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INTRODUCTION

Exploration by Mgesca Resources in the
Wemindji area of Northern Quebec has resulted in the
disoovey of several sub-horizontal sills of kimberlite
emplaced in agranitic-gndss terrain.

The Wemindji kimberlites occur as thin
dike/sill-like bodies, rangi ng from about 8 cmto 1 meter
in thickness in verticd drill core samples. T hey exhibit
an extremely wide variation in their macroscopic
appearance, rangi ng from fine grained macrocryst-free
aphanitic dolomitic hypabyssal kimberlite to
ilmenite/garnet macrocryst-dominated hypabyssal
kimberlite. Flow differentiation festures and multiple
intrusion within a given dike/dll are characteristic.
Regardless of the extreme macroscopic and micraoscopic
variation in mode and texture, the kimberlites are all
simply variants of single minerdogicd type of
kimberli te; namely macr ocrystal spinel-ilmenite-apatite-
phlogopite-dd omite hypabyssal kimberlite Crater- and
diatreme facies kimberlites are not present.

Macroscopic Character

Macroscopically, the Wemindji kimbelite
dikeg/silIstypically exhibit fine grai ned macrocryst-free
marginsandinternal crystal sizegrading. Thisfeatureis
particularly well-seen in core 02-10, in which an 8 cm
thick dike isintrusive intogranite. At the contads the
finegrained phaseis 1cm and0.5 anin thicknessat the
upper and lower margins of the dike, respedively. The
bulk of the dike exhibits narmal gradng with adecrease
in the size of olivine macrocrysts from thebottom to the
top of the dike. Grading is particularly evident in the
macrocryst-rich dike 02-26. Here the bottom portion of
thesill contains close-packed ilmenite, garnet andolivine
macrocrysts, with gradation upwards into macrocrystal
kimberlite containing fewer and smaller macrocrysts. In
the closely-packed macrocryst-rich partions of this unit
the kimberlite matrix comprises less than 10% of the
rock. Other discreteintrusionsinthelower compositesill
of core 02-09 exhibit similar sizegrading.

The lower camposte dll encuntaed in cre
02-09 aso contains (at 15.3 - 15.6m) multiple thin units
of fine-grained carbonate-rich aphanitic hypabyssl
kimberlite. Individual bands range from 0.25 - 1 cm in
thickness, and differ madally with respect to the opagque
mineral to carbonate ratio. Thin black bands (0.1-
0.2mm) of oxide-rich material are common within this
unit. Erosional contacts between modally-diffeent bands
of kimberlitewithin compositesillsarecommonly found.
Because of the extreme modd variation between and
within sills It is not possible to corrdate intrusions
between the various drill hdes.

Small (<1 cm) xenaliths of granite, phlogopite-
pyroxenite, and harzburgite accur within the sills. The
upper portion of core 02-26 (from 22.70-23.20m)
contains many such xenoliths. A large (4 cm) rounded
harzburgite xenolith occurs a 23.2 m in this core.
Rezctions of the kimberlite with the host granitic rocks
range from none to bleaching and chloritization.

All of the diverse macroscopic textural features
result from flow differentiation of very fluid, low
viscodgty carbonate-rich kimberlite. Unusua aspects of
the Wemindji kimberlites are: (1) the presence of
complex, composite, flowv-differentiated dikes/sills; (2)
the exceptional concentration o large (1-:2 cm)
macrocrydsinsomeof the sills. With regard totheletter,
such macrocryst-rich kimberlites are rare, one notable
example occurring in one of the kimberlite units at the
Monagdery Mine (RSA). Flow differentiated carbonate-
rich sills areknown from the Benfantein and Wesselton
Mines (RSA). These i ntrusions have many similarities
with the Wemindji sills, in particular the flow-
differentiation, “graded bedding”, and erosional features.
Unlike the Wemindji sills they are characterized by
diapiric segregations of carbonate. Although carbanate
segregations are present in theWemindji slls they tend
to besmall, irregular and dongated by flow.
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Petrographic Character
Macrocrysts

Angular xenocrysts of quartz are common in
many samples. These do not exhibit any reaction
margins. Olivineisthedominant macrocrystin all of the
kimberlites. It formsrounded-to-anhedral crystalswhich
can be concentrated by flow differentiation. All
macrocrystal olivines ae completely pseudomorphed by
pale yellow lizardite. Typicaly, the olivines contain at
their marginsmany small subhedral-to-euhedral crystals
of deep red rutile. Such inclusions are ebsent from the
cores of the grains suggesting that aiginally the
macrocrystal olivines possessed mantles of a different
composgtion, i.e. similar to that of the groundmass
olivine (see below). Some macrocrystd olivines have
been replaced by quartz plus serpentine. This style of
pseudomarphing is evident in the thin contaminated sill
ocaurring at 12.5 - 13.0 m in core 02-09. Degite the
abundance of carbonate in these rodks prograde
pseudomorphing by carbonateis rare.

Many of thekimberlites contain irregular plates
of colourlessto-pale orange pleochroic phlogopite.
Typicallythesearealtered along cleavageplanestogreen
chlorite.

Magnesian ilmenite occurs as rounded
macrocrydsup to 2 anin sizein cores 02-22 and 02-26.
Typically, these are single crystals but mosaic-textured
examples also occur. In terms of their composition they
contain from 7 - 13 wt.% MgO and <2 wt.% Cr,O,.
Magnesianilmenite also accurs as irregular microaysts
throughout the groundmass of the kimberlites (Table 3)
These can contain up to 23 wt.% MgO and are typically
mantl ed by dther pure ilmenite, Mn-Nb-ilmenite (Table
3) and more rardy by spinel.

Garnets are common in cores 02-22 and 02-26.
They are rounded and/or elongated and have well-
developed kel yphitic rimsconsisting of micaand spinel.
The crystals analysed were low Ti, low chrome (2-3
wt.% Cr,O;) pyrope (i.e. GL/G9 garnets). In core 0-26,
fresh orthopyraxene is canmon as large rounded
macrocrysts.

Groundmass

In addition to olivine and magnesian ilmenite
microcrysts the groundmass is composed of:
microphenccrystal olivine, spinel, ilmenite, Mn-Nb
ilmenite, rutile, apatite, phlogopite - barian phlogopite,
badde eyite, REE-phophate, serpenting caldte and
dolomite.

Microphenocrystal  olivine forms  small
euhedral-to-subhedral crystals The mgority o the
crystalsarenow completely pseudomorphed by lizar dite.

Typicaly the crystals contain randomly-ori entated
inclusions of deep red rutile. Similar inclusions accur in
the outer marginsof the olivine maaocrysts suggesting
that the later have been mantled by divine of the type
which forms the micrgphenocrysts Rarely divine is
replaced by dolomite and apatite Relict divines (Table
1) are typicaly uniform in compositi on with Mg#'s of
0.89-0.91, rarelyirregular cores of Mg-rich material are
found (Mg# 0.93).

Spingl occurs as euhedral-to-subhedral opague
crystals5 - 60micransin size. Themagjority of the bona-
fide groundmass spinels are Cr-poor members o the
gandilite (magnesian ulvospinel) - ulvoginel magnetite
series with significant contents of MgAlLO, spinel (10 -
14 mol.%). (Table 1). The gandilite content can range
from 20 - 50 mol. Mg,TiO,. Individual dlls contain
spinels of differing compasition. Disarete anhedral Cr-
rich relict cores are rarely present. In some samples
spinelshaverelatively Mg-poor, Fe-rich cores which are
zoned to Mg-rich, Fe-poor rims, i.e. towards gandilite
enrichment. However, typicaly groundmass spinds are
of uniform composition and are Fe-rich. The overall
trend of composi tiona changeisfrom Al-bearing spinels
through gandil ite-rich examples to ulvaspinel-magnetite
and ultimately to magnetite (Table 2). Baddeleyite
inclusions are common in the spinels. The spinel s have
Fe/Fe+Mg ratios of 0.55 - 0.72, Ti/(Ti+Cr+Al) > 0.49,
and Cr/Cr+Al < 0.1, i.e. they plot of the back face o the
reduced spinel prism and follov spind compaositional
trend1. Thespinel compositionsindicatethat theserocks
are highly-evolved kimberlites The presence of a
MgAl,O, component coupl ed with very low Cr suggests
that the magma could have been caontaminated with Al
derived from the country rocks. Al rardy present are
large rounded miaocrysts (< 0.5mm) bdonging to the
solid solution saies (FeMg)Cr,O, - Fe,O, with only
small amounts of gandilite (< 6 mol.%).

Phlogopite occurs as euhedra  zoned
micrgphenocrygs ( 50 x 25 um), ragged <Keleta
microphenocrysts (20 x <10 um), and fine grained lahs
(<5 um x 1 um) in interstices between carbonates. The
distribution is very irregular, e.g. some ddomiterich
samples do not contain any phl ogopite, whereas other
petrographically-similar samples contain 10-20 vol. %
phlogopite. Zoned crystals consist of a rounded discrete
core of phlogopite and a euhedral mantle of barian
phlogopite(5- 9wt.% BaD), i.e. phlogopite-kinoshitalite
solid solutions (Tade 2). Different samples contain
micasof differing compasition.

IImenite is common as anhedral-to-subhedral
groundmass crystals and as reaction mantles upon
magnesian ilmenite microcrysts. This groundmass

8" International Kimberlite Conference Long Abstract 2



ilmenite(Table3)istypically relativey-pure FeTiO,with Table 1. Compositions of Olivine
< 1.0 wt.% MgO. Howewer, some crystals are enriched

in MnNO (up to 12 wt.%) and Nb,Os (3 - 6 wt.%). Wt.%
Mantles of magnetite occur on some crystals. SiO, 4024 39.83 4093 40.18
Deep red-col aured rutileiscommon as anhedral FeO;, 702 1054 6.64 10.63
microcrygsin thegroundmass. Thismineral isprobaldy MnO 0.0 0.21 0.24 0.13
derived principal ly from altered olivine crystalsand is MgO 51.12 4846 51.39 4811
strewn  throughout the groundmass during the Cao 008 007 004 00
serpenti nization process Typically the crystalsare small 0846 9911 99.24 99.05
(< 20 um) and of subhedral-to-rounded habit. Niobium
contents can range up to 5 wt.% Nb,Os. Structural formula (O=4)
The major companents of the groundmass in Si 099 099 100 1.00
which all of the above are st are dolamite and apatite. Fe 014 022 014 022
The former is the principal carbonate found in these Mn - - - -
rocksand ocaursan anhedral interlocking plates. Insome Mg 187 179 18 178
samples dolomite is intergjown with calcite The Ca - - - -
dolomite contains < 0.5 wt.% FeO or MnQ, and the 300 300 300 3.00
cacite <0.4 wt% MgO, <0.2 wt% FeO and MnO.
Apatiteis abundant (10 -20 vol.% in somesamples) and mg# 093 08 093 089

forms large late-stage anhedral plates (100 - 200 um).
Prismatic apatite appears to be absent. The apatite
containsminor (1 -2 wt.%) to significant (10 - 12 wt.%)
amounts of SrO, depending upon sample. In care 02-09
Sr-apatite (5- 10 wt.%) coexistswith abundant |ate-stage
REE-phosphate(25.1wt.% Ce,0;, 14.8wt.%La,0;,13.4
wt.% Nd,O; 2.3 wt.% SO, 6 wt.% CaO, 1.3wt.% FeO,
4.7 wt.% SO;, 25.3 wt.% P,O5. Wemindji kimberlitesare
relatively-poor in serpophitic serpentine although this
material is rarely present in the groundmass.

These rocks areunlike mog kimberlitesin that
perovskitedoes not appear to be present as agroundmass
primary mineral. Other minerals which are alsent in the
sections examined incl ude: melilite and/or its al teration
products; andradite garnet; clinopyroxene; nepheling;
pectdite and other calcium dlicates

Concluding Comments

The Wemindji rocks are dol omite-rich highly-
differentiated hypabyssal kimberlites. In terms of
kimberlitenomenclaturethey range from dolamitespinel
kimberlite through macrocrystal dolomite apatite
kimberlite to garnet - magnesian ilmenite macroaystal
kimberli te. Thediversemodesandtextural featuresresult
from flow-differentiation and multipleintrusi ons of many
batches of gendicallyrelated kimberlite magma. The
kimberlites have been contaminated by reactions with
country rodk prior to their emplacement.
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Table 2 Representative Compositions of spinels

wt.% 1 2 3 4 5 6 7 8 9 10 11

MgO 935 1002 1538 2174 1894 1429 10.19 759 391 116 085
AlLO; 092 050 846 951 528 13.04 312 1.83 1.28 175 043
TiO, 801 657 1657 1873 1845 1811 1444 1341 1422 1425 0.73
Cr,0; 41.64 46.77 049 071 036 160 037 070 00 026 011
MnO 042 053 043 043 088 042 071 08 040 079 017

FeO; 4039 3413 56.13 4643 5274 57.04 6767 7134 7489 76.76 89.46
Recalculated Fe

FeO 2523 2196 2414 16.67 1920 2289 29.06 31.37 37.77 4166 29.81
Fe,0, 16.85 1352 3555 3362 3727 3415 4353 4442 4133 39.00 66.29
Total 102.42 99.87 101.02 101.42 100.38 101.06 99.78 100.14 98.84 98.88 98.39
Mol.% End member molecules

MgAIL,O, 153 0.87 11.35 12.19 6.90 12.02 3.34 2.60 1.88 2.63 0.66
Mg,TiO, 2542 2191 3061 43.69 4176 3415 2323 1847 9.48 1.33 1.97
MgCr,0, 3.78 14.06 - - - - - - - - -
MnCr,0, 1.00 133 - - - - - - - - -

- 0.62 0.59 1.24 0.40 0.92 1.25 0.63 1.28 0.16

M n2T| 04 -
FeCr,0, 4152 39.27 044 061 032 029 026 0.67 - 026 0.10
Fe,TiO, - - 1131 165 314 1089 1391 16.68 29.86 38.37

Fe0, 26.75 2256 4566 4126 46.64 4225 56.23 6033 5814 56.12 97.09

1-2 relict chromite-gandilite-magnetite cares; 3-4 core (spinel- ulvaspinel-gandilite-magnetite) and rim (spinel-
gandilite-magnetite) of zoned spinel; 5 11 iwlated euhedrd-to-subhedral spindsin core 02-09illugdrating the
very wide rangein spinel canpositions.

Table 3 Representative Compositions of Imenite

wt.% 1 2 3 4 5 6 7 8
MgO 19.30 1573 1287 0.30 060 013 015 0.12
Al,O, 019 0.0 047 0.13 039 014 053 0.07
TiO, 55.00 5461 5321 5115 4791 49.46 9348 94.37
Cr,0, 161 214 075 0.0 316 0.0 0.0 0.0
MnO 059 069 027 117 526 11.18 0.0 0.10
FeO; 2251 2570 3323 46.60 4150 36.30 3.76 1.48
Nb,Os 0.20 1.28 0.0 051 032 284 063 261
Recalculated Fe (2 cations/3 oxygens)

FeO 1466 2175 2463 4484 37.04 36.00 - -
Fe,0q 872 439 956 1.96 496 033 4.8 1.64
Tota 100.27 100.59 101.76 100.06 99.64 100.08 98.97 98.91
Mol.% End Member Molecules

AlO, 025 - 063 019 058 022
Cr,0, 140 193 067 - 317 -

Fe,0, 722 377 814 187 473 033
Nb,O, 010 066 - 029 018  1.69

MnTiO; 110 133 052 252 1130 24.89

MgTiO; 63.30 5348 4343 114 227 051

FeTiO, 26.60 38.83 46.62 9399 7778 7237

1-3 macrocrystal Mg-ilmenite; 4-6 ilmenite occurring as mantles upon groundmass
spinels and ilmeni te macrocrysts; 7-8 rutile.
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Table 4. Representative Compositions of Phlogopite and Barium Phlogopite

wt.% 1 2 3 4 5 6 7 8 9
SO, 4237 3338 4150 3258 4238 3258 369 3589 3374
TiO, 0.0 097 00 033 09 025 040 059 0.63
AlL,O; 1071 1862 1021 1791 1025 19.28 1565 1718 1821
cr0O; 012 008 081 009 019 011 022 021 007
FeO; 359 200 472 155 474 165 282 183 225
MnO 008 026 00 025 037 00 0.0 0.0 0.0
MgO 2730 2428 2733 2382 2589 2516 26.79 2597 2494
Na,0 039 053 009 027 023 035 037 020 017
K0 1082 761 947 69 930 664 88 855 816
BaO 021 845 016 1030 0.0 1210 404 558 6.99
Total 9551 9625 9412 95.06 9423 97.87 9606 96.01 9516

Structurd formulaebased on 22 atoms of oxygen

Si 602 496 598 49 608 48 534 522 501
Al 179 326 173 321 173 338 266 294 318
Ti - 0.11 - 004 010 003 004 006 0.07

- - 009 001 002 001 003 002 001
Fe 043 025 057 020 057 021 034 022 028
Mn 0.03 0.03 0.05

Mg 578 538 587 563 553 559 577 563 552
Na 011 015 003 008 007 010 010 006 005
K 1.96 1.44 1.74 1.35 1.79 1.26 1.63 1.59 154
Ba 001 049 001 o061 - 071 023 032 041
1611 16,10 1599 1611 1583 16.10 1614 16.06 16.07

1-2, 3-4, 5-6, rounded cores and euhedral overgrowths (02-09); discrete gr oundmass
euhedral-to-subhedral crystals (02-22).
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