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Ansrnecr

The Jos micaceous kimberlite dyke consists es-
sentially of an olivine-phlogopite--calcite (5G-807o )
rock. Olivine and phlogopite phenocrysts are set in
a matrix of olivine, phlogopite, spinel, perovskite,
serpentine, chlorite and calcite. Calcite exhibits a
variety of habitg e.,q., anhedral groundmass crystals,
microphenocrystic euhedral laths. euhedral rhombo-
hedra in a matrix of anhedral grains. Xenocrysts (Cr-
pyrope, Cr-diopside) derived from the breakdown
of mantle-derived xenoliths are very rare, and mega-
crysts characteristic of kimberlite are scarce; only
small amounts of magnesian ilmenite (MgO f3-
l9/o\ are present. Olivines range in composition
from Foge to Foro with no correlation between
crystal size and composition. Three distinct varieties
of phlogopite exhibit complex mantling and zonation
wih regard to CrO" and TiOs contents. Spinels are
Ti-rich members of the magnesian ulv6spinel-ulvii-
spinel-magnetite series. The Jos dyke is considered
to be a highly evolved, carbonate-rich fraction of
a micaceous kimberlite magra; compositional varia-
tions observed in olivine and phlogopite megacrysts
are attributed to mixiog of different batches of
magma of very similar composition. Significant
differences as to the composition and parageneses
of misa are noted between this micaceous kim-
berlite and examples from southern Africa.

Keywords: Somerset Island, micaceous kimberlite,
phlogopite, spinel, magma mixing.

SoilarvrAlne

Le dyke de kimberlite b mica de Jos se compose,
pour 50 I 80Vo, d'olivine, de phlogopite et de
calcite. [.es ph6nocristaux d'olivine et de phlogopite
se trouv€nt dans une pite d'olivine, phlogopite,
spinelle, p6rovskite, serpentine, chlorite et calcite.
Le calcite pr6sente plusieurs facies: cristaux allo-
triomorphes de la pAJe. microphEnocristaux idio-
morphes en lattes, rhomNdres idiomorphes dans
une pate de grains allotriomorphes. On observe,
trds rarement. des x6nocristaux de pyrope et de
diopside chromifbres qui proviennent de la d6sagr6-
gation de x6nolithes mantelliques; les m6gacristaux
caract6ristiques de kimberlite, rares aussi, consistent
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en ilm6nite masn6sienne oiflep L3'l9Vo). La com'
position de I'olivine varie entre Fosa et Foee, ind6
pendamment de la taille du cristal. Trois types de
phlogopite montrent un emmant0lement complexe
de cristaux zon6s en Cr et Ti. Les spinelles,
riches en Ti, appartiennent i la s6rie ulvospinelle
magl6sien-ulvospinelle-magn6tite. I-e dyke re-
pr6senterait une fraction carbonatfu trds 6volu6e
d'un magma kimberlitique i mica. La com-
position variable des m6gacristaux d'olivine et
de phlogopite r6sulterait du m6lange de magmas
de compositions voisines. Des diff6rences importan'
tes quant i la composition et paragenise du mica
distineuent cette kimberlite i mica des kimberlites
sud-africaines.

Cfraduit Par la R6daction)

Mots-clCs: Ile Somerset, kimberlite micac6e. phlo-
gopite, spinelle, m6lange de magmas.

Occunnrxcs AND PETRoGRAPHY

The Jos micaceous kimberlite occurs as an

exceptionally fresh isolated dyke that forms part

of the Somerset Island kimberlite province in

Frc. 1. The Somerset Island kimberlite province
and the location of the Jos dYke.
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the Canadian Arctic (Fig. 1). The dyke, 1-2 m
wide, strikes approxfunately north-south and is
about 1 km in length. No true outcrop is
present, as the dyke exposure is confined to
vertically transported frost-heaved regolith.

In hand specimen, phenocrysts of olivine and
phlogopite are set in a fine-grained grey-green
matrix which is mottled by white patches of
carbonate. Few country-rock xenoliths are
evident and ultramafic xenoliths are absent. The
lack of xenoliths and of signs of brecciation
indisates that intrusion has taken place under
quiex, nonexplosive conditions, unlike the other
Somerset Island occurrences which are breccia
diatremes or the root zones of such diatremes.

In thin sectiono the kimberlite consists of
large (1-5 mm) anhedral to euhedral olivines
and phlogopites ( 1-3 mm) set in a groundmass
of euhedral to subhedral olivine, phlogopite,

Frc. 2. (a) Jos kimberlite showing olivines (ol),
type-B mica megacrysts (M) with type-C mica
mantles and calcite laths (C) set in a gtoundmass
of euhedral spinel and perovskite together with
serpentine, chlorite and calcite. Magnification x 50.
(b) Jos kimberlite showing calcite rhombs (R)
within a matrix of anhedral calcite (C). Note
the "necklaces" of opaque oxides around the
olivines (ol). Magnification x 50.

spinel, perovskite and euhedral calcite within a
mesostasis of serpentine, chlorite and anhedral
calcite. Perovskite occurs as light brown,
rounded crystals commonly with an opaque
rutile rim. Olivines are typically fresh, with
serpentinization confined to the crystal margins
and to fractures. Pseudomorphic replacement
by calcite, a common feature of other calcite'
rich kimberlites, has not occurred.

Three habits of calcite (lath, rhombohedra
and anhedral grains), determine the overall
appearance of the groundmass, and two rnain
teifures are evident. In one case, calcite laths
and euhedral colorless mica are set in a light
green matrix consisting of an intimate mixture
of serpentine, shlorite and anhedral calcite
(Fig. 2a). The calcite laths rnight be termed
microphenocrysts, and subparallel lath orienta-
tion, perhaps due to flowage, is evident in
some specimens. The matrix is rich in oxide
minerals, but the laths typically contain no
inclusions of oxides and evidently have crystal-
lized prior to the bulk of the groundmass. With
increasing calcite content, this groundmass as-
semblage grades into irregular areas composed
of interlosking anhedral calcite grains but lack-
ing oxides and silicates.

In samples containing more than 70/o calcite,
a second type of groundmass texfure is observed.
In this case the silicate-oxide groundmass is
of minor importance and is confined essentially
to the margins of the olivine phenocrysts.
Opaque minerals in these regions commonly
form "necklaces" around the phenocrysts. Cal-
cite laths are rare, and the bulk of the ground-
mass consists of euhedral rhombohedra of cal-
cite set in a matrix of anhedral calcite, through-
out which are scattered minor amounts of
euhedral colorless mica (Fig. 2b). Pyrite is
common in such samples. All gradations be-
tween these two extremes can be found, but
calcite laths seem to occur only in the silicate-
oxide fraction of the groundmass. Further details
of the petrography are given with the descrip-
tionS of individual minerals.

All mineral analyses presented in this paper
were obtained at Purdue University using an
automated MAC 500 wavelength-dispersive mi-
croprobe. Raw X-ray-count data were p.rocessed
by the Bence-Albee alpha-factor method.

Mncacnvsrs AND XENocRYsrs

The Jos dyke is exceptionally poor in mega-
crysts and xenoliths. Separation of the heavy-
mineral fiaction from a- one-kilogram sample
gave only the following sparse assemblage.
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Ilmenite

Seven magnesian ilmenites exhibit a wide
range in composition (CrrOa A394567o, Alro"
0.O3-0.51Vo, MnO 0.26,0.64Vo, Mgp 12.6'
18.6%), and are similar to ilmenites found in
other kimberlites. The very high MgO contents
indicate that they belong to the high-MgO group
of kimberlite ilmenites as found at Tunraq,
Frank Smith, Wesselton and Premier (Mitchell
1979a).

Garnet

Four garnets are Cr-rich, Ti-poor pyropes
(Cr,O, 3.6-6.6%, TiOz O.ll4.zlfo, Mg/Mg+
Fe) 0.831-0.865) that can be classified as fire-9
garnets in the statistical classification of Dawson
& Stephens (1975). The garnets fall within the
range'of compositions found in Somerset Island
garnet lherzolite xenoliths (Mitchell 1978a) and
are undoubtedly xenocrysts derived from the
fragmentation of such xenoliths. The type-l and
-2 garnets of Dawson & Stephens (1975), low-
Cr pyropes, which seem to be the characteristic
megacryst garnet of kimberlites on Somerset
Island and elsewhere, seem to be absent in the
Jos dyke.

Clinopyroxene

Ten clinopyroxenes were found; nine of
these proved to be chrome diopsides similar
to those found in garnet lherzolite xenoliths
(TiO, 0.07-0.617o, NzOa 0.294.63Vo' Cr,Ou
O3 I1.6OVo, Na,O 1. l3-2.69Vo, Mg/ (Mg*Fe)
0.92'0-0.940). They undoubtedly are xenocrystic
in origin. The wide range in Cal(Ca+Mg)
ratios (0,438--0.509), assuming that these py-
roxenes were in equilibrium with orthopyroxene,
indicates equilibration over a wide range of
temperature (ca. 1000-850oC: Wells 1977), sim-
ilar to that determined by Mitchell (1978a)
for Somerset Island garnet lherzolites.

One other pyroxene, also considered to be a
xenocryst, is an Al-rich, relatively Fe-rich spe-
cimen [AlzOs 8.2%, l$'.lle/(i&lg*Fe) O.858], sim-
ilar to aluminous pyroxene megacrysts found in
alkali basalts.

Orthopyroxene

Four low-Al enstatites [AlzOg 1.00-1.3970,
Tio, 0.04-0. l6Vo, CrzOg 0.3ffi.84% , Cao 0.34-
0,85Vo, Mg/(Mg+Fe) 0.939-0:9341 were found,
similar in composition to the enstatites of garnet
lherzolites. A xenocrystic origin is indicated.

Mrce

Three distinct varieties of mica are recog-
nizable. The least common, designated type A,
exhibits a weak, light yellow-brown pleo-
chroism and occurs entirely as megacrysts
(phenocrysts?). Crystals are anhedral to sub-
hedral and show no optical zonation. Type-A
micas are commonly but not invariably mantled
by a mica that exhibits a $tronger pleochroism
(type B) and by a further mantle of a colorless
mica (type C). The mantles are not in optical
continuity with eash other and represent definite
overgrowths.

Type-B megacrysts/phenocrysts exhibit a mod-
erate, light yellow to light brown pleochroism
and vary widely in size and habit. Isolated
euhedral and subhedral grains are common,
and several large (3 m.m) grains with distorted
cleavages showing undulose extinction were ob-
served. Many of the type-B micas are mantled
by type-C mica (Fig. 2a).

Type-C micas occur as mantles on all other
micas and as discrete plates in the groundmass.
They are very weakly pleochroic, from colorless
to very light turquoise or very light brown,
have moderate birefringence and show no optical
zonation or undulose extinction. The margins
of the euhedral type-C mica mantles are com-
monly subparallel to the subhedral type-B cores
(Fig. 2a). The width of the ,mantles varies from
a few microns to cases in which the mantle
forms the bulk of the composite crystal, with
the type-B core only a few tens of microns in
cross-section. The corc-mantle boundary is
commonly marked by a chain of very small
(< 5 fcm) euhedral spinels. Typg-C micas-have
crystaliized contemporaneously with groundmass
Ti-bearing spinels and perovskites, a$ evidenced
by the cornmon inclusion of these phases in- the
type-C micas but not in the type-A and -B micas.

Representative analyses of micas are given
in Tible 1. Major-element variations within and
between gtains are limited, and chemical varia-
tions are best illustrated in terms of the TiO:
and CrrOg contents (Fig. 3).

Type-A micas are phlogopites [Mg/(Mg*Fe)
o.86t-o.926'l with low Cr,oa (( 0.25Vo) and
low TiO, (< 2.0%). Relatively little composi-
tional variation is evident within and between
crystals. Weakly zoned crystals have margins
enriched in Fe relative to the core. Between
grains there seems to be a negative correlation
between Fe and Cr; those richest in Fe are
poorest in Cr (Table 1, analyses 1-4).

Type-B micas are phlogopites [Mg/(Mg+Fe)
- 0.839-0.927] showing a relatively wide range
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TABLE 1. REPRESENTATIVE ANALYSES OF MICAS

18

s l02  41 .0  39 .8  41 . .4  41 .1  41 .9  40 .8  38 .8  39 .9
T r 0 2  1 . 4  r . 7  l . l  1 . 4  3 . 0  4 . 7  4 . 0  2 . 9
A1203 11 .7  11 .8  l t .6  10 .9  12 .3  13 .2  15 .6  11 .6
Cr203 0 .1  0 .0  0 .2  0 .0  0 .1  0 .1  0 .5  0 .1
Feo*  5 .0  6 .4  3 .6  5 .4  4 .4  4 .5  4 ,6  4 .6
Mgo 25.3 23.6 25.4 24.5 23.3 22.1 2t.3 24.3
C a o  0 . 1  0 . 4  0 . 0  0 . 0  0 . 0  0 . 1  0 . ?  0 . 0
l ' lno  0 .0  0 .1  0 .0  0 .1  0 .0  0 .0  0 .0  0 .0
N l o  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 1  0 . 0  0 . 0
N a r 0  0 . 3  0 . 1  0 . 1  0 . 3  O . 2  0 . 1  0 . 1  0 . 3

uo 9 ,6  9 .9  9 .7  9 .6  10 .2  10 .1  9 .8  9 ,7

39.4 38.3
? .8  3 .5

12.8  13 .6
0 . 3  0 . 1
3 . 9  7 , ?

24.1  2L .Z
0 . 1  0 . 1
0 . 1  0 . 0
0 .0  0 .0
0 . 2  0 . 2

1 0 . 1  9 . 7

40.3  40 .2
3 . 6  3 . 6

13.5  13 .3
0 . 1  0 . 1
f . t  3 . 2

?2. t  22 .3
0 . 0  0 . 1
0 . 0  0 . 0
0 . 1  0 . 1
0 . 2  0 . 1
9 . 7  9 . 8

39.5  39 .7  37 .2
3 . 2  4 . 4  1 . 3

t3.3 L2,7 t2.2
0 . 3  0 , 2  0 . 3
4 .4  4 .8  4 .4

23,t 22.4 22.8
0 . 0  0 , 2  0 . 8
0 . 0  0 . 0  0 . 0
0 .0  0 .0  0 .0
0 . 3  0 . 3  0 . 0
9 . 7  9 . 9  6 . 6

36.2  35 .6  36 .3
1 . 1  1 . 1  1 . 0

16.9  18 .0  18 .2
0 . 0  0 . 0  0 . 0
4 . 0  3 . 4  3 . 0

22.7 22,4 23.9
0 . 5  0 , 2  0 . 0
0 . 1  0 . 1  0 . 0
0 . 0  0 . 1  0 . 0
0 .0  0 .0  0 .2
8 . 7  9 , 2  9 . 1

94.5 93.9 93.2 93.4 95.5 95.8 95.0
Structural fornula X 100 based on 22 orygens
sl 589 58r 598 598 593 577 554
Ti 15 t9 t2 15 32 50 43
Al 198 2M t97 I87 205 2r9 263
C r 1 0 2 O t 1 5
Fe 59 78 44 66 52 52 55
l.lg 541 542 545 531 492 467 453
C a 1 5 0 0 0 1 3
M n 0 1 0 0 0 0 0
N i 0 0 1 0 0 0 0
N a 8 3 2 7 5 3 3
K 175 184 178 r78 184 183 t78

93.4  93 .5

580 571
91 30

199 2t9
t ?

56 47
5?7 520

0 8
0 0
0 0

180 La7

94. r  95 .0  94 .9

561 577 575
39 38 39

234 227 225
0 0 0

90 65 62
463 470 475

1 0 1
0 0 0
0 0 1
6 5 3

r82 r77 t79

93.7 94.6 85.6

57t 57t 580
34 47 15

227 2r4 224
3 2 4

53 57 57
497 481 529

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

178 182 130

90.2  90 .0  91 .8

s39 533 531
10 12 10

296 318 314
2 0 0

50 43 36
506 498 521

? 3 0
0 1 0
0 0 0
0 0 5

165 175 202

Analyses 1-4, Type-A phlogopites (1 and 2 core and margin); Analyses 5-14, Type-B phlogopites (5-7 zoning trends
' ln a s lngle crystal ,8-9,  11-12,  13-14,  cores and marglns,  10 i ron-r ich margln;  Analyses 15-18,  Type-C chlor i t ized
eastonl ti c phl ogopl tes.*Total Fe expressitd as Fe0,

in TiOs (2.5-5.6Vo) and Cr2Os contents (Table
1, analyses 5-14). Most of the micas have
CrzOg contents of less than O.6Vo CreOs, and
only three samples with distinctly higher chrome
contents were found (1,1, 1.5, 1.6/t CrzO).
Increasing intensity of pleochroism is correlated
with increasing TiOr content. Zonation within
grains is only slight for rnajor elements, but
minor elements show very complex zonations
(Fig. 3). Between grains, major- and minor-
element variations are relatively large compared
with type-A micas. No simple compositional
trends are discernible, however. Figure 3 illus-
trates that there is a compositional gap in
terms of the TiOz content between types A and
B and that type-B micas always contain more
TiOr than type-A micas. Type-B micas show
no correlations between composition, size, habit
or degree of distortion.

Type-C micas are poor in Ti, Cr, Fe, K and
Si and rich in Al relative to type-A and -B
phlogopites (Table 1, analyses l5-18). The

overall lower FeO content, coupled with sim-
ilar MgO contents, results in a slightly higher
average Mg/(Mg+Fe) ratio of 0.917 (range
09034.942), relative to types A and B [average
Mg/(Me*Fe) of 0.898 and 0.891, respectivelyl.
Compositional variation is slight and the anal-
yses are characterized by low totals. For. reasons
outlined below we consider that the type-C micas
were originally eastonitic phlogopites that have
now been partly altered to chlorite by deuteric
processes.

Compared with other Somerset Island kim-
berlites, the Jos phlogopites are very similar
in composition to phlogopite phenocrysts in the
Tunraq micaceous kimberlite (Mitchell 1979il.
Tunraq, however, lacks type-C groundmass
niicas even in the most evolved fractions,
whereas these are common as a primary phase
in the carbonate-rich portions of the Elwin Bay
monticellite kimberlite (Mitchell 1978b), where
they have formed later than brown, Ti-bearing
phlogopite megacrysts.
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Frc. 3. CrzOs versus TiO, plot for micas of types A, B and C' illustrating

mantling and zoning trends.
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Smith er al, (1978) presented data showing
that two types of groundmass mica exist in
South African kimberlites: a very rare, relatively
Fe-rich type [Mg/(Mg*Fe) 0.45-0.65, TiO,
3-6%l designated type I and a common, rela-
tively Mg-rich type [Mg/(Mg*Fe) 0.82-0.93,
TiO, 0.07-4.07o1 designated type II. Jos type-A
phlogopites are similar to the type-Il micas of
Smith et al. (1978). Type-B phlogopites over-
lap with the type-Il micas of highest TiOz content
(the bulk of the latter contain less than 37o
TiOz) and form a group that is significantly
richer in TiOz. No equivalents to the type-C
micas were noted by Smith er aI. (1978), and
none of their type-I micas have been found at
Jos or at Tunraq. A notable difference between
the Jos type-A and -B micas and the South
African type-Il micas is that the former are
all megacrystVphenocrysts and the latter are all
groundmass micas. In addition, none of the Jos
micas have the optical characteristics of tetra-
ferriphlogopite. Further, Jos type-B micas fall
outside the range of compositions of South
African mica megacrysts as defined by Dawson
& Smith (1975). Significant differences exist,

thereforen between the mica paragenesis of
Somerset Island and that in South African kim-
berliteo.

Or-rvruBs

Olivines show a wide range in size and habit.
Large ( 1-5 mm) crystals tend to be rounded to
anhedral; smaller crystals are commonly eu-
hedral. Many of the largest crystals are more
magnesian ttran the small crystals and may be
considered to have formed prior to these. The
relationship is not constant, however, and small
Mg-rich euhedral crystals are common.

The olivines range in composition from Foes
to Foae (Fig. a). The absence of olivines richer
in iron iredicates that even in highly evolved
kimberlites, olivines do not reflect the degree
of differentiation. This absence supports the
conclusions of Mitchell (1979a) and Boyd &
ClEment (1977) that kimberlite olivines are
never richer in Fe than Foes-eo.

NiO (0.1ffi.38Vo) and CaO (O.O2-{ll6Vo)
can be depleted or unchanged at the margins of
crystals relative to the core$.'Figure 

4 compares Jos olivine compositions
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Flc. 4. Compositions of olivines in the Jos mica-
ceous kimberlite compared with olivines from
Somerset Island spinel and garnet lherzolites.

with those of olivines from Somerset Island
spinel and garnet lherzolites. Overlap at the
higher Fs contentS possibly indicates that many
of the large anhedral olivines could be xeno-
crysts, but no petrographic or chemical criteria
are available to determine whether or not this
is so. The paucity of xenocrysts demonstrably
derived from fragmented lherzolites is an indi-
cation that the bulk of the olivine compositional
range might be attributed to variations in pheno-
cryst composition.

SPtNnl

Representative analyses of spinel are given
in Table 2. End-member spinel molecules are
calculated as outlined by Mitchell & Clarke
(1976), and the data are plotted in a reduced-
iron spinel prism (Haggerty 1976) shown in
Figures 5 and 6 to illustrate the compositional
variation.

TABLE ?. REPRESEI{TATM AMLYSES 0F SPINELS FR0u THE ,,0S
I'IICACEOUS KIIAERLITE DIKE

T i02  0 .5  0 .6

A1203  10 .5  16 .9

CrZ03 55.5 46.7
FeO* 20.5 2L.5
MnO 0 .3  0 .3
MgO 13.0 L2.6

L 2 . 8  2 L . 6

L 2 . 7  9 , 7

1 3 . 6  0 . 3
43.7 48.6

0 . 5  0 . 5

i5 .B  17 .3

23.8 14.1
4 . 9  6  . 0

1 . 1  6 . 4
48 .5  56  .7

0 . 9  0 . 6

t 7 , 6  1 4 . 1

t7. t  20.4

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

55.5 52.7
0 . 7  0 . 8

16 .0  L7 .2

1 8 . 0  1 1 " 1

2 . L  1 1 . 0

1  . 0  0 . 7

6 1 . 0  6 1 . 0
0 . 7  0 . 7

1 3 . 6  L 2 . L

100 .3  98 .6  99 .1  98 .0  96 .8  97 .9  96 .5  98 .1  96 .4  96 .8

Reca'l cu l ated Analyses+
FerO, 7,0 6.8 25.3 25.3
FeO 14.1 15.4 21.0 25.9

36 .9  36 .4  31 .8  38 .3  41 .1
23.5 23.5 24.0 26.5 24.1

25.4
25.7

100 .9  99 .3  101 .7  100 .6  99 .4  101 .6  100 .9  101 .2  100 .2  100 .9

MsAlrOU 19.0
MSrTi0O 1.6
lvlnzTi 04
FerTi 0O
MSCrr0O 38.4
!JnCr204 0.8
FeCrrOO 28.0

Fea0o L2,2

3 0 . 3  1 8 . 1  L 2 . 9  6 , 7
2 .0  29 .L  33 .9  39 .5
-  0 . 8  0 . 7  1 . 3
-  4 .8  20 .2  19 .5

24.0

0 . 7
3 1 . 4  L 2 . 9  0 . 3  1 . 0
11.6 34.4 32.1 32.2

8 .0  8 .6  6 .9  2 .8  L5 .2
30.7 34.3 37.9 32.9 20.6

0 . 9  1 . 0  1 . 1  1 . 0  1 . 1 '

u_u r_u L2.4 12.7 , 
_t

5 . 9  0 , 7  1 . 6  0 . 9  0 . 8
48.7 46.8 40.2 49,7 54.7

Analyses L-2,  a luminous magnesian chromite;  3-10" magnesian
ulvtispinel-ulvdspinel-magnetitei Tota'l Fe calcu'lated as FeO; +
FerO, and Feo ca]culated by Carmlchael's (1967) method.
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MgCr.O.

Compositions of spinels from the Jos micaceous kimberlite plotted
reduced-iron spinel prism,
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Fto. 5.
i n a

Frc. 6. Compositional fields of spinels from the Jos and Tunraq micaceous
kimberlite; (Mitchelt 1979a) and the Peuyuk kimberlite (Mitchell &
Clarke 1976).

The least evolved spinels are rare, rounded,
transparent, red aluminous magnesian chromites.
A thin (< 5 pm) opaque rim of titaniferous
spinel is presena on some examples. These spinels
(Table 2, analyses 1_2) are similar in composi-
tion to spinels at the Cr-rich end of the alumi-

nous magnesian chromite compositional trend
found in the Peuyuk kimberlite (Mitchell &
Clarke 1976).

Most of the spinels are members of the
magnesian ulviispinel-ulviispinel-magnetite se-
ries (Table 2, analyses 3-10). The spinels range

Fe2TiO4

Fe2TiOa

MgCr204
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in size from a few rnicrons up to 10O microns,
with the majority being about 20-60 microns
in cross-section and of euhedral to subhedral
habit. The crystals are typically corroded and
embayed, indicating that a euhedral spinel of
octahedral habit has been extensively resorbed
during crystallization of the later portions of
the groundmass. Poorly developed "atoll spinels"
(Mitchell & Clarke 1976) are common; the
outer mantles are a spongy Ti-poor magnetite.

Individual spinels have widely varying com-
positions and are either uniform or weakly
zoned towards margins depleted in Ti and
enriched in Fe relative to the core. The mag-
nesian ulviispinel-ulvtispinel-magnetite assem-
blage is characterized by high Mg and Ti coupled
with low Al and Cr. The evolutionarv trend of

MgA1204

MgAl204
t@ 95 90 85 80 75 70 65 60 55

<- mol. o/o Mg2TiOa -

Frc. 7. Composition of Ti-rich spinels only in
Somerset Island kimberlites, expressed in, mol. Vo
of MggTiOa and MgAlrOo to illustrate the alumi-
num-poor nature of spinels in micaceous kim-
berlites relative to those of kimberlite.

MINERALOGIST

spinel conipositions (Figs. 5, 6) is across the
spinel prism from relatively Al-rich types to
.types richer in Ti and Fe and poorer in Cr
and Al at approximately constant Mg/(Mg*Fe)
ratios. Some of the later and more Fe-rich
spinels show an increase in AI relative to earlier
spinels (Table 2, analysis 10). Spinels richest
in Ti also have significant Mn enrichments, and
the MnO contents of the Jos spinels (05-1.3%)
are typically higher than those found in other
similar spinels in Somerset Island kimberlites
(1 O.SVo MnO: Mitchell & Clarke 1976, Mit-
chell 1979a). The Ti-rich spinel assemblage
is similar to that of the Tunraq fissile micaceous
kimberlite (Mitchell 1979a), and both of these
assemblages are poor in the MgAlOa compon€trt
relative to Ti-rich spinels in the Peuyuk kim-
berlite (Fig. 7), providing further evidence in
favor of the hypothesis of Mitchell (1979a) that
spinels in micaceous kimberlites are in general
poorer in Al than those in kimberlites.

The lack of titaniferous magnesian aldminous
chromites and titaniferous magnesian chromites,
which are the characteristic earliest spinels in
kimberlites (Mitchell & Clarke 7976, Haggerty
1976), together with the presence of a Mn- and
Ti-enriched spinel assemblage, suggest that the
Jos spinels have for.med from a very evolved
fraction of a micaceous kimberlite magma.

DrscussloN

The Jos dyke has the attributes of a
highly differentiated magmatic product, as it is
characterized by a paucity of Cr-bearing spinels,
an abundance of Ti-rich spinels, very high cal-
cite contents and a paucity of megacrysts and
mantle-derived xenoliths. The dyke is a rare
example of how a kimberlite magma can dif-
ferentiate under quiet intrusive conditions to a
residual fraction that contains few of the
characteristic "indicator minerals" of kimberlite.
Cursory examination would not reveal the pres-
ence of magnesian ilmenite or Cr-pyrope, and
on a petrographic basis the dyke might be
classified as a lamprophyre or even a carbona-
tite. However, the rare kimberlite indicator-
minerals and the presence of mapesian ulvii-,
spinels reveal the true antecedents of the dyke.
Even though the dyke contains major modal
amounts (SV8AVo) of calcite it should not be
termed a carbonatite, as Mitchell (1979b) has
noted significant differences between the oxide
and silicate mineralogy of carbonate-rich rocks
associated with feldspathoidal-bearing alkaline
rocks and those associated with kimberlites. To
reflect this petrogenetic difference, the car-
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bonate-rich residua of kimberlitic magmas are
better termed calcareous or calcite'rich kim'
berlites, the classification being based upon the
mineral assemblage present rather than sblely
upon the dominant modal Phase

The Jos intrusion is a micaceous kimberlite
that falls within the spectrum of kimberlite
types (kimberlite clan) described by Mitchell
(1979b), between the Benfontein sill (Dawson
& Hawthorne 1973) and the Premier carbonate
dykes (Robinson 1975). Further differentiation
o-f the Jos dyke would probably result in the
formation of silicate-free carbonate dykes akin
to the Premier dykes.

Petrographically, Jos resembles the calcite-
rich phases of the Peuyuk, Korvik and Selatiavak
kimberlites (Mitchell & Clarke 1976) but is'
because of the higher calcite content and lack
of Cr-rich spinels, considered to be much further
evolved. The spinel compositions are similar to
those of the later fractions of Tunraq micaceous
kimberlite; Jos can be regarded as illustrating
how this magma might have evolved if further
differentiation had been able to occur.

Paragenetic and compositional variations ex-
hibited by the olivine and mica megacrysts can
best be explained by a crystal-fractionation
magma-mixing model. Magma mixing, as used
in this paper, does not imply the mixing - of
magmas-oi grossly different compositions but
refers to the mixing of different batches of mag-
ma of similar composition. Boyd & Clement
(1977) have advocated that complex relation-
ships between size, habit and composition of
the De Beers kimberlite olivines, similar to those
found at Jos. are the result of the mixing of
several generations of olivine crystals from dif-
ferent batches of magma of similar composition'
This process can account for the coexistence of
small, euhedral, relatively Mg-rich olivines and
larger anhedral Fe-rich olivines in the same
specimen. '

Of the micas, only the type-C micas could
have formed during the crystallization of the
groundmass. Types A and B were not in equili-
6rium with th; liquid that formed the ground-
mass, as is evidenced by their mantling by type-
C mica and their absence as ground'mass phases.

The complex normal and reverse zoning with
resDect to TiO, and CrrO. (Fig. 3) and the
*untling relationships between type-A and 'B

micas cin best be explained by assuming that
the micas are phenocrysts that crystallized from
a magma that was either heterogeneous or
variabie in composition owing to the mixing of
batches of magma with slightly different com-
positions. Smith et al, (1978) have ascribed

similar intergrain chemical variations in magmas
to the formation of local reservoirs of differing
composition after the mechanical mixing of
magma. Brooks & Printzlau (1978) have also
proposed that reverse zoning in mafic minerals
is the result of magma mixing.

Development of the Jos dyke may be envi-
sioned as follows. A micaceous kimberlite mag-
ma, similar to that which formed the Tunraq
micaceous kimberlite, pooled at depth and un-
derwent differentiation which resulted in the
loss of most of the heavy-mineral fraction and
the mantle xenoliths. Liquidus phases were
probably olivine, mica, Cr-spinel- and perovskite,
Lut only the lighter phases, olivine,and mica,
were kipt in iuspension by turbulence. .The
magma ivolved towards a composition richer
in Ti, Ca and COr. To this evolving magma w€re
added at various times batches of similar kim-

berlite magmas. Each addition resulted in a
slight change in the bulk composition of the

lttug*u pool, this being reflected in 1 change in
itre comiosition of the olivines and micas crystal'
lizing. Repeated additions resultdd in the com-
plex- maniling and zonation tjxhibited by the

inicas. Intrusion of the hybrid magma' bearing
its suspension of megacrysts,/phenocrysts re-

sulted in a thorough mixing of these phases and
accounts for the inter- and intragrain composi'
tional heterogeneity seen in the Jos mica and
olivine. At the time of final consolidation, the

evolved liquid was crystallizing mica, olivine,

Ti-rich spinels and perovskite. Since Ti was
preferentially incorporated into the oxide phases,

iontemporaneous micas were Ti-poor but rich in

Al. Thlse aluminous (ie., eastonitic) phlogo-

pites nucleated epitactically about pre.-existing
phlogopites and forrned discrete euhedral crystals
of l"'iA"ty varying size throughout the ground-

mass. As crystallization progressed, mica, olivine
and the oxides ceased to be liquidus phases'

During the formation of the residual serpentine-
chloriie-calcite mesostasis, the residual fluids
partlv chloritized the eastonitic phlogopites' It

is thbught unlikely that the type-C micas. .are
pseudoiorphs of iypes A and B, as ehloritiza-
iion of such micas would result in the formation
of abundant secondary inclusions of rutile and

ilmenite (or both), uneven alteration and pref-

erential alteration along cleavages. None of

these features are seen in the type-C micas'
In summary, the Jos dyke presents evid-ence

concerning the ultimate differentiation Products
of micacJous kimberlite magmas and demon-

strates the possibilities of magma ryixi1e and
crystal fraitionation in the very fluid, car-

bonate-rich, highly evolved fractions.
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