particular kimberlite 

contributei diamonds to a placer deposit, it is essential that samples 

of the kimberlitic and place~ diamonds be compared. The characterization 

of kimberlitic dianond samples is thereTore a useful exercis0. 

The Southern African kimberlite localities from which ~iamonn 

samples were studied are plotted in Figure 90. A Russianaample an~: a North 

American sample were also studied. Sample particulars can be ob-

tained from Table 2. The data determined for each sample are presented 

in tables, as follows:-

Table 13: The percentages of the diamond colours distinguished . 

Table 14: The percentages of the main cryst2.l forms and of the 

diamonds with particular crystal surfaces. 

Table 15: The percentages of the crystal shapes distinguished . 

Table 16: The percentages of the diamonds (excluding fragments) 

which display particular, unrestricted surface textures. 

Table 17: 'Ihe percentages of the diamonds with tetrahexahedroid 

(or dodecahedral) crys tal surfaces, which display 

particular surface textures which are restricted to 

these surfaces. 

Table 18: The percentages of the diamonds with octahedral crystal 

surfaces, which display particular, octahedral surface 

textures. 

Table 19: The percentages of the diamonds with cubic crystal 

surfaces, which display particular, cubic surface 

textures. 
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The data involving all or nearly all of the diamonds (Tables 13 

to 15 and Tables 16 and 17, respectively) in most of the samrles are 

emphasized, in the ensuing discussion, because of statistical con­

siderations (Chapter 11). The data in Table 15 are de-emphasiz,~d, 

however, on account of subjectivity in distinguishing between some 

diamond shapes. 

12.1. THE 595 m, 720 m AND 785 m LEVELS OF TEE DE BEERS MINE 

Three varieties of kimberlita are distinguished at the_ De Beers 

Mine, Kimberley. The Breccia Kimberli~e contains abundant wall-rock 

xenoliths, while a central core of kimberlite is distinguished from 

a peripheral variety mainly by its substantially greater content of 

diamond (C.R. Clement, personal communication). In addition to a 

dependa.nce upon kimberlite variety, the concentration of diamond 

also varies according to the depth of mining, as illustrated in Figure 

91. It was hoped that a study of diamond samples from each of the 

kimberlite varieties, and from different levels in the mine, would 

contribute toward elucidating the reasons for the variations in 

diamond concentration. 

The De Beers Mine samples were the first to be examined and , 

unfortunately, diamond colour was not considered. The largest sample 

. studied for each kimberlite is that from the 595 m level, The 595 m 

samples are therefore regarded as the type samples for the kimberl i te 

varieties. Diamonds of various sizes were examined. Only the minus 11 

plus 9 sieve class of the Central Core samples is considered in the 

ensuing discussion, unless otherwise stated. The smallness of the 

Peripheral and Breccia Kimberlite samples necessitates that they be 

considered in their entireties. 

A notable feature of all of the samples is the very high 
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proportion of fragments which they contain (Table 14), No distinction 

was made between etched and unetched breakage surfaces in the data 

recorded. It was noted, however, that the majority of breakage 

surfaces are etched. Most diamond breakage in the samples can there­

fore be ascribed to natural causes. 

12.1,1, Comparisons between the Central Core, Peripheral and Breccia 

Kimberlite s of the 595 m Level 

' Both the octahedron and the cube occur largely as subordinate 

crystal forms among the diamonds of the De Beers Mine. TabJc 14 shows 

that the octahedral form has a similar abundance, relative to the 

cubic form, in all of the 595 m level samples . A similar predominance 

of the relatively high temperature growth form of diamond is therefore 

represented in all of the kimberlites. Twinned crystals are similarly 

scarce in all of the kimberlites. These similarities are compatible 

with the same, mantle-derived population of diamonds predominating 

in each of the kimberlite varieties . Table 14 shows that the tetra­

hexahedroid form is similarly predominant in all of the samples. This 

is compatible with the diamonds in all of the kimberlites having 

experienced the same conditions during which diamonds were resorbed. 

Tables 16 to 19 demonstrate that, in most cases, individual 

surface textures are displayed by similar proportions of the diamonds 

in all of the kimberlites. This is the case even for textures, such as 

corrosion sculpturing, which are not represented in many kimberlit i c 

diamond samples. Surface textural similarities indicate that the 

diamonds in all of the kimberlite varieties experienced similar, post­

resorption conditions during which etching occurred. This is also 

indicated by the similar, particularly large proportions of fragments 

and broken crystals in all of the samples (Table 14), 
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The comparison between the three diamond samples strongly 

suggest~ . that only one, primary kimberlite magma is represented in 

the De Beers Mine diatreme. The relative paucity of diamond in the 

Breccia Kimberlite can be attributed to dilution of the magma by a 

large volume of wall-rock xenoliths. The different concentrations of 

diamond ir. the Peripheral and Central Core Kimberlites are more 

difficult to explain. It is possible that the Central Core was 

emplaced separately from a shallow reservoir as a portion of the , 

magma within which diamond had become concentrated. The possibility 

of a separate intrusion, into the diatreme, of the Central Core 

Kimberlite reQuires that the diamonds in the reservoir were not 

appreciably modified between successive magma sur~es and also that 

very little etching or breakage of diamonds occurred within the 

diatreme. Alternatively, it is possible that only a single magmatic 

event is represented in the diatreme. Should this be the case, it is 

necessary to call upon some mechanical process whereby diamonds were 

concentrated into the central portion of the magma column. 

12.1.2. Comparisons between the 595 m, 720 m and 785 m Levels 

Most of the variations in crystallographic and surface textural 

characteristics (Tables 14 and 16 to 19, respectively) between the 

samples from different mining levels are insignificant, considering 

the small sizes of most of the samples. The diminishing diamond 

concentration, with depth, in each of the kimberlite bodies therefore 

cannot be correlated with the increasing effects of any process of 

diamond-resorption or diamond-destruction. 
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12.2. THE FINSCH MINE 

The Finsch M~ne diatreme north of Postmasburg is occupied by 

a single intrusion of xenolith-bearing kimberlite. The kimberlite 

contains abunda.~t nucleated autoliths and i s demonstrably of magmatic 

origin (Clement, 1975). Three hundred minus 11 plus 9 sieve class 

diamonds w~re examined from a mine-production parcel. One reason 

for including Finsch Mine diamonds in the present study was to tes t 

the hypothesis of ~urney, Harris and Rickard (1979) that most Finsch 

Mine diamonds are phenocrysts, rat her than xenocrysts, in the kimberlite . 

Gurney, Harris and Rickard based their hypothesis on the chemical 

compositions of peridotite-type, mineral inclus ions in Finsch Mine 

diamonds. 

Approx_imately 60 per cent of the diamonds examined are brown 

or light brown (Table 13). Most of the remainder are colourless but 

a few per cent of the total are yellow. 

Most of the diamonds are tetrahexahedroida and slightly more 

than 10 per cent are octahedra (Table 14). Cubes and fragments are 

also represented but neither is common. Approximately 10 per cent of the 

crystals are macles and slightly fewer are aggregates. Table 14 al so 

shows that nearly all of the non-fragmental diamonds exhibit tetra­

hexahedroid surfaces . Octahedral crystal faces are preserved on 

approximately 30 per cent of the diamonds and cubic surfaces on approx­

imately 10 per cent. Half of the diamonds are broken. The etched appear­

ance of most breakage surfaces attests to their natural origin. 

Ruts are commonly developed and rare Finsch Mine diamonds 

display scratch-like markings (Table 16). As many as 50 per cent of 

the diamonds with tetrahexahedroid surfaces display lamination lines 

(Table 17). Shagreen texture is associated with the lamination lines 

in most cases. Terraces are also commonly developed on tetrahexahedroida. 
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No positively-oriented surface textures were observed in the sample. 

A remarkable feature of the sample, which is not shown in the 

tables, is that 3 per cent of the diamonds display the effects of 

abrasion (Figure 92) . Gro".llld surfaces post-date all etch features 

and are indistinguishable from some surfaces commonly developed on 

detrital diamonds. In most cases, only sharp crystal corners or corners 

and particularly sharp crysta.l edges are ground, but examples were 

noted of crystals ·lisplaying ground tet:t'ahexa.'1.edroid "A" edg,:rn. ~early 

all of the diamonds which display 3Cratch-like markings are ground 

but some ground crystals are without these markings. 

The most noteworthy features ·of the Finsch Mine sample are the 

preponderance of brown diamonds, the very common o(:currence of diamonds 

displaying lamination lines and the presence of diamonds with ground 

surfaces. 

It is considered that diamonds displaying 12.mination lines must 

be xenocrysts with respect to the kimberlite in which they occur. That 

so many Finsch Mine diamonds display lamination lines is therefore 

contrary to the hypothesis, of Gurney, Harris and Rickard (1979), that 

most Finsch Mine diamonds are phenocrysts . 

The presence of abraded diamonds in the sample must be due to 

one of the following causes:-

i. Attrition during a late stage of kimberlite emplacement. 

ii. The incorporation of diamond-bearing, sedimentary xenoliths 

into the kimberlite. 

iii. Attrition in the recovery plant at Finsch Mine. 

iv. Contamination of the sample with detrital diamonds from 

another locality. 

Possibility i) above is considered most unlikely in view of the 

magmatic nature of the Finsch Mine kimberlite. Large xenoliths of 
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older, sedimentary kimberlite do occur within the magmatic kimberlite 

(L. Kleinjan, personal communication) so that ii) above is not im­

possible. Possibilities iii) and iv), however, are also difficult 

to disprove. 

12.3. THE ?REMIER MINE 

The Pre~ier Mine diatr8me at Cullinan contains three main bodies 

of kimberlite (Fig.rre 93). These have been considered to rep.i:ese:r;i.t 

separate intrusions (Gerryts, 1951). They are designated, in order of 

apparently diminishing age, the Brown Kimberlite, the Grey Kimberl ite 

and the Black Kimberlite . Brown Kimberlite occurs as xenoliths in 

Grey Kimterlite and is cut by the latter (Clement et al., 1973). I t 

should be noted, however, that the Grey and Black Kimberlites a.re 

separated by a gradational zone of Green Kimberlite which obscures 

the relationship between them (Clement et al., op.cit.). The diatreme 

is cut by a 75 m thick gabbro sheet which dips at about 15 degrees. 

The gabbro, and hence the kimberlite pipe, is Precambrian in age 

(Allsopp, Burger and Van Zyl, 1967) . 

Five hundred minus 11 plus 9 sieve class diamonds were examined 

from each of the three main kimberlites. Green Kimberlite was incl uded 

with Black Kimberlite in the sampling procedure. All of : the se diamonds 

are from the 538 m sampling level. Another, smaller sample recovered 

from distinctly metamorphosed kimberlite at the 370 m level of the 

mine was also studied. The main results of this separate study are 

summarized in Table 20 . No features considered to have re sulted from 

metamorphism were noted on any of these diamonds. Since the gabbro sheet 

does not even transect the 538 m level, the possibility that thermal 

metamorphism appreciably modified diamonds from the 538 m level can 

be discounted. 
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12.3.1. Comparisons between the Brown, Grey and Black Kimberlites of 

the 538 m Level 

The distribution of diamond colours is very similar in the Grey 

and Black Kimberl ites (Table 13). In both cases brown diamonds pre­

dominate. The Brown Kimberlite sample is strikingly dissimilar in its 

strong pre,onderance of colourless diamonds. 

In all of the samples, tetrahexahedroida are much more common 

than octahedra, ani cubes a.re rare (Table 14). The predominance of 

tetrahexahedroida is particularly marked in the case of the Brown 

Kimberlite sample. The abundances of crystals e~hibiting octahedral 

or cubic surfaces (mainly as subordinate forms) are similar in the Grey 

and Black Kimberlite samples but are lesser in the· Brown Kimber lite 

sample. Approximately dodecahedral crys tals were noted mainly in the 

Grey and Black Kimberlite samples. Significantly more crystals a.re 

broken in the Brown Kimberlite sample than in the other two samples. 

Paired, pseudohemimorphic crystals and nearly spherical crystals a.re 

both rare constituents of both the Grey and Black Kimberlite samples, 

but were not noted in the Brown Kimberlite sample (Table 15). One 

spherical diamond in the Grey Kimberlite sample was identified as a 

b~lu. 

Diamonds displaying knob-like a sperities constitute 3 or 4 per 

cent of the Grey and Black Kimberlite samples but are rare in the Brown 

Kimberlite sample (Table 16). Coarsely frosted diamonds occur in all of 

the samples but are particularly common in the Grey Kimberlite sample. 

Fine frosting i s a relatively common feature of the diamonds in the 

Brown Kimberlite sample. Table 16 shows that diamonds displaying scratch­

like markings are particularly com.~on in the Brown Kimberlite sample. 

Table 17 demonstrates that coarse hillocks, hillocks with hexagonal 

pits, corrosion sculpture, shallow depressions and microdisk patterns 
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are all surface textures which are fairly common in both the Grey 

and Black Kimbe~lite samples but which are significantly less commc~ 

in the Brown Kimberlite sample . L&~ination lines are evident on more 

than 40 per cent of the diamonds in all of the samples . Serrate laminae 

and hexagonal pits containing trigons are both common octahedral surface 

textures in the Grey and Black Kimberlite samples but are either rari: 

or absent in the Brown Kimberlite sample (Table 18). 

A noteworthy featu.ce of ci11 of the samples is the scarcity of 

yellow diamonds which they contain. The substantial proportion of 

diamonds displa~ring scratch-like markings is an outstanding feature 

of the Brown Kimberlite sample. Other noteworthy features of both the 

Grey a.~d Black Kimberlite samples include the fairly common occurrences 

of ribbed, dodecahedral crystals with lmob-like asperities, crystal s 

displaying hillocks with hexagonal pits and crystals displaying hex­

agonal pits containing trigons. The occurrences of nearly spherical 

crystals and of paired pseudohemimorphic crystals in these two ki~­

berlites are also worth no~ing. 

It is likely that the same genetic assortment of diamonds is 

present in all of the Premier Mine kimberlites. This is suggested by 

close similarities, between the samples, in the characteristics which 

are det~rmined by crystal growth (and immediately subsequent) condi tions. 

These characteristics include the proportion of yellow diamonds , the 

ratio between the diamonds with octahedral crystal surfaces and those 

with cubic surfaces, the incidence of macles and the incidence of 

crystal aggregates. 

The similar distributions of diamond colours in the Grey and 

Black Kimberlite samples strongly suggest that these two kimberlites 

were repre sented by a single magma at the time that the diamonds were 

discoloured· brown. The different distribution of colours in the Brown 
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Kimberli te sample indicates that the Brovm Kimberli te diamonds ex­

perienced. different conditions during the brown-colouring event. The 

individuality of the Brown Kimberlite was therefore established while 

this rock was a magma at mantle depths. 

The Grey and Black Kimberlites must have been represented by 

a single rragma during practically all of the resorption and most of 

the etching 2.nd crystal breakage which affected the diamonds in th~se 

kimberlite bodies. This is indicated by· similarities in the propQrtions 

of, for example, crys tals which exhibit remnant, growth form (i.e. 

octahedral or cubic) surfaces, ribbed dodecahedra with knob-like 

asperities, crystals displaying hillocks with hexagonal pits, crystals 

displaying corrosion sculpture and broken crystal,; . The Grey and Black 

Kimberlite magmas need to have separated, however, by the time that 

diamonds, and particularly those in the Grey Kimberlite, were being 

coarsely frosted. The different surface textural characteristics of the 

Brown Kimberlite sample substantiate that this kimberlite was emplaced 

separately from ma..~tle depths. 

12.4. LETS.SNG-LE-TERAI 

T'ne kimberlite occurrences at Letseng-le-terai, Lesotho, have 

been described by Bloomer and Nixon (1973). A relatively large pipe 

is associated with a smaller pipe situated a few hundred metre s away. 

A number of kimberlite types can be distinguished in each of the pipes . 

Included among these is the K6 Kimberlite which forms a relatively 

young, core-like body within the larger pipe. The small pipe is known 

as the Satellite Pipe. Only the K6 body is currently being exploited. 

Diamond samples recovered from the K6 body, the undifferentia ted 

"Remainder" of the main pipe and the undifferentiated Satellite Pipe 

were available for examination. A variety of diamond sizes were examined. 
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One hundred minus 11 plus 9 diamonds are included among those examined 

in the K6 and Satellite Pipe samples, but only 50 cf those examined 

in the Remainder sample are of this size. 

12.4.1. Comparisons between the K6, Remainder and Satellite Pipe 

Kimberlites 

Diamond colours (Table 13) are fairly similarly distributed in 

the K6 and Remainder samples. Slight, but statistically significant, 

differences are evident. These differences are not consistent in all 

of the diamond sizes, however, so that their true significF.nce is not 

easy to evaluate. The Satellite Pipe sample contains substantially 

more colourless diamonds, mainly at the expense of light brown and 

brown diamonds but possibly also at the expense of yellow diamonds. 

Diamonds containing abundant microscopic to submi9roscopic, black 

inclusions are fairly common in the Satellite Pipe sample. Such diamonds 

constitute most of those classified as of "other" body colour in Table 

13. They are rare in the Remainder sample and were not seen in the 

K6 sample. 

Among the crystal forms represented (Table 14), the tetrahexa­

hedroid predominates strongly. This is particularly the case in the 

Satellite Pipe sample, in which only about 5 per cent of the minus 11 

plus 9 diamonds display octahedral surfaces, but is also notably the 

case in the Remainder sample. In the K6 and Remainder samples, the 

octahedral form is much more common than the cubi(! form. In the 

Satellite Pipe sample, however, the cubic form is about as common as 

the octahedral form. This is largely due to the relatively common 

presence of cubic surfaces on the inclusion-rich diamonds which occur 

mainly in the Satellite Pipe sample. Fragments are common and more 

than half of the diamonds in all of the samples are broken. Most of 

the plus 11 tetrahexahedroida in the K6 and Remainder samples are 
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classed as irregular crystals, but equidimensional crystals are fairly 

common in the Satellite Pipe sample (Table 15). 

Ruts are very common among the -..:..nrestricted surface textures 

developed, particularly in the K6 sample (Table 16). Fine f:rosting 

is the only other, unrestricted surface texture noted and is displayed 

by a few per cent of the diamonds in all of the samples. Most tetra­

hexahed.roida in all of the samples display low-relief surfaces (Table 

17).Lamination lines are evide~t on mo~e than 40 per cent of the 

diamonds with tetrahexahedroid surfaces in the K6 and Remainder samples, 

but are a significantly less common feature in the Satellite Pipe sample. 

The K6 and Remainder samples are similar in all of the charac­

teristics considered. to be determined at mantle depths. These charac­

teristics include crystal growth forms, colour and lamination lines. 

This similarity suggests that both ki~berlite bodies are representative 

of the same primary magma. The substantially greater proportion of K6 

diamonds which exhibit ves~iges of growth form surfaces indicates that 

fewer K6 than Remainder diamonds were substantially resorbed during 

kimberlite emplacement. Since the surface textural characteristics of 

the K6 and Remainder samples a.re similar, it is unlikely that two 

magmas with different physico-chemical properties were involved. 

Instead, the same magma probably produced both kimberlite bodies, with 

more diamonds in the K6 magma pulse having been partly protected from 

resorption. Such protection is presumed to have been afforded by 

enclosure within xenoliths which were disaggregated relatively late 

within the magma which produced the K6 body. 

Most of the Satellite Pipe diamonds may also represent the same, 

genetic assortment that is present in the kimberlites of the main pipe. 

It appears, however, that an additional population is substantially 

represented in the Satellite Pipe. This additional population consists 
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of inclusion-rich diamonds which commonly exhibit cubic crystal surfaces. 

(This population might also be represented in the Remainder bociy, b~1t 

only as a very minor constituent). Notwithstanding the likelihood of 

a common source for most oi the diamonds in the main pipe and Satellite 

Pipe kimberlites, the Satellite Pipe kimberlite is likely to have been 

separately emplaced from the earth's mantle. This is indicated by 

substantial differences, between the Satellite Pipe and main pipe 

diamond samples, in the proportions of diamonds displaying feature s 

(bro·N'!l colours, lamination lines) which are considered to develop i n 

association with the movement of kimberlite magma within diamond 

source regions. 

12.5. THE ORAPA MINE 

The Ora.pa Mine is situated a fe~ kilometres south of the 

Madgadikgadi Pan Complex in Botswana. T?e ore-body is a pipe in whi ch 

approximately 90 m of epiclastic kimberlite (i.e. sedimentary rock 

derived mainly from kimbe~lite) overlies tuffaceous kimberlite (Hawthorne, 

1975). 

Two hundred minus 11 plus 9 diamonds were examined from each of 

two parcels. One parcel (here termed the "Trenches Parcel") represents 

the dial"londs recoveied from 3 m deep surface trenches. The other parcel 

(here termed the 11 ± 35 m Parcel") represents the diamonds recovered 

from a cut at an average depth, from surface, of approximately 35 m. 

In both cases the diamond host rock is epiclastic kimberlite. As i s 

to be expected, the two samples are practically identical in nearly all 

respects. They are therefore described as one sample, but with signi­

ficant differences between them being pointed out. 

Colourless and light brown to brown are the main diamond body 

colours (Table 13) and are about equally important. Yellow colour is 
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also fairly common, as is grey colour caused by microscopic to sub­

microscopic, black inclusions. Rare diru:J.onds with green-stained surfaces 

are present in both samples. 

Among crystal forms (Table 14), the tetrahexahedroid predominates 

strongly. Crystals exhibiting remnant, gTowth form surfaces are common, 

however, and cubes are represented among them. An outstanding charac-­

teristic is that more than 35 per cent cf the diamonds studied are 

crystal aggregates. Most aggre€ates consist of between two and about 

half a dozen individ~al crystals (Figure 94) but microcrystalline 

examples (framesite) are also represented. Approximately 5 per cent 

of the features counted as tetrahexahedroid in Table 14 are actually 

of the ribbed, apprcximately dodecahedral form. 

Diamonds displaying scratch-like markings were noted only in the 

Trenches sample, while inclusion cavities are significantly less 

common in that sample than in the~ 35 ~ sample (Table 16). Only a 

limited variety of tetrahexa..~edroid su.l'face textures is represented 

(Table 17), and most tetr~exahedroid surfaces display only fine- or 

medium-textured, elongate hillocks (not included in Table 17). Few 

tetrahexahedroida display terraces and lamination lines are developed 

on fewer diamonds than in any other sample studied. Notwithstanding 

the general scarcity of lamination lines, diamonds displaying a few, 

widely-spaced lamination lines are fairly common. Triangular plates 

include some unusual examples which appear to have retained an octa­

hedral, plateau surface even though most of the host crystal may have 

been converted to a tetrahexahedroid (Figure 94). No positively­

oriented surface textures were observed in the samples examined. 

A remarkable feature, not recorded in the tables, is the presence 

of diamonds displaying abraded surfaces (Figure 94) resembling those 

developed on some detrital diamonds. Ground diamonds account for 
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10 per cent of the Trenches sample but are rare (two examples noted) 

the± 35 m sample. In approximately half of the cases, grinding is 

evident only at sharp crystal corner s . In most other cases , only the 

sharpest portions of tetrahexahedroid "A" edges are ground but more 

abraded examp'les, including one distinctly rounded crystal, are al so 

present. Most, but not all, of the relatively abraded crystals also 

display groun.d scratch-like markings. Noarly 30 per cent of the ground 

diamonds are aggregate crystal.3. Since -such crystals are generally 

rarf in Southern African placer deposits (sae Chapter lG), it is most 

unlikely that the ground diamonds in the Orapa samples are contaminants 

from a placer deposit. Milling during diamond recovery cannot easil y 

be eliminated as a possible cause of diamond abrasion. The more co1IJD.on 

occurren8e of ground diamonds in the shallower, Trenches sample is 

compatible, however, with the diamoncs having been abraJed during t he 

reworking of epiclar3 tic kimberlite. In this regard, the possibility 

that the Orapa diatreme could have been situated within the confine s 

of a once extensive, Ma.k~dikgadi Lake (Grove, 1969), should be noted. 

12.6. LETLHAKANE 

Two kimberlite pipes are present at Letlhakane, Botswana. These 

are a relatively large pipe, known as DK 1, and a smaller pipe, known 

as DK 2, which is situated a few hundred metres away. Both pipes con­

tain tuffaceous kimberlite. Three hundred minus 11 plus 9 diamonds 

were examined from each of the pipes. 

12.6.1. Compari son between the DK 1 and DK 2 Pipes 

Colourless diamonds predominate, and light brown to brown 

diamonds constitute most of the remainder, in both samples (Table 13). 

Brown diamonds are significantly more common, mainly at the expense of 

colourless diamonds, however, in the DK 1 sample. Yellow and grey 
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colours are represented, but are not particularly common, in both 

samples. Green surface staining is a fairly common feature, particularly 

among the DK 1 diamonds. In the DK 1 sample, most of the green stain­

ing is continuous on diamond surfaces but isolated green spots are 

more common in the DK 2 sample. 

The tetrahexahedroid form predominates in both samples (Table :4). 
This is particularly the case in the DK 2 sample, in which tetrahexa­

hedroida are significantly m0r~ common .and the octahedral form is 

significantly less common than in the DK 1 sample. Although appreciably 

more resorption is indicated for the diamonds of the DK 2 sample t han 

the DK 1 sample, the cubic growth form is actually better preserved 

in the DK 2 sample. This suggests that, prior to resorpiion, the DK 2 

diamond population contained substantially more cubes, relative to 

octahedra, than did the DK 1 population. Crystal aggregates s.re fai rly 

common in both samples, particularly th~ DK 1 sample. 

All of the surface textures noted in the DK 1 sample are also 

present in the DK 2 sample_. This includes much coarser knob-like 

asperities than noted from elsewhere. Frosting and corI'osion sculpture 

(Tables 16 and 17, respectively), however, are fairly common textures at 

DK 2 but were not noted in the DK 1 sample. The distributions of most 

other snrface textures vary slig..~tly, but significantly, between the 

samples. The DK 1 and DK 2 diamonds are therefore likely to have been 

subjected to similar, but not identical, conditions. No positively­

oriented textures were noted. 

Differences, between the DK land DK 2 samples, in characteristics 

which are considered to be determined at mantle depths, indicate 

separate derivations of a DK 1 and a DK 2 kimberlite magma from the 

earth's mantle. Differences between, for example, the proportions of 

diamonds displaying cubic surfaces and the proportions of crystal 
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aggregates, may attest to differences in the diamond source ~egions 

sampled by the DK 1 and DK 2 kimberlito magmas. The different propor­

tions of brown-coloured diamonds i? the two samples reflect difference s 

associated with the movement oi the kimberlite magmas in the diamond 

source regions. Diamond re sorption was a more important process in t he 

DK 2 magma than in the DK 1 magma, as shown by the greater proportion 

of tetrahexahedroida in the DK 2 sample. That the DK 2 magma was 

relatively corrosive toward diamond i s also sugt Bsted by the pre sence 

of diamonds displaying surface textures which are not repres~ntod in 

the DK 1 sample. 

12. 7. PIPE BK 9 

The generalized geology of Pipe BK 9, Botswana, is shown in 

Figure .95. A saucer-shaped body of kimberlite breccia occupies mos t 

of the surface area of the pipe. This rock (the "Kimberlite Breccia ") 

consists of country-rock basalt and sandstone fragments and inter­

stitial, magmatic kimberlite. Magmatic kimberlite which contains f ew 

countr-3 rock xenoliths is exposed at the north-we s tern and south­

eastern extremities of the pipe and underlies the Kimberlite Brecci a. 

Preliminary field and petrographic investigations have not clarified 

the possible relationships between the magmat ic kimberlite bodies at 

the north-western and south-eastern extremities of the pipe and the 

igneous component of the Kimberlite Breccia (C.R. Clement, personal 

communication). 

Three hundred, mi nus 11 plus 9 s ieve class diamonds were ex­

amined fro~ each of two magmatic kimberlite diamond samples from t he 

north-western and south-eastern outcrop areas, respectively. Ei~hty 

diamonds of like size were examined from the Kimberlite Breccia. 
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12~7.1. Compari sons between the North-we s tern and South - eastern Bodies 

of Magmatic Kimberlite and the Kimberlite Breccia. 

The distributions of diamond colours are simil ar in the south­

eastern magmatic kimberlite saIDple and in the Kimberlite Breccia sample 

(Table 13). In these samples, approximately 60 per cent of the diamonds 

are colourless and most of the remainder are b~own or light brown. The 

north-western magmatic kimberlite sample appears to be anomalously rich 

in light brown diamonds at the expense -of colourless diamonds. In view 

of difficulties in distinguishing between very light brown and colour­

less diamonds, however, the true significance of this anomaly is un­

certain. The consideration, below, of other characteristics of the 

samples helps to resolve this uncertainty. If the anomalous result ob­

tained for the north-western magmatic kimberlite sample is discounted, 

then the distributions of colours within the samples are compatible 

with the hypothesis that the same mantle-derived assortment of diamonds 

is represented in all three kimberlite bodies. 

The crystallographic characteristics which are considered to 

reflect diamond growth conditions are similar in all of the samples . 

Thus, crystal aggregates constitute nearly 20 per cent of the diamonds 

and crystals with octahedral surfaces are abou~ twice as common as cry­

stals with cubic surfaces (Table 14). These similarities are compat ible 

with the hypothesis that the same genetic assortment of diamonds i s 

present in both bodies pf magmatic kimberlite and in the Kimberlite Breccia. 

The proportion of diamonds exhibiting remnant, growth-fonn sur­

faces is similar in both of the magmatic kimberlite samples (Table 14). 

This similarity suggests that the diamonds in both bodies of magmat ic 

kimberlite were transported from the mantle by the same magma, and 

tends to discount the significance of the colour difference noted between 

the samples. In the Kimberlite Breccia sample, however, approximately 
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twice as many diamonds as in the magmatic kimberlite samples exhibi t 

octahedral or cubic crystal surfaces. ~he relative scarcity of sub­

stantially resorbed diamonds in the Kimberlite Breccia suggests ei t her 

that the magma which resorbed these diamonds was less reactive, toward 

diamond, than the magmatic kimberlite magmas, or that relatively many 

Kimberlite Breccia diamonds were protected from resorption. 

The distributions of unrestricted textures are similar in al l 

of the samples (Table 16). Tetrahexahed.roid surf~ce textures (Table 17) 

are also similarly distributed in both magmatic kimberlite samples, 

suggesting that the same kimberlite is present in both bodies. The 

Kimberlite Breccia sample is markedly different, however, in the di s­

tributions of some tetrahexahedroid surface textures. Of particular 

importance is the exceptionally common development of corrosion sculp­

ture on diamonds in the magmatic kimberlite samples and the absence of 

diamonds displaying this texture in the Kimberlite Breccia sample. The 

corrosion sculpture developed on most of the magmatic kimberlite di a­

monds is unusually fi..~e and often passes into coarse frosting. The 

texture is commonly developed on cleavage surfaces. The diamonds in 

the magmatic kimberlite bodies, but not in the Kimberlite Breccia, were 

evidently subjected to unusual conditions late during their ascent 

toward the surface. 

Comparison between the characteristics of diamond samples from 

Pipe BK 9 suggest that only one, primary kimberlite magma is represented. 

This primary magma appears to have been emplaced, however, as two 

separate intrusions. One intrusion resulted in the Kimberlite Breccia 

and the otl1er produced the two magmatic kimberlite bodies. The pos t u­

lated primary-magma apparently divided during its ascent but before 

diamond resorption was far-advanced, i.e. at a minimum depth not much 

shallower than about 100 km. 
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12;8. DOKOLWAYO 

Th~ events leading to the discovery of the Dokolwayo kimberl ite 

pipe in Swaziland are documented by Hawtho::::ne et al. (1979), who also 

Qescribe the occurrence. The kimberlite contains Ecca coal fr8uoments 

so post-dates the Lower Permian. One reason for studying Dokolwayo 

diamonds v.as so that they could be compared with the diamonds of the 

Blane placer deposit (Section 16.2.) considered, by Hawthorne et al., 

to be derived fro~ Dokolwayo. Two hundr~d minus 11 plus 9 dia.mon~s 

and 100 minus 7 plus 5 diamonds wf,re examined. The smaller diamonds 

match most Blane diamonds in size. 

12.8.1. The minus 11 plus 9 Diamonds 

Approximately 75 per cent of the diamonds are coloUJ'.'less and 

most of the remainder are either light brown or brown (Table 13). 

Rare, dark green diamonds are an unusual feature of the sample. A few 

diamonds exhibit green surface staining. 

The tetra.hexahedroid form is strongly predominant (Table 14). 

Crystal aggregates are fairly common. Diamonds exhibiting octahedral 

crystal surfaces are about three times as common as diamonds exhibiting 

cubic surfaces. Most crystals are irregular in shape and equidimensional 

crystal s are scarce (Table 15). 

Ruts are particularly common features (Table 16). Terraces and 

lamination lines are common tetra.hexa.hedroid surface textures (Table 

17). Ten per cent of the diamonds with tetra.hexa.hadroid surfaces dis­

play fine striation with edge enhancement, a surface texture which was 

not encountered in any other kimberlitic diamond sample studied. The 

fairly common occurrence of diamonds which display fine striation witn 

edge enhancement is probably the most noteworthy feature of the sample. 
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12.8.2. The minus 7 plus 5 Diamo~ds 

Ir. most respects, the minus 7 plus 5 sample studied is prac-

tically identical to the minus 11 plus 9 sample described previously. 

Significant differences include a higher proportion of brown diamonds , 

at the expense of colourless diamonds, in the mi~us 7 plus 5 sample 

(Table 13), more broken crystals in the minus 7 plus 5 sample (Table 14) 

and fewer tetrahexahedroida displaying terraces and substantially more 

displaying lamina ·;ion lines in the minus 7 plus 5 sample (Tci.ble 'J.. 7). 

It is significant that diamonds displaying fine striation with edge 

enhancement are also fairly common in the minus 7 plus 5 sample (Table 17). 

12.9. THE MIR MINE 

The Mir kimberlite pipe in Ya.kutia, U.S.S.R., has been descri bed 

by Bobrievich et al. (1959). A total sample of 25 minus 11 plus 9 

diamonds, 50 lar6Br diamonds and 25 smaller diamo·:1ds was examined. 

The sample is entirely from the "sawable and ma.keable" commercial 

assortment, so cannot be rega=dea as representative of the Mir diamond 

population. Because certain colours and crystal shapes are excluded 

from the "sawable and ma.keable" assortment, neither of these charac­

teristics was determined for the sample . Crystallographic and surface 

textural characteristics, however, should not depart radically from 

those of a random sample. 

The most notable feature of the sample is the marked predominance 

of the octahedral form (Table 14). Approximately 50 per cent of the 

diamonds studied are plane-faced octahedra, approximately 25 per cent 

are octahedra with surfaces built of imbricate triangular plates and 

another 13 per cent are octahedral macles. Tetrahexahedroida comprise 

only approximately 10 per cent of the sample and practically all of 

the diamonds exhibit octahedral crystal surfaces. More than half of the 
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plane-faced octahedra and octahedral macles are largely sharp-edged, 

with the tetrahexa.~edroid form developed only in the vicinity of 

crystal corners. (These incipient developments of the tetrahexa.hed.J:·0id 

form were ignored in determining the percentages, listea in Table 14, 

of diamonds with tetrahexahedroid surfaces). The cubic crystal foim 

is poorly represented in the sample. Approximately half of the diamonds 

are broken. Most breakage su:cfaces a.re etched and, therefore, are 

natural features. 

Only a limited variety of sr.rface textures were noted in the 

sample (Tables 16 to 19). Lamination lines are displayed by approximately 

10 per cent of the diamonds (Table 17). The Mir sample is the only 

sample s~udied in which lamination lines are freq1~ently evident on 

octahedral crystal surfaces, where they are marked by lines of small 

trigons. Triangular plates are particularly common features of oct~­

hedral crystal si.:rfaces (Table 18). Although trigons are evident on 

nearly all octahedral crystal faces, they are usually few in number , 

small and shallow. 

By comparison with the other diamond samples studied, very f ew 

of the Mir diamonds show evidence of having been substantially re sorbed. 

Surface textures which are caused by light etching are also scarce or 

absent. 

12.10. PRAIRIE CREEK 

The Prairie Creek kimberlite pipe near Murfreesboro, Arkansas , 

U.S.A., has been described by Meyer et al. (1977). This is the only 

North American locality to have produced diamonds on a commercial scale. 

Thirty two diamonds were examined. These are within the minus 15 plus 

5 sieve size range. 

More than half of the diamonds are iight brown or brown (Table 13). 
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Most of the remainder are yellow and less than 10 per cent are 

colourle 3s . 

All of the diamonds are tetrahexahedroida and few of these 

exhibit growth-form ve stiges (Table 14). Most are severely distorted 

or irregular crystals (Table 15). Half of the diamonds are broken. 

Rutf, and inclusion cavities are common, unrestricted surface 

textures (Ta~le 16). Pitted nemispheTical cavities, which were en­

countered in only one other sample stud-ied (from Wellingto!l, New. 

South Wales, see Section 16. 7.), are also fairly common, unrestri cted 

features. Low-relief surfaces predominate among tetrahexahedroid 

surface textures (Table 17) and diamonds displaying terraces are 

conspicuously atsent. Lamination lines and, to a lesser extent, 

triangular pyramids, are the only other common, tetral1exahedroid 

surface textures. 

The abundance of coloured, at the expense of colourless, diamonds 

is a notable feature of the Prairie Creek sample. Other notable fe a tures 

are the lack of conspicuous reli.ef features on most tetrahexahedroid 

surfaces and the fairly common occurrence of diamonds displaying 

pitted hemispherical cavities. 

12.11. THE LOX'i.'ONDAL MINE 

The kimberlite body at Loxtondal has been described by Clement 

et al. (1973). The body is pipe-like but is unusual in that it swells 

in depth (over the vertical interval exposed by mining operations). 

The unusual form of the body is apparently the result of constriction 

where the kimberlite magma pierced a dolerite sill situated near the 

present-day surface. It is possible that the kimberlite magma did not 

attain the palaeo-surface (Clement et al., op.cit.). Should this be the 

case, the physico-ct.emical environment within the magma should have 
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been intermediate between that in a dyke and that in an open diatreme . 

A hundred and seventy five Loxtondal diamonds were examined. 

The characteristics of the 100 minus 11 plus 9 diamonds included in 

·:;he sample are emphasized in the ensuing discussion. 

Colourless diamonds predominate markedly in the sample (Table 13). 

Thus, appr.oximat~ly 90 per cent of the minus 11 plus 9 diamonds are 

colourless. Most of the remainder arG either light brown or yellow. 

Green surface stajning is common. In the case of the minus ll plµs 9 

and smaller diamonds, the staininG is usually spread over e~tire 

surfaces. Isolated spots are more common, however, among the relatively 

large, stained diamonds studied. 

Approximately 50 per cent of the minus 11 plus 9 diamonds are 

classed as octahedra (Table 14). These include rare examples completely 

devoid of modification by the tetrahexahedroid form. Such octahedr2. 

also lack trigons (Table 18). According to Table 14, approximately 

70 per cent of the minus 11 plus 9 diamonds exhibit octahedral surfaces. 

Few exhibit cubic crystal surfaces. Fragments are fairly common and 

approximately half of the diamonds in the sample are broken. Most 

breakage surfaces display some etch pits, indicating that they are 

natural features. 

Ruts are common, unrestricted surface features (Table 16). 

Considering that octahedral crystal surfaces are preserved on many of 

the diamonds, the predominance of low-relief surfaces and scarcity of 

terraces 2mong tetrahexahedroid surface textures (Table 17) suggest 

that few of the diamonds are stratified internally. While lamination 

lines are commonly displayed by the small diamonds in the sample, thi8 

texture appears to be rare among the minus 11 plus 9 and larger 

diamonds. Corrosion sculpture (which is not differentiated from 

shallow depressions in Table 17) is a common, tetrahexahedroid 
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surface texture . 

Th2 marked pxedominance of colourless diamonds , the high 

incidence of diamonds displaying green, surface staining, the pre­

~ominance of the octahedral form and the high incidence of crystal s 

with octahedral surfaces are all notable features of the Loxtondal 

diamond Semple . 

12.12. THE BELAM :r. •INE 

The Helam Mine exploits the Main Fissure, which is one. of up 

to five, spatially associated dykes situated near Swartruggens 

(Fourie, 1958). At least one of the dykes (the non-diamondiferous, 

Male Fissure) is a 12lllprophyre a_~d not a kimberlite (Skinner 

and Scott, 1979), Six hundred and eighteen Helam Mine diamonds were 

examined. Two hundred and forty six of these are of the minus 11 pl us 

9 size, while the others are larger. The characteristics of the minus 

11 plus 9 di2!llonds are emphasized in the ensuing discussion. 

Most of the diamonds are c·olourless (Table 13). Brown is also 

a common colour. An interesting feature of the diamonds classed as 

yellow is that approximately half of them are amber. These amber­

coloured diamonds are probably of type Ib (Orlov's (1977) variety I I). 

Crystals with their entire surfaces ~tained very light green are 

fairly common. 

Approximately half of the diamonds are tetrahexahedroida and 

most crystals exhibit tetrahexahedroid surfaces (Table 14), The next 

most common form is the cube. Approximately 20 per cent of the diamonds 

are classed as cubes and more than 50 per cent exhibit cubic surfaces. 

Most of the cubes are colourless and without abundant inclusions. They 

are not properly catered for in Orlov's (1977) classification scheme. 

The octahedral form is also represented (Table 14), While a few crystal 
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aggregates are present, macles a.re conspicuously scarce. Fragments 

are fairly common 3.Ild nearly half of the crystals are broken. Octa­

hedra with negative edges and tetrahexahedroida with surfaces that 

are concavely kinked at ffiajor rhombic axes are fairly cvmmon in the 

sample (Table 15). 

Rut:{ are the only common, unrestricted surface texture (Table 

16). Tetrahe~~ahedroid surfaces generally display short hillocks, while 

terraces are a ra.:;..·e teJ!'.ture- .(Table 17) .. These two featur.es 

are consistent with most tetrahexa.hedroida having been derived from 

cubes. Lamination lines are a common, tetrahexahedroid surface 

texture. Triangular plates are a common feature of octahedral crystal 

faces (Table 18). Tetragons are almost universal, cubic surface 

textures while crescentic steps are fairly common and pointed plates 

were also noted (Table 19). 

The presence cf amber-colourGd diamonds, the high proportion of 

cubes and of diamonds exhibiting the cubic form, the extreme scarcity 

of macles and the fairly common ·occurrence of crystals with surfaces 

intersecting concavely are all notable characteristics of the sample. 

12.13. THE ANGLO WESTERN TRANSVAAL MINE . 

The P.nglo Western Transvaal Mine, now incorporated in the 

Helam Mine property, also exploits the Main Fissure near Swartruggens. 

A hundred minus 15 plus 11 diamonds were examined. As was . expected, 

the samplG characteristics are very similar to those of the Helam 

Mine sample. Notable features are, thus, the presence of amber­

coloured diamonds, the common occurrence of the cubic crystal form, a 

lack of macles and the fairly common occurrence of crystals with 

surfaces intersecting concavely. Substantially fewer diamonds are 

broken and slightly more of the diamonds with tetrahexc;lhedroid surfaces 

display shallow depressions than in the Helam Mine sample (Table 17). 
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13. CO}'!J>ARISON BETWEEN THE DIAMONDS OF KIMBERLITE 

DYKES AND PIPES 

It is widely accepted (e.g. Dawson, 1971), that the kimberlite 

in dykes was emplaced as a high-temperature liquid whereas most of 

the kimberlite in pipes was a gas-charged, particle-rich fluid which 

was rapidly cooled by adiabatic expansion. According to both Dawson 

(1971) and Hawtho1:ne (1975), kimberli te· pipes taper in dertn and . are 

rooted in dykes at depths of a few thousand metres below the palaeo­

surface. The kimberlite in pipes therefore experienced both dyke­

forming and pipe-forming conditions before solidifying. A comparison 

between characteristics of the diamonds in kimberlite dykes and pipes 

should disclose which features, if any, are only imparted to diamonds 

within the near-surface, pipe-forming envi~orunent. Conversely, any 

features displayed by the diamonds from both pipes and dykes can be 

ascribed to processes which operated within hypabyssal or deeper 

environments. 

While samples were studied from twelve typical pipes (Table 2), 

only two samples from a single kimberlite dyke are included. The dyke 

samples are the Helam Mine and the Anglo Western Transvaal Mine 

samples from the Main Fissure, near Swartruggens. The Loxtondal Mine 

sample can possibly be regarded as from a body intermediate between 

a dyke and a pipe. 

All of the most outstanding features of the Main Fissure samples, 

namely the presence of amber-coloured diamonds, the common occurrence 

of the cubic crystal form, the scarcity of macles and the presence of 

crystals with concavely-intersecting surfaces, undoubtedly reflect 

peculiarities of the diamond crystal growth (and immediately sub­

sequent) conditions which are represented·. This is also the case 
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regarding the notably common occurrences of colourle s s and octa..~edral 

diamonds in the Loxtondal Mine sample. These notable features of the 

dyke and constricted pipe samples were determined at mantle depths, 

so are irrelevant in any comparison between the diamonds in dyke s 

and pipes. 

Non(, of the Main Fissure samples or the Loxtondal Mine sample is 

unique, with respect to the samples studied from pipes , in its 

proportion of diawonds displaying lamination lines (Table 17). Tpis 

is as to be expected, considering that kimberlite dykes and pipes are 

similarly connected to diamond source regions. 

The tetra.hexa.hedroid form is nearly as common in the Main Fissure 

and Loxtondal Mine samples as in most of the samp~es from kimberlite 

pipes, and is more common than in the Mir Mine sample (Table 14). 

Similarly, negatively-oriented surface textures, such as trigons a_~d 

tetragons, which are considered to develop during diamond crystal 

resorption are as well represented in the dyke and constricted pipe 

samples as in some of the pipe samples (e.g. Tables 18 and l9), It 

is therefore evident that most, possibly all, diamond crystal resorption 

can be completed before kimberlite magma is emplaced into diatreme s . 

This is consistent with temperatures of less than 950cc (the minimum 

temperature considered to be necessary for the formation of negatively­

oriented etch features) generally prevailing during kimberlite diatreme 

formation. 

Developments of shallow depressions and corrosion sculpture 

among the Main Fissure and Loxtondal Mine diamonds indicate that these 

textures, which post-date the development of the tetra.hexa.hedroid form, 

can be produced before kimberlite magma is emplaced into diatremes. 

Wagner's (1914, p . 144) observation that corroded diamonds are pre sent 

in the deep, but not the shallow mining levels at the De Beers Mine 
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suggests that magma hotter than 950° C may enter the deeper portions 

of kimberlite pipes. Shallow dep:ressions and corrosion sculpture 

post-date many of the breakage surfaces examined in the Main Fissurcl 

ruid Loxtondal Mine samples. Diamond crystal breakage is therefore not 

necessarily associated with kimberli te diatreme formation. In fae;t, 

broken dic.monds are as common in the Helam Mine and Loxtondal Mine 

samples as in most of the scw1ples fr8m kimberlite pipes (Table 14). 

This is at varianc:e with Wagner's (1914, p. 165) assertion t:1at proken 

diamonds are more common in kimbe~lite pipes than in dykes and suggests 

that most, possibly ~11, diamond breakage occurs before kimberlite 

magma is emplaced into diatremes. 

None of the relatively young surface texturFrn, such as scratch­

like markings and positively-oriented etch pits, were noted among the 

Main Fissure and Loxtondal Mine samples. This might indicate that 

these surface textures are only developed within diatreme-forming 

environments, were it not that they are also absent in most of the 

samples studied from kimberlite pipes. Considering the probable mode 

of formation of scratch-like lliarkings (Article 6.5.12.), however, it 

is likely that this texture is developed only on the diamonds in some 

kimberlite pipes. 
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14. THE MIXED CRARACTER OF KIMBERLITIC DIAMOND POPULATIONS 

A striking featm:e of every one of the kimberli tic diamond 

uamples studied is its mixed character. This is manifesied in the 

varieties of colours, crystal forms and surface textures which are 

re pre sen tf,d. 

The prr,sence of both 00tahedra and cubes, or crystals which 

were probably derived from cubes, in individual samples sug~~sts . 

that ranges in diamond crystalliz~tion temperatures are repr~sented. 

Various conditions for the crystallization of the diamonds present in 

.individual kimberlites are also suggested by associations between 

single c::-ystals, macles and aggregates. 

Mixtures between colourless, yellow and brown diamonds in every 

sample imply mainly that different post-genetic conditions for di81!'ond 

are always repre3ented. In most of the samples, nearly all of the 

diamonds are probably of type Ia. It is considered that these diamonds 

(and associated type II.a diamonds which are possibly present in 'some 

samples) were held at high temperatures (and high pressures) for long 

periods. The cause of the difference between colourless and yellow, 

type Ia diamonds has not been established. It is possible, however, 

that the colourless examples experienced either longer periods at 

high temperatures, or higher temperatures. The post-genetic history 

of the amber-yellow diamonds of the Main Fissure samples might differ 

radically from that of associated diamonds because the amber-yellow 

examples are likely to have been brought to the near-surface soon 

after crystallizing. It seems that only some of the diamonds in any 

kimberlite were subjected to the plastic deformation at high temperature 

which is considered responsible for most of the brown colour in diamonds. 

Brown diamonds are l.ikely to be derived largely from the disaggregation 
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of sheared mantle xenoliths . Associations between brown and colour­

less dia.TJ1onds, botl:i displaying lamination lines, suggest that the 

plastic deformation of the diamonds in individual kimberli tes occur::·ed 

over a range of tempe:ra ture s. 

Studies of the inclusions in diamonds clearly demonstrate t~at 

at least ~;wo para.geneses of diamond, the one eclogitic and the other 

peridotitic, are generally represented in individual kimberlites (e.g. 

Prinz et al., 197:·; Meyer and Tsai, 197G; Sobolev, 1977; E.a=ris c;nd 

Gurney, 1979). Consideration of tr.e mixtures of diamond crystal growth 

forms and colours in individual kimberlites, as discussed above, suggests 

that many genetic populations of diamond might often be represented. 

That this is not definitely the case, however, is indicated by the 

mixed character of the diamonds, presumably representing only one 

genetic population, in som.e eclogi te xenoli ths (see Chapter 10). 

Orlov (1977) has also commented upcn the mixed character of the dia­

monds in kimberlites. He notes (p. 208) that many of his "varieties" 

of diamond can occur within a single kimberlite and considers this to 

indicate a polygenetic origin for the mineral. Orlcv's conclusion is 

based on the presumption that each "variety" of diamond originates 

uniquely. 

Very few diamonds in any of the samples studied do not exhibit 

the effects of resorption. In many of the samples, crystals ranging 

from very slightly resorbed, sharp-edged octahedra to substantially 

resorbed tetrahexahedroida which lack vestiges of growth form surfaces, 

are present. As outlined in Section 7.3., diamond crystal resorption 

is considered to occur during the emplacement of kimberlite magma. 

Local inhomogeneities ·in the diamond-resorbing potential of magmas 

a.re unlikely to account for much of the considerable variation observed 

in the degree to which diamonds in individual kimberlites a.re resorbed. 
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It is more likely, instead, that variations in the degTee of re­

sorptior. be tween associated diamonds are a function of the degree 

to which individual diamonds were protected from the kimberlite magilla. 

Such protection could be afforded by host xenoliths or oy the enclosure 

of diamond in phenocrysts of abyssal origin. In the absence of any 

known, su:.ficiently common, abyssal phenocrysts in kimberlites, 

xenoliths must be considered responsible. Diamonds liberated early, 

during kimberlite magma emplacement, from their host xenoliL~s s~ould 

be resorbed more than diamonds li~erated later. Variations in the 

amount by which diamonds in the same kimberlite were resorbed there­

fore suggest that many of the diamonds are xenocrysts (assuming a 

non-cognate origin for the xenoliths). 

Post-resorption sur:ace textures (e.g. corrosion sculpture, micro­

disk patterns, frosting, scratch-like markings, positively-orienteQ 

etch features) are developed on sollie diamonds but not on others, in 

all of the samples in which they are represented. This might be partly 

a consequence of some diamonds having been protected, by their xenolith 

hosts, from the agencies responsible for the textures. Substantially 

resorbed diamonds can lack textures which are developed on less 

resorbed diamonds, however, so that other factors must also be 

involved in deiermining whether or not a particular surface texture is 

developed upon a particular diamond. It appears necessary that physical 

and chemical inhomogeneities often develop within kimberlite magmas. 

Such inhomogeneities are likely to be caused by influxes of meteoric 

water and/or atmospheric gas at shallow levels (i.e. after most 

resorption of diamond is completed). 
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15. DIAMOND RESORPTION ANTI THE AMOUNT OF DIAHOND IN KIMBERLITES 

The following factors are among those determining the amount 

of diamond present in bodies of diamondiferous kimberlite:-

i. The amount of diamond inco~porated or generated by the 

~imberl~te magma while at diamond-stable conditions. 

ii. The degree of destraction of diamond during the emplacement 

of the mE.gma to a shallow level. 

iii. The local result (i.e. d:i.amond concentration or dil1:1tion) 

of differentiation processes which operated during emplacement. 

iv. The degree of contamination of the kimberlite by non-diamond­

iferous, conduit-wall fragments. 

Factors i), iii) and iv) above are beyond the scope of the 

present investigation. Diamond crystal resorption is by far the most 

important process to consider under factor i). As first recognized by 

Milashev (1965), the importance of diamond resorption in a kimberlite 

can be gauged by the relative importance of crystal growth forms (i.a. 

octahedra and cubes) and resorption forms (essentially the tetrahexa­

hedroid). In Figure 96, the percentages of minus 11 plus 9 diamonds 

exhibiting growtn form vestiges, in samples, are plotted against the 

diamond contents of host kimberlites. Figure 97 is a similar plot 

using the percentages of diamonds that are dominated by a growth form. 

Only samples containing at least fifty, minus 11 plus 9 diamonds 

(excluding fragments) are plotted. Diamond contents refer to the 

diamonds recovered commercially and are very rough approximations 

in ma:1y cases. In Figure 96, particularly, a trend is evident which 

relates the percentage of the diamonds with preserved, growth form 

surfaces to the diamond content of the kimberlite. The data points 

are widely scattered, however, which presumably reflects variations 

in factors i), iii) and iv) above. 
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16. THE C--.tlAR.ACTERISTICS OF THE DIAI'10NDS FROM SOME 

PLACER DEPOSITS 

The characterization of the diamonds in placer deposits allows 

valuable deductions to be made concerning their origins. In order to 

determine whether, or not, particular kimberlites supplied diamonds 

to particulal.' placer deposits, it is necessary that the pristine 

characteristics of the placer diamonds and the kimberlitic. ciiamonds 

be known. Related or unrelated or·~gins for the diamonds in associated 

placer deposits can also be unequivocably demonstrated only by con­

sideration of the characteristics of the diamonds concerned . 

Samples from 19 placer deposits were studied. Sample particulars 

are given in Table 3. The data determined for each sample are presented 

in tables, as follows:-

Table 21 = The percentages of the diamond ~olours distinguished . 

Table 22 = The percentages of the main crystal forms and of 

the diamcnds with particular crystal surfaces. 

Table 23 = The percentages of the crystal shapes distinguished. 

Table 24 = The percentages of the diamonds (excluding fragments) 

which display particular, unrestricted surface t extures. 

Table 25 = The percentages of the diamonds with tetra.hexahedroid 

(or dodecahedral) crystal surfaces, which display 

particular surface textures which are restricted to 

these surfaces. 

Table 26 

Table 27 

The per~entages of the diamonds with octahedral crystal 

faces, which display particular, octahedral surface 

textures. 

The percentages of the diamonds with cubic crystal 

su=faces, which display particular, cubic surface 



- 154 -

textures. 

Table 28 = The ~ercentages of the diamonds exhibiting partic'llar 

degrees of abrasion and the percentages displaying 

percus si0n markings. 

As in Chapter 12, the data involving all or nearly all of the 

diamonds in the samples are emphasized in the ensuing discussion. Th~ 

diamond-shape determinations (Table 23) are de-emphas ized, for the 

same reason as given in Chapte~ 12, anrrmo~t attention is directed 

towa~d the dis tributions of colours (Table 21), crystal form~ (Tabl e 22), 

unrestricted and tetrahexahedroid surface textures (Tables 24 and 25, 

respectively) and abrasional features (Table 28). 

16.1. THE WESTERN TRANS'"\T AAL 

Some features of the Western Transvaal alluvial diamond field 

are shown in Figure 98. Between 1926 and 1947, the diggings in the 

Lichtenburg area produced more than 7 000 000 carats of diamond (Du 

Toit, 1951). Current production from the field is on a much smaller 

scale. 

Wagner (1914), Williams (1930 and 1932) and Du Toit (1951) 

investigated and described the deposits in detail. These are fluviat i le 

gravels of presumed Late Tertiary and Pleistocene age. A general f all 

in the elevation of the gravels to the south and south-west, plus 

other features such as concentrations of diamonds at the northern 

sides of some sink-hole deposits, led early investigators (Wagner; 

Williams ; Du Tait; all op.cit.) to infer a southward and south-wes t ­

ward flow for the palaeo-drainage system responsible for the gravel s. 

Sedimentological studies by Stratten (1979) confirm these transport 

directions. The early investigators cited above all commentea on t he 

distinct differences evident between the diamonds from different parts 
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of the field and even from neighbouring "runs" of gravel. :Both Du 

Toit and. Stratten suggest that the kirnberlite dykes: situated 

north of Swartruggens are likely sources of the diamonds found near 

liichtenburg. 

16.1.1. The Lichtenburg and :Boskuil Areas 

It was possible to procure samples from only the Lichtenburg 

and Boskuil areas of the diamond field. :Both samples are composite 

' in that they include the diamonds from a number of operations ex-

ploiting separate properties. Diamonds of the minus 11 plu~ 9 sieve 

class were concentrated upon but other sizes were al so examined. The 

ensuing discussion refers only to the minus 11 plus 9 diamonds ex­

amined, unlesa otherwise stated. 

Most of the diamonds are colourless and slightly more than 10 

par cent are yellow, at both localities (Table 21). Dark brown diamonds 

are significantly more common, at the expense of colourless diamonds, 

however, in the Lichtenburg sample. Rare, amber-yellow diamonds were 

noted only in the larger, Lichtenburg sample. A few per cent of the 

diamonds at both localities display green surface staining. 

In both samples, tetra.hexa.hedroid crystals predominate while 

octahedra are also fairly common (Table 22). Macles and aggregates 

are represented in both samples, with macles being particularly 

common among the large (minus 19 plus 17) Boskuil diamonds. A large 

proportion of the minus 21 plus 17 diamonds in the Lichtenburg sample 

exhibits cubic surfaces. Fragments and broken crystals are relatively 

common in the Lichtenburg sample. 

Some pristine surface textures (e.g. scratch-like markings 

(Table 24), corrosion sculpture a..~d microdisk patterns (Table 25)) 

are similarly distributed in both samples~ Other pristine textures 
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(e.g. chemically-polished surfaces, network patterns, ruts, fine 

frosting (all Table 24), terraces and l.amination lilies (Table 25)) 

have significantly different distributions in the two samples. 

?ositively-oriented fe~tures (e.g. imbricate wedge markings and 

transverse hillocks, see Table 25) were noted only in the Lichtenourg 

sample. 

ConsidGring diamonds of the same size, the distributions of 

diamonds which ar~ abraded to various degrees are similar a~ both 

Lichtenburg and Boskuil, Nearly h:ilf of the minus 11 plus 9 diamonds, 

fewer larger diamonds and more smaller diamonds in the samples are 

unabraded, while percussion markings are rare features. 

Differences ifi pristine characteristics bet·~een the samples 

outweigh similarities. It is therefore likely that the deposits have 

separate sources. Close similarities in abrasional characteristics 

between the samples suggest that the Lichtenburg and Boskuil diamonds 

were transported similar distances under similar conditions. 

16.1.2. Comparison with the !18.in Fissure, Swartruggens 

The Main Fissure diamonds are described in Sections 12.12 and 

12.13, These diamonds differ radically from those in both the Lich­

tenburg and Boskuil deposits. More than 20 per cent of the Main 

Fissure diamonds are cubes while as many as 60 per cent exhi~it cubic 

surfaces. Since cubes are scarce and cubic surfaces are developed on 

less than 10 per cent of the (minus 11 plus 9) Li0htenburg and Boskuil 

diamonds, the Main Fissure cannot have supplied more than a few per 

cent of the diamonds in the placer deposits. A similar conclusiori · can 

also be independantly attained by considering, for example, the rarity 

of macles in the Main Fissure and their fairly common occurrence in 

the placer deposits. There is no compelling reascn to link any of the 
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Boskuil diamonds to the Main Fissure. The presence of amber-yellow 

diamonds and the large proportion of l~rge diamonds which exhibit 

cubic surfaces in the Lichtenburg sample suggest, however, that the 

Main Fissure might be a minor source of the diamonds at Lichtenburg. 

16.2. Elane 

Diamonds occur within fluviatile grits and conglomerates of t he 

Red Beds Formation (Triassic), which outcrop in the Elane Game Sanctuary, 

Swaziland (Hawthorne et al., 1979). According to Hawthorne et al., 

palaeocurrent measurements indicate that the diamond-bearing strata 

were derived from the west-northwest and prospecting in this direction 

led to the discovery of the Dokolwayo Kimberlite Pipe, 30 km away 

from the Elane deposits. The location of the Dokolwayo Kimberlite, 

the appa:!:'ent absence of any other major kimberlite bodies in the area 

and close similarities in the compositional ranges of garnet and spinel 

grains in the Hlane deposits and in the Dokolwayo kimberlite, satisfied 

Hawthorne et al. (op.cit) that the diamonds and other kimberlitic 

minerals at Hlane are derived from the Dokolwayo kimberlite. The 

conclusion reached by Hawthorne et al. implies that the Dokolwayo 

kimberlite pre-dates the Jurassic. No other Southern African kimberlites 

·are known to have been emplaced during the interval between the Lower 

Permian (the maximum, possible age of the Dokolwayo kimberlite, see 

Section 12.8.) and the Jurassic. A tentative age determination per­

formed by Allsopp and Kramers (1977), subsequently to Hawthorne et al. 

having submitted their manuscript for presentation at the Second 

Internatior.al Kimberlite Conference, confirms an unusual age (300 

! 20 my, i.e. -possib1y Lower Permian) for the Dokolwayo kimberlite. 

Only subsequently to the presentation of the paper by Hawthorne et al., 

were sufficient diamonds recovered from the Hlane deposits to a.llow a 
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meaningful comparison with the Dokolwayo diamonds. 

16.2.1. Comparison with Dokolwayo 

A sample of diamonds from Dokolwayo is described in Section 12.8. 

While a large range of diamond sizes is represented at Dokolwayo, only 

small diamond8 (nearly all minus 7 diamond sieve size) are present at 

Hlane. The comparison made here is between 100-diamond samples of the 

minus 7 plus 5 sieve class ~hich were studied from both deposits. The 

most pertinent features of this comparison are as follows:-

i. The distributions of diamond colours are practically ident ical 

in both of the samples (Tables 13 and 21). Thus, colourless 

diamonds constitute nearly 60 per cent and most of the re­

mainder are light brown or .brown. Green-stained diamonds 

occur at both localities. 

ii. Similar proportions of the various diamond crystal forms are 

represented in both samples (Tables 14 and 22). Tetrahexa­

hedroida predominate, approxiwately 5 per cent of the diamonds 

are octahedra and· aggregate crystals are common at both pl aces. 

Aggregate tetrahexahedroida are slightly more common, and 

octahedra and broken crystals are slightly less common, in the 

Dokolwayo sample thar1. in the Hlane sample, but these differ­

ences are not necessarily significant. 

iii. All of the pristine surface textures noted are represented 

in both s8r::1ples (Tables 16 to 19 and 24 ~o 27). This is the 

case even for the relatively rare, widely-spaced lamination 

lines (Tables 17 and 25) and for fine striation with edge 

enhancement (Tables 17 and 25) which was not encountered i n 

any other diamond sample studied. While some textures are 

more common in one sample than in the other, in no case i s 
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this difference statistically significant. 

The very close similarity between the ID.ane and Dokolwayo 

diamond samples confirms the conclusicn of Hawthorne et al. (1979) 

that practically all of the ID.ane diamonds are derived from Dokolwayo. 

It is interesting that about as many Hlane diamonds as Dokolwayo 

diamonds are broken (Tables 14 and 22) and also that none of the 

ID.ane diamonds examined displays any signs of abrasion (Table 28). 

These observations indicate thGt diamonds of the minus 7 plus 5 sieve 

size need not be affected by approximately 30 km of fluviatiie trans­

port. 

16.3. MARINE DEPOSITS OF THE SOUTHERN AFRICAN WEST COAST 

Diamond-bearing marine deposits are at present being mined 

intermittently along the West Coast of Southern Africa from approx­

imately 90 km north of the Orange River Mouth, southwards to beyond 

the mouth of the Olifants River (Figure 99). Detailed accounts of many 

of the deposits are given ?Y Wagner and Merensky (1928), Williams ·(1930 

and 1932), Stacken (1962), Keyser (1972) and by the Geological De­

partment of De Beers Consolidated Mines Limited (1976). These 

authors also briefly describe the diamonds from some areas. 

According to the authors ~uoted above, marine deposits occur 

only seaward of the 100 m contour and extend inland a maximum of 7 km. 

These deposits are beach gravels resting on wave-cut platforms which 

are commonly backed by fossil cliffs. Between the . mouth of the Orange 

River and Port Nolloth, for example, four such deposits are developed 

at and above the present mean sea level. These are known as, in order 

of decreasing elevation and age, the Grabler Terrace, the Upper Terrace, 

' the Middle Terrace (which coincides with Merensky' s (1927) "Oyster 

Line", considered by Wagner and Merensky (1928) to be Miocene-Pliocene 
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in age) and the Lower Terrace (Keyser, 1972). Local names are used 

elsewhere and no regio~al correlation between individual terra.c8s has 

yet been established. Detailed investigations between the Oranga 

River estuary and Port Nolloth by Keyser (1972), show that diamonds 

are concentrated in the immediate vicinity of present-day and buried 

river mouths. This suggests that the diamonds were brought to the 

coast by rivers draining the hinterland. Diamonds in relatively young 

terraces could also have been d9rived from eroded, older terraces. 

16.3.1. The "C" :Beach and the "F" :Beach of the Consolidated Di8.monri 

Mines (C.D.M.) 

The C Beach sample is from approximately 12 km north of the 

mouth of the Orange River. The F Beach sample is from a more-elevated, 

older terrace deposit 10 km north of the Orange River. The F :Beach 

deposit contains a much greater proportion of large diamonds than the 

C Beach deposit (M.M. Oosterveld, personal communication). Approximately 

300 minus 11 plus 9 diamonds and 50 plus 21 sieve size diamonds we~e 

examined from each deposit·. Unless otherwise stated, the ensuing 

discussion concerns only the minus 11 plus 9 diamonds. 

Both samples contain more than 60 per cent of colourless diamonds 

and nearly as many yellow as light brown diamonds (Table 21). Colourless 

diamonds are significantly more common, mainly at the expense of light 

brown to brown diamonds, in the C Beach sample than in the F :Beach 

sample. Among the large (plus 21 sieve size) di~onds studied, however, 

no such difference is apparent. 

Tetrahexahedroid diamonds are strongly predominant in both 

deposits (Table 22). Octahedra constitute approximately 5 per cent 

of the diamonds while cubes and fragments are rare and aggregates 

are very rare. A relatively large proportion of the minus 11 plus 9 
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diamonds, but not of the plus 21 diamonds , in the F Beach sample 

a.re broken. Macles are particularly common among the plus 21 sieve 

size diamonds in the F Beach sample. I:a both samples, the octahedral 

and cubic forms are developed much more frequently among the,· plus 21 

than the minus 11 plus 9 diamonds. 

Both deposits contain large proportions of crystals classed as 

equidimensional (Table 23). Flat crystals are al so common in the F 

Beach S8Inple, in which they ar~ about three times as common as in the 

C Be~ch sample. Flat crystals tend to be coloured brown more . often 

than less distorted crystals, while most of the large macles in the 

F Beach sample are flat. Much of the difference s in colour and crystal 

form which were notei between the samples can therefore be correlat ed 

with a difference in the distribution of crystal shapes. 

Pristine surface textures are similarly distributed among t he 

diamonds of both samples. This j_s even the case for textures which 

were not encountered in some samples, such as chemically-polished 

surfaces, network patterns_, frosting, scratch-like markings (all Table 

24), microdisk patterns and corrosion sculpture (both Table 25). 

The different diamond size frequency distributions noted, by 

Oosterveld (personal comruunication), between the C and F Beach deposits 

a.re likely to reflect sedimentary sorting. Assuming that flat cryst als 

will tend to be deposited with larger, more equidimensional crystals, 

the different distributions of crystal shapes in the samples can al so 

be ascribed to sedimentary sorting. It follows that the only other 

significant differences (i.e. in the proportions of coloured diamonds 

and large macles) between the samples ca.Tl also be linked to a sedimen­

tary process. In view of the notable similarities between the sampl e s , 

it is therefore very likely that the same prima..,._~ assortment of diamonds 

is represented at both of the beaches. 
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Nearly half of the (minus 11 plus 9) F Beach diamonds and 

approximately 30 per cent of the C Beach diamonds are unabraded 

(Table 28). This difference is significantly large and suggests that 

the C Beach diamonds expeilenced substantially more abrasio;1 than 

the F Beach diamonds. Only examples which are abraded solely at 

crystal corners are more common in the C Beach sample, however, so 

that the amount of additional abrasion is minor. In addition, it was 

noted that flat ~rystals, whic~ are relatively common in the F Beach 

sample, are less often abraded than the more equidimensional_ crystals. 

Some of the difference in abrasional characteristics can therefore 

probably be linked to sedimentary sorting. Percussion markings are 

developed on slightly more of the minus 11 plus 9 diamonds of the 

F Beach sample than the C Beach sample. This is su:cprising, considering 

that more C Beach diamonds are abraded. Table 28 shows that the large 

(i.e. plus 21) diamonds in the samples tend to be substantially more 

abraded, and display percussion markings more often, than the minus 

11 plus 9 diamonds. 

The characteristics of the two samples are compatible with the 

C Beach diamonds representing a further-dispe~sed fraction of the 

dia;;:iond population present at the F Beach. The relatively common 

development of percussion markings on the F Beach diamonds requires, 

however, that some of these markings were produced after effective 

transportation had ceased. 

16.3.2. The State Diggings 

The State recovers diamonds from an approximately 8 km-wide 

stretch of the coast extending approximGtely 100 km south of the 

Orange River. Four marine terrace deposits occur in the area. These 

a.re described in detail by Keyser (1972). ,Three hundred minus 11 pl us 
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9 diamonds were studied from a routine production parcel. The preci se 

location from which the diamonds were won is not known to the authcr. 

Seventy per cent of the diamonds are colourless, while yellow 

diamonds and light brown to brown diamonds each constitute about 

half of the remainder (Table 21). Green surface staining is very 

common and is mainly in the form of isolated spots. Brown surface 

spots were also noted. 

Tetrahexahedroid crystals predom:ifiate strongly (Table 22). 

Octabedra constitute 5 per cent of the diamonds while no cubes or 

fragments were noted. Macles are fairly common but aggregate crystals 

are rare. Approximately 25 per cent of the crystals are equidimensi onal 

and very few tetrahexahedroida are irregular (Table 23). 

Some surface textures which are absent or rare in the kimberl itic 

diamond samples studied (Chapter 12) a.re fairly well represented. Such 

textures include chemically-polished surfaces, network patterns and 

scratch-like markings (all Table 24). Other surface textural charac­

teristics worth noting are that, among the crystals exhibiting the 

tetrahexahedroid form, terraces are a common feature, slightly more 

than 20 per cent display lamination lines and small percentages di splay 

microdisk patterns, corrosion sculpture or shallow depressions (al l 

Table 25). 

Approximately 15 per cent of the diamonds are unabraded and t he 

same percentage are abraded only at their sharp points (Table 28). 

Nearly 50 per cent are abraded to the extent that at least their 

tetrahexahedroid "A" edges are frosted. Large percussion cracks are 

developed on more than 40 per cent of the diamonds, while small 

percussion figures are present on approximately 20 per cent of them. 
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16.3.3. Dreyers Pan and Annexe Kleinzee 

The farm Annexe Kleinzee is situated immediat~ly north of the 

Buffels River mouth. Dreyers Pan adjoins Annexe Kleinzee to the north. 

Three hundred minus 11 plus 9 diamonds were examined from each 

locality. Three marine terraces are represented in the area and both 

samples a:~e from the middle terrace. 

Both t~e Annexe Kleinzee and Dreyers Pan samples contain 

approximately 65 per cent of colourless diamonds and approxi~ate~y 

half as many yellow as light brown to brown diamonds (Table 21). Ten 

per cent of the diamonds exhibit green surface spots and rare diamonds 

at both localities are spotted bro~m. 

Tetrahexahedroida are strongly predominant in both samples while 

octahedra constitute approximately 5 per cent (Table 22). No cubes or 

fragments were observed and aggregates are very rare. Less than 10 per 

cent of the diamonds in each sample are broken. A~proximately 25 per 

cent of the crystals in both samples are classed as equidimensional 

and most of the others are only slightly distorted (Table 23). 

Pristine surface textures are similarly distributed among the 

diamonds in both samples. This is true even for textures which are 

absent in many samples, such as chemically-polished surfaces, network 

patterns, coarse frosting, fine frosting and scratch-like markings 

(all Table 24), corrosion sculpture, shallow depressions (both Tabl e 

25) and positively-oriented features such as transverse hillocks 

(Table 25). 

Considering that the Annexe Kleinzee and Dreyers Pan samples are 

very similar with respect to practically all pristine characteristi cs~ 

there is not reason to doubt that the same diamond population is 

present at both localities. 

Practically all of the diamonds at both localities are abraded 
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(Table 28) . Nearly half a.re abraded to the extent that tetrahexa­

hedroid !'A'' edges are frosted while a further 25 per cent also display 

frosted tetrahexahedroid "C" edges. Conspicuously rounded, mechanically­

polished diamonds also occur at both localities. Large percussion cracks 

are developed on approximately 45 per cent of the diamonds and similar 

proportioLs exhibit small percussion figures. There is practically no 

difference between the abrasional characteristics of the two sample s . 

The Annexe Kleinz£g and Dreyers Pan ni~onds therefore appe&.::' to .have 

undergone the same transportation history and the effect of ~y long­

shore transportation between the two localities is negligible. 

16. 3.4. The "Uplifted Terrace" and the ••Recent Emergence Terrace" 

of Koingnaas 

Two marine terrace deposits are present at Koingnaas. The deposit 

known locally as the Uplifted Terrace is older than that referred to 

as the Recent Emergence Terrace. Two hundred minus 11 plus 9 diamonds 

were studied from each of the deposits. The data given for these 

samples in Tables 21 to 23 and Table 28 are rounded upwards where 

a half of a,percentage was included in the determination. 

Approximately 60 per cent of the diamonds in both samples are 

colourless (Table 21). Yellow diamonds are significantly more common, 

and brown diamonds are significantly less common, in the Recent 

Emergence Terrace sample than in the Uplifted Terrace sample. No 

green or brown surface staining was observed. 

The tetrahexahedroid crystal form pradominates strongly in both 

samples (Table 22). Octahedra constitute slightly more than 10 per cent 

of the diamonds, while cubes are rare. Broken diamonds are scarce i n 

the Recent Emergence Terrace sample but are fairly common in the 

Uplifted Terrace sample. Equidimensional crystals are common in both 
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samples (Tables 23). 

Most pristine surface textUI"es Bre similarly distributed in 

both of the samples. For example, a few per cent of the diamonds 

display chemically-polished st:.rfac~s and/or network patterns, 

approximately 15 per cent are finely frosted, approximately 7 per 

cent display scratch-like markings (all Table 24) and rare examples 

display positively-oriented features (e.g. positively-oriented tri ­

gonal pits, see Table 26), in both samples. Significantly fewer Recent 

Emergence Terrace diamonds, however, display lamination l i ne_s (Table 25). 

The samples differ mainly with respect to yellow, brown and 

broken diamonds and diamonds displaying lamination lines. In Chapter 

18 it is shown that lamination lines are more commonly developed on 

brown (including light brown) than other diamonds. The significant 

differe~ces between the sa.nples can therefore be reduced to a relative 

abundance of yellow diamonds and relative scarcities of brown diamonds . 

and broken diamonds in the Recent Emergence Terrace sample. The many 

similarities between the samples are compatible with the Uplifted 

Terrace diamond population also predominating in the Recent Emergence 

Terrace deposit. An additional diamond population, rich in yellow 

diamonds and poor in brown diamonds and broke11 diamonds, howevar, 

appears to have also contributed to the Recent Emergence TerrB,ce 

deposit. 

Only about 5 per cent of the diamonds in both samples are 

unabraded (Table 28). Most are abraded at their tetrahexahedroid "A" 

edges and more than 30 per cent are also abraded at their "C" edges. 

The only significant difference in the abrasional characteristics 

between the samples is that large percussion markings are more 

frequently displayed by the diamonds in the Recent Emergence Terrace 

sample. The diamonds in both deposits therefore appear to have under-
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gone very similar transportational histories. Additional large per­

cussion ~arkings could have been produced during the transportation 

of some diamonds from an eroded part of the Uplifted Terrace to the 

Hecent Emergence Terrace. Broken diamonds :nay have been winnowed out 

during such an episode. 

16.3,5, De Punt 

The winning of diamonds from the surf zone at De Punt, immed-
I iately north of the mouth of the Olifants River, is described by 

Gurney (1979). Thirty seven minus 11 plus 9 diarr.onds from tnis locality 

were examined. 

Approximately half of the diamonds are colourless, while light 

brown to brown diamonds predominate over yellow diamonds 2mong the 

remainder (Table 21). Three of the diamonds examined display green 

surface staining and one has brown surface spots. 

Tetrahexahedroid crystals predominate strongly (Table 22). Two 

of the diamonds are octahedra and one is a cube. One diamond is very 

irregular and is probably a resorbed fragment. Only three of the 

diamonds exhibit octahedral crystal faces and the same number exhibit 

cubic surfaces. Approximately 15 per cent of the crystals are broken 

(Table 22). Equidimensional crystals are common (Table 23). 

Diamonds with chemically-polished surfaces, network patterns, 

patches of fine frosting (all Table 24) or corrosion sculpture (Table 

25) were noted. None displays scratch-like markings (Table 24). About 

30 per cent of the diamonds display lamination lines (Table 25). 

Two thirds of the diamonds are unabraded (Table 28). A few are 

abraded to the extent that all tetrahexahedroid "A" edges are frosted 

and another has abraded "C" edges as well. A few of the diamonds dis­

play percussion markings, including both small and large examples. 
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16.4. FLUVIATILE DEPOSITS IN NAMAQ,UALAND AND COMPARISONS WITH THE 

COASTAL DEPOSITS AT RIVER MOUTHS 

Diamond-bearing river-terrace deposits occur up to at least 75 km 

ups·:ream in the valley of the Orange River. Other drainage systems in 

Namaqualand and the Vanrhynsdorp District are also known to contain 

diamond-bearing deposits. In the valleys of the Buffels, Spoeg, Horees, 

Groen and Swart-Doom river systems, only one of a series of ancient 

terraces usually contains substantial quantitieE, of diamonds (Keyser, 

1976). The localities from which samples were studied are shown in 

Figure 99. 

16.4.1. Daberas 

The Daberas deposit is situated on the south bank of the Orange 

River approximately 70 km from its mouth. The deposit is uneconomic. 

The sample examined consists of 64 diamonds of the minus 13 plus 7 

sieve size range. 

More than half of the diamonds are colourless, while yellow 

diamonds are more common than light brown to brown diamonds among the 

remainder (Table 21). Green surface staining is rare. 

Tetrahexahedroid crystals are strongly predominant while octa­

hedra constitute 5 per cent of the sample (Table 22). Aggregates and 

fragments are rare. Ten per cent of the diamonds axe broken. Equi­

dimensional crystala are common, as are flat crystals and irregular 

tetrahexahedroida (Table 23). 

All common pristine surface textures are represented. Rarer 

textures, such as chemically-polished si.lrfaces, .frosting, scratch-like 

markings (all Table 24), microdisk patterns and corrosion sculpture 

(both Table 25), are also developed. 

Approximately 70 per cent of the diamonds are unabraded (Table 28). 
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Others are abrad~d only at their corners or sharpest edges, while 5 

per cent are abraded at least at -their tetrahexc.hedroid "A" edges. 

Large and/or small percussion figures are also developed on a few 

of the diamonds. 

16.4.2. Comparison between Daber as and the C and F Beaches of 

the Consolidated Diamond Mines (C.D.M.) 

The Daberas diamond sample resembles those studied from the 

Consolidated Diamond Mines in consisting of more than 60 per cent of 

colourless diamonds and in containing a substcU1tial proportion of 

yellow diamonds. Brown diamonds are also similarly distributed in 

the alluvial and littoral deposits. 

The distribution of crystal forms is very similar in the 

alluvial and littoral depo sits. In both cases, tetrahexahedroida are 

strongly predominant, approximately 5 per cent of the diamonds are 

octahedra and cubes and fragments are rare. Equidimensional crystal s 

might be significa.~tly more common in the C and F Beach samples t han 

in the Daberas sample. In its high proportion of flat crystals, the 

Daberas sample more closely resembles the F Beach sample than the C 

Beach sample. 

Practically all of the pristine textures noted in the Consol i dated 

·.Diamond Mines samples were also observed in the smaller Daberas sample, 

No surface texture represented at Daberas is not also represented i n 

the littoral deposits.Furthermore, the distributions of most surface 

textures are very similar in the samples from the alluvial and ~ittoral 

deposits. The only exceptions are terraces and microdisk patterns, both 

of which are more common in the samples from the littoral deposits. 

Considering the many similarities between the sample s frc~ t he 

alluvial and littoral deposits and the lack of any striking differences 
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between them, it is likely that essentially the same diamond pop­

ulation is present at Daberas as in the C Beach and F Beach deposi ts . 

The diamonds in the Consolidated Diamond Mines deposits could there ­

fore have been transported by the Orange River from beyond Laberas . 

It is assumed that the abrasional characteristics of the minus 

13 plus 7, Daberas diamonds can be directly compared with those of 

the minus 11 plus 9 Consolidated Diamond Mines diamonds. This as sumption 

is considered to be reasonable ~ecause ~he minus 11 plus 9 sieve cl ass 

constitutes approximately the central portion of the minus 13 plus 7 

sieve class. The less pronounced development of abrasional feature s 

in the Daberas sample, than in the samples from the Consolidated 

Diamond Mines, is co~sistent with the hypothesis that the diamonds in 

the littoral deposits were transported from upstream of Daberas. The 

additional, postulated transportation of diamonds from Daberas to t he 

F Beach did not dras t ically modify the minus 11 plus 9 portion of the 

population. The main effects appear to be the abrasion of the corners 

cf approximately 50 per cent of the diamonds, and the production of 

large percussion markings on approximately 25 per cent of the diamonds 

and of small percussion markings on approximately 5 per cent of the 

diamonds. 

16.4.3. Euffelsbank and Langhoogte 

The deposit mined at Buffelsbank is on the south bank of the 

Buffels River. The Langhoogte deposit is situated approximately 8 km 

downstream of the Buffelsbank deposit in an old river bed to the north 

of the present Buffels River course. Three hundred minus 11 plus 9 

Buffelsbank diamonds and L45 Langhoogte diamonds of the same size 

range were examined. 

Approximately 65 per cent of the diamonds are colourless, 
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nearly 15 per cent are yellow and approximately 20 per cent are light 

brown or brown, in both deposits (Table 21). Green surface staining, 

which is mainly in the form of isolated spots, is a common feature 

at both localities, particularly Buffelsbank. Brown-spotted diamonds 

are also represented. 

Table 22 shows that tetrahexahedroid crystals predominate stror.gly 

in both samples. Approximately 5 per cent of the diamonds are octahedra 

while cubes are rare. Fragment~ are absent and broken crystals con-

sti t•1te less than 10 per cent of both samples. Crystal aggregates 

are rare or absent, while macles are relatively common in the Lang­

hoogte sample. Octahedral surfaces are more often preserved about the 

re-entrant angles on macles than on single crystals, so that the pro­

portion of crystals with octahedral surfaces is larger in the Lang­

hoogte sample than in the Bu.ffelsbank sample. Equidimensional crystals 

are fairly common, particularly in the Buffelsbank sample, while 

approximately 10 per cent of the crystals in both samples are classed 

as flat (Table 23). Macles are seldom equidimensional, hence the smaller 

proportion of equidimensional crystals in the Langhoogte sample. 

Most pristine surface textures are similarly distributed in 

both samples. Examples i~clude chemically-polished surfaces, netwoTk 

patterns, coarse frcsting (all Table 24), terraces, lamination lines, 

corrosion sculpture and microdisk patterns (all Table 25). Fine frost­

ing and scratch-like markings (both Table 24) are both developed on 

significantly different proportions of the diamonds in the two samples. 

Fine frosting is a relatively common texture in the Buffelsbank sample 

while diamonds displaying scratch-like m::i.rkings are relatively common 

in the Langhoogte sample. 

The many similarities and few differences noted between the 

samples are consistent with the Langhoogte diamond assortment consisting 
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predominantly of the Buffel sbank population plus another, subordinate 

population. The postulated, subordinate population is rich in mGcle s 

and diamonds displaying scratch-like mc,;rkings but poor in finely 

frosted diamonds. 

The Langhoogte sample contains far fewer unabraded diamonds t han 

the Buffelsbank sample (Table 28). Similar proportions of diamonds ar~ 

abraded solely at their sharp corners or also at the sharpest parts 

of crystal edges, in both samplos. Mor~-abraded diamonds are slight ly, 

but ~ignificantly, more common in the Langhoogte sample. The _Lang­

hoogte macles are about as abraded as the other diamonds in the sample. 

It is clear that the Langhoogte diamonds are appreciably more abr~ded 

than the Buffelsbank diamonds. This is consistent with most of the 

Langhoogte diamonds having been transported from upstream of Buffel s­

bank. While more diamonds in the Langhoogte sample display large per­

cussion markings than in the Buffelsbank sample, small percussion 

markings are a more common feature of the Buffelsbank sample (Table 28). 

Some small percussion markings were presumably developed in situ, e.g. 

within pot-holes, at Buffelsbank. 

16.4.4. Comparison of Buffelsbank and Langhoogte with Dreyers Pan 

and Annexe Kleinzee 

Most of the pristine chara~teristics of the Buffels River all u­

vial samples are closely similar to those of the littoral samples 

studied from near to the river mouth. For example:-

i. Practically identical proportions of the main colours of 

diamond are represented in all of the samples. 

ii. The same relative proportions or tetrahexahedroida, octahedra 

and cubes are present in all of the samples. The only signi­

ficant anomaly with respect to crystallographic characteri stics 
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is the relatively common occurrence of macles in the Lang­

hoogte sample. 

iii. The various crystal shapes di cl tinguished are similarly dis ­

tributed in all of the samples, excepting for the r·elative 

scarcity of equidimensional crystals in the Langhoogte sample 

(which is partly a consequence of the abundance of macles 

in .. that sample). 

iv. Most pristine surface texture ~, including fairly rare 

varieties such as chemically-polished surfaces, network 

patterns, scratch-like markings, corrosion sculpture, micro­

disk patterns and transverse hillocks, are similarly distri­

buted in al~- of the samples. Coarse frosting is recorded tc 

be much .more common in the samples from the littoral deposits. 

It must be noted, however, that fine frosting grades into 

coarse frosting so that the distinction is frequently sub­

jective. If coarse frosting a.rid fine frosting are considered 

together, only th~ Langhoogte sample is anomalous in con­

taining a lower proportion of frosted diamonds than the other 

samples. 

It must be concluded that the same population of diamonds pre­

dominates in all of the deposits. Although Langhoogte is downstream 

of Buffelsbank, the Buffelsbank sample more closely resembles the 

littoral deposit samples. The subordinate diamond population con­

sidered to be present at Langhoogte is evidently not represented at 

Dreyers Pan and Annexe Kleinzee. The more-abraded state of the littoral 

deposit diamonds is consistent with thei~ derivation from upstream 

of Buffelsbank. Most of the additional abrasion considered to have 

ta.ken place between Langhoogte and Dreyers Pan can probably be 

ascribed to approximately 40 km of fluviatile transportation, since 
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little abrasion occui'red between Annexe Kleinzee and Dreyers Pa.~. Nearly 

all of the minus 11 plus 9 diamonds appear to have been affected by 

this transportation, with most having at least their tetrahexahedroid 

"A" edges abraded. There is no evidence to suggest that dian:ond crystals 

were broken during their transportation to the coast. 

16.4.5. Quaggaskop 

The Quaggaskop deposit is situated in the valley of the Zout 

River, a tributary of the Olifants. Thirty six diamonds from the 

deposit were examiLed. The en~aing discussion concerns only 23 of 

the diamonds which are within the minus 13 plus 7 size range, unless 

otherwise stated. 

Approximately 40 per cent of the diamonds are colourless, while 

light brown to brovm diamonds are slightly more common than yellow 

diamonds among the remainder (Table 21) ., One diamond display::, green 

and brown surface spots and four others . display only brown spots. 

Most of the diamonds are tetrahexahedroida but octahedra are . 

also represented (Table 22;. Macles are fairly common. Thirty per cent 

of the diamonds exhibit octahedral crystal surfaces and about 10 per 

cent exhibit cubic surfaces. Only three crystals are broken. Equi­

dimensional crystals are common and irregular crystals are scarce 

(Table 23). 

None of the diamonds examined displays coarse frosting, fin6 

frosting or scratch-like markings (Table 24). Approximately 40 per cent 

of the diamonds display lamination lines (Table 25), while hexagonal 

pits are a common, octahedral surface texture (Table 26). 

Approximately half of the minus 13 plus 7 diamonds are unabraded 

(Table 28). Very lightly abraded to lightly abraded diamonds are also 

represented, while four diamonds are abraded at their tetrahexa.11edroid 
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"C" edges. One plus 13 diamond is distinctly r ounded and polished. 

Three abraded diamonds exhibit small percussion markings. 

16.4.6. Comparison be tween Quaggaskop and De Punt 

Owing to the small size s of both samples, differences between 

compared data need to be substantial to be significant at the 95 per 

cent level of confidence. None of the differences in the data ob­

tained for the two samples is sufficiently striking to necessarily be 

significant. 

16.5. GENERAL DISCUSSION OF THE DIAMONDS FROM NAMAQUALAND AND 

NEIGHBOURING AREAS 

Many pristine features are distributed similarly among the mi nus 

11 plus 9 (or minus 13 plus 7) diamond samples studied from Namaqua­

land and adjacent areas. For example, most of the samples contain 

the following:-

i. More than 60 per cent of colourless diamonds. 

ii. More or nearly as many yellow as light brown to brown diamonds. 

iii . A small proportion of diamonds displaying brown surface 

staining. 

iv. A marked preponderance of tetrahexahedroid crystals. 

v . Very few aggregate crystals. 

vi. Very few diamond fragments and less than 15 per cent of 

broken crystals. 

vii. Approximately 20 per cent of crystals with octahedral crystal 

surfaces but only about 5 per cent with cubic crystal surf aces. 

viii. Substantial proportions (more than 20 per cent) of equidimen­

sional crystals and few (approximately 5 per cent) of irregular 

cry~tals. 

> - ~ 
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ix. A few per cent of diamonds displaying surface textures, such 

as chemic~lly-polished surfaces, network patterns, coarse 

frosting, fine frosting, scratch-like markings and corrosion 

sculpture,which do not occur in many of the othdr samples 

studied. 

x. A small number of diamonds displaying positively-oriented 

etch features (e.g. imbricate wedge markings and transverse 

hillocks )n tetrahexahedroid surfaces and positively-ortented 

trigonal pits on octahedral surfaces) which are dev~loped in 

very few of the kimberlitic diamond samples studied (see 

Chapter 12). 

xi. C ( . . ommon ,i.e. at least 20 per cent of) tetrahexahedroida which 

display terraces and/or lamination lines. 

Most samples do differ, in fact, in one or a few aspects from the 

others. In an attempt to delineate regional similexities and differences 

among the deposits studied, areal plots of some sample characteristics 

were made. These plots are shown· in Figures 100 to 102. The paucity 

of data stations and the wide confidence limits for data based on 

less than 100 diamonds (see Table 13) necessitate cautious inter­

pretations of these plots. While some characteristics (e.g. yellow to 

brown diamonds, and lamination lines) vary in an apparently haphazard 

manner, the following patterns emerge:-

i. The deposits in the extreme south (Quaggaskop and De Punt ) 

differ from the others in a number of respects (e.g. regarding 

colourless diamonds, brown staining, frosting, scratch-like 

markings and tetrahexahedroida displaying terraces). 

ii. Many characteristics are uniformly distributed among the 

deposits situated north of the Olifants drainage basin (e.g. 

chemical polishing, scratch-like markings and positively-oriented 
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textures. 

iii. Some of the features of the t,10 deposits in the extreme 

south are progressively less noticable features of the 

deposits further t o the north. For example: the percentage 

of colourless diamonds generally increases northwards ; the 

cubic form is relatively commor. in the deposits near Honde­

klip Bay as well as in the two deposits in the extreme 

south; the incidences of occurrence of tetrahexahedroida 

displaying terrace s in the samples from near Hondeklip Bay 

are intermediate between those in samples from further nor th 

and the extreme south. 

iv. Frosted diamonds &.re particularly common in most of the 

deposits which are spatially associated with the Buffels River. 

v. The regional distribution of green-stained diamonds is di s­

similar to that of any other sample characteristic. 

The patterns outlined above are consistent with the presence of 

two main populations of diamond in the area uhder consideration. One 

postulated population predominates in the north and the other is 

dominant in the extreme south. Both populations may be well represented 

in the central part of the area, such as in the vicinity of Hondekl ip 

Bay. An additional population, similar to that predominating in the 

north excepting for containing a particularly large proportion of 

diamonds displaying frosting, is probably also well represented in 

most of the deposits associated with the Buffels River. The unique 

distribution of green-stained diamonds suggests that the staining i s a 

post-depositional feature. 

None of the populations distinguished closely resembles any 

combination of the Southern African, kimberlitic diamond populations 

studied (Chapter 12). The detrital populations generally contain more 
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yellow diamonds, far fewer fragments and broken crystals, fewer 

ag:::regates, more equidimensional crystals and more diamonds dis­

playing ~hemically-polished surfaces and network patterns, than 

the kimberlitic populations.- The northern, det:!:'ital populations al so 

contain substantially larger proportions of diamonds displaying 

scratch-like markings or tetrahexahedroid terraces, than most of the 

kimberlitic populations. 

Characteristics which reflect the- state of abrasion of the diamond 

samples are plotted in Figta"e 103. Notwithstanding the paucity cf data 

stations, a general, coastward increase in abrasion is clearly evident 

in the northern part of the area. This substantiates the suggestion, 

made previously, that ·fluviatile transportation, rather than longshore 

drift, is responsible for most of the abrasion of diamonds in the north. 

Tentative contouring of the data also suggests a southward increase 

in abrasion in the northern part of the area, while a northward in­

crease is possible in the southern part. This interpretation of the 

abrasional data is consistent with the south-westward transportation 

of a northern population of diamonds and the north-westward trans­

portation of a southern population. Extrapolation of the contours 

drawn in Figure 103 would indicate that both the postulated, no~thern 

a..~d southern populations of diamond are derived from fairly near to 

the coast. such a conclusion would not contradict the view, expressed 

by Keyser (1972 and 1976), that the diamonds were flushed from ·a de­

flation surface situated within 65 km of the present coast. 

The presence of brown-spotted diamonds in many of the samples 

(Figure 100 D) is interesting. This is because such diamonds must 

have been heated to above 600°C subsequently to their having been 

stained green. The Triassic-Jurassic, Karroo vulcanism is probably 

the most recent, Southern African thermal event during which a 
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substa.~tial number of diamonds could have been sufficientl y heated. 

The proportions of brown-stained diamcnds in the samples therefore 

represent a minimum estimate of the diamonds likely to be derived 

from pre-Cretaceous kimberlites. 

16.6. TEE WITWATERSRAND l3ANKET 

Prior to the advent of fine-crushing processes on Witwatersrand 

gold mines, diamonds were recovered from mines :·.n the East Rand, Central 

Rand and West Rand. The largest producer of diamonds appears . to have 

been the Modderfontein "l3" Gold Mine, which recovered 194 carats 

during 1923 (Lawn, 1924). Ten diamonds were examined from the Rand­

fontein Estates Gold Mine. Nine of the diamonds are within the minus 

13 plus 9 size range and one is slightly smaller. 

Seven of the diamonds appear to be colourless and three are 

yellow, but all exhibit green-stained surfaces (Table 21). This stain- · 

ing is light and continuous in some cases but mostly occurs as intense 

dark green to black, diffuse blotches and spots. Detrital uraninite 

grains are the obvious, likely source of the radiation responsible. 

Diamond surfaces appear to be very finely frosted at the most intensely 

stained areas. Eight of the diamonds also display brown surface spots or 

blotches. 

Seven of the diamonds are simple tetrahexahedroida while two 

also display subordinate octahedral faces (Table 22). The other diamond 

is an octahedron with subordinate tetra.~exahedroid surfaces. None are 

either twinned or broken. Two crystals are equidimensional (Table 23 ). 

One aiamond has a chemically-polished surface and associated 

network patterns (Table 24). Another displays pitted hemispherical 

cavities observed among the diamonds from only two of the other 

localities included in this study (Prairie Creek and Wellington. See 
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Sections 12.10. and 16.7., respectively). Two of the diamonds display 

lamination lines. 

Five of the diarnonds are unabraded and the others are slightly 

damaged. at four-fold axial cor~ers (Table 28). 

The sample examined is not markedly different from a sample of 

thirty eight other Witwatersrand diamondf..· described and illustrated by 

Raal (1969) and Grantham (1974), excepting ';hat brown surface staining 

may be more com:non and the octahedral form .less common. Most of the 

features displayed by the Witwatersrand diamonds are identical to 

features commonly developed on kimberlitic diamonds. A kimberlitic 

source is therefore reasonably certain, and pre-Upper Witwatersrand 

kimberlite bodies must have been present in the provenance area of 

the Witwatersrand Basin. It follows that a geothermal gradient 

sufficiently cool for diamond to be stable at depths accessible to 

kimberlite magma must have prevailed, in this region, at least 2 500 

m.y. ago _~ Upper mantle temperatures beneath the Kaapvaal Craton are 

therefore unlikely to have greatly exceeded those which prevailed 

during the Cretaceous Period. 

Should the heating responsible for converting green staining 

to brown staining have been regionally extensive, the diamonds which 

are only stained green would need to have been irradiated entirely 

after the heating event. Such restricted irradiation is unlikely 

(unless caused by authigenic material), so regional temperatures 

within Upper Witwatersrand Group strata probably never attained 600° C. 

The heating to above 600cc was likely to have been localized as would 

be the case if igneous intrusions were responsible. 

16. 7. WELLINGTON .AND AIRLY MOUNTAIN 

In New South Wales, diamonds have been won from gravel-filled 
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channels ("deep leads ") which underlie Tertiary basalts and from 

present-day alluvium. Eighty nine diare.onds were examined from 

Wellingt0n and nine from Airly Mountain. These localities are shown 

in Figure 104. The Wellington diamonds were dredged from the Mac­

quarie River. The Airly Mountain diamonds are from a deep lead 

deposit. Nearly all of the diamonds in ~oth samples are within the 

minus 13 plus 9 size range. 

In both samples, approximately 40 per cen r, of the diamonds are 

colourless, while yellow diamonds are more common than brown~ (Table 21). 

Two of the Wellington diamonds display green surface spots. Two others , 

and three from Airly Mountain, display brown Sllfface spots. 

Tetrahexahedroida predominate very strongly, but an octahedron 

and a cube are included in the Wellington sample (Table 22). Octahedral 

surfaces are developed on approximately 10 per cent of the diamonds 

in the samples while examples with cubic surfaces are rare. Broken 

crystals are fairly common in the Wellington sample. A conspicuous 

feature of the Wellington sample, but not of the Airly Mountain sample, 

is the high proportion of tetrahexahedroida which are irregular (Table 23). 

Since flat crystals are also nearly all irregular in the Wellington 

sample, the total of irregular diamonds exceeds 70 per cent in that 

sample. The Wellington sample also exhibits a number of unusual surface 

textural characteristics, as follows:-

i. Pitted hemispherical cavities, which were encountered in few 

of the other diamond samples studied, are developed on half 

of the diamonds (Table 24). 

ii. Terraces are conspicuously absent among the tetrahexahedroid 

surface textures represented (Table 25). 

iii. Only very fine hillocks are developed on any of the tetrahexa­

hedroida and most display undulating, low-relief surfaces 



- 182 -

instead (Table 25). Circular micro-pits, which are a rare 

feature elsewhere, ar.e commonly developed (Table 24) upon 

these low-relief surfaces. 

iv. More than half of the diamonds display widely- spaced lamination 

lines (Table 25). In some cases, only one lamination line 

is evident so that the feature resembles a macle line. In 

most cases, two sets of lamination lines, each c0nsisting of 

two or three individuals, intersect to produce a pattern 

easily mistaken for the truncated (by resorption) s~am~ of 

interpenetrant twinning. 

Low-relief surfaces are also a common feature of the Airly Mountain 

tetrahexahedroida (Table 25). Both samples contain diamonds displaying 

positively-oriented surface textuxes (Tables 25 and 26). The Airly 

Mountain diamond population may be represented in the Wellington 

sample. The population which predominates at Wellington, however, is 

not represented in the Airly Mountain sample. 

Eighteen diamonds from deep leads near Copeton and Bingara are 

described and illustrated. by Grantham (1974). These diamonds are all 

irregular tetrahexahedroida displaying low-relief surfaces, pitted 

hemispherical cavities and, in at least one case, isolated laminati on 

lines. They therefore closely resemble most of the unusual diamonds 

studied from Wellington and it is possible that they are derived from 

the same source. 

Excepting for the diamonds which display scratch-like markings, 

few in the Wellington sample are abraded (Table 28). Grantham (1974) 

also noted that only one of the eighteen Copeton-Bingara diamonds 
, 

which he examined showed signs of mechanical wear. Should the Well -

ington and Copeton-Bingara diamonds share the same source, one of the 

samples must have been transported at least 170 km. The scarcity of 
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abraded diamonds at both localities would then be surprising. 

Tertiary vulcani sm could have he2.ted some diamonds to above 

500° C. The Wellington and Airly Mountain examples which display brown 

surface stains are therefore n0t necessarily derived from particularly 

old primary deposits. 

16.8. TEE URALS REGI ON 

Seventy minus 15 plus 11 diamond~ were ex~mined. All are of t wo 

commercial assortments based upon very .light colour. The sample 

therefore cannot be regarded as representative and it was not classi­

fied further according to colour. One of the diamonds was seen to display 

green surface spots. 

Tetrahexahedroida are strongly predominent although octahedra 

are represented (Table 22). All of the crystals exhibit tetrahexa­

hedroid surfaces and approximately 10 per cent have octahedral fa0es. 

The cubic form was not observed. The absence of macles and aggregat es 

and the scarcity of broken diamonds are likely to be consequences of 

the bias in the sample selection. 

The distributions of many pristine surface textures are simil ar 

to those in the placer deposits of Namaqualand and neighbouring areas, 

described in Sections 16.3 and 16.4 (Tables 24 to 26). The Urals 

sample differs from those of Namaqualand, however, in the more common 

occurrence of low-relief surfaces on tetrahexahedroida and a lack of 

diamonds displaying scratch-like markings. 

Approximately 75 per cent of the diamonds ar~ unabraded. Ap­

proximately 20 per cent are slightly abraded while a few are markedly 

abraded. 
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17. GENERAL DISC'USSION OF THE DIAMONDS OF PLACER DEPOSIIS 

In all of the placer s8:llples studied, the bulk of the diamonds 

display features which are no different from those displayed by the 

diamonds described from kimberlites. This substantiates the generally­

accepted view that detrital diamonds are derived from kimberlites. In 

many placer samples, however, a small proportion of the diamonds 

display chemically-polished surfaces whiQh were not encountered in 

a~y of the kimberlitic samples examined. Chemically-polished ~urfaces 

are considered to probably be produced on diamonds by the action of 

dry (i.e. steam-free) carbon dioxide gas at temperatures above 950°C 

(see Section 6.5.3.). While kimberlite magma might sometimes be 

sufficiently dry for the required conditions to be realized, carbon­

atite magma is a feasible alternativA. Virtually all of the detrital 

diamonds examined exhibit features considered to require temperatures 

which make an igneous history mandatory. No single diamond examined 

displays any features suggestive of either a meteoritic or metamorphic 

paragenesis. 

Most placer samples contain a greater variety of pristine surface 

textures than kimberlitic diamond samples of the same size. This 

suggests that more than a single kimberlitic population of diaillondR 

is represented in most of the placer deposits. 

Examination of Table 2B shows that, in the few cases in which 

diamonds of different sizes were examined from single localities, the 

large diamonds tend to be appreciably more abraded than the small 

diamonds. These data highlight the necessity of comparing only diamonds 

of the s21ne size, in attempts to relate degrees of abrasion to re­

lative conditions or distances of transportation. The observation, 

made for the F Beach sample, that flat diamonds tend to be less abraded 
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than more equidimensional didllionds of the same sieve class, might be 

largely a consequence of the lower mass of the flat diamonds. A slight 

advantage would therefore probably be gained by comparing diamonds 

similar in mass, rather than sieve size. 

A striking feature of placer diamond samples is the range in 

the degree of abrasion between individu~l diamonds, of similar size, 

in individual samples, In most of the deposits, unabraded diamonds 

a.re associated with appreciably-abraded diamondG, This might imply 

that each placer deposit contains diamonds transported over wid3ly 

varying distances, were it not that pristine features are not seen to 

vary markedly between the u.~abraded and variously-abradea diamonds. 

Local variations within sii1gle transportational systems are necessary, 

instead, to account for the various degrees of abrasion displayed by 

diamond~ in individual depusits. The time spent within pot-holes may 

be the most important, single factor determining the extent to which 

a diamond is abraded during its transportation by water. In the flu­

viatile environment, this factor is strongly dependant on stream 

gradient and stream bed lithology and only indirectly on the distance of 

transport. The proportions of unabraded and variously-abraded diamonds 

in a placer deposit need therefore give only a very poor indication of 

tha distance of transport. Thus, the scarcities of abraded diamonds 

at the Hlane, Wellington and the Urals Region are compatible with 

these diamonds having been transported considerable distances, provided 

transportation was by streams with shallowly-inclined gradients. State­

of-abrasion determinations are most valuable in comparisons between 

samples which can be assumed to have been transported under similar 

conditions. 

Fragments and broken crystals are much less common in most of 

the placer diamond samples studied than in the kimberlitic samples . 
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According to Orlov (1977, p. 167), broken diamonds are progressivel y 

eliminated during transportation necailse they are cracked and tend to 

disinteg:-ate to small parti0les. Most of the placer samples studied 

contain less than 20 per cent of broken, minus 11 plus 9 diamonds 

whereas virtually all of the kimberlitic samples contain more than 

30 per cent. The Lichtenburg and Hlane samples are exceptional placer 

deposits, however: in also containing very high proportions of broken 

diamonds. The Blane deposit contains a slightly, but significantly, 

greater proportion of brokGn minus 7 plus 5 diamonds than itp p~obable 

source, Dokolwayo. Some small Dokolwayo diamonds were evidently broken 

during their transportation to Hlane, but few could have been drastically 

reduced in size. Considering the small size of the Hlane diamonds, it 

is likely that at least cracked, minus 11 plus 9 diamonds are easil y 

broken during transportation. Intricately cracked diamonds can be 

expected to be winnowed out as very small particles. In both cases 

studied in which the diamonds in a terrace deposit could be derived 

from a re-worked, older terrace (the C Beach and the Recent Emergence 

.Terrace which may have o~tained their diamonds from the F Beach and 

the Uplifted Terrace, respectively) the relatively young deposit con-

tains fewer broken, minus 11 plus 9 diamonds (but can contain more 

broken, larger diamonds, as in the C Beach sample). This is consistent 

with small pieces being broken from large diamonds and smaller diamonds 

being appreciably reduced in size, during re-working. Comparing de­

posits which are situated downstream or alongshore from one another 

(e.g. Buffelsbank - Langhoogte - Annexe Kleinzee - Dreyers Pan), how­

ever, does not disclose any consistant variation in the proportion of 

broken diamon~s with relative distance of transport. There is there-

fore no unequivocal evidence for a progressive elimination of broken 

diamond crystals during transportation. It appears that while intri cately 
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cracked diamonds may be winnowed out, diamonds with few cracks 

should survive as broken cr ystals. The scarcity 0f broken diamonds 

in most of the placer deposits studied therefore appears to be pre­

dominantly an inherent (i.e. pristine) characteristic of their source 

populations. Considering Wagner's (1914, p. 165) observation that 

broken diamonds are more common in kimbE·rlite pipes than in kimberlite 

dykes, it could be suggested that most of ~he detrital diamonds studied 

are derived from dykes. Wagner's observ~tion col•ld not, however, be 

substantiated in the present study (see Chapter 13), 
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18. RELATIONSHIPS :BETWEEN SOME DIAMOND CHARACTERISTICS 

Harris et al (197S) and Harris, Hawthorne and Oosterveld (1979) 

noted that with increasing diamond size, the proportions of colourless 

diamonds decrease while the proportions of yellow diamonds increase, in 

most of the samples which they studied. The · meagre data obtained for 

diamonds other than of the minus 11 plus 9 sieve class, in the present 

investigation, tend to substantiate the_se findiEgs. In most cases, the 

proportions of yellow diamonds were found to increase with incr,~asing 

diamond size, while the proportions of light brown and brown diamonds 

decreased. Colourless diamonds were either more or less common among 

the larger sizes, depending upon the relative changes in the proportions 

of yellow and brown diamonds. 

The ratios of octahedra to tetrahexahedroida were found to in­

crease, with increasing diamond size, in most of the samples examined 

by Harris et al. (op.cit.) and Harris, Hawthorne and Oosterveld (op.cit.). 

The same trend was noted in most of the samples containing different 

sizes of diamonds which were examined in the present investigation. 

This trend is more clearly evident if the proportions of diamonds 

exhibiting octahedral surfaces, rather than only the main forms, are 

considered and is exemplified in the Lichtenburg and Consolidated 

Diamond Mines samples. It was also found that the proportion of diamonds 

exhibiting cubic surfaces tends to increase with increasing diamond size. 

The more common occurrence of growth form surfaces among relatively 

large diamonds is compatible with the hypothesis that some diamonds 

are larger than others because they were not resorbed as much. In some 

samples (e.g.· Dokolwayo and Helam Mine), however, similar proportions 

of diamonds exhibiting growth forms are present within the various 

size fractions. In such cases, resorption was evidently not important 
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in the format i on of the relatively small diamonds. 

The percentages of broken diamonds and of tetrahexahedroida 

displaying lamination lines were sometimes determined separately f or 

brown (including light brown) and other diamonds. These data are given 

in Table 29. In some samples (e.g. from the Premier and Orapa Mines ), 

brown diamonds are much less commonly br·oken than other diamonds . In 

other samples, however, brown diamonds are either about as commonly 

t=oken as other diamonds or (e.g. Finsc~ Mine a.rd the minus 11 plus 9 

size of Dokolwayo) are significantly more commonly broken. In v:.r­

tually all samples in which the re l ationship between diamond colour 

and presence of lamination lines was tested, a substantially greater 

proportion of brown diamonds was found to display lamination lines. A 

strong correlation between a brown colour and the development of 

lamination lines is therefore demonstrated. It is concluded that the 

process responsible for lamination lines (i.e. shearing stress, see 

Article 6.5.2 and Section 7.2) is also responsible for the colour of a 

large proportion of brown diamonds. The alternative, that lamination 

lines develop more readily on brown than other diamonds, is not 

supported by any of the observations made. It is possible that the 

dislocation planes produced by shear stresses tend to strengthen the 

diamonds in some populations. In populations in which brown diamonds 

are more commonly broken than others, the diamonds with dislocation 

planes may be relatively weak. It is also possible that some brown 

diamonds in these populations were stressed to the extent that brittle 

fracture occurred, but this possibility is not supported by a general 

lack of resorption at the edges of the breakage surfaces concerned. 

No attempt was made to determine the proportions of the diamond 

"types" or "varieties" which are present in the samples studied. In 

most of the samples, however, the colour and crystallographic 
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characteristics indicate that type Ia or variety I crystals predomi nate 

strongly. For plastically deformed di~~onds to ce common in many of the 

samples, it is necessary that not only the relatively easily deformed 

but rare , type II diamonds may be deformed in nature. 
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19. SUMMARY OF CONCLUSIQNS 

As a consequence of this study, 41 pristine diamond surface 

textures can be distinguished. Twelve of these (hexagor1al pits con­

taining trigonal pits, serrate laminae, pointed plates, semi-cylin­

drical hillocks with hexagonal pits, ziezag texture, fine striation 

with edge enhancement, ribbing, imbricate wedge-forms, rhombic serr a­

tion, chemically-polished surfaces, knop-like a~perities and pitted 

disks) are reported for the first time. Another texture (scratc}1-li ke 

markings) was reported for the first time early during the present 

investigation (Robinson, 1975). 

The recognition, by various other workers, that certain etch 

features are restricted to particular crystallographic surfaces of 

diamond (e.g. trigonal pits to octahedral surfaces, tetragonal pits 

to cubic surfaces) was extended to include textures such as elongat e 

hillocks, low-relief surfaces and corrosion sculpture. This enabled 

the easy identification of the form(s) of many highly disto~ted or 

irregular diamond crystals. 

Only two of the pristine surface textures distinguished 

(smooth octahedral crystal surfaces and triangular plates) can be 

directly ascribed to crystal growth. All of the others are produced 

by resorption or etching. Crystal growth processes are manifested, 

however, in the forms assumed by some etch-induced features. For 

example, internal stratification is largely responsible for the 

distinctions between terraces, elongate hillocks and low-relief 

surfaces on tetrahexahedroid surfaces. Dislocation planes are another 

internal feature commonly disclosed by resorption. 

Several diamond surface textures have been duplicated in the 

laboratory during etching experiments by a number of investigators . 
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All of these experiments involve oxidation and neither pure graphi t i zation 

nor dissolution appears to be an important process affecting diamonds 

in nature. Thin graphite coatings are consistently associatea, how-

ever, with some uncommon surface textures (knob-like asperities, r i b­

bing, serrate laminae and pointed plates) which appear to be produced 

when the oxidizing agent is used up during its reaction with diamond. 

As in Robinson (1978), "tetrahexahedroid" is preferred to terms 

s-.ich as "rounded dodecahedron" for one of the C)mmon forms of diamond 

crystal. No evidence was ootained for questioning the view that thi s 

form is derived by resorption of the octahedron or the cube. Lamination 

lines and tetrahexahedroid surface textures such as terraces, elong­

ate hillocks and shagreen texture are difficult to reconcile with a 

non-resorption origin for the form. The suggestion by Frank and Put tick 

(1958), that the etching wnich produces trigons on octahedral diamond 

surfaces also produces the resorption form is substantiated by the 

observation that most of the rare octahedra without any trigons al so 

lack any tetrahexahedroid surfaces. Rare diamond crystal forms occur 

which more closely resemble the rhombic dodecahedron than does ·the 

common tetrahexa.hedroid. 

More diamond-oxidation experiments are required, particularly 

·· at high pressures, to elucidate some of the details of the oxidation 

process. A sufficient body of experimental data is available, however, 

to enable two main episodes of diamond oxidation to be distinguished. 

One of these episodes probably always requires temperatures greater 

than 950°C and is responsible for resorption and for producing 

negatively-oriented etch pits. Steam and wet carbon dioxide gas are 

the most like-ly etchants responsible in nature. The other episode of 

etching may occur at temperatures down to about 450°c and appears to 

require the presence of free oxygen. The effects of this type of 
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etching are rarely observed but are tY])ified by positively-oriented 

etch pits which usually form at t~mperatures below 1 000°C. 

Lamination lines constitute a surface texture with particularly 

important implications. This texture is considered to result from 

the differential resorption of diamond crystals with internal, dis­

location planes caused by plastic defamation at mantle depths. Plastic 

deformation implies a deviatoric stress which requires tha.t the diamonds 

~~re encased within an essentially soli~ medium when the stress was 

applied. Diamonds displaying lamination lines are therefore lik'3ly 

to be derived from deformed mantle rocks and are unlikely to have 

crystallized from kimberlite magma. Knob-like asperities, dodecahedral 

ribbing and other associated, graphite-veneered surface textures are 

also important insofar as the relationship between diamonds and 

kimberli te magma is conceri1ed. Considering the peculiar circumstances 

which are apparently involved in the formation of these surface tax­

tures, and their common development among the diamonds in some 

eclogite xenoliths, any kimberlitic diamonds displaying them are 

likely to have been liberated from xenoliths. Furthermore, only 

diamonds liberated after the completion of most reactions between diamond 

and magma are likely to retain these textures, implying that more diamonds 

once displayed them. Paired pseudohemimorphi0 crystals are considered 

to have been partly armoured while undergoing resorption by kimberlite 

magma. Eclogitic and peridotitic xenoliths and their minerals are 

the most common bodies of abyssal origin which are known to armour 

diamonds. Assuming a non-cognate origin for such xenoliths, paired 

pseudohemimorphic crystals are also likely to be xenocrysts in 

kimberlite. 

Particular attention was paid to the relative ages of the 

diamond features studied. This enabled the sequence of the events 
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which can affect natural diamonds to be established, for the first 

time. At some time after initial crystallization, some diamonds are 

plastically deformed. (The duration of the interval between crystal­

lization and plastic deformation is not known but is probably at 

least a few years in the case of the most common, type Ia diamonds). 

Most diamonds ar·e then resorbed and etcr.ed by high-temperature 

oxidation in the kimberlite magma within which they are entrained. 

Subsequently, an unknown proportion of ~he diamonds in at least some 

kimberlite pipes are slightly damaged by frictional contact wit}L 

other particles. This is followed by the low-temperature etching of 

a small proportion of diamonds. Most diamond crystal breakage occurs 

during, and after, the final stages of high-temperature etching. 

The diamond content of some eclogite xenoliths is substantial 

and the disintegration of eclogitic material may account for con­

siderable proportions of the diamonds in some kimberlites. Differences · 

between the diamonds in eclogite xenoliths and those in kimberlites 

are consistent with a more limited access of oxidizing, kimberlitic 

fluids to the diamonds in the xenoliths. Among the diamonds in eclogite 

xenoliths, growth forms are much better preserved, a ribbed dodecahedral 

form tends to be developed in place of the tetrahexahedroid and 

graphi te-vene.ered surface textures, such as knob-like asperities, 

serrate laminae and pointed plates, are relatively commonly developed. 

A single eclogite xenolith may contain both diamond octahedra 

and cubes, which suggests a range in temperature during the crystal­

lization of diamond. The association of primary graphite and diamond 

in many eclogite xenoliths also suggests changing conditions during 

the crystallization of free carbon, with the thermodynamic "boundary" 

between graphite and diamond being crossed. In these cases, the crystal­

lization conditions for diamond must have been near to the lower 



- 195 -

stability-limit for the mineral. The segregation of diamond and 

graphite in some eclogite xenoliths is consistent with a gravimetric 

separation which is to be expected should these minerals have 

crystallized within a liquid phase. For boundaries between graphite­

rich and diamond-rich eclogite to be commonly sampled would then imply 

that very small pockets of igneous, diar.tond-graphite eclogite are 

common within the earth's mantle. 

Similarities among the diamonds f!om most of the kimberlites 

included in this study are more striking than differences betwe8n 

them. Most localities are characterized by a preponderance of tetra­

hexahedroid crystals, mostly derived from octahedra, and there are 

substantially more brown-coloured than yellow diamonds and few, if 

any, unusual surface textures. The Swartruggens Main Fissure and the 

Mir Pipe, however, are exceptional localities in that they produce, 

respectively, an exceptionally high proportion of diamonds exhibiti ng 

the cubic form and an exceptional preponderance of octahedra. The 

similarities between the diamonds in most kimberlitic samples imply 

that most of the diamonds crystallized under similar conditions and 

experienced similar, post-genetic histories. These similarities tend 

to frustrate attempts to correlate the diamonds of placer deposits, 

either with possible, kimberlitic sources or with other placer deposits. 

Subtle differences are apparent, however, between most kimberlitic 

diamond populations. For example:-

i. Brown-coloured diamonds are much more common in some kim­

berlites (e.g. the Finsch Mine, the Grey and Black Kimberl ites 

of the Premier Mine, the K6 and Remainder Kimberlites of 

Letseng-le-terai and the Orapa Mine) than in others (e.g. 

the Brown Kimberlite of the Premier Mine, the Satellite Pi pe 

at Letseng-le-terai and the Loxtondal Mine). 
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ii. Aggregate crystals are common in some kimoerlites (e.g. 

those of Korth-eastern Botswana, notably thG Orapa Mine, 

and at Dokolwayo) but scarce in others (e.g. the kimberlites 

at Letseng-le-teTai and Loxtondal). 

iii. Certain surface textures which are either rare or absent in 

m)st kimberlitic diamond populations are fairly common in 

specific population~ (e.g. knob-like asperities in the Grey 

and Black Kimberli tes of the P;i::'emier Nine, Orapa Mii:e aJ1.d 

Pipes DK 1 and DK 2, scratch-like markings in the Brown 

Kimberlite of the Premier Mine and fine striation with edge 

enhancement in the Dokolwayo Pipe). 

The characteristics of the diamonds from different kimberlite 

types within single pipes may be essentially the same. This is so for 

the Central Core, Peripheral and Breccia Kimberlites of the De Beers 

Mine and for the Grey and Black (but not the Brovm) KimberlitAs of 

the Premier Mine. Such associated kimberlites may represent single 

intrusions, with differences between them resulting from processes 

which operated during diatreme-filling. At the Premier Mine it is 

possible that the Grey Kimberlite represents Black Kimberlite magma 

which was severely contaminated by Waterberg Quartzite xenoliths. 

This possibility requires, howeve=, that the relatively common frosting 

of Grey Kimberlite diamonds occurred within the diatreme, perhaps as 

a consequence of water being released from the quartzite xenoliths. 

A single ffiagma may also have been responsible for the K6 Kimberlite 

and most of the Remainder Kimberlite at Letseng-le-terai. The K6 

body, however, was probably emplaced as a separate pulse of magma 

within which xenoliths (including diamond-bearing varieties) had 

survived disaggregation for longer than in the magma emplaced pre­

viously. 
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In the magmatic kimberlite bodies and the Kimberlite Breccia of Pipe 

BK 9, the mantle-derived characteristi.::s of the diamonds (i.e. tho se 

characteristics concerning crystal growth forms, colours and lamination 

lines) are the same but the subsequently-produced characteristics 

(i.e. those produced during resorption, high-temperature etching and 

low-temperature etching) are different. Two magmas which separated 

from a single, mru1tle-derived magma at soma depth not much shallower 

than about 100 km are therefore probably represented in Pipe BK 9, 

At the Premier Mine, the Brown Kimberlite diamond popu1ation 

is dissimilar, in many respects, to the population which is present 

in the Grey and Black Kimberli tes. The cam1es of the dissimilarity can 

be traced back to the time at which diamonds were discoloured brown. 

Separate identities for the two magmas which produced the Brown Kim­

berlite and the other main kimbe~lites at the Premier Mine therefor e 

appear to have been established within the earth's mantle. Similari ties 

in the diamond characteristics which pre-date the brown-colouring event 

suggest, however, that both of these mantle-derived magmas contained 

the same initial population of diamonds. 

Dissimilarities between the characteristics of the diamonds i n 

the Satellite Pipe and the main pipe at Letseng-le-terai indicate 

separate mantle origins for the kimberlites in the two pipes. The 

Satellite Pipe kimberlite magma appears to have sampled the same 

initial population as is represented in the main pipe, plus another 

population. The minor presence, in the Remainder Kimberlite, of diamonds 

apparently belonging to the "other" initial population repre sented in 

the Satellite Pipe is compatible with the Satellite fipe magma also 

being represented in the Remainder Kimberlite. 

Considering the dissimilar characteristics of the diamonds in 

the DK 1 and DK 2 Pipes, these two spatially associated kimberlite 
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bodies do not appear to be directly related in origin. 

Ra.::.'e diamonds from the Finsch Mine and at leart the shallowest 

levels of the Orapa Pipe display abrasional textures resembling those 

developed on many detrital diamonds. Since the Orapa Pipe contains 

epiclastic kimberlite and may have been inundated by a once extensive 

Makgadikgaii Lake, the presence of abraded diamonds is, perhaps, not 

surprising. In the case of the Finscl.. Mine~ however, it may be neces­

sary to postulate the abrasion of diamo.nds within a maar-t:vp.:- l~e 

which developed at the pi~e vent, and the incorporation of epiclastic 

kimberlite into subsequently-emplaced, igneous kimberlite. 

Only one kimberlite dyke locality (the Swartruggens Main Fissure) 

is represented in the present study. Features which are ascribed t o 

crystal resorption and high-temperature etching are displayed by 

diamonds from the dyke, indicating that high-temperature etching and 

all previous processes which affect diamonds oper~te at sub-diatreme 

levels within kimberlite magma. Neither frictionally-induced nor low­

temperature etch features were observed among the diamonds from the 

Main Fissure. This does not definitely imply that these features 

develop only within diatreme-forming environments, however, for they 

a.re also absent in many samples from kimberlite pipes. Diamond crystal 

breakage is not any less common among the Main Fissure diamonds than 

in many samples from kimberlite pipes. Wagner's (1914, p. 165) 

assertion that diamond crystals are broken mainly during the for­

mation of kimberlite diatremes was therefore not substantiated. 

Every kimberlitic diamond population studied contains a mixture 

of colours, crystal forms and surface textures. The individual diamonds 

in any of the kimberlites therefore did not all experience identical 

crystallization and post-genetic conditions. Associations between 

diamonds exhibiting d.ifferent growth forms and diamonds of different 
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colours raises the possibility that many more than the two, genetic 

populations generally indicated by studies of inclusions in diamonds 

may be represented in individual kimberlites. This would favour the 

hypothesis that diamonds are xenocrysts with respect to kimberlite. 

Considering the mixed nature of the diamonds in some eclogite xencliths, 

however, the mixed character of the diamonds in individual kimberlites 

does not conclusively prove a polygenetic origin for the mineral. 

Nearly all cf the diamonds in a1i of the kimberlitic s3mpl~s 

display evidence of having been pertly resorbed, usually to~ sub­

stantial degree. Diamonds which are less resorbed than others in t he 

same kimberlite are likely to have · enjoyed more protection from the 

,kimberlite magma. The relative resorption of the ~iamonds in any 

kimberlite is therefore likely to reflect how soon, during intrusion , 

particular diamonds were liberated from armouring bodies. The only 

mantle-derived bodies known to ever armour diamon~s are eclogitic and 

peridotitic xenoliths. Assuming a non-cognate origin for such xenoliths, 

variations in the degree to which the diamonds in individual kimberlltes 

were resorbed favour a non-cognate origin for the diamonds as well . 

Local variations in the diamond-resorbing potential of kimberlite 

magmas, however, may also be responsible for some diamonds being more 

resorbed than others. Such variations appear necessary to account for 

the development of post-resorption surface textures which are present 

on some diamonds while being absent on other, more resorbed diamonds 

in the same kimberlite. 

It was found that lamination lines are displayed by between 

approximately 10 and 60 per cent, and commonly more than 30 per cent, 

of the diamonds in kimberlites. These then are minimum estimates of 

the diamonds which are likely to be xenocrysts with respect to their 

kimberlite hosts. Another few per cent of the diamonds in the Grey 
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and Black Kimberlites of the Premier Mine and in the Orapa, DK 1 and 

DK 2 Pip8s show other evidence of a xenocrystic origin. These are t he 

paired pseudohemimorphic crystals and diamonds displ;!.ying knob-like 

&sperities or related surface textures which are preseni in those 

kimberlites. 

The conversion, by resorption, of a diamond octahedron to a 

simple tetrahexahedroid involves a minimum mass loss of approximatel y 

45 per cent. An e~en greater loss is neoessary to convert a Gube . to 

a simple tetrahexahedroid. It is r.hown that the proportion of diamonds 

exhibiting octahedral and/or cubic crystal su.Tfaces is directly related 

to the amount of diamond in the host kimberlite. This substantiates 

the view that the tetrahexahedroid is a resorption form of the 

octahedron and the cube. 

The natural abrasion of diamond involves mainly the development 

of percussion cr~cks and Sfall scars. This produces ground surfaces 

at crystal corners, edges and asperities. Surfaces that are ground 

to a considerable degree pass into surfaces of relatively low relief 

(less than 0,5 /Ulll) which can be classed as polished. Such polishing 

appears to result from the grinding of asperities on previously ground 

surfaces, without any bu.ffing action. The ground and polished surfaces 

on diamonds resemble the subaquecusly-abraded surfaces of qua.!:'tz 

grains and were probably also produced during subaqueous transportation. 

Diamond surfaces which display scratch-like markings disintegrate 

relatively easily during transportation, producing a unique type of 

ground surface. The large-scale breakage of diamond crystals is con­

sidered to be unimportant during transportation, excepting in the case 

of previously cracked examples. 

Natural percussion cracks are similar to the pressure crack 

figures produced in static experiments with indenters that can be 
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softer than diamond, excepting that a..~gled, dynamically-applied stresses 

are indioated. The pronounced localization of percussion cracl~s and 

spall scars at crystal corners and edges suggests that most abrasion 

is caused by collisions between diamond and bedrock, rather th<1n between 

diamond and particulate materials. The number of diamond-bedrock 

collisions per unit distance of travel should be much greater within 

pot-holes than in wide channels, whi 1.e considerable travel can occur 

within pot-holes without any effective ~ransportation. Much of t~e 

abrasion of diamonds is therefore likely to occur within pot~holes. 

Five categories, each defining a particular degree of abrasion, are 

distinguished for diamonds which exhibit the tetrahexahedroid form. 

Nearly all of the diamonds in the placer deposits studied are 

clearly derived from kimberlites. A minority which display chemically­

polished surfaces are possibly derived from carbonatites. 

The characterization of the diamonds in particular placer 

deposits proved to be a useful exercise. Comparisons with the diamonds 

of either possible source kimberlites or geographically associated 

placers allowed important deductions concerning the origins of the 

placer deposits. For example:-

i. The Lichtenburg and Boskuil deposits are derived mainly from 

separate sources. The distance between main source and 

detrital deposit is likely to be similar in each case. The 

Main Fissure near Swartruggens in not a major son.rce of the 

diamonds at either Lichtenburg or Boskuil. 

ii. Most of the diamonds at Hlane are probably derived from the 

Dokolwayo Pipe. 

iii. In the diamond placers of Nama.qualand and adjacent areas, the 

diamond populations represented in littoral deposits near to 

particular river mouths are essentially the same populations 
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as are present in the alluvial deposits of these rivers. Two 

main populations appear to dominate the entire region. One of 

these predominates in the north of tne area and the other 

predomi!l.ates in the extreme south. An additionRl population 

is also important in deposits which are associated with the 

Buffels River and the littoral near to the river mouth. Most 

of the abrasion of the Namaqualand diamonds occurred during 

their coastward transportation in westward-flowing rivers. The 

diamonds appear to be derived from the hinterland of the region, 

rather than from the interior of the Southern African sub­

continent, and some are probably from pre-Cretaceous kimberlites . 

iv. Most of the diamonds in the Macquarie River near Wellington, 

New South Wales may have been derived from the same source as 

other unusual diamonds described by Grantham (1974) from 

placers 300 km to the north-east of Wellington • 

.An implied presence of diamond-bearing kimberlite in the catchment 

area of the Upper Witwatersrand basin suggests a geothermal gradient, 

2 500 m.y. ago, which was not radically steeper than the gradient which 

prevailed beneath the Kaapvaal Craton during the Cretaceous Period. 

Consideration of the surface staining displayed by diamonds from the 

Witwatersrand Banket suggests that while some diamonds were heated t o 

above 600°C, regionally-attained temperatures within the Upper Witwaters­

rand rocks never exceeded this figure. 

A strong, positive correlation between a brown colour and the 

presence of lamination lines supports the contention that both diamond 

features reflect the same phenomenon, namely a deformation event. It 

appears that the relatively resistant, type Ia diamonds are among 

those that commonly undergo plastic deformation. 
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