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Abstract — During the last two decades lamproiies have joined kimberlites as the only two known
primary sources of economic quantities of diamonds. This paper contrasts the petrography, primary
and xenocrystic mineralogy and pipe geology of these petrogenetically separate rock types. The
petrographic discrimination of kimberlites and lamproites from each other, as well as other rock
types found during diamond prospecting, is discussed. Kimberlites and Jamproites can be classi-
fied texturally and mineralogically, Such classifications highlight the differences between, and among,
lamproites and kimberlites, The implications of these differences for dlamond exploration pro-
grams are discussed, with particular emphasis on the application of petrography.

Introduction

Kimberlite was the term coined in the late 19th century
to describe the host rock of diamond at the type locality,
Kimberley, South Africa (Lewis, 1887, 1888). Innumerable
kimberlites are now known worldwide; some of them con-
tain economic quantities of diamond (e.g. South Africa,
Botswana and Russia) while many are barren, Jennings
(1989) suggests that less than 3% of the known kimberlites
can be considered to be commerical, Kimberlite was thought
to be the only important primary source of diamond for
approximately a century. Until the late 1970s, lamproites
were thought to be only academic curiosities. Some workers
(e.g. Wade and Prider, 1940), however, did comment on
certain similarities between lamproites and kimberlites and,
hence, inferred a potential for lamproites to carry di-
amonds, '

The term lamproite was introduced by Niggli (1923) for
leucite-bearing rocks from southeast Spain and Wyoming
which had some unusual geochemical characteristics, Wade
and Prider (1940) used the term lamproite (as defined by
Troger, 1935) to embrace rock types found in the West
Kimberley area of Western Australia, All the lamproites
described by Wade and Prider (1940) form distinet topo-
graphic features, Subsequently in the late 1970s, addition-
al pipes, which have little or no relief, were discovered in
the same area, but only as the result of a major diamond
exploration program (Atkinson et al., 1984; Jaques et al.,
1984, 1986). Some of these bodies are diamondiferous. In
1979, the Argyle pipe was discovered in the East Kimber-
ley area which, in terms of grade, is the richest known
primary diamond deposit in the world with some parts of
the body having grades greater than 500 carats/100 tonnes
(Madigan, 1983; Boxer et al., 1989). All the initial new dis-
coveries in Western Australia resulted from classic steeam
sampling for “kimberlite indicator minerals’’ (Atkinson,
1989), '

In addition to kimberlite, lamproite, therefore, is now
known to be a second important primary source of dia-

mond. Both rock types are products of continental in-
traplate alkaline volcanism., When compared to other
alkaline rocks, they are relatively small in volume but, as

" a result of their economic importance, the nature of kim-

N

berlites and lamproites is much better understood.

Various aspects of the geology of kimberlites and lam-
proites are outlined here to show that they are distinctly
different rock types. Recent reviews of the nature of kim-
berlites and lamproites are given by Mitchell (1986) and
Mitchell and Bergman (1991), respectively. Other useful
reviews are Mitchell (1991a) and Geological Survey of
Canada (GSC) open file report (1989). '

1t is not possible to make this review particularly rele-
vant to Canada. Innumerable kimberlites are known world-
wide, for example, approximately 450 kimberlite bodies are
known in South Africa alone (Skinner, 1989). In contrast,
confirmed kimberlites occur at only seven localities in
Canada (Fig. 1), although some of these occurrences do
comprise several bodies (further details are given inthe GSC
Open File Report, 1989). The kimberlites in Canada are
either barren or poorly diamondiferous and, so far, none
have proven to be economic, As a result, most of these kim-
berlites are poorly documented, In contrast to kimberlites,
only a few lamproites are known worldwide and none of
these are in Canada. It has been suggested that the bodies,
which oceur near Golden in British Columbia, may be lam-
proites (GSC Open File Report, 1989) but this has not yet .
been confirmed (MeCallum, 1991b). Confining or concen-
trating a review on Canadian occurrences, therefore, would
not be particularly meaningful, Additional kimberlites, as
well as several lamproites, however, are known to occur
in the United States and Greenland. These include two mar-
ginally economic bodies. The Sloan kimberlites in north-
east Colorado-include one body that is 8 ha in size with

reported grades of § to 20 carats/ 100 tonnes (Shaver, 1988;

McCallum, 1991a; McCallum and Waldman, 1991), The
most highly diamondiferous body (up to 46 carats/100
tonnes; McCallum and Waldman, 1991} known to date in
North America occurs at George Creek in the same area
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Fig. 1. Occurrences of kimberlite provinces in Canada. Note that no bona fide Tamproite occurrerices are known in Canada. -

as Sloan, This body, however, is only a small dyke, At
Prairie Creek in Arkansas patt of the 28 ha lamproite body,
which was mined during the earlier part of this century,
has quoted grades of 10 to 20 carats/100 tonnes (Sinkan-
kas, 1959; Hendrix, 1989).

Kimberlites
Petrography

Kimberlites are petrographically complex. They are hybrid
rocks typically containing mantle-derived xenoliths and
xenocrysts as well as a range of primary phases crystallized
from a kimberlite magma, which may itself be derived from
several mantle sources (Clement, 1982), Kimberlites also often
contain abundant crustal derived material, Some kimberlites
may contain diamond, but only as a very rare constituent,
The contribution of any of these different sources varies
widely between kimberlites, Further modal variation can
result from magmatic processes such as differentiation. Dur-
ing the last two decades considerable effort has been expended
in investigating these rocks. They are now relatively well
understood (reviewed by Mitchell, 1986, 1989). Kimberlites

contain abundant, relatively large (up to 10 mm) anhedral
(often rounded) grains referred to as macarocyrsts (a term
devoid of genetic inferences; Clement et al., 1977} set in a
finer grained matrix, The origin of the macrocryst suite is
still debated although some, and maybe most, of these grains
represent xenocrysts derived from mantle-derived xenoliths
and megacrysts (> 1 ¢cm). These grains are the so-called “kim-
berlite indicator minerals” recovered from heavy mineral con-
centrates in stream, loam or scil samples taken during
diamond prospecting, In rare instances, aphanitic kimber-
lites may occur in which macrocrysts may be rare or absent
(e.g. Apter et al,, 1984), Primary phases in kimberlites com-
prise: (1) phenocrysts and microphenocrysts which are gener-
ally subhedral to euhedral and thought to have crystallized
from the kimberlite magma prior to emplacement; they are
typically dominated by olivine, but phlogopite may also oceur,
and (2) minerals which have crystallized more or less in situ
to form the fine-grained groundmass (phlogopite, carbonate,
serpentine, clinopyroxene, monticelfite, apatite, spinels, perov-
skite, ilmenite and probably melilite}, Cores of some of these
so-called groundmass minerals, typically (Cr-rich) spinel, i-
menite and phlogopite, may have crystallized at depth but
cannot be distinguished from the late stage minerals on the
basis of grain size alone (e.g. Apter et al., 1984). All these
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primary phases display wide modal variations and any one
kimberlite does not contain all these minerals, Small
Xenocrysts may resemble some of these primary phases. For
example, euhedral neoblasts of olivine derived from recrystal-
lized mantle peridotites are difficult to distinguish from olivine
phenocrysts.

Definition

The following brief definition of kimberlite is modified
from Mitchell (1986) and Clement et al. (1984), “Kimber-
lites are a clan of volatile-rich (CO, and Hy0), potassic,
ultrabasic rocks. They exhibit a distinctive inequigranular tex-
ture resulting from the presence of macrocrysts (and in some
instances megacrysts) set in a finer grained matrix. The mac-
rocryst assemblage consists of anhedral grains which are
dominated by olivine but include phlogopite, magnesian il-
menite, chrondan spinel, magnesian garnet, clinopyroxene and
orthopyroxene. The matrix contains phenocrysts of olivine
and in some instances phlogopite, together with several of
the following groundmass minerals; phlogopite, carbonate
(typically calcite}, serpentine (commonly Fe-rich), clinopyrox-
ene (typically Al- Ti-poor diopside), monticellite, apatite,
spinels (Ti-, Mg-chromite), perovskite and Hmenite, Altera-
tion of macrocrysts and some matrix minerals by deuteric
processes, typically serpentinization and carbonatization, is
common,”

Mineralogical Classification

Hypabyssal kimberlites can be described using the modal
mineralogy of the ptimary groundmass minerals (Skinner and
Clement, 1979), A kimberlite- may be described as a ““diop-
side phlogopite kimberlite”, for example, where phlogopite
is the dominant groundmass mineral and diopside is an im-
portant accessory mineral (<2/3 modal % of dominant

mineral), For the purposes of this mineralogical classifica-

tion, macrocrystal and phenocrystal olivine are ignored as
they are ubiquitous. The five dominant groundmass miner-
als in most kimberlites are monticellite, phlogopite, diopside,
calcite and serpentine: Other minerals typically present in ac-
cessory amounts may, in rare instances, be sufficiently abun-
dant to be included as a modifier in a descriptive name, e.g.
apatite-bearing carbonate kimberlite,

Geology and Textural Classification

Composite kimberlite pipe models (Hawthorne, 1975;
modified by Mitchell, 1986) and kimberlite-specific textural-
genetic classifications (Clement, 1982; Clement and Skinner,
1985; Clement and Reid, 1989; modified by Mitchell, 1986,
1989) note three dominant zones: crater, diatreme and
hypabyssal (Fig. 2), each resulting from markedly different
modes of emplacement, Craters have been preserved only in
a few areas (e.g. Botswana, Tanzania} where erosion has been
minimal (e.g. Mannard, 1962). In these arcas of Africa the
rocks are generally extensively altered. Fresher exposures are
becoming available as a result of mining, but few modern
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Fig. 2. A comparison of schematic simplified geological models of
lamproite and kimbertite pipes (modified after Scott Smith and
Skinner, 1984b), Not to scale, o

investigations are published. Down rafted blocks of previ-
ously formed crater-facies kimberlite do occur in some dia-
tremes (Clement, 1982}, The nature of kimberlite craters (and
the upper parts of the diatreme), therefore, is not well under-
stood, Craters appear to be shallow, basin-like structures less
than 13500 m in diameter, They are commonly less than 150
m deep but depths range up to 300 m. Craters may be in-
filled with extrusive volcaniclastic deposits including primary
pyroclastics as well as reworked material which may include
epiclastic kimbetlite, Extrusive volcaniclastic deposits may

-oceur below the flared crater in the top of the steep-sided

part of the pipe and also outside the crater (e.g. tuff rings
as. discussed by Mitchell, 1986) but there is little available
evidence, _

Kimberlite diatremes are steep-sided (75 to 85 degrees)
bodies typically less than 1000 m in diameter and less than
2000 m deep, Single intrusions are typically circular in plan,
The diatreme zone of kimberlites is infilled mainly with strue- .
tureless tuffisitic kimberlite breccias which are the end
products of complex fluidized intrusive systems, They are
characterized by fragmental textures resulting from the
presence of rounded juvenile lapilli-like structures (termed
pelletal lapilli by Clement and Skinner, 1985) as well as abun-
dant xenoliths dominated by angular fragments of couniry
rock. The inter-clast matrix is typically composed of serpen-
tine and microlitic clinopyroxene that are quench products
from kimberlitic fluids, Carbonate is typically absent from
this matrix, probably reflecting degassing during diatreme for-
mation, _

Diatremes grade with depth into complex irregular root
zones, Root zones, as well as dykes and sills, consist of
hypabyssal kimbetlite that most commonly displays a macro-
crystic texture, The groundmass may be uniform or segrega-
tionary. In extreme cases thev may develop globular
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Fig. 3. Plan views of selected kimberlites sub-divided according to
the facies exposed at surface (from Jennings, 1989; Chapman, 1980;
Shaver, 1988; Wagner, {914; Meeks, 1979; Jago and Mitchell, 1983;
Kjarsgaard, publ, comm., 1991; unpublished information).

segregationary textures (Clement and Skinner, 1983) which
should not be confused with volcaniclastic kimberlite, Kim-
berlite breccias (> 15% xenoliths >4 mm in size) are com-
mon, Bona fide extrusive magmatic kimberlites, ie. lavas,
are not known,

Known kimberlites are obviously exposed at different
levels of erosion within the kimberlite pipe (Hawthorne, 1975).
Figure 3 includes plan views for a selection of kimberlites
worldwide (M1, Orapa and Fwaneng in Botswana, Mwadui
in Tanzania, Camafuca-Camazambo in Angola, Premier,
Finsch, Blauwbosch and Roberts Victor in South Africa,
Udatchnaya in Siberta, Batty, Ham and Cross in Canada,
Sloan in the United States), This figure includes bodies for
which the most detailed information is. available which are,
in turn, mostly mines. The variations in size and shape reflect
the main features of the kimberlite model (Fig, 2). The larg-

et bodies (up to 216 ha, Fig. 3), with minimal erosion, are.

exposed within the crater. Some of these craters may be com-
posite bodies such as Jwaneng which is considered to
represent three intrusions which have coalesced at surface
(Clement, 1982), Kimberlites exposed within the diatreme
zones are typically between 5 ha and 30 ha in size at sur-
face, Until recently (see below) Batty in Somerset Island was
the largest known kimberlite in Canada (Fig.3). It is barren
and detailed information is not available. It is reported to
comprise diatreme-facies material (i.e. tuffisitic kimberlite; B.
Kjarsgaard, public comm. in poster session of CIM Geo-
logical Society st Annual Fleld Conference, Saskatoon, Sep-
tember 1991). Sloan, the only sizeable and reasonably
diamondiferous kimberlite in North America comprises the
lower parts of the diatreme, approaching the root zone, where
the gedlogy becomes more complex (Fig, 3). Smaller hypabys-
sal kimberlites in both root zones and dykes have produced
many successful small mines, such as Blauwbosch and
Roberts Victor, shown in Figure 3. Geologically equivalent,
but barren, examples of root zones occur {n Canada, such
as Cross in British Columbia and Ham on Somerset Island

(Fig. 3).

Lamproites

Petrography

Lamproites include diverse rocks displaying a wide range
of modal mineralogies, which is particularly noteworthy con-
sidering the small number of lamproites known. Each
province also is different, exhibiting its own variations on a
theme, Lamproites also have unusual mineralogies which is
a reflection of their unusual magma compositions (e.g. Mitch-
ell and Bergman, 1991), Macrocrysts of olivine and other
mantle derived minerals occur in some, but not all, lam-
proites,

Definition

This brief definition is modified from Mitchell (1985) and
Scott Smith and Skinner (1984 a,b). ‘“The lamproite clan are
a group of ultrapotassic mafic rocks characterized by the
presence of one or more of the following: primary pheno-
crystal anc/or groundmass constituents with widely varying
modal abundances: titanian, alumina:poor phlogopite, Fe-
rich leucite, titanian potassic richterite, forsteritic olivine, di-
opside, Fe-rich sanidine and titanian tetraferriphlogopite,
Minor and accessory phases include priderite, apatite, wadeite,
perovskite, spinel, ilmenite, shcherbakovite, armalcolite and
jeppeite, Glass may be an important constituent of rapidly
chilled lamproites.’ This definition is augmented by many
other mineral and whole-rock geochemical criteria (Mitchell
and Bergman, 1991). Mantle-derived xenocrysts including oli- -
vine, chromite and pyrope garnet may also be present, Other
phases such as analcime, barite, zeolite and carbonate are
typically secondary. '

Mineralogical Classification

To replace archaic and confusing terminology, it is now
generally accepted that lamproites should be classified ac-
cording to their modal mineralogy following a scheme simi-
lar to that for kimberlites {Scott Smith and Skinner, 1984
a,b; Mitchell and Bergman, 1991), In lamproites no mineral
is truly ubiquitous or in reasonably constant proportions, so
none are excluded from the mineralogical classification (in
contrast to olivine in kimberlites). This classification is best
applied to magmatic rocks. Six major sub-divisions of lam-
proites can be made according to the six most dominant
minerals: leucite, phlogopite, amphibole, clinopyroxene, ofi-
vine and sanidine, Glass may also be abundant. Further sub-
divisions use a modifier to reflect the presence of other
modally significant phases (e.g. leucite phiogopite lamproite

. which is equivalent to the historically used term fitzroyite).

Mitchell {1985) has suggested that the classification should -
be modified to take into account the habit of the phlogo-
pite; phlogopite lamproite for those with phenocrysial phlogo-
pite and madupitic lamproite where the phlogopite has a
poikilitic groundmass habit. Perhaps a similar sub-division
should be devised to cater for variations in the habit of other
minerals such as olivine,
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Geology and Textural Classification

Most lamproites comprise craters (Fig, 2) which are ir-
regular, asymmetric, often relatively shallow (<300 m)} and
range in size up to 1500 m in diameter (or 124 ha; Fig, 4).
The plan views of a selection of lamproites worldwide are
shown in Figure 4 (Calwynyardah, Ellendale 4, 6 and 9 from
the West Kimberley and Argyle from the East Kimberley, both
in Western Australia, Kapamba in Zambia, Prairie Creek in
Arkansas and Zirkel in Wyoming, the United States, Majh-
gawan in India). Except for Zirkel in the inset, all the bodies
iHlustrated in Figure 4 are diamondiferous, Composite craters
occur, For example, Ellendale 4 and 9 both comprise two
coalesced craters (Fig. 4). Lamproite craters are infilled with
extrusive volcaniclastic material, typically well bedded ash and
lapilli tuffs, which are predominantly of pyroclastic origin
(as illustrated, for example, in Figure 2.5 of Smith and Lorenz,
1989). Some of these rocks have been interpreted as base surge
deposits, Volcaniclastic deposits probably also occur outside

the crater but these have not been preserved, Reworking of -

the volcaniclastic deposits is also important, Bedding is com-
mon and may result from primary volcanic or secondary
processes, Many of the volcaniclastic rocks examined from
lamproite pipes comprise extremely variable proportions of
both accidental and juvenile lapilli, The latter are typically
glassy to scorfaceous. In many instances (e.g. parts of Argyle,
Ellendale A and B, Kapamba Pl, Prairie Creek)} the xenolithic
material consists mainty of single grains of quartz, In these
cases, when juvenile material is rare or absent, the volcaniclas-
tic rocks may resemble a sandstone, The volcaniclastic rocks
* in lamproite craters are often, but not always, intruded by
magmatic lamproite that forms ponded lava lakes or domes
(Figs, 2 and 4). Lamproite lavas are rare, except at the Leu-
cite Hills in Wyoming, Zirkel, the largest of the bodies in
the Leucite Hills which is shown in Figure 4, is the largest
known lamproite. This, and other bodies in the Leucite Hills
provinee, are formed by one or more lava flows. Associated
volcaniclastic deposits, including cinder cones, are present.
Lamptoite dykes and sills occur also. In contrast to kimber-
lites, the textural varieties of rocks found in lamproites are
similar to those of many other volcanic rocks, so existing
terminology can be applied (e.g. Fisher and Schiminke, 1984),

Summary

The definition of kimberlites and lamproites is based on
their petrographic mineral assemblages (Table 1) which are
augmented by both mineral and whole rock compositions,

Both kimberlites and lamproites can be usefully classified .

both texturally and mineralogically using modal abundances:
for example, hypabyssal monticellite kimberlite or phlogo-
pite lamproite lapilli tuffs. Kimberlites and lamproites dis-
play markedly different modes of emplacement resulting in
different pipe morphologies (Fig. 2). The differences between,
and among, lamproites and kimberlites reflect different
mantle sources, different petrogeneses and different near sur-
face processes (see Mitchell, 1986; Mitchell and Bergman,
1994, for more detailed discussions).

Eltendale 6 Ellendale 4
106ha. 76ha.

Calwvﬁyardah
124ha.

Ellendale 9
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Fig. 4, Plan views of selected lamproites (after Jaques et al., 1984
Scott Smith et al,, 1989; Bolivar and Brookins, 1979 Halder and
Ghosh, 1974; Smithson, 1959; unpublished information).

Discussion and Implications for Exploration

The emergence of lamproites, in addition to kimberliies,
as a second major source of diamonds has considerably in-
creased the importance of petrography in diamond explora-
tion (GSC Open File Report, 1989).-Some of the significant
differences between lamproites and kimberlites will be dis-
cussed below, with particular emphasis on the use of petrog-
raphy in exploration,

Geology and Textural Classification

Comparing the models for kimberlites and lamproites
(Fig. 2) has obvious implications for exploration, for exam-
ple in the preservation, the determination of ore reserves and
the evaluation of any bodies. The differences between the
“champagne glass™ versus “‘carrot” shaped pipes (Fig. 1) are
the end result of markedly different modes of emplacement
of each of the rock types, The different style of volcanism
typical of, but not exclusive to, kimberlite, is thought to reflect
the COyrich nature of these magmas which is shown by the
occurrence of common primary carbonate in hypabyssal kim-
berlites. Primary carbonate is rare in lamproites, The most
obvious difference between the pipe models (Fig. 2) is that
kimberlites appear to be much deeper intrusions than lam-
proites (up to 2000 m) with the development of an extensive
diatreme and related root zone below the crater. The dia-
tremes and root zones of kimberlites form the main ore
reserve in many diamond mines including all those in South
Africa and many in Russia. The equivalent of the kimber-
lite dliatremes with their intrusive breceias and root zones have
not been encountered in lamproites. Lamproites, therefore,
appear to be much shallower intrusions (<400 m).

Both kimberlite and lamproite pipes have craters, Lam-
proite craters may be smaller in area than those of kimber-
lite (compare Figs. 3 and 4). In kimberlites, the crater is
limited in extent when compared to the rest of the pipe, but
can still comprise extensive ore reserves, such as found in the
mines at Orapa, Jwaneng and Mwadui {Fig. 1), In contrast,
the crater forms the main part of a lamproite pipe and, there-
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Fig, 5. Plan views (upper) and cross-sections (lower) of two kim-
berlite bodies in the Mbuji-Mayi (formerly Bakwanga) area of Zaire
(after Meyer de Stadelhofen, 1963; Demaiffe et al., 1991), In the
plan wews, the inner dashed line indicates the size and location of
the pipe at depth In the cross-section, the klmberhte is hatched while
the overburden is unshaded,

fore, the only significant potential ore reserve. Both kimber-
lite and lamproite craters are infilled mainly with pyroclastic
and reworked material all of which have extremely complex
diamond grade variations, even on a small scale.

In many but not all instances, lamproite craters are in-
trudeéd by later magmatic lamproite which forms a lava lake
orlava dome. The lava lakes are typically much lower in grade
than the volcaniclastic rocks into which they intrude, At Elien-

~dale A and B in Western Australia, for example, the vol-
caniclastic deposits may be economic while the magmatic
material is not (Jaques et al., 1986), At Ellendale 4, the
volaniclastle rocks have grades ranging from 1 to 30 carats/
100 tonnes. The range in grade partly relates to dilution by
xenocrystic quartz, The magmatic lamproite forming the ex-
tensive lava lakes (Fig, 4) contains only 0 to 1.5 carats/100
tonnes. Other forms of magmatic lamproites, i.¢. lavas, dykes
and sills, are also poor in diamond. Extrusive magmatic kim-
berlite is not known and is notably absent from kimberlite
craters (Fig. 3,

The internal geology of kimberlite diatremes is usually
relatively simple with fairly uniform diamond grades (Cle-
ment, 1982), Below the diatteme, the root zone typically is
complex in both shape and internal geology resulting from
multiple phases of intrusion during embryonic pipe develop-
ment. Diamond grades in the petrographically distinct kim-
berlite types within the root zone can vary considerably
{Clement, 1982 and reviewed by Gurney, 1989), For exam-
ple, different intrusions in the root zone kimberlite of Wess-
leton Mine, South Africa, vary from 6 to 33 carats/100
tonngs.,

The kimberlite and lamproite models presented in Figure
2 are simplified and schematic, One would expect the geol-
ogy of actual bodies to deviate from these models. An ex-
ample of a deviation from the kimberlite model may occur
at Mbuji-Mayi (formerly Bakwanga) in Zaire where at least
two bodies are reported to have shallow champagne-glass or
crater-like shapes with a relatively narrow feeder as shown

in Figure 5 (Meyer de Stadelhofen, 1963; Demaiffe et al.,
1991). The rocks within these bodies include ““green kimber-
lite breccias and tuffs showing graded bedding and cross-
bedding”’ (Demaiffe et al,, 1991). Little modern detailed in-
formation is available for these bodies, but they are presumed
firstly, to be kimberlites from the information given by
Demaiffe et al. (1991) and secondly, to be craters which have
had no diatreme development.

~ All documented lamproite craters are limited in depth
(<400 m) as summarized in Figure 2. In contrast, the pipe
model presented for Argyle suggests that the body may have
originally comprised a pipe 1600 m to 1700 m deep (Boxer
¢t al,, 1989). Most lamproite pipes have predominantly shal-
low contacts (Fig. 2). There are, however, a few example of
steep sided lamproites, These include Argyle (although its
shape has also been affected by post intrusion faulting,
Jaques et al., 1986) and Majhgawan (Halder and Ghosh,
1974), Although these steep sided pipes may have some super-.
ficial resemblance to a kimberlite diatreme, they are infilled -
with extrusive volcaniclastic material which is not compar-
able to the intrusive tuffisitic kimberlite breccias occurring
in kimberlite diatremes. :

In a model for the Ellendale lamproites, the pipe has been
subdivided into crater, diatreme and dyke zones (Smith and
Lorenz, 1989), The infillings of the so-called crater and dia-
treme zones in this model are both similar and comprise ex-
trusive voleaniclastic rocks, This so-called diatreme zone of
lamproites, therefore, is not comparable to that of kimber-
lites and they mwust not be confused, The recognition of crater,
diatreme and root zones is very meaningful for kimborlites
because they contain distinctly different rock types resulting -
from different near surface processes, A similar threefold sub-,
division is not meaningful for lamproites; where only crater
zones and hypabyssal lamproite are required, The crater zone
of lamproites, however, include both extrusive volcaniclastic
and essentially extrusive magmatic material (Fig. 2), Lam-
proites do not form diatremes or root zones analagous to

those formed by kimberlites and a lamproitic equwalent of

tuffisitic kimberlite is not known

Recognition of Kimberlites and Lamproites

The recognition of kimberlites and lamproites is based

‘on theit contrasting petrographic mineral assemblages (Table

1). Kimberlites are composed of essential xenocrysts and
phenocrysts, or two generations, of olivine set in a matrix
composed of several -of the other, primary, minerals listed
in Table 1. Lamproites are characterized by one or more of
the primary phenocrystal and/or groundmass constituents
listed in Table 1. No one mineral is essential in lamproites .
but phlogopite is usually present. Glass and xenocrystic oli-
vine also can be important constituents in lamproites. OLi-
vine lamproites begin to resemble kimberlites when they
contain two generations of olivine, _
The minerals which are unique to each of these rock
types, when most kimberlites and lamproites are compared,
are indicated in Table 1, Some of the other minerals. listed
in Table 1, which are common to both rock types, have differ-
ent characteristics that can also be used to distinguish kim-
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berlites and lamproites, Firstly, these minerals may have
different petrographic characteristics, For example, phlogo-
pite phenocrysts in lamproites typically display polysynthetic
twinning, whereas those in kimberlites do not, Secondly, the
compositions of these minerals may be distinctive, For ex-
ample, phlogopite in most lamproites can be distinguished
from that in kimberlites on the basis of its TiO, and ALO,
contents (Scott Smith and Skinner, 1984a; Mitchell, 1986;
Mitchell and Bergman, 1991). The bulk rock chemistry of
‘these rocks can also be used as a guide (Mitchell and Berg-
man, 1991),

The recognition of these rock types is most successfully
applied to more slowly cooled magmatic rocks where charac-
teristic groundmass minerals have been able to crystallize.
There is & paucity of such minetals in the rapidly cooled
crater-facies volcaniclastics and diatreme-facies tuffisitic kim-
berlite breccias. For such rock types, there are, however, still
some features which can be used to distinguish these rock
types, For example, true glass, glass shards and scoriaceous
lapilli have not been observed in kimberlites,

| Recognition of Other Rock Types

Prospecting for diamonds ¢an result in a variety of rock
types being encountered, So far, rock types other than kim-
‘berlites and lamproites have not produced significant quan-
tities of diamond. The early identification of any newly
-discovered body found during prospecting has the potential
of preventing costly follow-up work being undertaken on
pipes which. have a low potential to carry diamonds,

It is, therefore, important to be able to distinguish kim-
berlites and lamproites from other petrographically similar
rocks, such as minettes, melilitites, alnoites, other ultramat-
ic lamprophyres, katungites, kamafugites, leucitites and even
carbonatites, These other rock types, which can carry mantle-
derived xenocrysts or “kimberlite indicator minerals”’, can
be distinguished from kimberlites and lamproites using
petrography, The presence of primary minerals such as
plagioclase, nepheline, andraditic garnet, kalsilite, abundant
melilite, Na-Jeucite and nepheline-bearing pseudoleucite can
be used to discriminate these rock types, Mineral composi-
tions can also be helpful. For example, the more evolved sani-
dine phlogopite lamproites begin to resemble minettes, but
the compositions of phlogopite can be used to distinguish
them (e.g. Figs. 6.34 and 6.32 in Mitchell and Bergman, 1991,
respectively). The terminology of these other rock types is
confusing and difficult to apply meanirgfully. Discussion of
this problem is not within the scope of this paper, but it
should be noted that the different types of lamprophyres dis-
cussed by Rock (1989, 1991) clearly do not form a petrogenet-
ic suite of rocks, so the approach to lamprophyres proposed
by Mitchell (1991b) is preferable.

An example in Canada of the application of this aspect
of petrography to diamond exploration may be the case study
presented by Janse et al. (1989), It should be noted that the
following comments are easily made in hindsight. Approxi-
mately 45 intrusions were discovered using geophysics by
Selco Mining Corporation and Esso Minerals. Canada under
50 meters of glacial cover in the Hudson Bay Lowlands. All

Table 1. A comparison of the mineralogy of lamproites and kimberlites

Kimberlite Lamproite
Olivinef Phlogopite
MONTICELLITE LEUCITE
Phlogopite (GLASS)
CARBONATE* Clinopyroxene
SERPENTINE* AMPHIBOLE
Clinopyroxene Olivine
Apatite SANIDINE
Spinel Perovskite
Perovskite PRIDERITE
Imenite Apatite

Spinel

WADEITE

Minerals given in upper case are unique to each rock type when most kimberlites and
lamproites are compared,

1 essential

* g5 primary groundmass minerals (not secondary}

the bodies were drilled and proved to be barren. They were
classified as alnoites, carbonatites and tuff breccias. It is an
igneous province which may compare to the Oka-Ile Bizard
part of the Monteregian Province. If the alnoitic affinity of
these bodies had been recognized early on during explora-
tion, it may have been possible to avoid much of the follow
up work, Another similar example might be the picritic mon-
chiquites at Wandagee in Western Australia (Jaques et al.,
1989a). This approach, however, raises the question as to
whether other mantle-derived rocks have the potential to carry
economic quantities of diamond (for example see discussion
in section 1.4.2 of Atkinson, 1989; Janse, 1991b).

Correctly classifying rocks found during prospecting, par-
ticularly when altered, both deuterically and as a result of
weathering, is often not straightforward. Such altered rocks
are best identified petrographically, with varying degrees of
confidence. The identification of rapidly chilled glassy rocks
can also be problematic. The whole rock geochemistry of
these rock types, in particular kimberlites, is complex and
can only be used as a guide. No worker has yet satisfactorily
unravelled these complexities.

Mineralogical Classification

Mineralogical classifications are best applied to hypabyssal
or magmatic rocks. They are useful in comparing kimber-
lites and lamproites within, and between, provinces, The
application of such a classification lead to the recognition
of two varieties of kimberlite in South Africa. The two types,
termed Group 1 and 2, can be distinguished on the basis
of their petrography, isotopic character, distribution, whole
rock geochemistry and the nature of the mantle-derived
xenocrysts and xenoliths (Smith, 1983; Skinner, 1989), Group
1 kimbetlites are very similar worldwide, possibly reflecting
a uniform (asthenospheric?) source, These kimberlites include
many mines (e.g. Kimberley, Siberia). They can carry a full
suite of mantle-derived constituents (i.e. olivine, ilmenite, gar-
net, chromite, clinopyroxene, orthopyroxene, zircon), Group
2 kimberlites are so far confined to one age group among
the kimberlites of South Africa. They are probably a reflec-
tion of a unique aspect of the evolution of the Kaapvaal
craton, maybe a particular metasomatic event(s) in the litho-
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sphere, which has not been duplicated elsewhere in the world.
Different, but equivalent, groups of kimberlites may be ex-
pected to occur on different cratons that have each evolved
differently. An example of this may be the kimberlites and
related rocks of the Sao Francisco craton in Brazil with their
distinet isotopic signature (Bizzi et al,, 1991), Group 2 kim-
berlites do not appear to contain any mantle-derived llmenite,
zircon or megacrysts, effectively reducing the potential num-
ber of “kimberlite indicator minerals” which could be located
during prospecting. .

The indicator minerals which occur in both kimberlites
and lamproites appear to be similar, suggesting similar mantle
sources (e.g. Hall and Smith, 1984; Lucas et al,, 1989), Indi-
cator minerals seem to be less abundant in most lamproites
than ir many kimberlites (Atkinson, 1989; GSC Open File
Report, 1989; Fipke and Nassichuk, 1991). For example, only
rare garnets are found at Argyle and most of these are crustal
almandines (Jaques et al,, 1989b). The discovery of such lam-
proites is therefore more difficult (Muggeridge, 19910). It is
also noted that the assessment of the diamond potential of
lamproites using the indlicator mineral approach, which is
based on the identification of the distinctive compositions
of mainly garnets and chromites derlved from the same areas
of the mantle as diamond (see Gurmney and Moore, 1991),
does not appear to be reliable for lamproites (GSC Open File
Report, 198%). For example, none of the garnet compositions
reported from Argyle have compositions similar to sub-calcic
peridotitic garnet inclusions from diamond {Jaques et al,,
1989b; GSC Open File Report, 1989), Also only 10% mild-
ly sub-calcic garnets oceur in the Prairie Creek lamproite
(Griffin et al., 1991), In contrast, a typical kimberlite mine
may contain more than 60% sub-calcic garnets (e.g. New
Elands in South Africa, Fig. 24a in GSC Open File Report,
1989). Hence, it is important to identify the nature of the
host rock before applying these criteria. Caution must be
used, however, in comparing different sets of garnet data de-
pending on whether the garnet population are representa-
tive or have undergone preferential visual selection, The
absence of picroilmenite from lamproites (Atkinson, 1989)
indicates a similarity with Group 2 kimbetlites, Group 2 kim-
berlites have other mineralogical affinities to lamproites (e.g.
abundant mica, microphenocrystal diopside). In addition,
some rocks which form an extension to the suite ‘of Group
2 kimberlites are petrographically very similar to lamproites,
although they should not be classified as such (Tainton and

Browning, 1991).
: The mineralogical classification of lamproites shows that
they comprise a wide range of model types, The abundances
of diamond and other mantle-derived minerals varies between
different mineralogical types (Atkinson, 1989), Among them
two main varieties have been recognized: leucite lamproite
and olivine lamproite (serns lato). Previous classifications of
lamproites using locality based terminology are illustrated by
Figure 1 of Mitchell (1985). The absence of olivine in this
figure shows that olivine was not previously considered to
be an important or significant mineral in lamproites, Olivine
lamproites, therefore, form an extension to the previously (pre-
1984} recognized lamproite clan. As a result all known
diamondiferous lamproites were first termed kimberlites, In

addition to those in Western Australia, they include Prairie
Creek in Arkansas, Kapamba in Zambia, Majhgawan in In-
dia and possibly Seguela in the Ivory Coast (Scott Smith and
Skinner, 1984a; Scott Smith et al., 1989; Scott Smith, 1989;
Mitchell, 1985). Eeonomic quantities of diamond have been
found so far only in olivine lamproites.

Other Comments

Some of the differences between kimberlites and Iam-
proites and their significance to diamond exploration have
been discussed above, Other differences are important but
will not be discussed in detail here, For example, geophysical
responses can vary with the two rock types having different
mineralogies. Also geochemical exploration surveys would re-
quire different criteria to be used with the two rock types
having different bulk rock compesitions. Lamproites and
kimberlites also Bave different tectonic settings, Economic
kimberiites have long been considered to be confined to Ar-
chaean cratons (Clifford, 1966) while diamondiferous lam-
proites. occur both within and outside Archaean cratons (e.g.
Majhgawan and Argyle, respectively; Mitchell, 1991a; Janse,
1991a). This effectively increases the potential areas for dia-
mond exploration -off the Archaean cratons to include cer-

tain Proterozoic and maybe younger terranes. Large areas in

Canada can be considered prospective for primary diamond
SOUICes,

It is interesting also to note that the Argyle lataproite pipe
which is the richest known primary source of dlamond with
grades ranging over 500 carats/100 tonmes (Boxer et al,, 1989)
is niow, irt terms of nwmber of carats, the world’s top single
producer, currently at approximately 33 million carats per
annum (Metals and Minerals Annual Review, 1991). Argyle .
is, however, unique among the known lamproites where
reported grades elsewhere are less than 30 carats/100 tonnes.
The only other operating lamproite mine is Majhgawan in
India which has a grade in the order of 10 carats/100 tonnes
{currently producing only approximately 20 000 carats per
annumy). Significantly, more than 50% of the world’s cur-
rent diamond production, which s the order of 100 million
carats per annuni, derives from numerous kimberlites. Far
fewer lamproites are known worldwide and it is interesting
to postulate whether this is a result of them being truly less
common than kimberlites or whether they are more difficult
to locate using existing prospecting techniques.

New Occurrences in Canada

Although no lamproites are known in Canada, informa-
tion is being released for newly discovered kimberlites which®
are reported to contain more significant quantities-of dia- .
monds than previously known in Canada. It remains to be
seen whether any prove.to be economic. Their occurrence,
however, does change the overall kimberlite picture in Canada,
As these bodies have not yet been well documented (see this
volume, not available to the author prior to publication) they
were not included in this review. The first detailed public com-
munication by K. LehnertThiel (CIM meeting, Saskatoon,
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September 1991; Lehnert-Theil et al., 1991) reported that a
province of kimberlites was discovered in 1988/8% under 100
m of glacial overburden in central Saskatchewan (Fig, 1) using
geophysié¢s. This province may comprise over 70 bodies up
to 80 hectares in size, Lehnert-Thigl noted that the kimber-
lites were ““pancake” shaped and at least in part comprise
bedded volcaniclastic material and may deviate from the kim-
betlite model (Fig, 2). Another recent and rare mention of
crater-facies kimberlites in North America was at Kelsey Lake
in Colorado (Coopersmith, 1991). The discovery of another
diamondiferous kimberlite in the Northwest Territories has
been recently reported (e,g. Mining Journal, November 15,
1994, Vol. 317, No., 8148; Northern Miner, December 9, 1991)
but no further information is available.

Conclusions

During the last two decades lamproites have joined kim-
berlites as the only known primary sources of economic
quantities of diamonds, Differences in the petrography,
mineralogy, petrology and geology show that lamproites and
kimberlites are petrogenctically distinct rock types. Although
these magmas act only as the transporting medium to sur-
face for the upper mantle-derived xenocrystic diamond, they
must be considered separately for exploration purposes.
Differences in tectonic setting, mantle sources, composition,
near surface emplacement processes and both primary and
xenocrystic mineralogy result in the need for, and applica-
tion of, different exploration philosophies and techniques.
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