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(Mossop and Shetsen, 1994). These sediments axenn

unconformably overlain by the Lower Cretaceous
INTRODUCTION sandstones and shales of the Wabiskaw and Loonr Rive
Formations. Less common are Upper Cretaceous shéles
the Shaftesbury and Dunvegan Formations, and thek$m
Group (Mossop and Shetsen, 1994). The Quaternaoyde
consists of a complex jumble of till, glaciofluviand
glaciolacustrine sediments which may locally excééd m
in thickness resulting in varied levels of kimberlexposure
from outcrop to deeply buried (Creighton and Eccles
Press). The Buffalo Head Hills kimberlites intrude the
sedimentary rocks and, aside from those kimberlibed
crop-out, are covered by the glacial sediments.

Discovery of economic diamond deposits in kimbesliin
the Northwest Territories rekindled interest in rdand
exploration in northern Alberta. Thus far, 47 ocences of
kimberlites and rocks with kimberlitic affinities fof
simplicity hereafter also called kimberlite) havesen
identified, 24 are diamondiferous. The kimberlitgogs
range in areal extent from 1 to 74 ha and in oweld
thickness from outcrop to 150 m deep.

Despite the high potential for a kimberlite occae with
economic diamond grades in northern Alberta, fetaitbxl
studies have been conducted on these kimberlites.
Therefore, the intent of this study is to provideraliminary 120°
description of the mineral chemistry of five kimlies —
K4B, K6, Phoenix, Kendu and Legend. K4B and K6 are
from the Buffalo Head Hills kimberlite province and
Phoenix, Kendu and Legend from the Birch Mountains
kimberlite province. These kimberlites were seldcte
represent two major kimberlite provinces in norther
Alberta in order to present inter- and intra-pr@én
variations in mineral chemistry.

REGIONAL GEOLOGY

Buffalo Head Hills Kimberlite Province

The Buffalo Head Hills kimberlite province is loedt in
north-central Alberta within the confines of the fiailp
Head Terrane (BHT) and comprises 37 known kimkeslit . .
The BHT is bounded in the north by the Great Slaake Figure 1. Basement map of northern Alberta, kimberlite tures
= are marked with diamonds. Bh: Buffalo Head Terran€d,altson
shear zone, towards the south, west and easbirtered  pMagmatic Zone, R: Rae Province, STZ: Snowbird Tigict@one.
by the Wabamun, Chinchaga and Taltson domainshe area surrounding is comprised of various Poatéc terranes.

55°

respectively (Figure 1). (Modified after Pilkington et al., 2000)
The major lithologies recovered from the BHT thrbudill
core are mainly metaplutonic with minor metavolcarand Birch Mountains Kimberlite Province

metasediments. U-Pb crystallization ages of the masig . _ . . . o
rocks range from 2324 to 1990 Ma. The ages oldest aThe Birch Mountains kimberlite province compriseéghe

from dioritic to granitic plutons that record a aetorphic known kimberlites and is situated to the northezisthe

; : ; ffalo Head Hills kimberlite province in the TMZhe
age of 2017 Ma determined from monazite and zircorpY ) .
geochronology (Ross and Eaton, 2002). A proposedeimo 'IC';M%_AsltheTsouthward dgxtgnsmdn ((j)fbtheh Zioohkm Igl?rﬁlj
for the tectonics of the neighbouring Taltson Matma a Thelon Terrane and is bounded by the Archeam

. : Province on the east and the Buffalo Head Terran¢he
Zone (TMZ) involves the BHT being an older cruditdck - .
that has been reworked at 2.0 Ga (Chacko et @0Q)20 west (Hoffman, 1989; Figure 1). The TMZ is a beltlc99

The BHT is covered by up to 1600 m thick sedimentar to 1.95 Ga dioritic to granitic plutons and 1.931t@1 Ga

sequences of Devonian and Cretaceous sediments. TRgra_luminous granites (BOStO_Ck et al,, 1987). Tdng@rn
sediments intruded by the kimberlites include Médb granitoids can be separated into an eastern grobjtie

Upper Devonian clastic, carbonate and evaporitickso and biotite-hornblende granites and granodiorited a
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western group of biotite and biotite + garnet tdierite +
spinel granites (Chacko et al., 2000). The kimbeslilie

element suggesting that no substitution of othépga has
occurred on the micas’ tetrahedral sites. On th€®AVs.

near the boundary between the TMZ and BHT - thdliO, discrimination plot (Figure 2B), these phlogopites

diamondiferous Phoenix kimberlite actually lies it the
BHT.

These basement rocks are covered by a succession
Phanerozoic sedimentary rocks similar to those lgver
the Buffalo Head Terrane. The sedimentary covethi
vicinity of the kimberlites consists of mudstoneslahales

follow the trend observed from group 1 kimberlite —
decreasing Ti with increasing Al-content. Theseasibave
inreasing abundances of Al and Cr with increadifgr
number.

The Phoenix kimberlite contains a greater abunelasic
macrocrysts compared to microphenocrysts and groasd

of the Upper Cretaceous Labiche Formation and Smokghlogopite. The majority of phlogopites are euhédnad

Group unconformably overlaying Devonian clastics,
carbonates and evaporites (Mossop and Shetsen). 984
kimberlites intrude into the sedimentary rocks amc
covered with Quaternary glacial sediments simitarthe
those of the Buffalo Head Hills province but argitglly
more than 100 m thick (Creighton and Ecclesress).

PHLOGOPITE CHEMISTRY

With the exception of Kendu, phlogopite occurs awl
modal abundance in the Alberta kimberlites. Prestera
and crystal morphology differ greatly for each kaniite;
generally there is no correlation between graire sind
morphology. None of the phlogopites identified tmese
samples display inverse pleochroism characteridtimicas
containing tetrahedrally coordinated *Fe— that is, a
tetraferriphlogopite component (Farmer and Boetiche
1981).

K4B contains little phlogopite. The observed phipiges
from K4B are small (0.05 to 0.50 mm) subhedral to
anhedral groundmass or macrocrysts. The largetadsyare
commonly embayed and corroded along the margins a
altered along cleavage cracks. Although not comrsome
macrocrysts also enclose ilmenite microcrysts.

The K4B phlogopite population is distinctly bimodaith
respect to Ti-content, divided into Ti-bearing atibse
containing no Ti. Those that do contain Ti, pldher in a
field associated with kimberlite groundmass phlaggpor

in or near a field common to alkalic rocks in®@4 vs. TiO,
space (Figure 2A), as described by Mitchell (199R)e
general evolution trend of the K4B phlogopites dearease
in Al,O3 with increasing Mg-number while the other major
cations do not show any systematic change witheaging
evolution.

The K6 kimberlite contains more phlogopite than K4B
Phlogopites in K6 are typically anhedral to subbédr
groundmass micas. Some euhedral macrocrysts up5to
mm are visible. The phlogopites are commonly aberb
along the margins and are variably altered aloagwages.
Phlogopites from the K6 kimberlite have tetrahedwaion
(Si and Al) totals approximately equal to eightdigating
that these micas crystallized in an environmenticgahtly
rich in both Si and Al to fill the tetrahedral sitéFarmer and
Boettcher, 1981). Additionally, there is no observe
correlation between the tetrahedral cations and raajor

0

some contain inclusions of ilmenite, perovskite /and
chromite. The phlogopites from the Phoenix kimberare
well preserved; the majority of micas do not shomy a
alteration and have sharply defined, distinct masgi
Some of the phlogopites show a zoning relationsfom
Fe- and, relatively, Al-rich cores (approximatelya@d 2.8
cations per structural formula respectively) to Fad
relatively Al-poor phlogopite mantles. These comple
mantled phlogopites may represent Fe-rich phlogopit
xenocrysts that have been mantled by primary kititeer
phlogopite overgrowths. The Phoenix micas deschibe
compositional trends common to kimberlites. Thetfiand
dominant trend, is the same as observed from taeiqars
kimberlites — increasing Al-content at constant The
second is commonly associated with tetraferriphboigs
from group 2 kimberlites (Mitchell, 1995) — decrieasAl
at constant Ti (Figure 2C). This second trend strigted to
a few phlogopite grains and the presence
tetraferriphlogopite is not corroborated with penaphic
observations of inverse pleochroism. Cr-abundamedp at
Mg-number equal to 0.9; while at lower and highalues
of Mg-number Cr is below the detection limit.

hile the other kimberlites have small modal abumds of
phlogopite — or in the case of the Legend kimberlito
phlogopite — Kendu contains approximately 50 volume
percent phlogopite. This relatively high abundanoe
phlogopite  gives Kendu superficial petrographic
resemblance to group 2 kimberlites described frdma t
Kaapvaal craton (Mitchell, 1995).
The phlogopites from Kendu widely vary in size aledjree
of alteration. Analyzed micas range from 0.02 toO>tim
and the majority of phlogopite grains show at lesmine
alteration along cleavage planes.
Figure 2D demonstrates that phlogopites from Keamlmot
share a compositional evolution trend with any kentibes.
Indeed, on the Al vs. Ti discrimination plot thegdogopite
compositions plot along a trend described from mi@seand
alnoites.
Similar to the Phoenix phlogopites, the Cr-contiKendu
micas increases with Mg-number and is also at teatgst
abundance at Mg-number of 0.9. These micas hat®mgs
negative correlation between Mg and Ti, and no tpesi
correlation between Fe and Ti, which may suggestThis
incorporated into the micas octahedral sites aeKpense

of
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TiO2
spinels increases with increasing degree of chizsibn.

Figure 2. Al,O; vs. TiO, mica discrimination plots. The grey field Therefore, the ratio of Eb/ [Fez++Mg] (FFM-ratio) is used

indicates “primitive” phlogopite compositions commto alkalic
rocks, the dashed field shows mica compositionsieégbby group
1 kimberlite groundmass phlogopites. Filled symbyefgresent
analyses from phlogopite cores, open symbols are fims and
crosses represent analyses intermediate betweeraedrim. The
fields and trends are from Mitchell (1995).

as an index to indicate relative degree of difféetion.
Ferric-ferrous iron ratios were calculated follogirthe
method of Droop (1987).

The analyzed spinels from K4B range in size fro@ilQo
0.10 mm, typically, they are anhedral and commdrdye
Fe-sulphides associated around the grain marginsll A

of Mg. A possible mechanism for this substitutio® i textured spinels are rare. The majority of the siginare
described by the equation: 2Kg- Ti"' + ]! (Forbes and  aluminous magnesiochromites (AMC) with FFM-ratios

Flower, 1974).

ranging from 0.3 to 0.6. A single spinel analysidicates a

Samples from the Legend kimberlite do not containcomposition of magnesian ulvéspinel (MU). When thes

phlogopite.

SPINEL CHEMISTRY

Haggerty (1975) observed that the Fe-content obkirdite

analyses are plotted in the reduced spinel pribe,AMC
plot on the base of the prism and the MU plot rikarapex.

As such, these spinels roughly define the end-membe
compositions of magmatic trend 1 (Figure 3 A,B; etag
data points).
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The K6 spinels are typically small, ranging fron®D.to
0.075 mm. Grain morphology is not related to crystae
and there are equal proportions of rounded, anhedhe
euhedral grains in any given size. Compositionalirzp is
infrequent as are atoll textured spinel. SpinelHy@ed from
the K6 kimberlite are compositionally similar tcetpinels

from K4B. The dominant spinel composition is AMC,

plotting on the base of the reduced spinel prisiguieé 3
A,B; green data points). A few MU spinels plottingar the
apex of the prism define magmatic trend 1 agairh \&ih
absence of spinels of intermediate composition.

The grain size distribution of Phoenix spinels esmdrom
0.04 to 0.30 mm. These spinels are marked by dopuént
occurrence of atoll texture. There is an apparentetation
between grain size and crystal morphology; theelagyains

are commonly subhedral to anhedral, while the small

crystals tend to be euhedral. Perovskite and Hehild
inclusions are noted from a few of the spinels. r@ically

the Phoenix spinels are dominantly MU although & fe

low-Cr AMC are observed in this population. Theseai

Analyses from K6 and Phoenix represent small rentsnan
mainly from the cores of larger grains.

K4B is anomalous with respect to the other Alberta
kimberlites in that it contains approximately 90lurae
percent olivine. The olivine crystals typically arery well
preserved but they appear to be fractured fragnuéniésger
grains. Their compositions range fromgf-to Fay; with a
mean composition of kg

K6 olivine has a tighter composition distributioanging
from Fay to Fay,. The Phoenix mean olivine composition is
Fogo but the distribution is wide with discrete olivias low

as Fg, and as high as kg Although the mean olivine
compositions from the Alberta kimberlites are hightean
the mean from kimberlites worldwide (Mitchell, 199&ey
are still reasonable compositions for kimberliteviak.

For all of the olivine analyzed, there is no observ
correlation between major cation abundances and Mg-
number. Considering the poor preservation of theirs
and, except K4B, the lack of euhedral olivine iry af the
kimberlites, the possibility exists that these ilés are

continuum of compositions evident in Figure 3C ofmantle derived xenocrysts.

decreasing Al- and increasing Ti-content with imsiag

degree of differentiation. These spinels group altoe MU

end of magmatic trend 1.

The Legend spinels range from 0.015 to 0.15 mm aed
dominantly single anhedral crystals but do occur
aggregates and intergrown twins. Spinels with aelture

are rare. Compositionally, these spinels are simdathe

Phoenix spinels — dominantly MU but the Legend slgin

are not as highly evolved as the Phoenix spinel?n

(Figure 3D).
Kendu spinels often are observed as componentargéd
spinel aggregates. These aggregates are commo

associated with Fe-sulphides. Atoll textured spEnare

atypical. The spinels range from 0.01 to 0.3 mng a

commonly fractured and have embayed margins. Figkre
exhibits the unique composition of the Kendu sgingith
respect to the other kimberlites. Most of thesenalgi are
highly differentiated and contain no appreciableoamnis of
Cr or Al such that they mostly plot near the uhidsp apex

of the reduced spinel prism, although a few AMC ar
observed. Both B&and Ti increase rapidly with increasing
and/or
Th

differentiation indicating a high magnetite
titanomagnetite component in these spinels.
compositional trend of the Kendu spinels followsgmatic
trend 2, progressing from AMC to ulvéspinel-magteetind
titanomagnetite with increasing degree of diffeiaitn.

OLIVINE CHEMISTRY

The analyzed olivines are anhedral, commonly rodnded

mostly pseudomorphed by serpentine and/or secondar
calcite. Indeed, olivine from Legend and Kendu dmt n

appear sufficiently fresh for reliable microprobealysis.

r

DISCUSSION

ir]From the mineral chemistry of K4B, K6 and Legendd a

the absence of minerals atypical of kimberlite,stheocks
can be classified as genuine group 1 kimberlitésat The
samples are taken from juvenile lapilli-bearingterdacies
kimberlite does not seem to limit the usefulnessth
ineral chemistry for classification of the rocks.
Kendu cannot be classified as a group 1 or group 2
nlfimberlite. The mineral chemistry of both the pldpde
d spinel are distinct from compositions observed
kimberlites (Mitchell, 1995).
Both K4B and Kendu are peculiar in their respective
kimberlite provinces. The sample from K4B may reerd
an olivine crystal tuff. The phlogopite data sudgdsat
Kendu may be a lamprophyre or a strongly hybridized
kimberlite. Unfortunately, the spinel data do ndfep any
further constraints. The non-diamondiferous natwke
endu may indicate that the magma was derived feom
shallow lithospheric source. K4B and Kendu warnauore
éjetailed investigation.
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A, B Fe;TiO4
7/

Figure 3. Plots of spinel composition shown in the reducededp
prism. Spinels from magmatic trend 1 are plottedray points
and magmatic trend 2 as light blue points (Mitci€95). A, B:
shows the K4B (magenta) and K6 (green), C: Phoéhixegend,
and E: Kendub»
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