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The Marathon Dikes. I: Zirconium-rich titanian garnets and manganoan magnesian
ulviispinel-magnetite spinels
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Thunder Bay, Ontario

Abstract

The Marathon Dikes are a large group of predominantly Proterozoic Keweenawan dikes,
of highly variable character, near Marathon, N.W. Ontario. Rare zirconium-rich titanian
garnets and unusual manganoan magnesian ulvdspinel-magnetite series spinels have been
identified in a composite ultramafic carbonate-rich lamprophyre from McKellar Harbour,
N.W. Ontario. They are associated with olivine, phlogopite, calcite, apatite, melilite (?), and
perovskite.

The zirconium-rich titanian garnets show variable amounts of ZrOr, ranging from 3.56-
19.53 weight percent. Individual crystals are zoned. An unusual set of end-member molecules,
involving in the main Mg-melanite, Fe2+-melanite, 'schorlomite,' Al-kimzeyite, Fe3+-kimzey-
ite, and andradite, is necessary to describe the garnets. The spinels are characterized by high
Mg, variable but generally high Mn, and relatively high Ti.

Zirconium-rich titanian garnets and Mn-rich spinels seem to form in low-silica activity
magmatic rocks such as carbonatites and carbonated ultramafic alkaline rocks.

Introduction

The name Marathon Dikes is proposed for a set of
Proterozoic, predominantly Keweenawan dikes near
Marathon, N.W. Ontario (48"43'N; 86o22'W). These
dikes form a complex group of lamprophyric, dia-
basic, and felsic intrusions, the latter ranging in com-
position from nepheline syenite to granite. They in-
trude both the Schreiber-White River greenstone belt
of the Archaean Superior Province and the large
Coldwell Alkaline Complex of Keweenawan age. Un-
doubtedly some of the dikes, particularly the more
felsic varieties, are related genetically to this complex.
However, we make no distinction in this paper on the
basis of any such relationship. The term Marathon
Dikes is strictly geographical.

The highly variable character of the dikes coupled
with their abundance (in excess of 200) make it advis-
able to report important mineralogical and petrolo-
gical data in a series of communications. The first
paper describes rare zirconium-rich titanian garnets
and unusual manganoan magnesian ulvdspinel-mag-
netite series spinels from an ultramafic carbonate-rich
lamprophyre.

Lamprophyre

The meter-wide parent dike cross cuts the Schrei-
ber-White River greenstone belt in the vicinity of
McKellar Harbour, N.W. Ontario (48"48'N;
86"44'W). Internal structures (e.g. mineral flow
alignments) and variations in mineral proportions
and compositions strongly suggest a composite dike
made up of a number of thin individuals. A represen-
tative analysis is given in Table l

Mineralogically, the dike consists of olivine,
phlogopite, lath-shaped minerals (?melilite) pseudo-
morphed by andraditic garnet, calcite, perovskite,
apatite, zirconium-rich titanian garnet, and spinels.
Representative analyses of some of these phases are
given in Table2. All the mineral analyses were made
on a Cambridge Instruments' Microscan V micro-
probe, using either energy-dispersive or wavelength-
dispersive techniques as indicated on the respective
tables.

Zirconium-rich titanian garnets

Small ((0.2 mm) deep reddish-orange to pale red-
dish-orange subhedral garnets are found in the more
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to the octahedral sites. The presence of Zra+ is best
explained by the coupled substitution:

Zrtiu e (Al,Fea+)1y1;; (Al,Fe8+)11y) p Silrl')

This gives rise to the molecules Al-kimzeyite
(CagZrzALSiO'r) and Fe8+-kimzeyite (Ca"Zr"F$+
Siolr). As Al has a greater tetrahedral site preference
than Fe3+ (Huggins et al.,1977a), we form Al-kimzey-
ite before Fe8+-kimzeyite. Both these molecules and
limited solid solutions between them have been syn-
thesized by lto and Frondel (1967). (4) Zrn+ and its
associated coupled substitution cannot account for
the total Sia+ deficiency in the analyzed garnets. The
additional coupled substitution:

Tiifly = Fe?$e; Felfu, + Ti,1u, c Sifl+y,

may therefore be considered. This generated the
molecule CasTizFeS+TiOu termed schorlomite by
Rickwood (1968). Ito and Frondel (1967) failed to
synthesize this molecule, although solid solutions be-
tween it and andradite have been successfully synthe-
sized for compositions more Si-rich than CarFe9+
Ti1.6Sir.uou (Huckenholz, 1969). Andradite is formed
after CarTirFeS+TiOtz in an amount proportional to
the available Fe8+ remaining after all previous calcu-
lations. (5) Any and all remaining cations at this

Table 2. Representative mineral analyses

o l iv ine** Phlogopite* ** Perovsk i  te* * *  "

54',1

si02

Al  zo3
Fe2O 

3
Fe0

Mgo

Ca0

Na20

Kzo
I,h0

T io2

P-0 .

coz

Hzor

Total

2 6  . 7 0

4  . 5 2

t 0 . 6 9

4 , 0 2

1 6 . 7 5

1 7 . 2 L

0 .  0 3

I  . 6 8

0 .  3 5

3 . 0 4

2  . 4 4

6 . 8 4

9 9 . 6 5

Rb

Sr

Y

ZT

Nb

Ba

I(/Rb

I t 8 0

50

42r

280

I  100

26a

o r  0 , 4 7

a n  7 . 2 4

l c  7  . 4 2

n e  0 .  t 4

d i  1 5 . 9 9

o l  2 4 . 0 3

h e  7 . 0 4

n t  5 . 2 9

i l  5 . 7 7

a p  5 . 3 3

c c  1 5  . 5 6

Different iat ion Index 8 . 0 3

carbonate-rich areas of the parent dike. Representa-
tive analyses of these zirconium-rich titanian garnets
and their structural formulas are given in Table 3.
Fe2Os and FeO were calculated from total iron as-
suming stoichiometry on the basis of 8 cations and l2
oxygens. We have no way of evaluating the Ti{+:Ti8+
ratio, although it is evident that titanium-rich garnets
invariably contain a small proportion of Tis+ (Hug-
gins et al., 1977b).In common with 'normal' schorlo-
mites and melanites these zirconium-rich titanian
garnets have an excess of divalent cations and tet-
ravalent cations, coupled with a deficiency of Sia+and
trivalent cations, when compared to the ideal garnet
formula of M3+M3+SigO,z.

The considerable variation in ZrO2 is a function of
random spot analyses on zoned crystals. Analyses 4
and 9, and 5 and ll (Table 3) are core/rim analyses
of two crystals. These indicate an outward increase of
ZrOz accompanied by a decrease in SiO2, FqOr, and
total iron. No zoning is apparent optically.

As an indication of the solid solutions and the
possible structural locations of the various cations,
we have calculated, from the structural formulas, the
end-member molecules shown in Table 4. Significant
differences exist between the molecules calculated
here and those calculated in other schemes for more
common garnets (e.g. Rickwood, 1968). (l) All Crs+
is calculated as uvarovite. (2) The 8-fold coordination
sites are occupied predominantly by Ca. Mn first and
then Mg, in the form of spessartine and pyrope re-
spectively, are considered to satisfy any deficiencies in
these sites. This is somewhat arbitrary as Fd+ (al-
mandine) is a valid substitute as are small amounts of
Zr4+ . Ito and Frondel (1967) have, for example, suc-
cessfully synthesized Ca2.uZro.uZr2Fe3*O,r. (3) As the
size of Zra+ effectively precludes it from all tetrahe-
drally coordinated sites, we have assigned it entirely

nd elenent not detected; * Fe calculated as Feo
** structural  fornula based on 4 oxygens; *** structural  fomla

based on 22 orygensi **** Nb and rare earth elenents detectable

by energy dispersion. A1l analyses by energy dispersion.

s i o ^  4 0 . 3 3  3 9 . 3 8

A1Z0S nd nd

Tio^ nd nd

F e o *  1 2 . 6 L  1 8 . 0 5

lho  0  ,20  0 .55

M g o  4 7  . I I  4 2 . L 2

C a o  0 , 3 2  0 . 2 9

K^0 nd nd

Nio  0 ,25  nd

Tota l  100,82  100.39

Structural Fornula

s i  0 .996 I  .001

Ti

F .2* "  0 .26L 0 .384

I ' h  0 . 0 0 s  0 . 0 1 2

l rC L .733 I  .596

C a  0 . 0 0 9  0 . 0 0 8

K -

Ni  0 .006 0 .000

3 6 . 0 1  3 7 . 6 1

1 6 . 9 6  1 5 . 0 7

2 . 6 3  7  , 8 7

5 . 8 5  7 . 2 2

n d  0 . 2 3

2 r . 9 3  2 2 . 3 2

n d  0 . 2 9

9 . 9 3  9  . 9 4

nd nd

9 3 . 3 1  9 4 . 5 5

5 , 2 8 9  5 . 4 8 9

2 . 7 r t  2 . 5 1 1

0 . 2 2 1  0 . 0 7 8

0 . 2 9 0  0 . 2 0 5

0 . 7 1 7  0 . 8 8 0
-  0 . 0 2 8

4 . 7 9 8  4 . 8 5 2

-  0 . 0 4 5

1 . 8 5 7  7 . 8 4 7

0 . 2 0  0 . 2 5

n d  0 . 4 1

54 .06  55  .  10

2 , 2 4  |  , 6 4

nd nd

nd nd

39 .  s l  38 .  80

nd nd

nd nd

9 6  . 0 1  9 6  . 2 0
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Table 3. Garnet analyses

Analys es
Nunber

6 * * 1 0 I 2

s i 0 2  2 8 . 8 2  2 6 . 3 4

T j ,o2  t I .74  13 .26

Z t O 2  3 . 5 6  5 . 8 5

A r 2 0 S  0 . 8 0  0 . 7 r

Y  
z 0  s  

N D  0 . 0 7

C r 2 0 3  0 . 0 0  0 . 0 I

F e 2 0 3 *  r 8 . 6 5  1 6 , 6 9

F e o *  1 , 8 2  2 . 0 5

N ' f n o  0 . 2 4  0 . 0 9

M C O  I . 9 4  2 . 0 5

Cao 32.45  31 .93

N b " 0 .  N D  0 . 0 0

T o t a I  1 0 0 . 0 2  9 9 . 0 5

s i  2 . 4s9  2 .299

Ti

zt

A1

2 8 . 2 2  2 7  . s 8  2 7  . 0 9

1 1 . 4 7  9 . 0 8  8 . 8 5

5 . 9 4  8 . 0 6  8 . 6 1

0 . 4 9  2 , 4 4  2 , 5 6

N D  N D  O . 0 7

0 . 1 4  0 . 0 0  0 . 0 0

1 7 , 3 1  t 7 . 9 7  1 6 . 7 9

r . 6 3  0 . 2 r  1 . 0 8

0 . 3 1  0 . 0 0  0 . o 7

2 . 5 0  2 . 1 2  1 . 8 7

3 2 . 1 0  3 2 . 6 7  3 t  . 8 r

N D  N D  O . O O

1 0 0 . 1 r  1 0 0 . r 3  9 8 . 8 0

2 6 . 9 5  2 4 . 6 4

1 0  . 3 4  1 2 . 9 0

9 . 7 8  1 1 . 3 5

1  . 0 4  2  . 6 8

0 . 0 7  N D

0 . 0 0  0 . 0 0

1 4 . 8 2  1 1 . 8 3

2 . L 4  2 . 8 0

0 .  1 6  0  . 2 6

2 . S r  2  , 8 4

3 r  . 3 7  3 0  . 8 8

0 . 0 8  N D

9 9  . 2 6  1 0 0  . 1 8

2 3 . 8 0  2 4 . 5 9

t 0 . 6 0  9 . 8 7

1 1 . 9 2  1 3 . 0 0

2  . 4 6  3 . 7 r

0  . 1 0  N D

0 . 0 1  0 . 0 0

1 6 . 9 9  1 4  . 0 2

0 . 4 r  o . 8 2

0 . 1 2  0 . 0 0

2 . 0 7  3 . 1 1

3 1  . 6 4  3 0 . 8 3

0 . 0 0  N D

1 0 0 . 1 2  9 9 . 9 5

2 t . 6 6  2 t  . 8 6  2 0  , 9 7

1 0 . 1 2  1 0 . 1 2  9 . 8 3

I 8 . 6 3  1 8 . 6 9  I 9 . 5 3

3 . 0 5  3 . 0 4  3 . 3 2

0 . 0 3  0 . 0 4  0 . 0 6

0 . 0 3  0 . 0 0  0 . 0 0

1 0 . 4 2  1 0 . 0 0  1 1 . 4 8

2 , 7 s  3 .  l l  1 . 8 3

0 . 1 3  0 . 0 8  0 . 1 0

2 . 5 6  2 . 5 7  2 , 5 2

29.9s  29 .89  30 .26

0  .  0 0  0  . 0 0  0 . 0 0

99 .33  99  .  40  99 .90

St ruc tura l  Fomula  based on  8  ca t ions :  12  oxygens

2 4 . 8 0  2 3 . 5 0  2 2  . 2 1  2 L  . 5 3

1 0 . 5 1  1 0 . 1 9  1 0 . 0 1  1 0 . 3 3

1 3 , 6 8  1 3 , 7 7  t 7 . 8 4  1 8 . 4 3

I  . 6 4  3 . 1 4  3 . 0 9  3 . 0 0

N D  0 .  l 1  N D  0 . 0 4

0 . 0 0  0 . 2 0  0 . 0 0  0 . 0 3

t 2 . s r  1 5 . 1 8  1 0 . 7 0  r 1 . 0 8

2 . 7 8  |  . 2 5  2 . 5 1 .  2  . 6 3

0 . 0 0  0 . 1 1  0 . r 9  0 . 0 5

2 . 6 7  2 . 2 3  2  . 6 3  2  . 4 1

3 0 . 8 7  3 r . 0 3  5 0 . 1 1  3 0 . 2 3

N D  0 . 0 0  N D  0 . 0 0

9 9 . 4 6  1 0 0 . 6 1  9 9 . 2 9  9 9 . 7 6

2 . 2 0 2

0 . 7 0 2

0 . s 9 3

o  . 1 7 2

ND

0  . 0 0 0

0  . 8 3 6

0  . 2 0 7

0 .000

0 . 3 5 3

2 . 9 3 7

ND

2  . 0 6 8

0 . 6 7 4

0  . 5 9 1

0 . 3 2 6

0  . 0 0 5

0 . 0 1 4

r  . 0 0 5

0  . 0 9 2

0  . 0 0 8

0 . 2 9 2

1  9 2 \

0  . 0 0 0

2 ,006

0  . 6 8 0

0 . 7 8 6

0 . 3 2 9

N D

0  . 0 0 0

0 . 7 2 7

0 . 1 9 0

0 . 0 r 5

0 . 3 5 4

2  . 9 1 4

ND

0 . 7 5 3  0 . 8 7 0

0 .  1 4 8  0 .  2 4 9

0 . 0 8 0  0 . 0 7 3

Y  N D  0 . 0 0 3

C r  0 . 0 0 0  0 . 0 0 1

F e -  1 . 1 9 8  1 . 0 9 6

F e -  0  .  1 3 0  0 .  r 4 9

M n  0 . 0 1 7  0 . 0 0 7

M g  0  . 2 4 7  0 . 2 6 7

C a  2 - 9 6 7  2 . 9 8 6

2  . 4 2 2

0 . 7 4 0

o , 2 4 9

0 . 0 5 0

ND

0 . 0 1 0

1 . 1 1 8

o . L l ?

0 . 0 2 3

0 . 3 2 0

2 ,952

2 . 3 7 0

0 .  5 8 7

0 .  3 3 8

o  . 2 4 7

ND

0  , 0 0 0

1  . 1 6 2

0  . 0 1 5

0  . 0 0 0

o . 2 7 2

3  . 0 0 9

ND

2 . 3 6 9

0  . 5 8 2

o  , 3 6 7

o  . 2 6 4

0 . 0 0 3

0  . 0 0 0

1 . I 0 5

0 . 0 7 9

0  . 0 0 s

o . 2 4 4

2 . 9 8 1

0 . 0 0 0

2 , 3 6 3

0 , 6 8 2

0 . 4 1 8

0 . 1 0 8

0 . 0 0 3

0  . 0 0 0

0  . 9 7 8

0 . 1 5 7

0  . 0 1 2

0 . 3 2 8

2 . 9 4 8

0 . 0 0 3

2  . r 4 7

0  , 8 4 5

0 . 4 8 3

0 , 2 7 5

ND

0  . 0 0 0

o . 7 7 6

0  . 2 0 4

0  . 0 1 9

0 . 3 6 9

2 . 8 8 3

ND

2 . 0 9 8

0  . 0 7 3

0 . 5 1 3

0 . 2 5 6

0  . 0 0 5

0  . 0 0 r

T . I 2 7

0 . 0 3 0

0  . 0 0 9

0 . 2 7 2

2 . 9 8 8

0  . 0 0 0

2  . 1 4 7

0  . 6 4 8

0  . 5 5 4

0  . 3 8 2

ND

0 .  0 0 0

0 , 9 2 1

0  . 0 6 0

0  . 0 0 0

0  . 4 0 5

2 . 8 8 4

N D

1 . 9 4 8

0 , 7 0 3

0 . 8 1 3

0 , 3 2 0

0 . 0 0 2

0 . o 0 2

0 . 7 5 4

0 . 1 9 9

0  . 0 0 4

0 . 3 2 5

2 . 9 3 0

0  . 0 0 0

r  . 9 6 6

0 . 6 9 1

0 . 8 2 s

0  , 3 2 6

0 . 0 0 1

0 . 0 0 2

0 . 7 r 2

0 .  2 0 8

0  . 0 1 0

0 . 3 4 6

2 . 9 1 2

0 .000

1 . 9 8 2

0  . 6 9 0

o  . 8 2 7

0  . 3 2 5

0 . 0 0 2

0  . 0 0 0

0 . 6 8 2

0  . 2 3 6

0.  006

0 . 3 4 7

2 . 9 0 3

0 . 0 0 0

I  . 9 0 1

0 . 6 7 0

0 . 8 6 4

0  . 3 5 5

0  , 0 0 3

0 .000

0 . 7 8 3

0 .  1 3 9

0 . 0 0 8

0 .  3 4 0

2 . 9 3 9

0 . 0 0 0N b N D O

N D  N o t  D e t e r n l n e d .  *  F e 3 + : F e
* *  Wave length  d ispers ive  ana lyses

ra t io  to  sa t ls fy  8  ca t ion :  12  oxygen requ i renents .
A l l  o t h e r  a n a l y s e s  b y  e n e r g y  d i s p e r s i o n

stage are considered to be in octahedral coordination.
Tin+, Mg, and Fe2+ remain and are presumed to form
garnet molecules involving the substitution:

Tit+r) + (Mg,\e'*),ur) = 2Rtgr)

Fe-melanite (CasFe'+TiSisO,r) and Mg-melanite
(CarMgTiSirO,r) are therefore calculated in amounts
proportional to the remaining available cations. (6)
In these calculations we have ignored the trace
amounts of Y3+ and Nb6+.

The manganoan magnesian ulviispinel-magnetite
spinels

The spinels are unusual in that high TiO, is
coupled with high MgO together with variable MnO.
End-member spinel molecules given in Table 5 are
calculated on an ulv6spinel-magnetite basis rather
than on a jacobsite-magnetite basis because of the
high TiO, contents. The spinels are thus considered
to be members of the manganoan magnesian ulvdspi-
nel-magnetite series.

Spinels containing high proportions of MnrTiOr

together with high MgrTiOa have not been previously
described, as far as we are aware.

Discussion

Melanites and schorlomites with minor amounts of
ZrOz have been reported from a variety of under-
saturated alkaline rocks (e.9. Dowty, l97l), whereas
zirconium-rich titanian garnets have been reported
from only a handful of localities, namely: Oka, Que-
bec [l analysis: 3.7 weight percent ZrOr, Nickel
(1957)l; Iron Hill, Colorado I analysis: 4 weight
percent ZrO2;Dowty (1971)l; the Vuoro-Yarvi mas-
sif, Kola peninsula I analysis: l3.ll weight percent
ZrO2; Borodin and Bykova (1961)l; the Gulinski
massif, N. Siberia I analysis: 10.73 weight percent
ZrO"; Borodin and Bykova (1961)l; and Magnet
Cove, Arkansas, the type locality for kimzeyite [4
analyses: 20.25 weight percent ZrO"; Milton and
Blade (1958); 354.0 weight percent and 29.9 weight
percent ZrO"; Milton et al. (1961); 16.74 weight per-
cent ZrOr; J. J. Fahey, personal communication from
E. Dowtyl.
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Table 4. Garnet end-member molecules mole percent
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l 2 I 61 51 31 0 I 41 l

q n p c c a r f i n A

Pyrope

Uvarovi te

A l  -  K inzey i te  r

-  3 +  - . .  2
re  -K lmzey l te

schor lon i te  
3

Andradite

Fe 
2* -Me1 

an i te4

Mg-Melan i te  5

Res idual

0 . 5 7  0 . 2 3

0 .  s 3  0  . 2 3

0 . 0 0  0  . 0 5

4 . 4 0  2 . 6 0

5 . 2 0  9 , 8 5

1 3 . r 0  1 5 . 0 7

4 I  . 60  29  . 90

1 3 . 0 0  1 4 . 9 0

2 0 . 4 7  2 6 . 0 0

1  . 1 3  |  . I 7

0  . 7 7  0 . 0 0  0  .  1 7

0 .  8 3  0 . 0 0  0  . 4 7

0 .  s 0  0 . 0 0  0  . 0 0

1 . 1 0  1 2 . 3 5  1 2 . 6 0

1 1 . 3 5  4 . 5 5  5 . 7 5

I 0 . 9 7  9 . 7 3  8 . 8 0

3 3 . 6 0  4 3 . 8 0  4 0 . 7 0

t r . 7 0  1 . 5 0  7  . 9 0

2 9 . 7 7  2 7  . 2 0  2 3 . 0 0

0  . 0 1  0  , 8 7  0 .  6 1

0  . 4 0  0  . 6 3  0  . 3 0

1  . 3 3  3  . 2 7  0 .  l 0

0  . 0 0  0  . 0 0  0  . 0 5

3 . 6 5  9 . 8 5  1 2 . 4 0

t 7  . 2 5  1 4 . 3 0  1 3 . 2 5

7 . 3 0  1 2 . 3 3  L 2  9 7

2 4 . 3 5  1 2 . 1 5  3 0 . 1 5

r 5 . 7 0  2 0 . 4 0  3 . 0 0

2 8 . 8 0  2 7  . O 0  2 6 . 9 0

1 . 2 2  0 . 0 7  0 . 0 7

0 . 0 0  0 . 0 0

3 . 8 7  2 . l O

0 . 0 0  0 . 0 0

1 6 . 2 0  6 . 5 0

1 1 . 5 0  2 3  1 5

9  . 9 6  6  . 8 3

2 4 , 6 0  1 1 . 8 0

6  . 0 0  2 0  . 7 0

2 7  . 8 7  2 8 . 8 7

0 . 0 0  0 . 0 5

0  . 2 7  0 .  5 0

2 . 2 3  2  . 3 7

0  . 7 0  0 . 0 0

1 3 . 8 0  I 3 . 6 0

1 5  .  7 5  2 5 . 7 0

t r . 3 7  6  9 3

2 3 . t 5  3 . 7 0

9  . 2 0  1 9 . 0 0

2 3 - 5 3  2 8 . 2 0

0 . 0 0  0 . 0 0

0 . 1 3  0 . 3 3

2 . 2 0  2 . 6 0

0  1 0  0 . 1 0

r 3  . 6 5  1 3 . 3 5

2 7 . O 0  2 7 . 9 0

7 . 9 7  6 . 9 7

2 . 7 5  0 . 7 5

1 9 . 9 0  2 0 . 8 0

2 5  . 9 0  2 6 . 8 0

0  . 4 0  0 . 4 0

0 . 2 0  0 . 2 7

3 . 0 3  I  7 7

0 . 0 0  0 . 0 0

I 3 . 0 0  1 5 . 7 5

2 8  3 5  2 7  . 4 5

5 . 7 5  7  . 8 3

0 . 0 0  3 . 8 5

2 3 . 6 0  1 3  .  9 0

25.60  28  70

0 . 4 7  0 . 4 8

1, ca3zr2A12s1o12; 2.  caszr2Fet*Sio12;  3.  ca3TizFet+Ti0i  2;  4.  ca3Fe2*Tis i .3012; s.  ca3Mg2+Tis is0t2

The parageneses of these zirconium-rich titanian
garnets and those from McKellar Harbour are
closely related to carbonatites and/or carbonated ul-
tramafic alkaline rocks. Haggerty (1976) also consid-
ers the presence of Mn-bearing spinels as indicative
of carbonatitic magmas, although, unlike those de-
scribed here, many of these are best described as
members of the magnesioferrite-jacobsite-magnetite
series. Spinels containing 0.5-13.5 weight percent
MnO have been described from the Oka carbonatites
and alnbites by McMahon and Haggerty (1977), but
these spinels are poor in TiO, (8 percent) relative to
the spinels from McKellar Harbour. The formation

Table 5. Spinel analyses

of spinels depends primarily however on particular
physicochemical conditions rather than specific
magma types. These Mn-spinels might therefore be
expected to form in any magma with low silica activ-
ity and high COr, CaO, and MgO, i.e. alndites, mica
peridotites, monchiquites, elc.

The paragenesis of the garnets and spinels from
McKellar Harbour is remarkably similar to that de-
scribed by Borodin and Bykova (1961) from Vuori-
Yarvi. Here the 'zirconium schorlomites' are found
in veinlike bodies of carbonatite associated with for-
sterite, apatite, phlogopite, perovskite (rich in Nb
and rare earths), and "magnetite" (composition un-
known).

No evidence for carbonatite magmatism has pre-
viously been reported for the immediate region of
McKellar Harbour, although Keweenawan carbona-
titic activity is known from Prairie Lake (49'02'N;
86'44'W) some 20 miles to the north. At this time, it
is unknown whether this lamprophyre is related to
the Prairie Lake activity.
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