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ABSTRACT

A narrow post-orogenic kimberlitic dyko occur-
ring about 80 km southwest of Timmins consists
mainly of olivine and altered olivine (407o), phlogo-
pite (25Vo), and carbonate minerals (20Vo), and
lesser amounts of spinels, ilmenite, clinopyroxene,
serpentine, perovskite, and apatite. Among the
principal constituents, olivine crystallized first, fol-
lowed by phlogopite, and tlen by carbonate. The
spinel-€roup minerals increased in Fe, especially
Fee+, and Ti and generally decreased in Cr and Al
as crystallization proceeded. Pblogopite crystals with
dark riqs and norrnal pleochroism decreased in
Mg/Fe, Ti, and Al and increased in Si during crystal
growth. The ilmenite, unlike that characteristic of
kimberlite, is very low in Mg, Fee+, and Cr. The
clinopyroxene is non-xenoerystic salite, low in Cr
and Na and high in Ti. The carbonate is not a prod-
uct of weatlering; much of it may be late-crystalliz-
ing primary material, but possible formation by
selective replacement canoot be dismissed.

SoIUMAnB

Un mince dike kimberlitique post-orog6nique,
situ6 80 km au sud-ouesf de Timmins, cottiett 4OVo
d'olivine srine ou altfr&,25/o & phlogopite, 20Vo
de carbonates et des quantit6s plus faibles de spi-
nelles, ilm6nite, clinopyroxdne, serpentine, perov-
skite et aFtite. Quant l la cristallisation des min6-
raux principaux, I'olivine a pr6c€d6 la phlogopite,
et les carbonates se sont fdrrn6s apGs celle-ci. L€s
minfu4p1 du grouDe spinelle se sont enrichis en Fe,
surtout Fes+, et en Ti, et appauvris en Cr et Al au
cours de la cristallisation. ks cristaux de phlogopite
i bordure sombre et l pl6ochroisme normal ont
subi une diminution de Mg/Fe, Ti, et A1, aYec aug-
mentation de Si durant leur croissance. Contraire-
ment b celle que fon touve habituellement dans la
kimberlite, film6nite est ici trls pauvre etr Mg, Fe8+
et Cr. Le clinopyroxbne est une salite non-x6nocris-
tique, pauvre en Cr et Na et riche en Ti. Les car-
bonates.r6sultent noo pas d'rme alt6ratiou de sur-
face, mais probablement (en grande partie du motns)
de cristallisation primaire tardive, quoique I'hypo-
tlbse d'un remplacement s€lectif ne puisse pas Stre
6cart6e,
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INrxooucrtoN

During the course of exploration for metal
deposits, an ultrabasic dyke showing many of
the mineralogical, chemical, and textural charac-
teristics of kimberlite was intersected in a drill
hole in Keith Township, Ontatio, approximately
80km southwest of Timmins. Sirnilar narrow
post-orogenic kimberlite and kimberlitic dykes
bccur elsewhere in the Canadian Shield, e.9., i\
Michaud and Gauthier Torrnships, Ontario
(Satterly 1949l' l-er. & Lawrence 1968) and in
Lesueur Township and the Arvida area, Que-
bec (Watson 1955; Gittins et aI. 1975). The
dykes in Gauthier tp., Arvida area' and Lesueur

@. have been dated by K/Ar in phlogopite- as
151.t9, 564, ard 1100 m.y., respectively (Wan-
less e/ al. 1967; Doig & Barton 1968; Watson
1967). Despite the great range, these ages are
all much ybunger than the times of last major
deformation, metamorphism, and granitic in-
trusion which affected the enclosing rocks.

The dyke, vrhich was intersected at a vertical
depth oi 53m, is only 0.4m thick. It Ttrydo
completely recrystallized, well-laminated rhyo-
litic tuff, rich in quartz and serisite.

Nol.sNcr-eruRB

In a critical reappraisal of the petrographic
nature of kimberlite and its features of petro-
genetic sipificance, Mitchell (1970) proposed
the fofowing definition: "Kfunberlite is a por-
phyritic, alkalic peridotite, containing rounded
and corroded phenwrysts of olivine (serpentin-
ized, carbonatized, or fresh), phlogopite (fresh
or chloritized), magnesian ilmenite, pyrope and
chrorne-rich diopside set in a fine-grained
ground.mass composed of second-generation
olivine and phlogopite together with calcite
(and/or dolomite), serpentine (and/or chlorite),
magnetite, perovskite, and apatite. Diamond and
garhet peridotite xenoliths may or may not
occur."
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In a review of kimberlite geology, Dawson
(1971) stated that kimberlite ..has an inequi-
granular texture, the porphyritic aspect being
due to megacrysts of olivine, enstatiti, chrome-
diopside, pyrope, picro-ilmenite and phlogopite,
set jn a finer-grained matrix of which ierpeniine,
c-arbonates, phlogopite magnetite and perov-
skite form the major part . . . The term tnegu-
cryst'is used since it is apparent that some crys-
tals are xenocrysts and others are phenocrysti."
Dawson concluded that ,,many of the mega-
crysts are derived from fragmentation of mantle-
derived garnet lherzolite (blocks of which are
embedded in the kimberlite) and are in various
stages of reaction with the kimberlite rnatrix"
and he emphasized that "kimberlite is a hvbrid
rock that results from incorporation of ieno-
crysts and xenoliths of mantle origin into a liquid
or fluid of very different chemical composition.',

One might require that megacrysts of at least
one, and preferably more, of the minerals py-
rope,- chromian diopside, and enstatite be pre-
sent before considering a rock a true kimberlite.
Usually, these minerals are sparse and erratically
distributed in kimberlite; in some cases, their
presenc€ may be revealed only after a consider-
able amount of rock has been concentrated
mechanically. Thus, in occurrences such as the
one in Keith township, where the amount of
sample available for examination is verv limited.
the requirement that one or more of 

-the 
min-

erals pyrope, chromian diopside, and enstatite
be present may be difficult to apply. Neverthe-
less, as none of these minerals has been ob-
served in the rock from Keith township, and

TABLE 'I. I'IINERALOGICAL COI,IPOSITTON OF (II,IBERLITIC ROCK
AND KII4BERLITE (PERCENTAGE BY VOLUI4E)

MINERALOGIST

as the ilmenite is not magnesian, we refrain from
calling it kimberlite. Instead, we refer to it as
a kimberlitic dyke, just as Brown et al, (1967)
and Gittins et al. (1975) have done for somewhat
similar rocks from the Abitibi River, Ontario
and the Arvida area, Quebec, respectively. The
designation 'alkaline ultramafic' is not suitable
as an alternative to kimberlitic, as the terrr
covers many rock types. Moreover, most of the
alkaline ultramafic rock types contain abundant
feldspathoids or melilite or both.

TExruRE AND MTNERALocIcAL CotvtposntoN

The dyke consists mainly of olivine and
altered olivine, phlogopitq and carbonate min-
erals; it contains lesser amounts of opaque spi-
nel, ilmenite, chromite, clinopyroxene, perov-
skite, apatite, serpentine and in a few specimens,
pyrite and quartz (Iable 1). The rock is massive,
medium- to fine-grained, and generally panidio-
morphic; most of the olivine and its pseudo-
morphs, some of the phlogopite, and most of the
spinel, clinopyroxene, perovskite, and apatite
are euhedral to subhedral. Seriate texture, in
which the larger grains consists of olivine, pseu-
domorphs after olivine, and phlogopite, is co.m-
mon. A few rounded megacrysts of olivine and
altered olivine, up to L8mm in diameter, are
present. Extremely fine-grained zones, contain-
ing carbonatized olivine phenocrysts, extend for
a few mm from the contacts.

Almost all of the olivine is altered to tals or
bowlingite or is partly replaced by carbonate.
Electron-microprobe analyses of the core and
rim of a megacryst of fresh olivine showed that
it is al,most uniform and has the following com-
position: SiO, 38.7 wt,Vo, AlzOs 0.O9, Cr:Or 0.01,
FeO 18.9, MgO 42.1, CaO 0.17 (total 100.0 wt.
%); Fe/Ma*Fe O.201.

Nearly all of the phlogopite shows normal
pleochroism (a pale yellow, B and 7 orange-
brovrn). Most of the grains show no zonation in
color. A few thin sections, however, contain
phlogopite crystals with na.rrow rims that are
darker than their cores. A minute amount of the
phlogopite shows reverse pleochroism (a deep
orange-brown, B and y pale yellow). This occurs
as thin discontinuous rims on crystals of nor-
mal phlogopite or as $eparate fine plates. Elec-
tron-microprobe analyses of the cores of five
zoned grains (Nos. 1, 3, 5,'7 & 9, Table 2) arc
very similar. Comparison of ,analyses of the
narrow dark rims showing norrnal pleochroism
(Nos. 2, 4 & 6, Table 2) with those of their cores
(Nos. 1, 3 & 5, Table 2) shows that Mg/Fe, Ti
and Al decreased, Si increased, and K remained
approximately constant as crystallization pro-
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*  D o l o n i t e  a n d  n i n o r  m g n e s i t e  i n  N o s .  I  &  2 ;  c a l c l t e  i n  N o s .  4 - 6 .s  I n c l u d e s  s o m e  f i n e  o l l v i n e  a n d  p h l o g o p j t e . l n  N o .  3 ;  m a y  a l s o  i n -
c l u d e  s o m e  s h o r t l t e - - N a r C o r ( C 0 3 ) 3 - - i n  N o .  3  ( H a t k i n s o n  &  C h a o' 1 9 7 3 ) i  

n a y  b e  p s e u d o r c r p h o u s  a f t e r  m e l l l l t e  i n  N o .  5 .
"  I n c l u d e s  b o t h  d l s t i n c t l y  t r a n s l u c e n t  r e d d i s h  b r o M  c h r c m i t e  a n d

very reakly translucent splnel assoclated with opaque spinel i r .
- N o s . 1 & 2 .^  I t a y  l n c l u d e  s m e  l e u c o x e n e  a f t e r  l l m e n l t e  i n  N o s .  I  &  2 .

I  and 2. Kejth Tomshlp, ontar io
3.-Gauthier TomshJp, Quebec (Lee & Lamence l969).
4-6. Lesueur Townshlp, Quebec; No. 4 ls averaqe 6f four smoles

( H a t s o n  1 9 5 5 ) i  N o .  6  t s  a v e f a g e  o f  t w o  s a m p l e s  ( B r o o k l n s  & ' W a t s o n
1 9 6 9 ) .
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ceeded. Analyses of the thin discontinuous rims
with reverse pleochroism (Nos. 8 & 10, Table
2) show that with respect to their cores, the rims
are higher in Mg/Fe and Si, lower in Ti and Al,
and very similar in K (Nos. 7 & 9, Table 2).
Unlike a phlogopite with reverse pleochroism
analyzed by Emeleus & Andrews (1975), that
from Keith township is not unusually low in
Al nor high in Fe. Reverse pleochroism in phlo-
gopite has been ascribed to the presence of te-
trahedrally coordinated Fe+e; accordingly, the
name 'tetrafeniphlogopite' has been proposed
(Hogarth 1964; Rimskaya-Korsakova & Soko-
lova L964; Faye & Hogarth 1969;Hogatth et aL
D7q .

Much of the carbonate forms a matrix of an-
hedral grains in which predominantly euhedral
to subhedral crystals of other minerals are em-
bedded. The carbonate itself is generally euhe-
dral where it is in contact with the fine-grained
serpentine of the rnatrix. X-ray examination of
two specimens shows that the carbonate is dolo-
mite with minor magnesite.

The occurrence of the colorless clinopyroxene
as.minute euhedral to subhedral grains indicates
that clinopyroxene crystallized from the magma
and is not xenocrystic. The clinopyroxene is
salite (Table 3), somewhat similar chemically
to the titaniferous aluminous salite occurring as
a minor constituent in the groundmass of kim-
berlitic-carbonatitic dykes in the Arvida area,
Quebec (Gittins et aI. 1975) and to the euhedral
groundmass diopside that forns as much as 23%
of some kimberlite sheets in southwest Green-
land (Emeleus & Andrews 1975). On the other
hand, the salite is markedly dissimilar from tbe
bright green chromian diopside that occurs as
xenocrysts and as a constituent of garnet lherzo-
lite xenoliths in some kimberlites. The latter is
much higher not only in CrgOs but also in NazO,
much lower in TiOs, and lower in CaO/MgO
than the clinopyroxene of the Keith township
rock (see Ahrens et aI. 1975, and Nixon 1973,
for numerous analyses of chromian diopside).

Electron-misroprobe analyses of spinel-group
minerals are listed in Table 4. These spinels in-
clude sparse, distinctly translucent, reddish
brown chromite, srhich ocsurs as small euhedral
inclusions in olivine. This chromite is high in
Algos and MgO (Nos. 1 & 3, Table 4). Analyses
of three different parts of a single chromite grain
are aLnost identical (No. 1). Opaque rirns on
these reddish brorrn grains contain much rnore
Fe (especially Feros), much more TiOr, less
CrzOg, and in one case, less AlrOg than the cores
(Nos. Z & 4, Table 4). Similar compositions have
been reported for aluminous red chrome spinels
and their mantles of titaniferous opaque chrome

TAELE 2. ELECTRON-MICROPROBE AMLYSES OF PHLOGOPITE

Sl0 ,  35 .7  38 .8  36 .6  39 .1  35 .3  39 .2  37 .3  40 .6  37  '2  39 '7
i i o ;  r . a g  z . g o  3 . 7 2  2 , 2 5  3 . 7 9  2 . 3 3  3 . 4 4  l . 3 l  3 . 6 4 , 1 . 2 3
a i ,o ,  t7 ,q  l3 .o  16 .5  11 .6  16 .9  12 .0  15 .3  11 .2  16 .6  12 .7
a ; ;0 ;  0 .00  0 .00  0 .00  0 .00  0 .00  0 .00  0 .0  0 .00  0 .00  0 .00
reo; '  8 .86  12 .5  8 .96  l l .7  8 .78  10 .4  8 .8  8 .22  9 .10  8 .49
ido rs.i ts.: 2o.o 20.3 19.9 21.3 20.6 23.4 20.2 22.7
c ;0  o . ts  0 .16  0 . lo  0 .  t5  0 :10  0 .15  0 .08  0 .09  0 . l l  0 .22
i i ro  o .z t  0 .21  0 .23  0 .21  0 .23  0 .25  0 .27  0 .19  0 .22  0 .20
&b 9 .39  9 .65  9 .70  9 .86  9 .50  9 .77  9 .83  9 .89  9 .37  9 .64
i to - '  4 . t5  3 .44  4 . tg  4 .85  5 .53  4 .63  4 ,29  5 .11  3 .57  5 .10

Tota l  tO0.0  100.0  loo .0  100.0  100.0  100.0  100.0  t00 .0  100 '0  100 '0

NUIEER OF CA'IIONS ON I1IE BASIS OF 24 OXYGENS

sf 5. t26 5.741 5.296 5.686 5.037 5.677 5.395 5.789 5.411 5.655
ii o.,ir i o.::o o.cos 0.247 0.407 0.254 0.374 0.140 0.3es q.132
ei 2.gst 2.260 2.815 1,9 2.844 2.046 2,607 1.a77 2.w 2.145
ii 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 9.000
i ; . *  i .065  i . sqg  i .oao 1 ,427 1 .049 l .?68 1 .075 0 .980 1 .106 1 .012
t4; i ' .r,4 4.255 4.329 4.393 4.24s 4.600 4.454 4.975 4.363 4.830
d d .or i  0 .02s  o .o l6  0 .023 0 .016 0 .023 0 .012 0 .014 0 .017 0 .034
ri o.osg o.osg o.ooo o.060 0.064 0.069 0.074 0.052 q.062 0.056
i l .  i . i z :  t . sz ' t  t . tgz  r .B3o I  .731 I  .806 1 .815 1 .799 1 .737 1 .753
ir' t.s8g 3.423 4.063 4.743 5.314 4.511 4.166 4.897 3.485 4.890

Toiat 20.178 19.463 19.868 20.403 20.707 20.254 19.972 20.523 19.423 20.W7

Mg/Fe 3.965 2.747 3.986 3.079 4.047 3.628 4.143 5'077 3'945 4'773

r T o t a t  F e  a s  F e o .  * * D l f f e . e n c e  b e t { e e n  t o t a l  o f  e l e c t r o n - n l c r o '
o r o b e  a n a l v s l s  a n d  1 0 0 . 0 % .
i t o s . 2 , 4 , ' a n d  6  a r e  d a r k  r l m s  l l t h  n o t m a l  p l e o c h r o J s n  o n  c o t e
N o s .  l ,  3  a n d  5 ,  . e s P e c t l v e l Y .
i , i i i -  a ' a n a  l o  a i e  r l i r s  r l t h  i e v e r s e  p l e o c h f o l s m  o n  c o t e  l l o s '  7
a n d  9 ,  f e s p e c t l v e l Y .

spinel occurring in kimberlite from Somerset
Island, N.W.T. (Clarke & Mitchell 1975).

In contrast to this $parse, distinctly translu-
cent chromitq most of the spinel in the rock is
either opaque or almost so, and strongly mag'
netic. Much of this spinel for,ms 0.01 to 0'02mm
euhedra that are included in phlogopite and car-
bonate. Some of these spinel grains have dark
grey, very weakly translucent cores and some-
what lighter grey opaque rims. The analyses
show that most of these opaque and almost
opaque spinels are high in CrzOs but contain
more felo, and TiO, and generally less AleOa
than the distinctly translucent ones (Nos. 5'16,

TABLE 3. ELECTRON-I4ICROPROBE AMLYSES OF CTINOPYROXENE

50.1 4s.2 49.1 50.1 50.1 50.7 51.0 51.6- i ' .20 
z.at  i  .89 2.82 2,15 2.46 2.58 l .qq

Z .L  r . 8s  3 .07  2 .63  1 .78  1 .e5  2 .01  l . 5 l
0.02 0.00 o.o2 0.03 0.00 0.00 0.00 s 'qq
i . , i  , .08 6.70 7.50 7.05 7.2 ' t  7.80 6.e4
b. lo 0.25 0,26 0.33 0.32 0.30 0.32 0.35

te . s  13 .4  13 .7  13 .4  13 .9  14 .0  13 .6  14 .0
23.7 23.6 24.0 23.7 23,6 23.9 23.3 23.7-0.  

i io  o.  sg 0.52 0.63 0.56 0.62 0.70 0.58

IOO.7 98.6 99.3 |O1.I  99.5 I0 l .  l  |01 .3 100.3

NI.IMBER OF CATIONS ON'THE BASIS OF SIX OXTCENS

Sl0z
T i0z
Al z0r
Cr203
Feor
Mn0
Mso
Ca0
Na 20

sl
TI
A]
Cr
Fe2t
Mn
flg

Na

Total

Total

1.867 1.873 1.853 1.860 
' , I .886 1.879 1.886 1.919

6.oez o.ot t  0.054 0.079 0.061 0.069 0.072 0.0{ !
o.o iJ o.oal  0.137 o. l l5 0.079 0.085 0.088 0.066
o.ooo o.ooo 0.001 0.001 0.000 0.000 0.000 0.000
o'.zto 6.lzl o.zlz o.zst 0.222 0.224 0.241 o.215
o:oot  0.008 o.ooe o.oto 0.010 0.009 0.010 0.01 I
0: te i  0: ta8 0.770 0.741 0.781 0.774 0.751 0.778
o.irqe o.!o: 0.970 0.941 o'953 0.e48 0.9?3 9.919
o:o,ir 0.04e o.o:i o.oqs 0.041 0.044 0.050 0.042

4.044 4.028 4.044 4.025 4.033 4.032 4.021 4.022

*lotal Fe as Feo.
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TABLE 4. ELECTRON.I{ICROPROBE ANALYSES OF SPINEL

1 41 31 2l ll 0

s i 0 ,  0 . 00  0 .07  n .d .  n .d .  0 .00  0 .06  0 .07  0 .06  0 .07  0 .07  0 .10  0 .06  0 .?6  0 .08  0 .09  0 .08  o . zsT i0z  0 .09  4 .51  0 .48  3 .q9  0 .8s  l .  l l  0 . 03  3 .82  3 .46  4 .70  4 .A1  i . l t  5 , 57  5 .23  3 .67  6 .61  . 14 .4
A l z&  27 .4  20 ,9  19 .8  20 . . !  16 .9  19 .7  27 .2  15 .9  15 .9  15 .7  l 7 : r  t i . r  t 8 . 5  e r . q ' r 0 . i '  z z .1  3 .34cr203 40.5 3r .3 47.5 33. . i  4r .z 43.7 43.6 4z. t  4r . r  37.0 36: i  lb .z 3r .4 ?5.7 is .s a l . i  r .5rFe203 t  4 .80  l  r . 7  4 .02  r2 .4  7 .27  6 .60  2 .08  8 .20  9 .50  r0 .8  g . r g  i  t . s  12 .1  r 5 .6  7 .66  t 6 :6  35 .0Feo 13.0.  18.3 16.1 17.4 13.2 17.2 12.3 17.s 17.5 18,2 tS.r-  i i . r  20.0 17.4 ta.a ia.3 43.0Mno 0.23 0.27 0.49 0.50 0.24 0.31 0,2 ' t  0.27 0.30 0.30 o. iz  o.zg 0.29 0,26 0.21 o. lo 0.04
{s9  r9 .1  13 .6  12 .6  13 .7  14 .4  12 .4  15 .9  13 .?  l 3 .O  r : . i  i .A  r 3 . s  r 3 .3  14 .6  16 .2  14 .6  0 .73cao  0 .07  0 .2 ' t  n . d .  n .d .  0 .03  0 .04  0 .05  0 .09  0 .31  0 .24  o .oa  o . i z  o .oo  d . i r  

' o . oz  ' o . o+  
o .b i

To ta l  101 .5  100 .9  101 .0  l 0 l . l  100 .1  101 .1  101 .4  10 t . 5  l 0 t . l  100 .1  100 .2  101 .9  101 .5  100 .4  97 .g  98 .9  99 . t

CATIONS NORJ,IALIZED TO 24 PER FORi,IULA UNIT

0 .000  0 ' 015  n .d .  n .d .  0 .000  0 .015  0 .015  0 .015  0 .017  0 .0 t7  0 .0?6  0 .014  0 .063  o .o ' l g  0 .022  0 .021  0 .0740.016 0.834 0.089 0.720 0.159 0.206 0.006 0.719 0.6s4 0.995 0.875 0.965 1.037 0.963 o.aaz l .zzg l t .z lz
7.590 6.059 s.785 5.824 4.9a2 5.756 7.524 4.671 4.706 4.69s s. tso a.ggs s.4oq astz g.ast  o.sor i . igz
7.529 6.083 9.290 6.445 9.332 8.570 a.065 8.3t9 s.r58 7.410 t .zos a.sgg o. iqs s.gga a.eos l .s i i  0. i56
0.849 2.160 0.749 2.289 t .36s r .232 0.367'1.542 1.796 2.06s 1.857 2.150 ?.254 2.880 r . :zq t .o iat  i .s ia
2.550 3.762 3.326 3.591 2.751 3.s69 2.404 3,736 3.623 3.852 4.068 3.963 4.114 3.557 z.gts 3, iegn, i io
0.045 0.055 0.103 0.104 0.051 0.06s 0.043 0.056 0.063 0.064 0.068 0.062 0.062 0.054 o.oqt  o.o6i  0.dog
5.405 4.976 4.6s7 5,028 5.349 4.576 5.56s 4.921 4.8rrs 4.931 4.746 4.s06 s.9oo s.aas s.zos s.ssg 0. i i l
0 .017 0.056 n.d.  n.d.  0.008 0.011 0.012 0.023 0.0S4 q,06!  0.02? 0.045 o.oL5 0.02s O.ooe o.orr  o.2se

T l
AI

Fe 3{

Fe4
Mn
Mg

* Calculated assumlng stoichiometry, by the method of Finger (1972).
Nos. I and 3 are dJstinctly iranslucent redd.lsh brorn chromlte.
Nos. 2 and 4 are opaque rims on Nos. I and 3, respectJvely.
Nos. 5-17 are opaque and alnost opaque sp.lnels.
No. l5 is core, llo. l6 intermedlate zone, and No. 17 magnetite rim of one graln.
n.d. - not determined

Table 4). The titaniferous magnetite rim of one
grain s.tlrirs relatively little MgO, Cr:Oa, and
AlrOa (No. !7, Table 4). Most of the opaque
spinels could be considered members of the
chromite series, as Cr is their dominant trivalent
ion @eer et aI. 1.962), but they are listed sepa-
rately from the translucent chromites as "opaque
spinel" in the modal analyses (Iable 1).

In a thorough study of opaque minerals in

TAELE 5. ELECTRON-MICROPROBE ANALYSES. OF ItJ,lENITE

Sl0 ,  O.42  0 .51  0 .83  0 .08  0 .41  0 .16  0 .20  0 .30
T io ,  52 .1  52 .3  52 .3  53 .0  53 .4  54 .6  50 .4  59 .2
A lz0r  0 .00  0 .00  0 .48  0 .00  0 .20  0 .09  0 .00  0 .00
Cr203 0 .04  0 .03  n .d .  n .d .  n .d .  n .d .  0 .00  0 .02
F€203*  0 .26  0 .00  0 .00  0 .00  0 .00  0 .00  2 .23  0 .00
Feo 46.6 46.2 43.7 44.8 44.5 44.5 45.3 37.9
Mno 0 .21  0 .02  0 .14  0 .17  0 .35  0 .38  0 .24  0 .14
Mgo 0 .04  0 .19  0 .86  0 .06  0 .27  0 .13  0 .09  O.2O
C a o  0 . 3 0  0 . 1 0  1 . 0 0  0 . 7 9  0 . 3 2  0 . 3 5  n . d .  0 , 7 0
Tota l  100.0  99 .4  99 .3  98 .9  99 .5  100.2  98 .5  98 .5

kimberlite, Haggerry (1975) has found that: (1)
complex zoning is common in the spinels; (2)
early formed spinels are enriched in the compo-
nents FeCrgOe, MgCrrOa, FeAlzOa and MgAlrOn;
(3) the overall trend with increasing crystalliza-
tion or solid-state reaction is toward enrichment
in Ti and Fe, especially Fe"*; (4) kimberlite
spinels are characteristically high in MgO, FeO,
FerOs, and TiOr. In generalo the observations
made in our limited study of the spinels agree
with those of Haggerty.

Ilmenites occurring in kimberlite are charac-
terized chemically by high MgO content (com-
monly ) l0 wt.Vo), intermediate to high FezOa
content (commonly ) 5 wt.Vo), and CrrOa con-
tents commonly ) 1 wLVo (e.g,, Haggerly 1975;
Mitchell 1973; Boyd & Nixon 1973). In con-
trast, those from tle Keith township ki.mberlitic
dyke are very low in MgO, FeaOs, and CrzOo
(Table 5). Analyses of core and rim of the satne
grain are almost identical (Nos. 1 and 2, Table
5). Many of the ilmenite grains are partly al-
tered to leucoxene and display optically and
chemically the alteration stages recognized by
Bailey e/ al. (1956).

A little quartz, associated with carbonate, was
seen in a few sections. Excellent evidence that
quartz, in minor amount, may occur as a primary
phase in kimberlite has been reported recently
(Dawson & Hawthorne 1973).

si
Ti
AI
Cr^
:.-2r
f e

Mn
Mg
Ca

CATIONS NORMALIZED TO FOUR PER FORI.IULA UNI'I'

0 .020 0 .028 0 .042 0 .004 0 .02 t  0 .008 0 .010 0 .0 t5
1 .976 1 .994 1 .972 2 .031 2 .031 2 .068 1 .946 2 .292
0.000 0 .000 0 .02B 0 .000 0 .0 t2  0 .005 0 .000 0 .000
0.002 0 .002 n .d .  n .  d .  n .d .  n .d .  0 .000 0 .000
0.01  0  0 .000 0 .000 0 .000 0 .000 0 .000 0 .086 0 .000'1 .964 

1 .956 1 .835 1 .9 t0  t .684 1 .874 1 .941 1 .632
0.008 0 .000 0 .006 0 .007 0 :015 0 .016 0 .011 0 .006
0.002 0 .014 0 .064 0 .005 0 .020 0 .009 0 .007 0 .0 i5
0 .016 0 .006 0 .054 0 .043 0 .017 0 .019 n .d .  0 .038

r Calculated assumlng stoichlonetry, by the method of FJnger (1972).
n,d. - not detemlned
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TABLE 6. CHE4ICAL ANALYSES OF KIMBERTITIC ROCK ND KIilBERLITE TABLE 7. I'IINOR ELEi,IEMI CONTEI{T OF KIMBERI.ITTC ROCK
AXD KII'IBERLITE (PPN)

1000 2000'1200 2000
50 200

250 2
1000 1
500 I
40'190 30

200 I

600 1550 1440
920 1100 |140
37 78 77

n.d .  n .d .  21
1600 1950 740
960 735 445

n.d .  -  46
450 250 445
100 215 240
80 150 370

5 i0e

Al  z0s
Fee0r
Fe0
Mn0
Mso

Na20
Kz0
Hz0+
Hz0-
Pz0s

)

27 .2
2 .4
4 .8

7 . 1
0 .2

t  5 .6
1 6 . 0
0 .5
2 .8
0 .3
0 . 2
1 . 0

l d . o

0 .1
99 .4

29.1
J .  t
4 . 1
a o

7 . 2
0 .4

l o . J

1 . 6
l ?

4 .7

1 t

7 . 6
n .d .
99.7

J J . U

2 .1
3 . 2
4 .0

0 .2
J t . o

6 . 4
0 .5
2 .0

; ,
5 . 1

n .  d .
o o 7

23.3

5 . 4

7 . 0
7 1

0 .2
?0.8
14 .8

U .  J

1 . 2
4 .9
t . t
i 7

10 .4
n .d .

t 00 .1

Cr
NI
Co
Rb
Ba

Y
Zr
Nb
LA

Tota l

l. Kimberlitic rock, Kelth Townshlp' ontario;
U. H. Herdsman, analYst.

2. Klmberlitlc rock' Arvlda arear Quebec
(Gitilns et a!. 1975).

3, Kimberlite, Gauthier Tohmship, 0ntarloi average of
two analyses (Lee & Lawrence 1968).

4. Klmber'lite, Lesueur TownshlP, Quebec; average of
three analyses (|,latson 1955).

n.d. - not determlned

CnsMtclr- CotvtPosrtroN

Kimberlites show wide variation in content of
major elements, but, as a group, they have sev-
eral distinctive chemical traits @awson 1967).
In general, the kimberlitic dyke of Keith town-
ship has a chemical composition characteristic
of the group (Iable 6). It is an ultrabasic rock
that has, in comparison with other kinds of ul-
trabasic rock, an unusually high content of KzO,
CaO, COr, TiOr, PzOr' and A1zOg, a low Mg/Fe
ratio, and a high K/Na ratio.

Analyses for some minor elements are listed
in Table 7; average contents in some kimberlites
and other ultrabasis rocks are included for com-
parison. In general, the minor elements of kim-
berlite consist of: (l) a group comprising Cr, Ni,
Co and Ge, in which the elements occur in con-
sentrations typical of ultrabasic rocks; and (2) a
group that includes Rb, Ba, Sr, Y, Zt, Nb, La,
Li, B, Sc, V, Cu, Ga, Cs, Ta, Pb, Th and U, in
which the elements occur in concentrations
greater than usual in ultrabasic rocks (Dawson
1967). The data on minor-element content of thc
kimberlitic dyke from Keith township agree with
these generalizations.

CoNcr.usroNs

The principal constituents of the kimberlitic
rock are olivine (and altered olivine), phlogo-
pite, and carbonate minerals. Textural relation-
ships among these show that olivine crystallized
first, followed by phlogopite, and then by car-

Keith Tomship, ontarloi !{. H. Herdsan' analyst.

Gauthler Tornshlp, 0ntarlo; average of tm kimberllte analyses
( Lee & Lamence I 968 ) .

Lesotho; average of 14 kinberllte analyses (Dawson 1967).

South tlest Afrlca; average of four klnberllte analyses' except
Y, whlch ls average of tm (Dawson 1967' after Janse l9g).

'1 .

,

5. l j l trabaslc rccks (Dawson 1967).

n.d. - not detemined

bonates. The distinctly translucent, reddish
brown chromite inclusions in olivine crystallized
before the opaque and almost opaque spinels
that occur as inclusions in phlogopite and car-
bonate. Comparison of analyses shows that Fe,
especially Fd*, and Ti increased, Cr and Al
generally decreased, and Mg remained- about
ionstani as crystallization of these spinel-group
minerals proceeded. Although most of the phlo-
gopite crystals are unzoned' some have-narrow
iims with normal pleochroism; these rims are
darker than the cores. Comparison of composi-
tions of rims and cores shows that Mg/Fe, Ti,
and Al decreased, Si increased, and K remained
about constant during crystal growth. The il-
menite. unlike that characteristic of kimberlite,
is very low in Mg, Fes+, and Cr. The clinopyrox-
ene ii a non-xenocrystic salite, low in Cr and
Na and high in Ti.

Geologicll textural, and geochemical 9vi-
dence indicates that carbonate minerals in kim-
berlites at some other localities (e.g., Brookins &
Watson 1969; Dawson & Hawthorne t973) arc
late-crystallizing primary (carbonatitic) material
and not produCtJof weathering or hydrothermal
alteration. At Keith township, the depth of the
intersection and the glacial scouring of the re-
gion preclude the possibility that the czrbonate
in ttre timtertitic dlke was produced by weather-
ing. Although some of the carbonate replaced
olivine and phlogopite, much of it occurs as a
matrix with textural relationships suggesting tJrat
it may be late-crystallizing primary material. One
mighi argue thai, as an alternative, such textural
relationships could originate by selective car-
bonatization of a fine-grained groundmass in
preference to coarser phenocrysts. This alterna-
iive gains some support from the occurrence of
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highly carbonatized volcanic and ultramafic
rosks in other parts of the drill core and else-
where in the area (Prest 1951). It is not favored,
however, by the fact that the rhyolitic tuff irn-
meliately adjacent to the dyke contains very
little carbonate.
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