MINERALOGY AND PETROLOGY
O THE
HAM KIMBERLITE, SOMERSET ISLAND

N.W.T., CANADA

By

Bruce Craig Jago

Submitted in Partial Fulfillment

of the requirements for the degree of

Master of Science

Faculty of Science
Lakehead University

Thunder Bay, Ontario, Canada

May, 1982



ProQuest Number: 10611674

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript

and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Juest.
// \

ProQuest 10611674
Published by ProQuest LLC (2017). Copyright of the Dissertation is held by the Author.

Allrights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



(c) Bruce Craig Jago 1982

295221



ABSTRACT

The Ham diatreme and dyke are post-late
Silurian intrusions located in north-central Somerset
Island and are the most northerly known kimberlites in
the Somerset Island kimberlite province. The Ham
diatreme, which consists of three petrographically
distinct varieties of kimberlite, formed as a series
of fluidized intrusions at the intersection of
several regional fracture sets. Type 1A kimberlite
is petrographically similar to the Ham dyke (a single
intrusion located 1.5 km to the east) and forms the
flanks of the Ham diatreme. This dark, massive rock
contains phenocrysts and xenocrysts of garnet, olivine,
chrome-diopside, phlogopite, spinel and carbonate in
a serpentine-carbonate groundmass containing carbonate
and serpentine emulsion textures. Type 1B kimberlite
which occupies the central portion of the Ham diatreme,
is a highly altered, light green, serpentine-carbonate-
rich rock formed by the prograde serpentinization and
carbonatization of Type 1A kimberlite. This
alteration occurred during the degassing of structurally
lower portions of the Ham diatreme. Type 2 kimberlite
is a carbonate-rich mineralogical equivalent of Type
1A kimberlite and formed as a late stage dyke within

the Ham diatreme.



Pre-fluidization phenocrysts include Mg-rich olivine

low Cr, (<3.5 wt. % Cr high Ti (>0.3

(Fogg_g3) - 2030
wt. % Ti02) pyrope-garnet, Al-rich, Ti-poor (<2.00 wt.
% TiO2) aluminous-magnesium chromite (Cr/Cr+Al=0.18-
N.85) and Ti-rich phlogopite (1.0-4.6 wt. % Ti02).
Post-fluidization microphenocrysts include Mg-rich

olivine (Fo Ti-rich phlogopite (2.5-4.0 wt. %

89-93)
Ti02) and spinel which evolved from Ti-bearing (2.00

wt. % Ti02), titan-magnesium—-aluminous-chromite to

Fe3+— and Ti-rich (max. 17.0 wt. % Ti02) magnesium-
ulvospinel- ulvospinel-magnetite. Atoll spinels,

formed prior to the complete crystallization of the
kimberlite groundmass are present in the Ham dyke but
extensive resorption of magnesium-ulvospinel-ulvospinel-
magnetite and titan-magnesium—-aluminous—-chromite in the
Ham diatreme has precluded their persistence.

Xenocrysts formed by the disaggregation of
garnet and spinel lherzolites include Cr-rich (3.5-10.0
wt. % Cr203), Ti-poor (<0.30 wt. % Ti02) pyrope-garnet,
Mg-rich olivine and chrome-diopside. Pressure
temperature estimates from garnet lherzolite xenoliths
range from 36 to 37 kb and 1031 to 1146°C corresponding
to a depth of origin of 110 to 120 km.

Multiple discriminant analysis demonstrates

that cluster analysis can only distinguish between
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garnets of grossly different chemistry and paragenesis
and that major and minor element variation diagrams
are required to separate statistically, chemically
similar garnets within a paragenesis.

Geophysical studies may be used to delineate
kimberlite subcrop patterns and structural elements
which may have controlled the intrusion of the

kimberlite.
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This thesis is dedicated to the early explorers of
Canada's vast Arctic wilderness; to those who perished
during the long, cold, lonely Arctic nights and to
those who survived to see this hinterland flourish

beneath the midnight sun.
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CHAPTER 1

INTRODUCTTON

The Ham Kimberlite, the most northerly known
kimberlite (Map 1) of the Somerset Island kimberlite prov-
ince (Mitchell 1976) intrudes Ordovician limestones which
were deposited on the flanks of Precambrian Boothia
granulite terrains exposed on the west coast of Somerset
Island, N.W.T. The intrusion of the kimberlite is believed
to pre-date Cenozoic volcanic activity associated with
FEurekan rifting and to be post-late Silurian in age
(Mitchell 1976). During intrusion, mantle-derived ultra-
basic xenocliths and abundant country rock fraagments were
incorporated into the kimberlite magma.

The Ham diatreme (Plate 1) is exposed as frost-
heaved regolith on a gently sloping plain adjacent to the
Cunningham River in north-central Somerset Island (Map 1).
The Ham dyke (Plate 2) is a northeast-southwest trending
intrusion exposed approximately 1.5 kilometres to the
northeast.

This study describes in detail the petrography.
nineralogy, maognetic expression, structural control and

mineral dispersion pattern of the Ham Kirberlite.



Plate 1:
Aerial view of the Ham diatreme from the southwest

.Plate 2:
Ham dyke viewed from the southwest




GEOLOGY

FIELD GEOLOGY

Regolith mappinag techniques can be applied at
the Ham Kimberlite because little or no lateral transport
of vertically frost-heaved kimberlite fragments has
occurred. Field mapping distinguished three petroaraphically
distinct varieties of kimberlite within the Ham diatreme.
The diatreme predominantly consists of Type 1A kimberlite
with subordinate Type 1B and Type 2 kimberlite. The Ham
dvke 1s petrographically similar to diatreme Type 1A
kimberlite.

Field relations illustrated in Figure 1 indicate
that the Ham diatreme forms a roucghly bell-shaped concent-
ration of kimberlite regolith approximately 270m lona and
up to 165m wide. Several concentrations of limestone
regolith are interpreted to be large blocks of country rock
which have slumped in the kimberlite. The northern and
southern flanks and the apex of the diatreme consists of
Type 1A kimberlite. Type 1B kimberlite occupies the central
portion of the diatreme and appears to cross-cut the
northern and southern flanks. Type 2 kimberlite forms a
small, circular concentration of kimberlite regolith 10

metres west of the diatreme and occurs as two isolated



FIGURE 1
GEOLOGY MAP OF THE HAM KIMBERLITE
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concentrations of regolith within the northern and southern
flanks of the diatreme. These are interpreted to
represent a discontinuous dyke.

Field relations and geophysical studies
(Chapter 10) of the Ham Kimberlite indicate that it does
not represent the upper portions of a fluidized diatreme
(Dawson 1967) but probably represents a series of "blows"
or enlarged fluidized fissure intrusions along several
intersecting fracture sets which eventually coalesced
to form a roughly bell-shaped intrusion. The Ham dyke is
interpreted to be a single, fluidized fissure intrusion.
Time relations cannot be ascertained between the Ham
diatreme and dyke and geophysical studies indicate these

are separate intrusive systems.

FIELD PETROLOGY

Type 1A kimberlite (Plate 3) in the Ham diatreme
and dyke is a black, massive to weakly foliated, porphyritic
rock containing fresh to strongly altered, small (<5mm long),
rounded, olivine megacrysts and abundant carbonate in
rounded to cusp-shaped emulsion textures (see Chapter 7)
and tiny veinlets in a fine to medium~carained carbonate-—
and serpentine-rich groundmass. Rounded megacrysts of

phlogopite and garnets with alteration (kelyrhite) rims



Plate 3

berlite
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Type 1A k



are scarce. Angular to subrounded limestone xenoliths,
which occur throughout the diatreme and dyke, are weakly
to moderately altered. Megacrysts and xenoliths demon-
strate flow alignment throughout the Ham dyke and
adjacent to the margins of the northern and southern
flanks of the diatreme.

Type 1B kimberlite (Plate 4) is a light
reddish-green, massive to porous rock, containing highly
altered limestone xenoliths and small (<3mm long), massive
to porous, oblong patches of dark green serpentine or
serpentine plus carbonate, within a fine-grained groundmass.
Petrographic examination reveals that the oblong patches
of serpentine ‘are pseudomorphs after rounded olivine
megacrysts. Groundmass carbonate and emulsion textures
and veins are scarce to moderately abundant.

Type 2 kimberlite (Plate 5) is a grey to light
blue-grey, massive, porphyritic rock containing abundant
fresh to strongly altered, small (<3mm longh rounded
olivine megacrysts and scarce, large (<5mm long), rounded
phlogopite megacrysts in a very fine-grained carbonate-
rich groundmass. Country rock fragments, which are small,
sub—-angular to sub-rounded fragments of limestone, are
strongly altered and commonly flow ali ned parallel to
olivine megacrysts. Carbonate veins and emulsion textures

are very scarce.
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The rounded aspect of some ultrabasic xenoliths
and some country rock fragments and kimberlite megacrysts
is interpreted to be a result of fluidized transport in
the kimberlite magma. Fluidization (Reynolds 1954 and
Dawson 1967) is an intrusive process during which megacrysts
and cognate and accidental xenoliths are rounded and
abraided by a moving, gas-charged medium prior to crystall-

ization.

PETROGRAPHY

Petrographic examination indicates that Ham
iatreme Type 1A, Type 1B and Type 2 kimberlites are
petrographically distinct kimberlite varieties. Ham
diatreme and dyke Type 1A kimberlite are similar petrograph-
ically, although minor textural and petrographic distinctions
can be discerned. Table 1 gives the modal abundance of

kimberlite minerals.

Type 1A Kimberlite

Type 1A kimberlite is a massive to weakly
foliated, porphyritic rock containing two generations of
olivine, phlogopite and spinel in a fine-grained groundmass
of serpentine, carbonate, spinel, perovskite and apatite.
Heavy mineral separation indicates the presence of

pyrope—-garnet, chrome-diopside and ruby. Serpentine and
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Table 1

Modal Analysis (Volume %) of Ham Kimberlites

Minerals Type 1A Type 1B Type 2
Olivine * 4o 40 40
Mica <1 <1 <1
Garnet <1 <1 <1
Cr-Diopside <1 <1 <1
Spinel <1 <1 <1
Carbonate2 10-15 n.r. 15-20
Serpentine3 45-50 n.r. 37-42
Perovskite <1 <1 €1
Apatite <1l <1 <1

Secondary Minerals2

Carbonate4 ’ 3 5-10
Serpentine5 15 50-65 <1
1 ~ includes fresh olivine and serpentine pseudo-

morphs after olivine

o
i

includes carbonate 1n emulsion textures and as
groundmass laths

3 — includes serpentine in the groundmass and
serpentine in emulsion textures

4 - includes carbonate as olivine pseudomorphs and
groundmass replacement

5 - includes serpentine in olivine pseudomorphs and
as a groundmass replacement

n.r. - information not recorded due to cbliteration of
primary features
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carbonate form rounded (Ham dyke) to cusp-shaped (Ham
diatreme) emulsion textures in the groundmass. Serpentine
and less commonly serpentine and carbonate form incipient to
complete pseudomorphs after olivine and groundmass crystals
of phlogopite. Ham dyke Type 1A kimberlite may be
distinquished from diatreme Type 1A kimberlite by a more
diverse suite of spinels and less intense serpentinization

of olivines and groundmass minerals .

Type 1B Kimberlite

Type 1B kimberlite is a massive to porous, highly
serpentinized and weakly carbonatized rock, containing two
generations of olivine and spinel, in a fine-grained ground-
mass of serpentine, carbonate, spinel and perovskite.
Serpentine and carbonate occur predominantly as alteration
minerals after olivine and country rock fragments and in
emulsion textures and veinlets. Type 1B kimberlite is a
serpentinized and weakly carbonatized equivalent of Type
1A kimberlite, in which olivines are wholly pseudormorphed
by serpentine and second generation spinels are extensively

corroded.

Type 2 Kimberlite

Type 2 kimberlite is a massive, carbonate-rich,

serpentine-poor kimberlite, containing two generations of
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fresh to incipiently altered olivine and spinel and
scarce phlogopite megacrysts. Groundmass minerals include
spinel, perovskite, carbonate and minor serpentine.
Carbonate forms in cusp-shaped emulsion textures and
serpentine occurs as scarce crosscutting veins and rims on
olivine. Type 2 kimberlite is a carbonate-rich, serpentine
poor, relatively unaltered equivalent of Types 1A and 1B
kimberlite, in which second generation spinel is relatively
scarce and second generation phlogopite is lacking.
Further details of the petrography are given in

the discussion of individual minerals in Chapters 2 to S.
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CHAPTER 2

OLIVINES

Olivine in the Ham diatreme and dyke kimberlite
occurs as small (<0.75mm long), euhedral to subhedral,
post-fluidization microphenocrysts and, as large (<6mm long),
rounded, anhedral, pre-fluidization megacrysts.
Megacryst olivines may exhibit cataclastic textures and
undulatory extinction.

Fresh olivine microphenocrysts and megacrysts
are found only in Type 2 kimberlite and are absent in
Type 1B kimberlite. Fresh megacrysts are present in
Type 1A kimberlite although fresh microphenocrysts are
absent. Therefore, no chemical data i1s available for
microphenocrysts in Types 1A or 1B kimberlite, or for
megacrysts in Type 1B kimberlite.

The nature of the olivine alteration 1is
discussed in detail in Chapter 7. In brief, olivine
microphenocrysts and megacrysts may be incipiently to
wholly replaced by serpentine + magnetite or serpentine

and carbonate + magnetite.

CHEMISTRY

Representative analyses of Ham olivines are
given in Table 2 and their compositional variation

(mol. % Forsterite) is illustrated in Figure 2.
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Inspection of Figqure 2 reveals that Ham olivines
range in composition from Fogg_g4. Figure 2B indicates
that olivine microphenocrysts in Type 2 kimberlite cannot
be distinguished chemically from mcgacryst olivines in
Type 1A or Type 2 kimberlite although both microphenocrystal
and megacryst olivines can be distinguished chemically from
large, rounded, "porphyroclastic" olivines (Fo<89 mol. %).
Table 2 indicates that the nickel contents of the olivine
megacrysts and the microphenocrysts are similar.

Zonation trends plotted in Figure 3 reveal that
both clivine megacrysts and microphenocrysts are zoned
toward iron-rich (approx. 1 mol. % Fa) and nickel-depleted
(approx. 0.15 mol. % Ni-ol) margins although some crystals
are not zoned and some demonstrate reverse zoning.

Inspection of Figure 4 reveals that olivine
megacrysts from Type 1A kimberlite exhibit a broad range
of nickel-olivine contents (N128i04=0.00—0.25) and a
) .

restricted range in forsterite contents (Fogj 5-92.

(e

In contrast, olivine microphenocrysts and
megacrysts from Type 2 kimberlite exhibit a broader range
in forsterite (F089.5-93.5) contents and a more restricted

range 1in nickel-olivine (Ni,S8i0, =0.25-0.05) contents.

2 4

These olivines demonstrate poor negative and positive

correlations between magnesium and nickel, respectively.



Table 2A

Representative Analyses of Ham Olivines

OXIDE 1 2 3 4 5 6 7 8 9 10
SiO2 40.96 41.02 41.20 40.24 41.62 41.23 41.60 41.23 41.77 41.27
Fe0* 7.46 7.57 7.69 10.75 7.31 7.35 6.51 6.98 7.48 8.32
Mg0 51.23 51.29 51.05 48,37 50.71 51.36 51.77 51.65 50.57 50.07
Cal 0.05 0.01 0.02 0.04 0.02 0.00 0.04 0.02 0.00 0.02
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.02
N1 0O 0.29 0.13 0.17 0.08 0.14 0.16 0.09 0.13 0.15 0.07
Total 99,99 100.01 100.13 99.46 99,60 100,11 100.02 100.01 100.09 99.77
Fo(mol. %) 92.5 92.4 92.2 88.9 92.6 92.6 93.5 93.0 92.3 91.5
OX1DE 11 12 13 14 15 16 17 18 19 20
Sio2 41.41 40.15 40.46 41.08 41.25 40.57 40.66 41.30 40,27 40.52
FeO* 7.67 10.13 10.79 8.45 7.14 8.43 9.45 6.85 9.84 9.85
Mgo 50.76 48.08 48,11 50.85 51.84 49.92 49.51 51.68 49.72 49,92
cag 0.02 0.07 0.03 0.07 0.01 0.09 0.09 0.09 0.09 0.11
Mn( 0.01 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.03
NiO 0.13 0,20 0.12 0.18 0.13 0.20 0.08 0.17 0.20 0.27
Total 100.01 99,34 99,55 100.64 100.36 99,20 99.80 100.08 100.11 100.70
Fo(mol.%) 92.3 89.6 88.9 91.5 92.8 91.4 90.4 93.1 90.0 90.0
Analyses 1-11 Large Rounded Olivines (<6mm) - Type 1A kimberlite
Analyses 12-13 Large Rounded Strained Olivines (< 6mm) - Type 2 kimberlite
Analyses 14-20 Small Euhedral Olivines (<0.75mm) - Type 2 kimberlite

*~Total Iron as Fe0 Table 2B

Ranges in Forsgterite, Ni0) and Ca0 Contents of Ham Olivines
Rounded Olivines Fuhedral Olivines

OXINE CORE M~ RGIN CORE MARGIN
Forsterite (% Fo) 93.5~88.9 92.8-88.8 93.1-90.0 92.0~-90.0

Mi0 (wt. 0.32-0.05 0.24-0.00 0.32-0.08 0.25-0.12
Cal (wt. 1) 0.06 - 0.00 0.15 - 0.05

ST
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FIGURE 2

HISTOGRAM OF OLIVINE COMPOSITIONS (mol.*/.Fo)
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FIGURE 3

A

ZONATION TRENDS IN HAM OLIVINES (mol%. Fo) AND wt*% NiO)
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FIGURE 4
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Porphyroclastic clivines have a limited range in
composition (Fo08 89) but a broad range of nickel-olivine
00~

(Ni Si0[=0.40 - 0.05) contents.

2
A comparison of Figures 2 and 5 demonstrate that
the compositional variation of Ham olivines (Fogg g_g95.5)
is similar to that of olivines from other Somerset Island
kimberlites (Fogg.0-93.5, Mitchell and Fritz 1972,
Mitchell 1978a, 1979a). Ham olivines do not show the
bimodal distribution of compositions that olivine micro-
phenocrysts and megacrysts display in the Peuyuk (Mitchell
and Fritz 1972), Tunraq (Mitchell 1979a) or Jos kimberlites
(Mitchell and Meyer 1980). The unimodal distribution
demonstrated by Flwin Bay olivines (Mitchell 1978a)
encompasses the compositional variation of Ham olivines.
Olivine microphenocrysts and megacrysts from
the Ham Kimberlite are compositionally similar to olivine
megacrysts from other Somerset Island kimberlites but
contain olivine microphenocrysts which are more magnesium
than microphenocrysts from the Peuyuk (Mitchell and
Fritz 1972) or Tunrag (Mitchell 1979a) kimberlites. The
paucity of microphenocryst analyses less magnesium than
I'og, indicates that these olivines crystallized from a
magnesium-enriched kimberlite magma rather than a
magma depleted in magnesium by the fractional crystalliz-

ation of pre-fluidization olivine megacrysts. Mitchell
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postulates a similar origin for olivine microphenocrysts
in the Elwin Bay (Mitchell 1978a) and Jos kimberlites
(Mitchell and Meyer 1980).

Inspection of Table 2 and Figures 3 and 4 reveal
that Ham olivines demonstrate complex zonation patterns
which include combinations of reverse and normal zoning.

In general, zonation patterns are similar to those
described by Mitchell and Fritz (1972) and Mitchell

(1978a, 1979a) who show that olivines from Somerset Island
kimberlite are zoned toward iron~rich (approximately 1 mol.

Fa) and nickel-depleted grain margins. Ca0 contents

ov

of Ham olivines {(max. 0.15 wt % Ca0) are similar to
calcium contents of olivines from other Somerset Island
kimberlites (max. 0.20 wt %). Olivine megacrysts and
microphenocrysts from the Ham diatreme may be distinguished
on the basis of their Cal0 contents: the former contains
up to approximately 0.60 wt. percent Ca0 and the latter
bears between 0.05 and 0.15 wt. percent Cal. A sinilar
relationship was established by Mitchell (1979a) for
olivines from the Tunrag kimberlite.

A comparison of Figures 5A and 5C indicate
olivine megacrysts from the Ham kimberlite are composition-
ally similar to olivine megacrysts from South African

and Greenland Wimberlitesalthough olivine microphenocrysts



22

from the Ham kimberlite are more forsterite-rich than
the majority of olivine microphenocrysts in the latter
kimberlites.

Chemical zonation trends determined for Ham
olivines are similar to zonation trends found in olivines
from the DeBeers (Boyd and Clement 1977), Wesselton Mine
and Ison Creek (Mitchell 1973), Benfontein (Dawson
and Hawthorne 1973) and South-west Greenland (Emeleus
and Andrews 1975) kimberlites. These kimberlites
demonstrate positive and negative correlations between
magnesium and nickel and manganese, respectively (Simkin
and Smith 1970), in crystals which may demonstrate normal
or reverse zoning of magnesium and nickel toward grain
margins. Magnesium zonation according to Boyd and
Clement (1977) and Emeleus and Andrews (1975) converges
on a compositional band between FOg-_g7° Mnf9 contents
are uniformly low, which agrees with data for forsterite-
rich olivines given by Simkin and Smith (1970}). Calcium
contents, in agreement with data presented by Warner
and Luth (1973) for the Mg28i04—CaMgSiO4 solvus are
low (K0.10 wt. % Ca0). Simkin and Smith (1970) suggest
that low calcium contents characterize a plutonic origin

for olivine and that higher calcium contents (»0.10 wt.

% Cal) suggest a hypabyssal to extrusive origin.
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A comparison of Figures 5A, B, C and D
reveal that the majority of olivine megacrysts are

forsterite~-rich (sFo_. .) compared to olivine micropheno-

90
crysts (F087—90) although Mitchell (1973), Boyd and
Clement (1977), Mitchell (1979a) and Mitchell and Meyer
(1980) indicate that magma mixing may be responsible for
the occurrence together of forsterite-rich (F090_94) and

relatively fayalite-rich (F ) olivine megacrysts.

©77-89
The former olivines cannot be distinguished chemically
from forsterite-rich olivine phenocrysts. Inspection of
Figure 5D reveals that olivines from mantle-derived
ultra-basic xenoliths are compositionally similar to
kimberlite olivines and have a compositional maxima which
closely coincides with the compositional maxima of
forsterite-rich olivine phenocrysts and some olivine
microphenocrysts (e.g. Ham olivines, this study, and Tlwin
Bay Mitchell 1978a). Mitchell (1973), Boyd and Clement
(1977) and Nixon et al (1963) have attempted to disting-
uish between olivines derived from the fragmentation of
ultra-basic xenoliths and olivines which have crystallized
as pre—-fluidization phenocrysts and post-fluidization
microphenocrysts from a kimberlite magma. The chemical

similarity of these three varieties of olivines is

further complicated by the textural similarity of
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rounded, pre-fluidization olivine phenocrysts and
rounded olivines from ultra-basic xenoliths which may
not demonstrate cataclastic textures. Mitchell (1973)
suggests that the vast numbers of large, rounded
olivines observed in kimberlites precludes their
derivation solely from fragmented ultra-basic xenoliths,
which, in some kimberlites are scarce or lacking
(Davidson 1964). In addition, Mitchell (1973) indicates
that a kimberlite magma which crystallized abundant
post-fluidization olivine micrcphenocrysts should have
been able to crystallize pre-fluidization olivine
phenocrysts during the ascent of the magma throughout

the upper mantle.

CONCLUSIONS

Petrographic examination of Ham kimberlite
reveals that two generations of olivine crystals are
present; a large, rounded, pre-fluidization olivine
megacryst, which may demonstrate cataclastic textures
and a post-fluidization microphenocryst. Geochemical
studies suggest that olivine megacrysts (F089—94) and

microphenocrysts ( ) cannot be distinguished

FO40-94

chemically, but, are more forsterite-rich than porphyro-

clastic olivines (Fo ). Major (Mg, Fe) and minor

88-89

(Ni, Ca, Mn) element distribution patterns in Ham
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olivines are similar to distribution patterns in
olivines from other kimberlites, although the sometimes
complex distribution of magnesium, iron and nickel
indicates magma mixing has occurred. Petrographic and
geochemical studies reveal that olivine megacrysts which
may have crystallized from a kimberlite magma cannot be
distinguished from strain-free olivines, which may have
been derived from the fragmentation of ultrabasic

xenoliths.
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CHAPTER 3

MICAS

The Ham Kimberlite contains two generations of
phlogopite:

l) Large (max. bmm across), rounded and corroded,

anhedral megacrysts
and 2) Microphenocrysts as tiny (0.1 mm lonaq)
euhedral laths.

Phlogopite megacrysts are commonly broken,
exhibit strained extinction and are pleochroic light tan
brown to dark tan brown to dark orange brown. Optical
zonation was not observed although a single, corroded
crystal was overgrown by a thin (<0.05mm thick), corroded
mantle of tan brown phlogopite. Grain margins may be
bleached colourless and incipiently replaced by chlorite
and/or carbonate. Megacrysts are pseudomorphed by
serpentine in Type 1B kimberlite.

Phlocgopite microphenocrysts are inclusion and
strain-free and exhibit colourless to light brown to tan brown
pleochroism. Crystals may be slichtly corroded in the
Ham dyke but are completely replaced by septechlorite
and serpentine in the Ham diatreme Type 1A and Type 1B
kimberlite. Microphenocrysts were not okserved in

Type 2 kimberlite.
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CHEMISTRY

Representative analyses of Ham phlogopites are
given in Table 3. Low totals are a result of partial
chloritization of mica megacrysts and microphenocrysts.
The compositional variation is illustrated in Figures 6
and 7.

Table 3 and Figures 6 and 7 suggest that
phlogopite megacrysts in the Ham diatreme and dyvke are
compositionally similar in their major and minor element
contents although Ham dyke megacrysts have a higher
range of TiO2 (0.25-4.0 wt. %) and lower ranage of Cr203
(0.10-1.6 wt. %) contents than do Ham diatreme megacrysts

(Ti02=2.25—4.5 wt. %, Cr?O =0.00-2.1 wt. %). Ni0 contents

3
are similar and vary from 0.00 to 0.23 and 0.04 to 0.26
weight percent, respectively. TIndividual crystals
demcnstrate normal and reverse zoning in Ti02 and Cr203
contents.

Mica megacrysts from the Ham Kimberlite are
compositionally similar (Figure 7) to Type B micas from the
Jos kimberlite (Mitchell and Meyer 1980) and Ti-Cr-rich
micas from the Tunraqg kimberlite (Mitchell 1979a) although
Jos micas have a more limited range in Cr contents

(0.00 to 0.50 wt. % Cr203) and Tunraqg micas have higher

Ti contents (5.0 to 5.6 wt. % Ti02). Ham micas have



Representative Analyses of Ham Micas

Table

2

1 2 k] 4 5 6 7 8 9 10 11 i2
Si02 39.05 39.52 39.00 35.12 39.35 38.46 40.36 37.45 38.70 39.21 37.63 36.22
’I‘iO2 4,15 4,27 4.47 4.46 3.58 '3.50 2.64 2.44 4.19 4,20 3.51 3.58
A1203 13.48 12.89 12.66 11.68 14,03 13.74 13.34 11.89 12.69 12.52 13.74 15.75
Cr203 1.07 1.16 0.56 0.56 1.69 1.77 1.50 1.29 0.25 0.33 1.93 l1.16
FeQ* 4,49 4.16 4.42 4.135 J.67 3.37 3.68 3.39 4.09 3.84 3.70 4,04
Mg0 21.18 21.02 21.55 20.35 22.07 21.59 24,23 22.28 21.65 21.77 20.61 21.53
Cal 0.00 0.00 0.00 0.01 0.00 0.02 0.00 0.03 0.00 0.00 0.01 0.02
Mno 0.07 0.07 0.04 0.05 0.00 0.06 0.07 0.06 0.04 0.00 0.05 0.06
NiO 0.19 0.21 0.13 0.13 0.17 0.17 0.26 0.20 0.08 0.15 0.25 0.08
Nazo 0.21 0.36 0.18 0.17 0.38 0.37 0.30 0.09 0.35 0.01 0.23 0.28
K,0 10.27 9.39 9.89 9.06 9.33 9,04 9.86 8.78 9.30 9.13 8.78 B8.65
Total 94.1¢ .93.05 92.90 B5.94 94,27 92.09 96,24 87.90 91,34 91.16 90.44 91.37
13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
SiO2 36.97 36.02 38.50 36.98 39.32 40.71 32.78 33.51 35.96 36.86 36.94 37.33 26.39 30.74 22.37 23.45
T102 3.12 3.85 0.75 0.71 0.60 0.63 3.38 3.45 3.71 3.82 3.58 3.29 0.00 .00 0.00 0.01
A1203 13.96 16.00 13.39 13.35 12.08 11.96 1l6.14 14.60 12.8B4 12.82 12.75 12.69 11.54 58 16.08 13.46
Cr203 0.61 0.69 1.08 1.13 0.85 0.91 0.72 0.47 0.15 0.21 0.91 1.06 0.04 .02 0.04 0.02
FeO* 4,51 4.70 2.61 2.54 2.75 2.64 5.04 5.58 4.56 4.67 4.35 3.95 3.63 4.01 1.34 2.55
Mg0 24.48 21.79 24.09 24.39 24.92 25.18 22.13 22.22 23.00 23.01 22.53 22,21 38.24 135.78 38.62 39.50
Ca0 0.01 0.06 0.00 0.00 0.04 0.10 0.04 0.11 0.03 0.03 0.02 0.02 0.11 0.27 0.25 0.12
Mn0 0.01 0.08 0.02 0.04 0.05 0.03 0.06 0.06 0.01 0.04 0.05 0.04 0.11 0.11 0.04 0.06
NiQ 0.09 0.05 0.21 0.17 0.13 0.18 0.05 0.13 0.05 0.04 0.15 0.13 0.08 0.15 0.04 0.17
Na20 0.39 0.21 0.32 0.46 0.32 0.11 0.05 0.08 0.20 0.12 0.02 0.00 7.07 4.54 8.29 8.1¢
KZO 6.66 8.34 8.66 8.54 8.75 8.96 6.79 6.53 6.62 7.68 7.33 6.77 0.42 0.97 0.41 0.38
Total 90.8} 91.79 89.63 88.31 B9.81 91.41 87.i8 86.74 87.13 B89.30 B8.64 B87.42 B7.63 86.17 87.48 B87.88
Analyses 1-12, Ham Diatreme Megacrysts, (1-2, 3-4, 5-6, 7-8, 9-10, 11-12, core-rim analyses)

Analyses 13-18, Ham Dyke Megacrysts,

Analyses 19-24, Ham Dyke Microphenocrysts,

(13-14, 15-16, 17-18, core-rim analyses)

Analyses 25-28, Septechlorites replacing microphenocrysts

*Total iron as Fe0

(19-20, 21-22, 23~24, core-rim analyses)

8¢
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higher Ti and Cr contents than megacrysts in the Elwin
Bay kimberlite (Mitchell 1978a), the Peuyuk kimberlite
(Mitchell 1975) and Type A megacrysts in the Jos
kimberlite (Mitchell and Meyer 1980). Figure 7
indicates that Ham micas demonstrate a broader range
in Mg/Mg+Fe ratios and Ni0O contents than megacrysts in
the Tunraq (Mitchell 1979) or Jos (Mitchell and Meyer
1980) kimberlite.

Inspection of Figure 6 indicates that Ham
megacrysts lie outside the field of mica megacrysts as
defined by Dawson and Smith (1975) and contain considerably
higher TiO2 and Cr203 contents such that several analyses
plot within the field of secondary micas. Derivation from a
secondary source is unlikely as petrographic examination of
60 garnet lherzolite xenoliths from the Ham Kimberlite
failed to locate any secondary phlogopite. This study
and data from Mitchell (1979a)indicate that the mica
megacryst field should be extended up to at least 6.0
weight percent Ti02. Inspection of Figure 7 indicates
that Ham phlogopites have Ni0 contents and Mg/Mg+Te
ratios similar to Dawson and Smith's (1977) megacryst
micas.

Phlogopite microphenocrysts in the Ham diatreme

are pseudomorphed by septechlorite (Table 3, Anal. 25
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to 28). These contain very low Ti0, (0.00 to 0.38

wt. %) and Cr203 (0.00 to 0.10 wt. %) contents with

high Mg/Mg+Fe ratios (0.91 to 0.98) compared to Ham dyke
microphenocrysts. These latter micas are essentially
compositionally homogenous, high Ti (3.25 to 3.80

wt. % TiOZ), high Cr (0.10 to 1.0 wt. %) phlogopites
(Mg/Mg+Fe=0.90 to 0.88). Microphenocrysts may be
distinguished chemically from Ham diatreme and dyke
megacrysts by having a higher mean Fel content (4.89

wt. & compared to 3.79 wt. %). Microphenocrysts have
lower Cr203 contents for a given TiO2 content than

dyke megacrysts and a lower mean TiO2 content than
diatreme megacrysts.
Ham microphenocrysts have higher 7Ti, Cr and
Ni contents than microphenocrysts in the Elwin Bay
(Mitchell 1978a) or Jos (Mitchell and Meyer 1980) kimberlite
but are compositionally similar to Type B megacrysts in
the Jos (Mitchell and Meyer 1980) kimberlite.
Ham microvhenocrysts are compositionally
similar to Type II micas examined by Smith et al, (1978)
which are rich in Mg (Mg/Mg+Fe=0.93-0.80), Ti (Ti02=

0.07-4.0 wt. %) and Cr (Cr703=0.05—l.4 wt. %) but

contalin more Cr (Cr703=0.0—0.3 wt. %) and less Fe
(Fe0=21.7-6.3 wt. %, Mg/Mg+Tl'e=0.45-0.65) than their
Type I micas. Ni contents of Ham microphenocrysts are

similar to Type II micas (Ni0=0.00-0.25 wt. %) and are
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considerably greater than Ni contents of Type I micas
(Ni0=0.00~-0.05 wt. %).
Inspection of Fiqures 6 and 7 reveals that
Ham micas do not demonstrate any systematic compositional
variation between megacrysts and microphenocrysts and
that no chemical evolutionary trends can be established
for any single mica variety. 1In contrast, micas in
the Elwin Bay (Mitchell 1978a) and Tunraq (Mitchell 1979a)
kimberlite evolve toward lower TiO2 and higher Cr203
contents. Micas in the Jos (Mitchell and Meyer 1930)
kimberlite demonstrate complex mantling relationships
in which Type A micas (low Ti, low Cr) are overgrown by
Ti-Cr-rich Type B which may be overgrown by Cr-poor,
Ti-richType Cmicas or by Ti-Cr-poor Type C micas.
Mitchell and Meyer (1980) attribute this complex
mantling relationship and the wide spreadin TiO2
contents of Type B micas to a crystal fractionation-
magma mixing model. Smith et al, (1978) indicate that the
complex compositional variation in South Africian
micas may result from the intrusion of another magma
just prior to the intrusion of the kimberlite and the
onset of the crystallization of mica microphenocrysts.
Similiarly, the broad range in the compositional

variation of Ham diatreme megacrysts may have resulted

from the periodic mixing of magmas of slightly
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FIGURE 7
NiO-Mg/Mg+Fe Variation Diagram for Ham Micas
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different compositions. The compositional similarity
of Ham dyke megacrysts and microphenocrysts indicate
that magma mixing may have occurred just prior to the
intrusion of the kimberlite. These processes are

similar to those discerned for Ham olivines (Chapter 2).

CONCLUSIONS

Two generations of phlogopite occur in the
Ham diatreme and dyke. Mica megacrysts which occur as
large, rounded and corroded crystalsare interpreted to
have crystallized from a kimberlite magma prior to
intrusion, when small, euhedral microphenocrysts formed.
The paucity of chemical evolutionary trends between and
within mica varieties, the compositional similarity of
Ham dyke megacrysts and microphenocrysts and the broad
compositional range of Ham diatreme megacrysts is
attributed to magma mixing. The chloritization and
serpentinization of Ham micas occurred during late stage

crystallization of the kimberlite magma.
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CHAPTTIR 4

GARNITS

Approximately 450 orange, brown and deep
red to purple garnets were recovered from heavy
mineral concentrates from the Ham kimberlite. Scarce,
rounded, deep red garnets were observed in regolith samples,
in garnet lherzolite xenoliths and in concentrates
from kimberlite regolith. Crystals in handspecimen
are commonly enveloped in a kelyphite (spinel +
enstatite + hornblende + mica + chlorite) reaction
rim (Nixon et all963) formed between a garnet and
the transporting fluid (Mitchell 1970). Frosted grain
surfaces developed during the fluidized intrusion of

the diatreme were observed on garnets from the regolith.

The Compositional Variation of Ham Garnets

All 450 garnets were analyzed bv electron
microprobe for 11 elements using energy dispersive
spectroscony at Dalhousie University. So that Ham
analyses would be directly comparable to garnet
analyses from other Somerset Island kimberlites obtained
by this microprobe, the same standards and operating
conditions were utilized (See Appendix E).

Representative analyses of Ham garnets are

given in Table 4; all analyses are given in Appendix A.
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The compositional variation is illustrated in Ficures
8, 9, 10 and 11.

Examination of Table 4 rcveals that all the
Ham garnets are Cr-pyropes (?0.5 wt. $ Cr203, O'Hara
and Mercy 1966). The variation in colour from orange
to deep-red corresponds to increasing amounts of Mg0,
Cr203 and Ca0 and to decreasing amounts of Fen.

Figures 8 and 10 show that Ham garnets may
be grouped into two independent compositional variation
trends based on major element (Fe-Mg-—-Ca) contents in
which:

(A) Mg/Mg+Fe varies from 0.78 to 0.2%4 and

Ca0 (4.80 wt. %) 1is approximately constant,
and (B) Mg/Mg+Ca varies from 0.77 to 0.28 and
Fe0 (5.57 wt. %) is approximately constant.

In general, Al, Fe and Ti decrease and Ca
increases with increasing Cr content. Inspection of
Figures 9 and 11 show that Trend A is characterized
by relatively Ti-rich, Cr-noor garnets and that Trend B
is characterized by relatively Ti-voor, Cr-rich garnets,
However, relatively Ti-poor, Cr-rich and Ti-rich,
Cr-rich garnets may occur in Trend A and Trend B,

respectively.



TABLE 4

Representative Analyses of Ham Garnets

%

Diatreme Clusters HW1 HW2 HW3 HW4 HW5 HW6 HW7
SiO2 40.68 40.88 40,53 40.95 41.72 40.94 41.45
TiO2 0.80 0.00 N.49 0.32 N0.13 0.33 0.42
A1203 20.65 18.61 17.94 19.21 20.03 20.47 22.62
Cr203 2.53 6.70 7.09 5.94 5.04 4,01 N.59
Fe(** 9.09 7.01 6.71 6.77 7.31 6.15 7.29
Mn0 0.36 0.49 0.25 N.34 N0.38 . 0.18 N.34
Mg0 19.81 19.54 19.98 20.24 20,02 21.11 21.60
Ca0 5.31 6.36 6.04 5.72 5.34 5.49 4.35
TOTAL 99.23 99.59 99.03 99.49 99.97 98.68 28.66

Dyke Clusters * HN1 HN2 N3 HN4 HD5 HD6 HD7
8102 40.03 40.74 40,84 41.57 41.190 40,88 40.57
TiO2 1.48 0.23 0.21 0.35 0.28 0.24 0.69
Al203 19.33 21.54 20.97 21.52 19.74 17.84 15.66
Cr203 2.56 2.38 3.43 1.77 4.76 8.05 9.99
Feo#* 9.01 9.14 8.45 7.58 7.29 6.45 6.26
MnO 0.29 0.47 0.43 0.28 0.45 0.43 0.41
Mg0 20.17 19,17 20.12 21.39 20.60 19.58 19.92
Ca0 6.55 5.09 5.14 4L.77 5.44 7.18 7.08
TOTAL 9G.42 98.76 99,59 99,23 99 .66 100.65 100.58

*Data for clusters generated using major and minor element plots.
*#%Total iron as Fe0

LE



FIGURE 8
Fe-Mg-Ca Ternary Plot for Ham Garnets
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MB,diamond inclusions(Meyer and Boyd 1972):BNS,BNG,granular and sheared garnet lherzolite
Lesotho,{Boyd and Nixon 1975);SIX, Somerset Island Lherzolites(Mitchell 1977 unpub.data);BD,Frank
Smith-Monastery Megacrysts,(Boyd and Dawson 1972):RH, Kimberley Megacrysts(Reid and Hanor
1970): ELWIN, Elwin Bay Megacrysts, (Mitchell 1978).TUNRAQ, Tunraq Garnets,(Mitchell 1979a)



FIGURE 9
TiO,vs Cr;0; Compositional Variation Diagram
for
Ham Diatreme Garnets
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FIGURE 10

Fe-Mg-Ca Ternary Plot for Ham Garnets
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Lesotho,{Boyd & Nixoni975); SIX,Somerset Island Lberzolite(Mitchell 1977 & unpub data).BD,Frank
Smith-Monastery Megacrysts,Boyd & Dawson 1972);RH,Kimberley Megacrysts(Reid & Hanor 1970);
ELWIN Elwir Bay Megacrysts (Mitchell 1978a),;TUNRAQ , Tunraq Garnets (Mitchell 1979a)
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Further examination of Figures 8, 9, 10
and 11 shows that Ham garnets in Trend A and B can
be further subdivided into sub-groups based on
major (Fe-Mg-Ca) and minor (Ti02—Cr203) element
contents. These are listed in Tables 5 and 6.

A review of Figures 8 and 9 show that
garnets in Groups HW 2, 3, 4, 5 and 6 (Trend B) are
Ca- and Cr-rich and Ti-poor relative to garnets in
Groups 1 and 7 (Trend A). Group 2 garnets can be
distinguished from garnets in Group 3 and 4 by having
lower Ti and higher Ca contents. Although the garnets
in Group 3 and 4 appear to form a continuum in Figure
8a (I'e-Mg-Ca plot), the maximas for the compositional
variation (Ca/Ca+Mg) and the higher Ti and Cr contents
of the former group can be used to separate them.
Garnets in Group 4 are Ca- and Cr-rich compared to
Group 5 garnets which demonstrate a greater variation
in Fe/Fe+Mg ratios than Group 4 garnets. Group 6
garnets may be distinguished from relatively iron-poor
Group 5 garnets by a broader range in Ti and Cr
contents, a bi-modal distribution of Ti and Cr and a
wide spread in the maximas for the major element
variation ratio (Fe/Fe+Mg).

Figures 10 and 11 show that Trend A

garnets predominate in the Ham dyke and that groupings
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are more easily discerned based upon minor element
contents than in the Ham diatreme. Trend B garnets in
Groups HD 5, 6 and 7 can be distinguished from other
garnets by their relatively Ca- and Cr-rich nature.
Garnets in Group 7 are Ti-rich relative to Cr-rich,
Ti-poor garnets in Groups5 and 6. Garnets in Group 5
demonstrate a bi-modal distribution of Ti and Cr and
are Ca-and Mg-rich relative to garnets in

Groups 2 and 3 and Group 4, respectively. These
garnets appear to form a continuum (major element
variation, FFigure 10), however, compositional maxima
(Fe/Fe+Mg ratios) and Ti and Cr contents (Figure 11)
serve to distinguish between them. Group 2 and 3
garnets demonstrate a bi-modal distribution of Ti and
Cr contents, containing relatively Ti-~rich, Cr-poor
and Ti-poor, Cr-rich sub-groups.

Statistical analysis (see below) shows that
these groups, based on major and minor contents, are
statistically, significantly different.

Figures 8B and 10B show that Trend B garnets
are compositionally similar to relatively Fe-poor,
Ca-rich garnets in the Tunrag (Mitchell 197%9a) and
Elwin Bay (Mitchell 1978a) kimberlites. These are
compositionally similar to garnets from garnet lherzolite

xenoliths in the Elwin Bay (Mitchell 1978a) and other
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Somerset Island kimberlites (Mitchell 1977) and are
interpreted to be garnets from such fragmented
xenoliths (Mitchell 197%a). In contrast, garnets in
Trend A are compositionally similar to Ca-poor garnets
with variable iron contents (Mg/Mg+Fe = 0.76 to 0.83,
Mitchell 1979a) from the Elwin Bay (Mitchell 1978a) and
Tunraqg (Mitchell 1979a) kimberlites. These garnets
exceed one centimetre in diameter (i.e. are larger

than garnets in garnet lherzolites) and are compositionally
different to garnets in garnet lherzolite xenoliths.
Mitchell (127%a) contends that these megacrysts are
true kimberlite phenocrysts and are not of xenocrystal
origin.

Trend B garnets are compositionally similar
to Fe-poor, Ca-rich garnets from granular garnet lherzolites
(Boyd and Nixon 1975) from Lesotho but are slightly
iron—-poor relative to garnets in sheared garnet
lherzolite (Boyd and Nixon 1975). Trend A garnets are
compositionally similar to Ca-poor megacrysts in the
Frank Smith and Monastery kimberlites (Boyd and Dawson
1972) but are richer in Ca than Kimberley megacrysts
(Reid and Hanor 1970) and Fe, than garnets in sheared
garnet lherzolite (Boyd and Nixon 1975). All Trend A
and Trend B garnets are Mg-poor relative to garnet

inclusions in diamond (Meyer and Boyd 1972).
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Classification of Ham Garnets

Classification schemes proposed by Dawson
and Stephens (1975) and Danchin and Wyatt (1979) are
useful as an exploration guide in the search for
kimberlite diatremes. The classification schemes
attempt to distinguish between garnet sources in a
random sample of garnets, which, may originate from
diverse paragenesis and not all of which may be
associlated with kimberlites. It is important,
therefore, to characterize garnets associated with
kimberlite magma genesis, upper mantle xXenoliths and
diamond-bearing kimberlites, so that exploration
programs will not be misdirected. The statistical
methods employed by Dawson and Stevhens (1975) and
Danchin and Wyatt (1979) are discussed below (see
Stetictical Methods and Classification).

A review of Tables 5B and 6B show that
Ham garnets fall into 2 groups using the statistical
classification scheme of Dawson and Stephens (1975).
Trend A (megacryst garnets) fall into Group 1,
dominated by high-Ti, low-Cr, titan-pyropes and
Trend B (lherzolite garnets) belong to Group 9, and
are low-Ti, chrome-pyropes which are transitional
toward low-Ca chrome-pyrope (Group 10) and titan-

uvarovite-pyrope (Group 1l1l) (Dawson and Stephens



. TABLE SA
Means, Ranges and Standard Deviations for Groups of Ham Diatreme Garnets Generated
on the Basis of Major and Minor Element Compositional Variation

T102 . A1203 Cr203 Fe0* Mg0 cao0

Cluster| Mean Range Mran__Range g

[ Mean _Range [ Mean _Range £ Mean__lange I Mean Range £
1 0,73 0.59-0,89 0.12] 20.61 20.46-20.70 0,111 2.54 2,48-2.61 0.05]/9.02 8.93-9.09 Q.07 19,76 19.599-19,83 0,11 5.31 5.19-5. Q
2 0.02 0.00-0.09 0,03} 18,60 16.71-20.54 1.13] 6.91 5.70-8.91 1.06, 2.06 6,58-7.67 0.40| 19.55 18.84-19.61 0.64| 6.52 5.97-7. 0.
3 0.46 0,33-0.68 0.14| 18.16 17.83-19,23 0.30] 2.07  6.21-7.49 _0.32] 6.83__6.56=2.17 0,14 20.21 19.74-20.87 0.26| 6.08 5.57-6. 0.
4 0.21 _0,12-0.35_0.061 19,16 18.35-19.42 0,241 5,92 5,57-6,09 _0.20] 6.89 6,64-7.15 0.16} 20.49 20.15-20.79 0.18| 5.71 5.35-5. 0.
5 0.18 0.00-0.55 0.091 19.88 17.98-21.15 0.26| 4.88 1.89-6.79 0.14( 7.12 6.62-7.60 0.22( 20.78 20.16-21.39 0.23| 5.24 4.62-6. 0.
6**! 0.23 0.00-0.51 0.15} 20.38 17.98-21,07 0.63] 4.28 3.51-5.05 0.44| 6.80 5.85-7.65 0.35] 21.27 20.37-77.23 0.40) 5.06 4.72-5. 0.
6' 1 0.16 0.00-0.33 0,10 20.62 20.25-21.07 0.23] 4.04 3.51-4.41 0.25| 6.26 5.85-7.65 0.45 | 21.32 20.37-22.23 0.39[5.01 4.22-5. 0.
6" | 0.41 0.34-0.51 0.06] 19.66 17.98-20.74 0.70] 4.86 4.67-5.05 0.11] 6.80 6.55-7.28 0.24 ] 2L.14 20.8T-71.77 "0.35]5.20 4.94-5. 0.
J**( 0.41 0.17-0.57 0.13] 22.04 19.85-22.63 0.97] 1.08 0.59-2.39 0.77] 7.24 6.98-7.52 0.18 | 21.28 71.73-71.61 O0.13[4.47 4.27-4. 0.
7' 10.24 0.17-0.31 0.06) 21.72 21.63-21,81 0.09] 2,23 2.26-2.39 0.07] 7.48 7.44-7.52 0,04 | 21.3Z 21.23-21.41 Q.09 [ 4.57 4.52-4. 0.
7' 1 0.40 0.38-0.57 0.07] 22.14 19.85-22.63 1.03]| 0.66 0.59-0.77 0.06| 7.16 6.98-7.29 0.12]| 21.51 21.42-21.61 0.07 | 4.37 4.27-3, 0.09

*Total iron as Fe0
**Clusters 6 and 7 are a combination of subclusters 6' and 6'" and 7' and 7", respectively.

TABLE 5B
Classification of Ham Diatreme Garnets by Methods of Dawson and Stephens (1975)
Dawson and Stephens’ Classification Scheme

Means of Critical Oxides

Ham Clusters Group Tio0, Cr203 Fe0 Mg0 ca0 Origin*
1
7
7 1 0.58 1.34 9.32 20.0 4.82 K, GL, GOW, D
7"
2 9-11 11 0.51 9.55 7.54 15.89 10.27 K, GL, GW, D
3 9-10 10 0.04 7.73 6.11 23.16 2.13 K, GS, D
v
5 !
6 9 0.17 3.47 8.01 20.01 5.17 K, GL, GOW, GH, EC, D
6'
6"

* K = kimberlite garnet, GL = garnet lherzolite, GOW = garnet olivine websterite, GH = garnet
harzburgite, EC = ecloagite, D = Diamond, GW = garnet websterite, GS = garnet serpentinite

9%



TABLE 6A
Means, Ranges and Standard Deviations for Groups of Ham Dyke Garnets Generated
on the Basis of Major and Minor Element Compositional Variation

TiO2 AIZO3 Cr203 Fe0 Mg0
Cluster | Mean Range { Mean Range ¢ Mean Range g Mean Range e Mean Range { Mean
1]1.48 - - 19.33 - - 2.56 - - 8.01 - - 19.17 - - 6.55
210.23 0.00-0.83 0.23] 21.46 21,14-21,90 Q.17 2.28 1.20-2.63 0.39[9.26 8.74-9.75 0.18| 19.48 19.17-19.90 0.19| 5.04
2'10.15 0.00-0,40 0.09] 21.49 21.14-21.90 Q.17 2.43 2.19-2.63 0.10]9.32 9.06-9.75 0.14) 19.47 19.17-19.90 0.18] 5.04
210.79 0.74-0.83 0.28{21.28 21.19-21.37 0.22|1.28 1.20-1.36 0.05]8.98 8.74-9.19 0.15] 19.60_19.19~19.85 0.24| 4.10
310.29 0.06-0.79 0.25} 20.95 20.62-21.23 0.13}3.11 2.34-3.43 0.35/8.29 7.58-8.62 0.26) 20.13 19.70-20.61 0.25] 5.01
3'10.18 0.06-0.31 0.09] 20.99 20.76-21.23 0.11] 3.28 3.10-3.43 0.07[8.35 8.10-8.57 0.13)] 20.08 19,70-20.43 0.21] 4.98
3" 0.75 0.70-0.79 0.40 20.80 20.62-20.84 0.20| 2.46 2,34-2.66 0.11]8.07 7.58-8.62 (.45] 20.30 19.85-20.61 0.35} 5.13
410.53 0.35-0.65 0.07]21.37 21.02-21.85 0.1611.89 1.77-2.08 0.09]7.93 7.58-7.29 0.29) 20.68 20.42-21.39 0.19] 5.03
5'10.13 0.00-0.32 0.09] 20.16 19.54-21.02 0.36 | 4.70 3.76-5.17 0.38] 7.37 6.82-7,79 0.21:20.38 19.88-21.33 0.27] 5.44
5'70.07 0.00-0.19 0.06] 20.78 20.08-21.02 0.20]3.95 3.76-4.93 0.197.52 7.32-7,74 0.10] 20.34 19,94-20.60 0.17] 5.31
5'10.15 0,00-0.32 0.09} 19.43 19.54-20.88 0.38 | 4.73 3.77-5.17 0.2517.34 6.82-7.79 0.21] 20.24 19.88-21.23 1.69/{ 5.42
6 10.27 0.06-0.69 0.221{17.13 15.49-18.56 1.11{8.45 6.61-9.99 1.33 6.47 5.99~7.00 0.34| 19.85 18.80-20.32 0.27] 7.03
710,57 0.45-0.69 0.12]15.58 15.49-15.66 9.95 9.91-9.99 0.04 ]6.58 6.26-6.89 0.31] 19.36 18.80-19.92 0.56| 7.41
TABLE 6B
Classification of Ham Dyke Garnets by Methods of Dawson and Stephens (1975)
Dawson and Stephens’ Classification Scheme
Means of Critical Oxides

Ham Clusters Group TiO2 Cr203 Fe0 Mg0 ca0 Origin

1

2 1 0.58 1.34 9.32 20.00 4.82 K, GL, GOW, D

4

5 ]_ 9 0.17 3.47 8.01 20.01 5.17 K, GL, GOW, GH, EC, D

6

7

K = kimberlite, GOW = garnet-olivine websterite, GL = garnet lherzolite
GH = garnet harzburgite, EC = eclogite, D = diamond

LY
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1975, 1976).

Table 7 shows that Ham garnets may be
classified as Ti-poor peridotitic garnets (Groups 16
and 33) and Ti-rich peridotitic garnets (Groups 22, 26
and 37) based upon the classification scheme of
Danchin and Wyatt (1979). The former groups are
dominated by "kimberlite" (megacryst) and lherzolite
garnets and the latter groups are dominated by "kimber-

lite" garnets and scarce lherzolite garnets.

Statistical Classification

The statistical classification of garnets
from kimberlite, utilizing cluster analysis, augmented
by the prior knowledge of the garnet paragenesis, has
been attempted by Dawson and Stephens (1975) (Wards
method, Wishart 1969) and by Danchin and Wyatt (1979)
(Park's method, 1970) with varying degrees of success.
A review of Figqure 6 of Dawson and Stephens (1975)
and Tables 1, 2 and 3 of Danchin and Wyatt (1979)
indicate that considerable compositional overlap
exists between their clusters and that in both
classification schemes, the classification category
"kimberlite garnets" includes garnets of both pheno-
crystal and xenocrystal origin; the two paragenesis which

form the clearly distinct compositional variation trends
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TABLE 7A

Statistical Classification of Ham Diatreme Garnets by
Methods of Danchin and Wyatt (197°9)

HAM DIATREME GARNETS

SUMMARY -~ DPROBABILITIES

> .80 0.70-0.80 0.60-0.70 0.50-0.60] TOTAL
GROUP 13 1 1
GROUP 16 34 8 26 16 84
GROUP 20 1 1
GROUP 21 1 1 2
GROUP 22 3 2 1 2 8
GROUP 26 2 2
GROUP 33 20 5 2 3 30
GROUP 37 8 3 7 6 24
GROUP 44 1 1
GROUP 47 2 2 4

TABLE 7B

Statistical Classification of Ham Dyke Garnets by Methods

HAM DYKE GARNETS

of Danchin and Wyatt (1979)

SUMMARY - PROBABILITIES

> .30 0.70-0.80 0.60-0.70 0.50-0.60] TOTAL
GROUP 16 119 22 18 6 165
GROUP 19 4 4 8
GROUP 20 1 10 14 25
GROUP 22 27 4 1 32
GROUP 26 4 4 8
GROUP 32 1 1
GROUP 33 2 1 1 4
GROUP 37 2 2 3 7
GROUP 46 1 1 2
GROUP 50 1 1




TABLE 7C
Danchin and Wyatt's Classification Scheme for Garnets

TABLE 1 THE COMPOSITION OF GARNETS BELONGIMNG 7O CHROMIUM-RICH CLUSTER GROUPS*

COMPOSITION (wt. %) CLASSITICATION
NO TiO2 CrZO3 Fe  Mg0 Ca0 EC DI DX | GEC PX SPX{ K | GWB GL GGL DGL !cﬁ
GROUP Ti-Poor Peridotitic Garnets - Increasing Cr
19 52 0.07 1.11 9.48 19.54 4.68 3 2 1 5120 9 8 4
20 125 0.09 2.36 7.65 20.47 4.79 3 2 4 81 56 4 22 22 1
16 219 0.11 4.72 7.05 20.62 4.99 3 10 17 1469 3 35 26 23 24
33 66 0.09 7.28 6.53 20.37 5.40 1 5 1 4 22 2 10 5 9 7
Ti-Rich Peridotitic Garnets - Tncreasing Cr
24 52 1.00 1.13 9.33 20.50 4.54 7 41 1 3
26 102 0.90 1.45 8.98 20.58 4.52 2 1 2 72 1l 1 22 1
22 52 0.49 2.30 8.05 20.78 4.63 1 2 8 26 3 9 3
27 16 0.41 3.80 12.17 17.38 5.18 1 1 2 7 5
37 55 0.41 4.42 6.79 21.03 4.97 1 2 3 2 24 10 1 10 2
49 40 1.51 4.96 7.09 21.13 5.20 1 6 21 12
47 13 0.91 5.80 6.95 20.92 5.24 1 1 3 5 3
46 23 0.78 10.53 7.20 18.61 7.00 1 12 7 1 3
Diamond Inclusions and Harzburgites - Increasing Ca -

31 51 0.02 9.96 5.94 23.79 1.42 41 3 7
34 55 0.02 6.99 5.91 23.77 1.47 32 4 3 15 1
45 16 0.06 13.58 6.07 23.21 1.76 14 2
35 25 0.04 3.86 5.77 23.27 2.47 1 2 4 15 1 2
42 10 0.17 11.80 6.45 21.20 4.01 3 4 1 2
32 23 0.13 9.40 6.96 19.97 5.41 5 1 2 12 1 1

EC = eclogites, GEC = graphite bearing eclogites, DI = diamond inclusions, DX = diamond bearing xenoliths
(includes diamond intergrowths), PX = polymict xenoliths, SPX = spinel bearing xenoliths, GWB = garnet
websterites, GL = undefined garnet lherzolites, GGL = granular garnet lherzolites, DGL = deformed garnet
lherzolites, GH = garnet harzburgites, K = Xenocrysts and kimberlite concentrate garnets, NO = Number of grains.

*Danchin and Wyatt (1979)

0S
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discerned above. Further, Mitchell (1978a and 1979%a)
notes that Dawson and Stephens' (1975) classification
fails to separate satisfactorily garnets in Croups 1,
2, and 9 (the latter into Cr-rich and Cr-poor garnets)
and that further subdivision based upon Cr203 and Ca0
should be attempted. These conclusions were amplified
by the difficulty encountered during the classification
of Ham garnets in this study, in which,a bi-modal
distribution of Ti and Cr was encountered in several
clusters (see above). Danchin and Wyatt (1979)
indicate that Dawson and Stephens' (1975) classification
scheme is limited as a paragenetic indicator because
the sample size (353 cases) is not large enough to be
representative, and also, some localities are overly
represented. However, Danchin and Wyatt's (1979)
classification scheme suffers from similar drawbacks;
the sample size being only 1777 cases and not represent-
ative of a world wide distribution of garnets in
kimberlite. Mitchell (1979a) contends that these
classification schemes are too general and that

because differences may occur in the paragenesis of
garnet suites between diatremes, within the same
kimberlite province, it is important initially to
characterize the garnet suites within each province

prior to attempting a classification scheme based
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upon a world wide distribution of random samples.
This may result in the diffusion and overlap of
originally, chemically and statistically distinct
garnet clusters from one kimberlite province with
those derived from another.

In this study, cluster analysis, multiple
discriminant analysis (MDA) and principal component
analysis (PCA) were utilized in an attempt to classify
statistically Ham garnets into chemically homogeneous
groups based soley on major (A1203, Mg0, Fe0 and Ca0)
and minor (TiO2 and Cr203) element contents. Si02 and
Mn0 were omitted from the classification attempt
because they contribute little to the total variance
of the garnet population as concluded by Dawson and
Stephens (1975).

Cluster analysis (see below) was initially
performed on unclassified data to derive chemically
homogeneous clusters. The statistical significance
(see below) of these clusters and clusters generated
by plotting garnet data in an Fe-Mg-Ca ternary and a
TiOZ—Cr203 plot was tested by multiple discriminant

analysis to determine which classification method is

most useful.
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Cluster Analysis

Cluster analysis is a statistical procedure
in which some measure of resemblance or similarity can
be computed for every pair of objects in a matrix of
n objects with m measureable characteristics (Davis
1973). The heirarchial method of cluster analysis
(Wishart 1969) forms clusters by the fusion of sample
with sample and sample with cluster at successively
higher levels of dissimilarity. A coefficient of
dissimilarity may be calculated, utilizing, for example,
a correlation or distance matrix of similarity (Davis
1¢73) for all cases. This coefficient is multiplied
by each variable in a sample and then summed for all
samples to determine the greatest similarity between
any two cases. The most similar two cases are then
fused to form a single case and the process repeated
until all cases are fused with a progressively
decreasing coefficient of similarity (Davis 1973). In
this study, cluster analysis was performed using
Davis' (1973) program (see Appendix C) modified for

use on the Lakehead University VAX computer.

Multiple Discriminant Analysis (MDA)

Multivariate analysis allows changes in

several variables in a given sample to be monitored
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simultaneously. Pearce (1974) indicates that the
simplest approach to this is the analysis of the
standard deviations of variables in data sets within
and between groups. In this manner, it is possible

to identify the variable most likely and/or least
likely to contribute to the variation between groups.
Pearce (1974) outlines the procedure of variance
analysis utilizing F-ratios (where FF= A/B and A is the
within groups variance and B is the between groups
variance), in which calculated and empirical F-ratios
are compared for the null hypothesis, "that the means of
each analysis are the same", could be rejected at

the 0.01 significance level (see below) (i.e. 1 chance
in 100, 1%) at the appronriate number of degrees of
freedom. If calculated TF-ratios are greater than
empirical F-ratios, the likelvhood that tha* variable will
be a good discriminator is high. The relatively
higher F-ratios correspond to variables with the greatest
discriminating power (Pearce 1974). Wilks' Lambda (\)
is a test for the statistical significance of the
discriminating information which has not yet been
removed by a discriminate function (Klecka 1975).

The magnitude of the test inversely accompanies the
F-ratio, such that a high F-ratio is accompanied by a

low Wilks' Lambda. The significance of the F-ratio
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and Wilks' Lambda is a measure of the chance of
obtaining a higher I'-ratio (i.e. better discriminating
power) or lower Wilks' Lambda (i.e. that less information
is required to make a statistically sound discrimination)
for a given data set. A significance level of 0.0500
(i.e. 500 chances in 10,000 or 5%) and 0.0100 (i.e.
100 chances in 10,000 or 1%) represent statistically
significant and highly significant tests, respectively.

For example, a review of Table 9A shows that
Cr,0, has the highest F-ratio and lowest Wilks'
Lambda of all variables used in the discriminant
analysis. This indicates that Cr203 ig the best
discriminating variable and that potentially more
discrimination between data sets can be made with
this variable than any other. The chance of
obtaining a higher F-ratio or lower Wilks' Lambda
(i.e. better discrimination with less information
using this variable) is 0.0000 or 0 chances in 10,000.
It is also evident from Table 9A that TiO2 is the
least useful discrimim2ting variable.

MDA performed on Ham garnet clusters
made no prior assumptions as to the variation within

or between data sets so that all variables had an

equal chance to contribute to the discriminate analysis.
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In order to represent graphically, the
discrimination between clusters derived using 6
oxides, 6 axes, in 6 dimensional space would be required.
Pearce (1974) explains that a single axis (linear
discriminant function} can be selected,which, combines
the discriminating power of all variables, for a
given case,into a linear function, in which, the
discriminating power of each variable,in each case,is
maximized by canonical correlation (Cooley and Lohnes
1962, Klecka 1975) and summed to form a single,
linear, canonical discriminant function for that case.
The mean of all linear discriminant functions for a
data set is located at the group centroid, which 1is
the typical location of a case, from that group. The
distance away from the group centroid of any case, is
therefore, a function of the dissimilarity of that case
with the group as a whole (Klecka 1975, Cooley and
Lohnes 1962).

The multiple discriminant analysis program
used in this study is documented in Appendix D (Klecka

1975).

Principal Component Analysis (PCA)

Principal component analysis is a variance
analysis technique which is used to determine the

minimum number of independent dimensions needed to
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account for most of the variance in a given data set
(Cooley and Lohnes 1962). Davis (1973) explains, that
the summation of eigenvectors in a correlation matrix,
for a data set, equals the total variance. Because

the variance of a data set can be expressed in the
form of an m x m matrix, each element of the matrix
can be regarded as defining points, on an m-dimensional
ellipsoid, in which, the lengths of the principal

axes are represented by the magnitude of the constituent
ceigenvectors. Therefore, the magnitude and
orientation of the principal axes is a function of the
proportion of variance each variable in the data set
contributes toward the total variance. Inevitably,

at least one of the principal axes (representing a
variable with the most variance)will be more efficient
in terms of accounting for the total variance than any
of the others.

In this manner, PCA reduces the complexity of
variance analysis and reduces the number of divariant
variation diagrams (oxide vs oxide) needed to express
the compositional variation,of all 11 variables
(oxides), in each analysis, for each sample, to a
single, three dimensional, orthogonal vlot, which
usually accounts for greater than 95% of the total

variance for each case (Le Maitre 1968).
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In Figure 16, ellipsoids representing
at least 95% of the total variation within individual
garnet clusters are presented. These were generated
utilizing Equation (1) (Le Maitre 1968, Le Maitre
person. comm) and the three,unrotated, principal
eigenvectors (components) which were extracted by PCA
from the correlation matrices for groups of garnets

by the "SCSS package" documented by Kim (1975).

Zi= (Xi - Xi) ViSi Equation (1)

In equation (1), Xi is the ith oxide, fi
is the mean of the ith oxide, Si is the standard
. . .th . . . th
deviation of the 1 oxide and Vi 1s the 1 term of

the eigenvector.

The Statistical Classification and Analysis of Ham Garnets

Inspection of Tables 8A and 8F shows that
considerable overlap occurs in clusters generated by
cluster analysis for Ham garnets and that the seven
clusters generated from diatreme garnets and the six
clusters generated from dyke garnets may be combined

Ihto three clusters, based primarily upon 7i0. and Cr903;

2
FeO, Mg0 and Ca0 demonstrating little variation between
clusters. The three clusters which emerge for the

Ham diatreme are characterized by garnets with; 1) low

Ti, high Cr and moderately high Ca contents, 2) high Ti,



TABLE 8A
Means, Ranges and Standard Deviations for Clusters of Ham Diatreme Garnets Generated
by Cluster Analysis

TiO2 A1203 CrZO3 Fel Mg0 Ca0

Range e Mean Range {  _jMcan__Range £ Mean _Range [ Mean Range s ean  Range i
] 0.06-0.15 0.05 [9.43 19.03-20.07 0.56 }|5.87 5.17-6.58 0.71 [7.05 6.91-7.26 0.19 |20.54 20.25-20.76 0.26 |5.30 5.18-5.49 0.17
.i 0.00-0.21 0.09 09.21 18.17-19.81 0.68 {6.05 5.07-7.35 0.94 |7.18 6.77-7.67 0.35 |19.82 19.26-20.58 0.63 [5.79 5.03-6.56 0.64%
3 0.00-0.35 0.16 [}9.45 17.99-20.92 0.46 [5.53 4.24-7,21 0.9217.23 6.70-7.67 0.09 |20.31 19.61-20.91 0.59 [5.81 4.95-6.92 0.81
4 0.00-1,04 0.18 [19.65 16.71-22.76 1.09 {5.11 0.62-8,91 1.52 [7.00 6.06-9.09 0.39 [20.71 18.86-21.89 0.55 [5.46 4.32-7,77 0.50
15 0.00-0.66 0.17 [19.35 17.83-22.63 1.19 |5.44 0.77.7.49 1.73 {7.02 5.85-9.02 0.62 ])20.55 19.59-21.51 0.50 [5.56 4.52-6.29 0.47
6 0.00-0.48 0.34 [9.37 17.98-20.75 1.96 [5.54 3.96-7.12 2.23 ]6.72 6.68-6.76 0.06 |20.65 19.91-21.39 1.05 |5.56 4.93-6.19 0.89
7 - - 17.91 - - 7.15 - - 6.85 - - 20.34 - - 6.15 - -

TABLE BB
Means, Ranges and Standard Deviations for Clusters of Ham Dyke Garnets Generated
by Cluster Analysis
1'102 1'\1203 Cl’203 FeO Mg0 Ca0

Range < Mean Range g Mean Range LS Mean Range ( Mean Range < Mean Range e
1 0.35-1.48 0.38 }20.90 19.33-21.52 0.83 [2.18 1.36-3.77 0.79 |7.79 6.79-8.74 0.58 120.50 19.17-21.39 0.74 5.28 4.77-6.55 0.60
2 0.50-0.61 0.61 |21.43 21.37-21,46 0.05 {1.93 1.87-1.98 0.06 7.85 7.79-7.91 0.06 |20.72 20.59-20.81 0.11 5.03 4.98-5.11 0.07
3 0.51-0.83 0.10 |21.26 21.13-21.37 0,07 {1.76 1.,26-2.08 0.33 18.20 7.67-9.19 0.57 120.34 19.19-20.73 0.60 5.08 5.00-5.18 0.07
4 0.00-0.82 0.14 120.39 15.49-21.84 0.88 [4.21 1.31-9.99 0.31 7.74 5.99-9,75 0.76 ;20.20 18.80-21.23 0,43 5.37 4.76-7.73 0.40
5 0.41-0.81 0.17 §21.13 20.62-21.46 0.31 [2.04 1.26-2.66 0.45 (2.04 1.26-2.66 0.49 120.39 19.55-20.76 0.40 5.07 4.93-5.23 0.11
) - - 21.41 - - 1,91 - - 7.93 - - 20.68 - - 4.99 - -

69
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TABLE 8C

Summary Table of Wilks' Lambda and F-Ratios for Ham
Diatreme Garnet Clusters Generated by Cluster Analysis

VARIABLE WILKS' LAMBDA F SIGNIFICANCE

TiO2 0.92649 2.142 0.0513

A1203 0.97486 0.6962 0.6530

Cr?O3 0.96991 0.8378 0.5424

Fe0 0.97834 0.5977 0.7319

MgO0 0.91101 2.637 0.0182

Cao0 0.97203 0.7768 0.5892
TABLE 8D

Summary Table of Wilks' Lambda and F-Ratios for Ham Dyke
Garnet Clusters Generated by Cluster Analysis

VARTABLE WILKS' LAMBDA F SIGNIFICANCE
TiO2 0.54408 45.25 0.0000
A1203 0.92912 4.119 0.0013
Cr203 0.77918 15.30 0.0000
Fel 0.98301 0.9333 0.4598

Mg0 0.96816 1.776 0.1180

Cao0 0.95830 2.350 0.0413
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low Cr and moderately low Ca contents relative to (1)

and 3) high Ti, Cr and Ca contents relative to (1)

or (2). Table 8B shows that similar clusters emerge

for Ham dyke garnets which are characterized by; 1)

low Ti, high Cr and relatively low Fe contents, 2)

high Ti, low Cr and highly variable Fe contents

relative to (1) and 3), high Ti and TFe and low Cr and

Ca contents relative to (1) or (2). Low Ti, high

Cr garnets and high Ti, low Cr garnets are compositionally
similar to Trend A and Trend B garnets, respectively.

In contrast, a review of Tables 5 and 6
(see above) shows that groups generated by major and
minor plots (Figures &, 9, 10 and 11) do not exhibit
compositional overlap and are characterized by a
specific compositional variation.

The results of multiple discriminant
analysis for clusters generated by cluster analysis
are presented in Tables 8C and 8D and illustrated
in Figures 12A and 12B for Ham diatreme and dyke
garnets, respectively. Inspection of Table 8C shows
that Mg0 and TiO2 are statistically the best
discriminating oxides for diatreme garnets, although
FFigure 12A shows that these clusters are virtually
indistinguishable and that the compositional overlap

(see Table 8A) is extensive. However, garnets in
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FIGURE 12A
HISTOGRAM OF CANONICAL DISCRIMINANT FUNCTIONS FOR CLUSTERS
OF HAM DIATREME GARNETS GENERATED BY CLUSTER ANALYSIS
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FIGURE 12B

HISTOGRAM CF CANCNICAL DISCRIMINANT FUNCTIONS FCR CLUSTERS
GF HAM DYKE GARNETS GENERATED BY CLUSTER ANALYSIS
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Cluster 2, which are compositionally similar to Trend
A megacrysts (see above), are distinguished from Trend
B xenocrysts, by having a strongly negative canonical
discriminant function. Similarly, Figure 12B shows
that Trend A megacrysts and Trend B xenocrysts are
compositionally different, the former with strongly
negative discriminate functions relative to the latter.
Table 8D shows that Ti02, Cr203, A1203 and Ca0 are
atatistically the best discriminating oxides for

dyke garnets.

Although Figure 12 shows that cluster analysis
can generate clusters of garnets belonging to two
distinct paragenesis, it is evident from the
compositional overlap between clusters,given in
Tables 8A and 8B and illustrated in Figure 12, that
cluster analysis cannot statistically separate
compositionally similar garnets in the same paragenesis.
Cluster analysis is undoubtedly useful for regional
mineral prospecting as garnets of very different
composition can be classified unambiguously (i.e.
eclogite and lherzolite) but it is not useful for dealing
with subtle differences within a population of
garnets of similar compositions.

The results of multiple discriminant

analysis (MDA) for groups (Tables 5 and 6) of garnets
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generated on the basis of major (Figure 8 and 10)

and minor (Figure 2 and 11l) element contents are

shown in Table 92A and 9B and illustrated in Figures

13 and 14. A comparison of Tables 9A and 9B shows

that the Cr203 content of Ham garnets is the most

useful discriminating oxide between groups and that
Al203, Cal0, Mg0, Fe0 and Ti02 are successively less
useful. Figures 13 and 14 show that the groups which
make up the two compositional trends, A and B (see
above), may be distinguished using a linear, canonical
discriminant function and that the discriminant function
for Trend A (megacryst) and Trend B (xenocryst) garnets
is less than and greater than 0.0000 respectively,

in the Ham dyke and -4.0000 respectively, in the Ham
diatreme. The broad compositional variation of
several diatreme clusters (HW2, 3, 4, 5 and 6) contrasts
with the relatively narrow compositional variation of
most dyke clusters. This suggests that garnets in

these clusters crystallized over a broader composition
range than garnets in groups which form discrete clusters.
Dyvke clusters HD3 and 4 demonstrate a similar relation-
ship. That several clusters (HW6 and 7 and HD2, 3 and
5) have a bi-modal compositional variation (see Tables

5 and 6) 1is well illustrated by the skewed or bi-modal

nature of their respective portions of Figures 13 and 1l4.
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TABLE SA

Summary Table of Wilks' Lambda and F-Ratios for Ham
Diatreme Garnet Groups Generated by Major and
Minor Element Plots

VARIABLE " WILKS' LAMBDA F SIGNIFICANCE

TiO2 0.37065 45.00 0.0000

A1203 0.19415 110.0 0.0000

Cr203 0.08960 269.3 0.00600

Fel 0.31749 56.97 0.0000

Mg0 0.26319 74.19 0.0000

Cao0 0.21413 97.26 0.0000
TABLE 9B

Summary Table of Wilks' Lambda and F-Ratios for Ham Dyke
Garnet Groups Generated by Major and Minor Element

Plots

VARIABLE WILKS' LAMBDA E SIGNIFICANCE
TiO2 0.44762 55.33 0.0000
A1203 0.13990 275.6 0.0000
Cr203 0.07003 516.0 0.0000
Fel 0.10253 302.5 0.0000
Mg0 0.32727 92.16 0.0000

cao 0.19453 185.6 0.0000
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FIGURE 13
HISTOGRAM OF CANONICAL DISCRIMINANT FUNCTIONS FOR GROUPS OF
HAM DIATREME GARNETS GENERATED BY MAJOR AND MINOR ELEMENTS PLOTS
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FIGURE 14
HISTOGRAM CF CANONICAL DISCRIMINANT FUNCTIONS
FOR GROUPS OF HAM DYKE GARNETS GENERATED BY MAJOR AND
MINOR ELEMENT PLOTS
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Table 10 shows that Cr203 is the most
useful discriminating oxide to distinguish between
megacryst and lherzolite garnets in a composite
analysis of both diatreme and dyke garnets. Figure
157 shows that megacryst and lherzolite garnets are
successful separated by MDA and that some compositional
variation within paragenetic types is apparent.

To test the validity of this classification,
MDA was used to assign garnets of known paragenesis
(Elwin Bay, Mitchell 1978b and unpubl. data) to the
classification scheme generated for Ham garnets.

Figure 15B shows that MDA correctly classified

megacryst and lherzolite garnets from the Elwin Bay
kimberlite and shows that the paragenetic classification
scheme developed for Ham garnets is correct.

Therefore, MDA is an efficient method of distinguishing
paragenesis and can separate xenocryst and phenocryst
garnets from a random sample of garnets to facilitate
the study of chemical evolutionary trends in kimberlite
magmas.

Inspection of Figure 16A shows that principal
component analysis (PCA) delineated 2 trends for the
principal axes of variation characterized by groups
HWl, 2, 5 and 7 (Trend 1) and IHW3, 4 and 6 (Trend 2).

A comparison of Figures 16A and Figure 8A shows that
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TABLE 10

Summary Table of Wilks' Lambda and IF'-Ratios for a
composite analysis of groups of Ham garnets

VARIABLE WILKS' LAMBDA F SIGNIFICANCE
TiO2 0.41771 45.89 0.00090
A1203 0.13731 206.8 0.0000
Cr203 0.07149 427.6 0.0000
FeO 0.10382 284.2 0.0000
Mg9 0.25522 96.08 0.0000

Ca0 0.20085 131.0 0.0000
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FIGURE 15A
HISTOGRAM OF CANONICAL DISCRIMINANT FUNCTIONS FOR
GROUPS OF HAM DIATREME AND DYKE GARNETS GENERATED
BY MAJOR AND MINOR ELEMENT PLOTS
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FIGURE15B
HISTOGRAM OF CANONICAL DISCRIMINANT FUNCTIONS
FOR HAM AND ELWIN BAY GARNETS
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the former trend may be correlated with garnets in
clusters characterized by a variable Mg/Mg+Ca ratio
at an approximately constant Fe0 content.

Inspection of Figure 16B shows that PCA
delineated a singl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>