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ABSTRACT

Intrusive into the Archean Hopedale Complex and Proterozoic

A1111k Group in the vicinity of Aillik Bay, Labrador, are a suite

-

of Mesozpic basic to ultragé%ic dykes eghibiting the compositions

minette, monchiguite, kimberlite, micaceous kimberlite, alngite
° )

and carbonatite. The "dykes were emplaced along several well.

-developed joint directions and exhibit a variety of emplacement
Pes

] .
& _ and/or internal features which are interpreted to be the result

of liquid IMMiscibility, flow di}ferentiation, multiple intrusion

supercaooling, carbonatitization and forceful injection. The

L

monchiquites, kimberlites and carbonatites are usuadly banded and . .

, ~
ére gradational in composition along strike. 1
a

N\

The kimberlites are clinopyroxene-bearing and contain two \
Q
generations of olivine and mica with perovskite, ilmenite,

. magnetite and apatite, as well as high corcentrations of magmatic

carbonate as an ipterstitial matrix phase or more rarely as oce]ﬁﬁf// c

“hey also contain abundant glimmeritic nodules which form part of the
Mica-Amphibo]e-Ruti1é~1]menite-Diopside suite and are interpreted
. ' to bé of cognhte origin. The minettes and monchiquites are petrologi-

cally similar to other,intﬁusions of these compositions and contain'

- carbonatg in the form of ocelli.

1]




Field, petrologlcal and chemical data 1nd1cate that the mon-
ch1qu1tes kimberlites and carbokatltes are genetically related
4

and crystallized from a comnéa parent. The minettes appear to

be unrelated to the ultrabasic hagmatism and were intruded prior

to the above suite.

The emplacement of the ultrabasic dykes is attributed to the
. B S . .
nitial separation of Green]and\frem North America during the
formation of the Labrador Sea in the Mesozoic. The magma produced
* .
during this distension and rifting also gave rise to kimberlites .

. o \
and related rocks in Greqpland.
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CHAPTER |

INTRODUCTION

1.1 Preamble

The *erm kimberlite was first introduced by Lewis (1887)
to describe diamond-bearing porphvritic peridotites from
Kimgerley. South Africa. Early interest in kimberlitic rocks

was principally economic because they were an important source
>

of diamonds. Excellent syntheses of this early research

were presented by Wagner (1914) and Williams {1932). Recent
résearch work has concentrated particularly on the mantle-
derived ultramafic nodules which kimberlites contain, as they
aftord an opportunity to study the petrology and geochemistry
of mantle., and to interpret the\g}gsical processes operating‘
therein (Rickwood, 1969; Rickwood and Mathias, 1970; Sobolev.
1970, Mever and Brookins, 1971; Boyd and Nixon, 1973; Boullier

.

and Nirnlas, 1973).

Kimherlites are commonly spatially and temporally related

to other, alkaline ignecus rocks and carbonatites (pawson. 1970a:

Lkhanov, 1965; Zhabin and Cherepvskaya, 1965) and certain varieties
N

of kimberlite are chemically similar to these rocks. which suggests
that thev may be qenetically related {Dawson, 1966, 1967b;

lanse, 1975, Gittins et al., 1975).




Recent experimental studies in the systems Ca0-Mg0-
510,-C0,-H,0 (Wyllie, 1966b; Franz and Wyllie,1967), Ca0-
Mg0-5i0,-CO, (Irving and Wyllie, 1973, 1975; Wyllie and |
Huang, 1975}, MgO-SiOZ-COZ {Huang and Wyllie, 1974), Ca0-
MgO-A]ZOB-SiOZ—CO2 (Hy11ie: 1975) and CaO—COZ, MgO-CO2
(Huang and Wyllie, 1976) have attempted to assess this

relationship.

’
The,ultrabasié to basic dykes in the Aillik Bay area,
Labrador, which were invesgigated in this thesis, range in
A .o
composition from kimberlite (both carbonate-rich and mi-
Caceous varieties),v1amprophyre (i.e. alnoite, monchiquite
d minette - many of which are carbonate-rich) to car-
bbnatite. This unique suite is of considerable petrogenetic
significance as the kimberlites appear to be temporally, gene-
tically and’'spatially related to the lamprophyres and car-
bonatites. The present study emcompasses a petrological and
geochemical investigation of this suite with a view to
assessing the petrogenesis of the association.
) ' . 1.2 Location and Accessability
The thesis area is situated in the Makkovik Sub-pro-

vince (as defined by Taylor, 1971) of the Nain Province

(Fig. 1.1). The Aillik region occupies an area bounded by
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Makkovik Bay and Kaipokok Bay between latitude 55° 10
N - 557 20° N and Tongitide 59° 23' W - 59° 08" W. .Field

work was carried out between June and September, 1973.

The seftlement 6f\MakkoQik, approximately !2 km from
the map area, was used as a logistical suppiy centre during
the field season. The area was reached by float plane,
chartgred from Labrador Airways in Goose Bay. Access to
the islands off the coast was by motorboat hired from’ Yocal

fishermen.

1.3 Geographical Setting

The topography of the map area (Fig. 1.2) is typical of
regions glaciated during the Pleistocene. Hills have gentle
glopes that seldom exceed 340 m in elevation. Joint and
dyke controlled 1ine§r valleys up to 170 m wide and 30 m

deep are a Brominent feature of the landscape.

Rock exposure in the area is excellent along the coast,
on the islands, and on exposed hill tops, howeVer, outcrops in

lowland areas are commonly poor. ' .

A long fault-controlled, glacially scoured valley ex-

tends from south of Banana Lake towards Cape Makkovik. The

valley is bottomed by a series of sphagnum and peat bogs
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Fiaure 1.7 Geg;ral map of the Aillik Bay area.




Pt J

interspersed with small kettle holes and »onds.

Glacial ice flow with a mean direction towards 020 was
indicated by numerous striations, grooves,chatter marks and
5t0ss andylee forms. Glaciation is also evidenced by the
occurrence of abyndant erratic boulders and q}aciaf—‘luvia]

pillwav morphology.

A prominent ‘eature of the coastline areas 1s a series
of raiced marine beach 5erms and wave cut terraces. The most
Tandward of the beach berms has a mean elevation of 17 m above
the nresent sea level. This indicates an isotatic rebound
since the Wisconsin Period of at teast 17 m which has produced

morphnlogical features of an emergent and denuded coastline.

1.4 Regional Geological Setting
)

The Nain Frovince of the Canadian Shield (Fig, 1.1) is
craracterized by north-trending structures (Taylor, 1972). The
northern part of the Province is dominated by a heterogeneous.
<equence of Archean gneisses which are intruded by Middfe Pro-
ternzaic nost-tectonic (Elsonian) anorthosite-adamellite plutons.

The Archean gneisses are unconformably overlain by two Early

Proterozoic supracrustal sequences (the Ramah and Mugford Groups).

In the south. the Archean gneisses are also unconformably
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overlain by Proterozoic supracrustal sequences; the Moran,

Bruce River, Seal Lake and Aillik Groups (Smyth et al., 1975).

A detailed account of the general geology within the Aillik

Group is giveﬁ in Chapter 1l and Appendix 1. -

1.5 Previous- Studies

Prior to the later 1800's, lLabrador was a land practi-
cally unknown to geologists. It had been ‘visited only by
trappers, fishermen or missionaries. The earliest workers
involved with geological mapping were Steinhauer (1814),
Lieber {1860) and Packard (189j). Daly (1902) provided the
first descriptions of the sedimentary units and the numerous

intrusive rocks at Aillik Bay.

’

Kranck (1939, 1953, 1961) provided the first detailed
study of the Aillik area. He recognised the intense defor-
mation of the Hopedale gneisses, the primary depositional
structures in the Aillik Series and described the field re-

lations and petrology of intrusive rocks in the area. He
Y

recognized the ultrabasic nature ofscertain lamprophyric dykes,

which he termed "aillikites” and discussed their similarity
with alnoites from Alno in Sweden. Unpublished theses by

Cooper (1951), Moore {1951) and Riley (1951) present the re-

sults of detailed petrological studies carried out on specimens

L

e
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collected by Kranck.

Reéibhal reconnaissance mapping by the Geological Survey
ot Canada (Douglas, 1953; Christie et al., 1953) provided geo-
logical and economic syntheses of large areas of Labr;aor.

[n 1954, British Newfoundland Exploration Company (Brinex)
commenced geological mapping of their concessian between Kaipokok
Bay and Lake Melville. Piloski (1955) mapped the Aillik and Shoal
Lake areas where occurrences of molybdenite, chalcopyrite, pyrite
and uranium were recorded. Beavan (1958) discussed the uranium

potential of Labrador with reference to the Central Mineral Belt.

King (1963) presented a detailed msp of Cape Makkovik and
discussed the petrology, stratigraphy, metamorphism and struc-
ture of the Aillik Group. He recognized the monchiquitic and
a}né%tic composition of the lamprophyre dykes in the Aillik
area and provided well documented evidence for widespread meta-

somatism. A detailed synthesis of the stratigraphy, lithology

and on:gin of the Aillik Group and associated intrusive rocks

//ﬁ/mras presented by Gandhi et al. (1969). Clark (1971a, 1971b)

redefined many of the units described by Gandhi et al. (1969)
and divided the Aillik Group into an older and younger sequence

- om the basis of structure. In 1974 he (Clark, 1974) presented

4.4

a detailed analysis of the stratigraphy and structure of the
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Aillik Group. In this study he considered that many of the
quartzite units within the succession were in fact acid '

pyroclastics, rhyolites or tuffaceous sediments.
« ‘“

The structure of the Aillik Group and Hopedale Gneiss was
described by Sutton et al. (19771). They divided the orogenic
history of the area into three major deformational episodes.
The first produced major zones of intense deformation (large

scale shear belts) during the early staces of the orogenic .
hiétory. The second deformation resulted in the development
of small tight folds and the third which was more widespread,

produced large scale upright to recumbenL»fd?dé.

»

in a recent study, King and McMillan (1975) on the basis
of micropaleontological evidence have suggested that a dia-
tremic {?) breccia in the Makkovik area is mid-Mesozoic in age.
The breccia, which contains fragments of country rock including
lampraphyre, overlies a lamprophyric dyke and is itself cut
by lamprophyric and carbonatite dyklets. This implies at least
a mid-Mesozoic age for the lamprophyric and carbonatite vein-
Tets. If these veinlets are related to the lamprophyre below
the breccia, then it is possible that the breccia and lamprophyric
dykes are related to the same period of ultrabasic magmatism.

Kinq and McMillan (1975) suggest that the diatreme was emplaced

into (now completely eroded) Jurassic sediments during the




tnitial opening of the Labrador Sea.
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CHAPTER 2

GENERAL GEOLOGY OF THE AILLIK BAY AREA

2.1 Introduction

The ultrabasic to basic dykes in the Aillik Bay-area
intrude a vé-ried groub of country rocks. The oldest rocks are
Archean gneisses (Hopedale Complex; Sutton, 1972). The
basement complex comprises migmatitically banded quartzo-
feldspathic gneisses, agmatites and amphibolites which are

intruded by units of augen gneissic granite.

The gneisses are overlain by the Aillik Group, a sequence
of early Proterozoic metavolcanic and metasedimentary rocks
with an estimated -thickness of 8500 m (Clark, 1974). The
clastic sediments of the Aillik Gro::p were deposited after con-

siderable erosion of the basement gneisses (Gandhi et al., 1969;

Taylor, 1972). Acid to basic volcanic activity (including

pyroclastic activity) contributed an important component to the
stratigraphic success(ion {Taylor, 1972, Clark, 1971a, 197ib,

1974; Stevenson, 1970) and it is possible that certain “sedi-
mentary units” could represent acidic valcanoclastic debris

(Clark, 1974).

The Aillik Group was deformed and metamorphosed during the

Hddsonian Orogeny circa 1.8 b.y. ago (Taylor, 1972). The grade




of metamorphism ranges from sub-greenschist to lower amphibolite

facies (Gandhi et al., 1969; Clark, 1971a, 1974). Regression of

A

the basement gneisses to greenschist facies assemblages probably

occured at this time.

Several units of pre-metamorphic (pre-Hudsonian) dykes and
sills of augen schist and amphibolite occur in the area and were

presumably emplaced prior to the deformation of the Aillik Group.

The basement gneisses and the_AHh’k Group are intruded by
a complex suite of post-tectonic ign plutonic to hypabyssal
rocks ranging in composition from hornblepde-gabbro, diorite,
monzonite and granite. Diabase dykes comonly with larqge mega-
crysts of plagioclase and irregulér xenoliths of anorthosite and

leuco-gabbro are abundant in the area.

-

The last igneous activity was the emplacement of the ultra-

basic to basic suite.

2.2 The Hopedale Complex

Rocks of the Hopedale Complex crop out in the northeastern
p‘art’of the map area (Fig. 2.1), the most continuous exposures
occurring on the Turnavik Islands and on Graplin Islan:i. The

oldést component of the gneiss complex consists of banded quartzo-
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feldspathic gneiss and amphibolite. These gneisses are intruded
by augen gneissic granite and show lateral variation into units
of agmatitic migmatite. The sequence is characterized by a

well developed quartzo-feldspathic layering that alternates with
amphibolite bands on a scale of 10 to 15 cm. In some cases,
particularly in the quartzc‘)’feldspat.hic units, the large scale
banding shows a finer layering on a scale of 1 to 10 mm. The
large scale banding is commonly folded, contorted and boudin-

aged.

The unit of éugen gneissic granite which-intrudes the banded
quartzo-feldspathic gneiss and amphibolites commonly conbeins
«enoliths of these lithologies. It is characterized by megacrysts
of alkali feldspar (mode 60 to 70 percent) in a matrix consist-

ing of quartz, feldspar and biotite.

The migmatitié unit is an agmatitic breccia cdﬁsisting of
angular blocks of banded amphibolitic gneisses ranging in size
from 10 to 50 m in diameter to fragments 1 to 5 c¢m in diameter
in a neosome cbnsisting of medium grained potéssium fe1d§par-}

rich graqite.

2.3 The Aillik Group
2.3.1 Stratigraphy N

The first detailed stratigraphic subdivision of the Ailtik
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See Map 1
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Figure 2.1 General geology of the Aillik Bay thesis area.
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Group was made by King (1963) in a study of the rocks at Cape

Makkovik (Table 2.1). This work was extended by Gandhi et al.
(1969) who presented a regional stratigraphic synthesis of the
Aillik Group based on lithology, contact relationships, struc-

ture and geochronology (Table 2.2). They regarded the succession

from the granoblastic feldspathic quartzite to the porphyritic ,

arkosic quartzite to represent a conformable sequence.

Clark™(1971a, 1971b) redefined many of the units proposed by

Gandhi et al. (op. cit.); preferring to use non-genetic terms

such as psammitgjto describe tHewquartzite units. He also divided
the Aillik Group into a younger and older sequence (Table 2.3)

using structural criteria.

The older sequence comprised units that contained fabrics
and structures which were ahsent in the’younger sequence. He
regarded thé older sequence as forming a structural succession
although exact stratigraphic rela;ions were unkno;n. The young-
er sequence, on the other hand, formed a.conformable stratigraphic
succession (based on sedimentological criteria such as cross-
bedding and graded bedding). Clark (1974) redefined the strati-
graphic sutcéssion in the A#11ik Group and outlined six formations,
eachAconsiétinQ of a nu@ber of individual members (Table 2.4).

He also recognized the presence of an extensive suite of acid

volcanics which had been suggested previously by Bridgwater (1970).
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A combined structural and stratigraphic sequence of the
-
Rillik Group in the Aillik Bay area is presented in Table 2.5.)
Most units exposed in the map area (Fig, 2;1) are tentatively

correlated with either the Big Island Formation or the Makkovik

Formation (Clark, 1974).

2.3.2 Lithologies

2.3.2.1 Metasediments

Several metasediment horizons occur in the western part of
the Aillik area (Fig. 2.1). The units contain well defined sedi-

mentary structures such as bedding, flame structures and crass-

bedding which jhdicate thakx the western sequences are upright.

jnly of arkoses or arkgsic-quartzites
conpain variable amounts of feldspathic material. Marﬁie horizons
are commonly found 3s thin interbeds on the east side of Aillik

Bay and have a distinctive salmon red color.

Two horizons of polymictic conglomerate are present within
the sedimentary succession (Fig. 2.1), the largest outcrops

occurring on the western side of Cape Aillik.

/2.3.2.2 Mafic Metavolcanics

7 Two major horizons of basic metavolcanics are found in the

/
thesis area (Fig. 2.1). They exhibit relict pillows in the

M e Al o A A 4
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TABLE 2.1

j
Stratigraphy of the Aillik Group Near Cape Makkovik]

Area west of Banana Lake shear zone

Chloritic amphibolite, biotite schist

Feldspathic'quartzite-metamorphic granite

Chloritic amphibolite, biotite schist

Pure quartzite (meta-quartz sandstche)

Feldspathized banded quartzite

(VY

Micaceous grey quartzite

Quartzite gneiss-conglomerate gneiss

Tectonic conglomerate, crystalline lihestone,

arkosic-quartzite ‘ \

Tectonic shear zone

e

Quartzo-feldspathic mylonite gneiss (with

K

discoid plates and bands)

1

Mylonite quartzite, (with feldspar augen).

e X

. A
Area east of Banana Lake shear zone

Feldspathic quartzite (feldspathized in part);

minor bands of fine-grained grey quartzite and

AR

biotite schist

| after King (1963)




- 19 -

op
TABLE 2.2

Stratigraphy of the Aillik Group2

Feldspathic prophyroblastic arkosic quartzite

Lineated gray feldspathic quartzite

Feldspathic quartzite (variable lithology)

Tﬁin-bedded quartzite

Mafic lava (amphibolite) and associated tuffaceous beds
Conglomerate; paragneiss

Banded quartzite (varicolored)

Granaoblastic feldspathic quartzite .

--------- Unconformity --------cao

Hopedale Gneiss
—

—p -

<

-

2 after Gandhi et al. (1969)

v
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. “ TABLE 2.3

Stratigraphy of the Aillik Group Based on Structural CFiterqu

Younger Seguence

Unit Approx. Thickness

Aophibolite (youngest)
Porphyroclastic Psammite
Conglomerate

Cross-bedded Psammite (oldest)

Older Sequence

Banded Psammite

Biotite - Hornblende - Feldspar Rock

Variable Psammite

3 after Clark (1971a)




TABLE 2.4

Lithological Content and Relatjonship Between Six Formations

Recognized within the Aillik Group”

Big [sland Formation Pomiadluk Point Makkovik Bay

Rhyolite lavas, tuffs, Formation Formation

mafic lavas, conglog- Rhyolite lavas, tuffs| Arkose and mafic
3
and polymictic con- volcanics

merate and arkose
glomerate

Makkovik Formation

Rhyolite lavas, tuffs

and conglomerate

Ranger Bight Complex
Amphibolite

Nesbith Harbour Formation

Quartz-poor arkose, polymictic

conglomerate and basaltic lavas

4 after Clark (1974)
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TABLE 2.5 \J
Stratigraphy of the Aillik Group at Aillik Bay :
Cape Aillik Cape Makkovik

Undifferentiated acid volcanics and _
quartzo-feldspathic sediments ?

Quartzo-feldspathic Mylonite

éediments (possibly including acid
volcanics) which show varying de-

grees of secondary feldspathizationaﬁ

Amphibolite, minor marble N\ \i

Sediments (possibly ihc]uding acid
volcanics) which show varying de- B
grees of secondary feldspathization

Micaceous unit \\\
Q

Undifferentiated sediments and acid —

volcanics

Congiomerate, minor Banded Quartzo-
marble feldspathic unit

Arkosic-quartzite, cal-silicate
breccia, marble

Cross-bedded arkose and ' ‘ _ @

conglomerate

?

Rty Unconformity -------

—b

Hopedale Complex
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southern exposures, but northwards they grade
norizons that contain pure quartzite lenses.

the northern sequences were deposited further
so they contain a sedimentary component. The

60 to 70 percent hornblende with feldspar and

L4

into tuffaceous
This suggests that
from the source
volcanics contain

epidote.

2.3.2.3 Undifferentiated Sediments (Including acid volcanics)

[ 3

Acid volcanic rocks are considered to form an important part

of the Aillik Group at Aillik Bay. Most units were originaily

termed "quartzites" (King, 1963); however, this study has shown

that rhyolites are also present in the succession although they

were not separated during field mapping. The

units commonly

exhibit a well defined compositional layering; bands of quartzo-

feldspathic material alternating with more mafic bands on a 1 mm

to 1 ¢m scale. Several units appear to locally have been sub-

jected to regional potash metasomatism. The conéentration of

the feldspathizing solutions along brecciated zones (King, 1963),

which are subparallel to the foliation has obliterated much

of the original mineralogy; hence, the protolith could have been

of igneoys or sedimentary origin.

<

2.4 Intrusive Rocks

2.4.1 Post-tectonic

Dykes, sills and stocks ranging from granite to diorite are




common in the Aillik area. A large hornblendite to hornblende

gabbro stock intrudes basement gneisses on the Turnavik Islands

~(Fig. 2.1) and contains abundant hornblende phenocrysts in a
coarse grdned feldspathic matrix. The stock contains numerous
xengliths of the basement gneisses as well as relicts of an

earlier phase of hornblandite crystallization,

Diabase and diabase porphyry are most abundant in the northern
part of the map area. The large porphyritic dykes (Fig. 2.2) con-
tain phenocrysts that range from 2 to 12 cm in size. These
feldspathic intrusions are regarded as being equivalent to the
Gardar porphyritic dolerite dykes in Greenland described by

Bridgwater and Harry (1968).







CHAPTER 3

FIELD CHARACTER AND EMPLACEMENT HISTORY OF -THE

AILLIK BAY BASIC-ULTRABASIC DYKE SWARM

3.1 Introduction

Several distinctive types of post-tectonic ultrabasic to
basic intrusive rocks‘5 are recognized in the Aillik Bay area,
viz, hornbl‘ende—‘bearing peridotites, minettes, monchiquites,
carbona'te~rich monchiquites, alndites, kimberlites, (sensu
stricto), micaceous kimberlites, carbonate-rich kimberlites,
and carbonatites. Field, petrological and geochemical studies
indicate that the ]ampropl:yres (i.e. alndites and monchiquites)
together wit\S}e kimberlites and carbonatites are apparently

genetically \redéted whereas the hornblende-bearing peridaotites A

{ and minettes are apparently not consanguineous, and are pre-
sumably related to an earlier magmatic event. The majority of

‘the following discussion relates to the former suite.

The lamprophyres, kimberlites and carbonatites clearly post-

date a major.suite of diabase dykes which have a potassium-
' ' argon age of 956 - 16 m.y. (Gandhi et al., 1969). Leech et al.
(1963} ina potassium-arqgon study of micas from three lamprophyres

5 A review of the terminology used is given in Appendix 2 and
Chapter 4,
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in the Aillik area concluded that the dykes have an average in-
trusive age of 570 m.y. In a more recent study, King and
McMillan (1975) suggest that the lamprophyre suite may have a
mid-Mesozoic age. This suggests that the earlier age determi- -

nations of Leech et al. (1963) were possibly influenced by ex-

cess argon in the micas and are therefore aberrant.

3.¢ Field Setting

The ultrabasic to pasic dykes (lamprophyreg. kimberlites and
carbonatites) in the Aillik Bay area comprise a well exposed
north to northeast trending swarm (Fig. 3.1). They are petrolo-
gically similar to lamprophyric dykes found to the north'and South
along the Labrador coast (Kranck, 1953) and are also tentatively
correlated with lamprophyric and kimberlitic dykes which intrude
Archean gneisses and Proterozoic supracrustal rocks in West Green-

land (Andrews and Emeleus, 1971, Escher agg Watterson, 1972;

wWalton, 1966; Walton and Arnold, 1970).

. i L4
The hornblende-bearing peridotites are poorly exposed and

probably correlate with similar rocks in Southwest Greenland

{Upton and Thomas, 1973)

3.3 Dyke Orientations

It 1s clear from Figures (3.2a and 3.2b) that there is a

close correspondence between the attitudes of individual dykes




See Map 2
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Figure 3.1 Dyke orientations of the Aillik Bay basic-ultrabasic

dyke swarm.
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Figure 3.2 Joint (A) and dyke (B) orientations in the Aillik Bay area.
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and the orientations of prominent joints in the area. Both
P

dykes and joints dip Egarly vertically and strike directions
are commonly between 340 - 360, although significant nodes do
occur between 035 - 045, 055 - 065 and 075 - 085. Throughout
mést of the area the dykes appear to have been emplaced along
the most penetrative joints although in areas where joints are
poorly developed, forceful features such as brittle fracturing,
xenoliths and net-veining results.
{ .
k\ﬂ Intrusive Relations Between Different Compositional Groups

-‘“'f}om a study of intrusive relations between the different
members of the lamprophyre-kimberlite-carbonatite suite, it is
clear that the minettes were emplaced first as they are cut by
kimberlite dykes. Most of the monchiquite dykes were also
emplaced prior to the kimperlites; only a few examples were seen
where they wsre intruded intermittently. At such localities,

monchiquites postdate the kimberlites.

This intrusive sequence from minettes to carbonatites re-
flects a trend of increasing alkalinity and decreasing silica

saturation and is discussed in detail in Chapter 5.

No hornblende-bearing peridotites have been observed to
intrude dykes of the above suite; however, King (1963) on the

basis of the ultrabasic character of the peridotites correlated

them with the "lamprophyre suite". Results from this study
-

o

* Sl v g3




suggest. that the peridotites are unrelated to the lamprophyric-
kimberlitic suite. Imstead they are tentatively correlated with

the appinitic suite of hornblendites and hornblende-gabbros which

intrude the Hopedale Complex on East Turnavik Island (Fig. 2.1).

3.5 Detatled Field Characterist®cs
3.5.1 Hornblende Peridotites
3.5.1.1 Lithology
Hornblende-bearing peridotites are the least widespread of

all the intrusive rocks in the Aillik Bay area. They are.medium

toccoarse grained, have a black to brown color and contain abundant

‘ poiki]itié amphibole crystals ranging from .8 to 1 cm in diameter

?

(Fig. 3.3).

3.5.1.2 Contact Relationships and Internal Structure

The hornblende-bearing peridotites occur as dykes that raﬁge
in width from 1 t&°2 m and in strike length from 5 to 10 m. They
display sharp intrusive contacts which are invariably chilled against
the country rocks. Most dykes have a massive habit and in contrast
to some of the lamprophyres, kimberlites and carbonatites show no

evidence of textural or mineralagical variation along strike.-

3.5.2 Minettes

3.5.2.1 Lithology

:

Oykes classified as minettes are composed of phenocrysts of
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biotite, clfnopyroxene and miﬁor o]fvine in a groundmass of
alkali feldspar. They are medium to fine grained and are black
to brown in color. The minettes locally contain carbonate-
bearing ogé{li which are ellipsoidal to circular in shape and
range in)diameter from 1 to 3 mm.
s '
~~-3;>-2~2 Conpact Relationships and Emplacement Features
The minette éykes have sharp reqular contacts which are

commonly chilled égafnst the country rocks. The chil) ﬁarging
range n width from 1 to 2 ¢m and are cha;ﬁcterized by a conside- e

rable decrease in grain size.

" The minettes always follow prominent jointing directions
and rarely show any variation in thickness or attitude along strike.

Small angular xenolithic slivers of country rock are present in

some dykes.

3.5.2.3 Contact Alteration
The contact rocks of the minettes rarely exhibit any altera-

tion except for minor darkening in a few cases.

3.5.2.4 Internal Structure
The chill margins commonly grade outward iﬁto a marginal bandé
ed zone composed of alternating layers of ocelli-rich and ocelli- ~.

poor material on a scale of 1 to 3 cm wide. The ocelli-paoor bands

are finer grained than the ocelli-rich ones and commonly reseqble
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the chill marginal phase. Contacts between individual bands

are sharp or gradational. In many dykes, the banded morphology

s discontinuous along strikg and in some dykes it is completely
absent. The banding is similar to that observed in the carbbnaie-

rich monchiquites and is interpreted to have-a similar orid‘h.

3.5.3 Honchiqﬁites

3.5.3.1 Lithology

The monchiquites form two distinct groups Viz; a8 carbonate-
poor group and a carbonate-rich grgup. The carbonate-poor
~monchiguites are porphyritic and contain phenocrysts of clinopyroxene,

biotite, olivine and opaque oxides up to 1 cm in diameter in a

groundmass composed of very fine grained clinopyroxene, mica and

opaque oxides. The carbonate-rich group are either porphyritic or
nonporphyritic and contain abundant carbonate-bearing ocelli | to
8 mm in di&meter. The ocelli commonly' decrease in size and/or
concentration tqward dyke margins {a feature also noted in the
monchiquite dykes at Callander Bay, Ferguson .and Curr%ﬁ 1972).
Maximum concen;ratlons of ocelli observed in individual dykes
range from 3 to 20 percent.

3.5.3.2 _Cbntact Relationships and Emplacement Features

(A) Carbonate-poor Monchiquites

The carbonate-poor monchiquites have sharp reqular contacts

and well developed chill margins. Most dykes are nonbanded;

‘(Fié. 3.4); however, one dyke was seen to have a pronounced flow




’

lineation defined by the alignment of clinapyroxene phenocrysts.

(B) Carbonate-rich Monchiquites

The carbonate-rich monchiquite dykes have sharp, straignht or
irregular contacts and well developed chilled margins which range
in width from | mm to 2 cm.” In some dykes the chill margin ex-
hibits a distinct mineral lineation which parallels the dykes

margin. " Individual dykes range in width from 4 ¢cm to 1 m and

in strike length from 15 to 270 m.

-

These dykes commonly display evidence of brittle fracturing
(cf. Watterson, 1968) which implies that the monchiquite dykes
were forcefully empiaced resulting in the rotation of blocks

(Fig. 3.5} or slivers of country rock fragments into the dykes.

Most of the monchiquite dykes are vegtically dipping (Fig.
3.2b) and have been emplaced in areég where jointing is well
developed as\gontinu0us tabular bodies. In poorly jointed areas
the monchiquites commonly terminate abruptly, bifurcate or become
net-veined along strike. Dykes which terminate commonly reappear
along strike in another coplanar joint p}jne giving the d}kes
a stepped appearance. Fach segment of the stepped dyke has two
termination heads (Fig.‘3.6) which are similar to those des-
cribe by Kaitaro {1953), Watterson (1968), Currie and Ferguson

3.7) and Pollard (1973). The termination heads have

n

distinctivg apophyses extending into the country rock*rom the

outer edge each part of the dyke across the line of offset giving
7

R
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them a horned appearance (Fig. 3.6).

The steppéd dykes are considered by the author to have re-
sulted from forceful émplacement of the monchiguite into dis-
continuous joint systems and are notAconsidered to have formed
by comtemporaneous faulting with dyke injection (cf. Watterson,
1968). The propagation of apohyses at the head of each paired
termination structure (Fig. 3.6) indicates that the stepped in-
trusions were emplaced sinm1taneously and that lateral migration
towards one another occurred-along the offset but parallel joints

(Pollard, 1973).

Dyke intrusion was probably preceeded by a volatile and/or
fluid phase {Currie and Ferguson, 1970) which resulted in joint
extension by a process of hydfaulic fracturing (Phillips, 1972).
The extension ofddiscontinuous Joints may account for the per-
sistance of certain dykes in areas where joints are poorly de-
veloped. The occurrence of.a f?u1d phase before intrusion is
supported in the A{llik dykes by the presence of carbonate
selvages in dykes which show no evidence of post or synemplace-

ment carbonatization.

Some of the stepped dykes with small off-sets are inter-
connected by the-apophyses, others are displaced by 10 cm to l m
and no 1nteéconnection.is abparent. Most stepped dykes with
major offsets also exhibit a characteristic banding {Type 11

banding, see below, page 53).

4.
1
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Loba‘te or amoebéid termination structures are common in some
of the monchiquite dykes (i.e. those which display Type Il banding).
In these structures, the banding appears to be folded arcund the
termination. These pseudo-folds" (Fig. 3.8) plunge at 40 to 80
degrees (Fig. 3.10). In some dykes, the “pseudo- folded" 1ayeri.nq'
s rot restricted to the termination area but can also be found in
dreas where a constriction of the dvkes wall occurs., Some of the
‘pseudo- folds * exhibit weakly developed cleavage fans defined by

fractures which radiate from the ocelli-rich core. )

N terminafion structures regardless of shape'display a core
zone in which xenoliths and/or ohenocrysts are concentrated. In
many cases, the elongate xengliths or phenocrysts are or’iented
with their lonq axis parallel to the dykes margin, producing a well

a'eiined flow lineation.

7
g‘y of the monchiguite dykes are characterized by the de-

velorment of a strong lineation in a finer grained, nonocelli-
bearing bands  which comprise the marginal banded zone (Fig. 3.9).
The hne'atj"ons.p_]unge between 0 to 90 degrees to either the north
or south and\’:shr))y ne apparent correlation between location or
attitude (fiq. 3.10). These lTineations are considered to be re-
TateMto the emplacement of these dykes, although their exact

nature is not fully understood.

{C) Carbonate-bearing Mochiquite Pipe
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On.Hest Turnavik Island é rod-shaped monchtyyite intrusion
{1 to 2 m in diameter) plunéing at 45° to the northeast intrudes
Archean'gneisses of the Hg%eda]e Complex and also cuts an earlier
kimberlite dyke. It has’f_ga sharp Antrusive contact and '1'5 partially

chilled'resu}ting in a perpendicular growth of dendritic clino-

pyroxene. The core othhe intrﬁsion contains abundant pheno-

crysts of clinoperx(ne and c0untfy rock xenoliths. (Fig. 3.11)

4

{
/ . Lo .
(D) Carbonafe-bearing Monchiquite Diatreme

A carbonatg;bearing monchiquite and its associated breccia
intrudes amphi?SIite west of Banana Lake (Fig. Z:I)f The breccia
occurs as ad}éhlargement of an extensive carbonate-bearing mon-
chiquite dyyé as shown in Figure (3.12). and it contains numerous
fragménts'éf the surrounding country rocks (Fig. 3.13) i.e.
amphiboli%e§, metasedimentary units, intrusive rocks and acid )
metavolf;nics. Clasts range in diameter from 1 mm to several centi-
metersfand have angular to rounded outlines. ;The‘breccia has
gradakional contacis with the c;rbonate—rich monchiquite dyke and
the clasts are cemented by a monchfquitic‘matrix. The occurrence

appears to be similar to the Ford's Bight Breccia described by

King and McMillan (1975)

4
‘The Aillik monchiquite diatremic breccia is interpreted to be

~either the base of a monchiquite diatreme (representing the contact

between diatreme and hypabyssal facies; Dawson.’1971) or a blow on
B

a dyke (Nixon, 1973)

5
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.3.5.3.3 Contact Alteration
No marginal alteration was observed at the contacts of the
carbonate-poor monchiquites. In contrast the carbonate-rich
dykes commonly exhibit thin alteration (hematization or feni- ' +

tization) halos (3 mm to 1 cm) in their contact rocks.

3.5.3.4 Internal Structures
(A) Carbonate-poor Monchiquites
Carbonate-ﬁoor monchiquites $hiw no internal textural arrange-

. . . ¢
ments except for a mineral lineation in rare cases.

. (B) Carbonate-rich Monchiquites .
'~ The carbonate-rich monchiquites are characterized by varying

concentrations of carbonate-bearing ocelli. The oce]Tl\Fré con-

sfdered by the author to have formed as a result of liquid im-
mis¢ibility (Ferguson and Currie, }971; Phiﬁlips, 1973; Philpotts,
1972, Philpotts and Hodgson, 1968; Koster Van Groos and Wyllie,
1968b). It is considered unlikely t;at'the Aillik ocelli dre
amygdules, late stage segregations or nucleation centres for

leucocratic minerals (cf. Fergusqnland Currie, 1971). Instead,

the. ocelli are considered to be of primary igneous origin, formed
before the emplacement of the dykes. A more detailed account

for their origin and texture is given in Chapters 4 and 6.

The carbonate-rich monchiquites-exhibit'three different varieties

|

L]
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of banding:

(1) Type I Banding

Dykes with Type | banding exhibit a bilaterally symmetrical
marginal banded zone (bet;een the chill margin and the core of
the dyke) which ranges in width from 5 to 25 c¢m, dependin§ on the

thickness of the dng.,

The marginal banded zones consist of alternating layers of
ocelli-rich and ocelli-poor bands between 5 mm to 5 cm and 2 mm fo
1 éa in width respectively. The ocelli-poor bands are generally
of uniform thickness; however, the ocelli-rich bands\commonly
increase in thickness ﬁowards theéentre of individual dykes

(Fig. 3.14), &

Five distinct variances are present in dykes with Type |

banding (Fig. 3.15) viz;

la. Dykes that are poorly banded and contain ocelli-bearing
bands in which the ocelli may or may not increase in size and/or

concentration towards the dyke's core (Fig. 3.15a).

”

1b. Dykes that display a poorly developed marginal banded
zone, each band displaying sharp contacts with material on either
side. Each ocelli-bearing band shows increasing ocelli size to-

wards the dykes core (Fig. 3.15b).

1c. Dykes that exhibit a well devqloped marginal banded

zone. The'ocelli-bearing bands may or may not show increasing
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Figure 3.15 Schematic diagram showing variation in Type 1 banding,
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size towards the dykes core (Fig. 3.15¢).
E 4

1d. Dykes that have a well developed marginal banded
zone, each fine grained band has gradational contacts with
ocelli-bearing bands on the core side but has sharp intrusive .
contacts with the ocelli-bearing bands on the chill margin
side. The ocelli size and/or concentration increases from each
fine grained band into the ocelli-bearing bands on the core

side of the dyke (Fig. 3.15d}.

le. Pykes with poorly developed marginal banded zones
in which the fine grained bands have gradatipnal contacts with

ocelli-bearing bands on either side (Fig. 3.15%e).

These marginal banded zones require the mult%ple or pul-

sating intrusion of magma (Bhattacharji, 1966, 1967: Simkin,

1967) containing dispersed carbonate-rich ocelli to explaim
their origin. The absence of ocelli in the finer grained bands
may be a result of flowage. differentiation (Bhattacharjf, 1966) ;
however, the effect o;’such a process upan an ocelli-bearin§ mag-
mas isn't known. These bands may also be interpreted a$ individual
chill margins formed during multiple intrusion; however, they

]ack textures indicative of qqeﬁéhing and-in contrast have a strong

lineation defined by acicular minerals (see Chapter 4) possibly'

indicating rapid flow.

The distribution and size confiqurations observed in the
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ocelli-bearing bands {(Fig. 3.15) are interprétéd by the author

to have formed either und{rvl)periods of flow differentiation and/
N

or increasing ocelli si;{bwith each major magma pulse. The
AR

_ : A . .
banding observed in Figlre ‘13.15&) is considered to have formed
- /

by @ process of flow differentiation upon emplacement of each
successive ocelli-bearing band. The sharp contacfs obﬁerved
between the fine grained and oceﬂli—bearing bands are not easily
explained by a simple flow differentiation model hence,' $light
chilling and/or incr.easing magma viscosi_t}*in this area is re-
quired to-produce the extreme textural distinction. The banding
presen't- in Figure (3.15b) requires increasing ocelli size within
each Oclel]i-rich lay;er towards the dykes £ore. There is no

well documented evidence that oce]ii decrease in size with cool-
ing; however, Ferguson and Currie (1971) suggest that ocelli

can increase in size provided there afe gradually increasing
periods at which temperatureS'a.re low enou{;h for accumulation and
coalescence of the ocelli.- Thys, t[\e increasing ocelli size in
the ocelli-bearing bands may indicate thTaf each bulse of ocelli-
bearing material occur_ed at greater time intervals (therefore
allowing the ocelli to increése in size towards the dyke's core).
As in the above caéé. the fine grained bands are considered to
be\‘the result of flow differentation. The banded arrangement shown

in Figure.(3.15¢,d) is considered to represent the combined efforts

of flow differentiation and increasing ocelli size with time. |




{2) Type Il Banding

Dykes with this type of banding are similar in many respects
to dykes with Type I banding, displaying a well developed marginal
banded zone. Type Il banding is recognized by the présence of a

band of skeletal pyroxene growth 1 - 3 cm wide iR which the

pyroxene elongation is perpendicular to the contact oi‘\ the dyke

»

(Fig. 3.16). ’

The skeleta]l pyroxene bands are commonly present on both
sides of individual dykes at approximately equivalent distances from
the edge of the dyke. Three varieties of perpendicular pyroxene
growth are recognized:
As a band within the marginal banded zone (Fig. 3.17a)
As a band within the chill margin (Fig. 3.17b)

At the chill magj»\of the dyke {Fig. 3.17¢c)

: /
7.
contact between the perpendicular growth zone and the

adjacent monchiquite dyke is either sharp or gradational.

Similar shaped crystals have been observed in layered basic
intrusions (Donaldson, 1974), kimberlite sills (Dayson and Hawthorne,
1973), picritic sills (Wyllie ang Drever, 1963) and in feldspathic
dolerite dykes (Platten and W terson,' 1969). They are inter-
preted to have qeveloped by supersaturation during periods of
supercooling (Preston, 1963; Lofgren and Donaldson, 1975). The

developmentA of the pyroxene growths at the chill margin in certain










Afllik dykes implies that rapid heat loss during intrusion
(Drever and Johnston, 1957) was responsible for the super-

cooling (Fig. 3.17¢).

The occurrence of skeletal cfystals in bands within the
. .

marginal banded zone (3.17a) implies. that supercooling may not
always be ascribed to thermal co91ing upon dyke,jnjéction. The
case outlined above has been attributed to a sudden loss in
vapor, either by deformational open1ng of joints or by preSSure
¢hanges due to magma motion (Lofqren and Dona\dson 1975) " iBlow"
and/or diatreme formation may have been an important releasing
mechanism in some of the Aillik dykes. The 1oéaf10n of these
pyroxene growths within the marginal banded zone implies that a
supercooling event coincided with the formation of the marginal

band (see above).

The formation of skeletal crystals (a structural analysis

of acicular crystal growth is given by Fleet, 197%a, 1975b}), are
considered by Lofgren and Donaldson, (1975) to or1g1nate in a
hydrostatic environment; houever._Platten and Hatterson (1969)
" conclude that such textures originate from rapid crystal growth

in magmas undergoing flow. :/

Flow during preferred skeletal pyroxene growth is consid-
ered by the author to be an important feature as several bands

containing such growths were obsefved to grade along strike into
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" fine grained (nonocelli-bearing) bands which display a strong

mineral lineation.

i

/ Oykes with Type I and II banding commonly exhibit ocelli
e and phenocryst-rich cores that range in width from 1 to 30 cm,
The carbonate-rich ocelli range from 3 - 5 mm in diametér and

are present in concentrations ranging from 20 to 40 percent.

Phenocrysts (oliwine, biotite, clinopyroxene and opaque oxides)
range in diameter fr.'om 3 mm to 2 cm.

In most cases the textural and compositional banding in the
carbonate-bearing m_onchiquite‘ dykes; can be traced laterally for
several meters without disruption; however, some dykes display
bands which pinch, swell, divide or terminate along strike (Fig.

3.15a and e).

‘3.- Type 111 Banding

These dykes are characterized by a brecciated core composed
%f lobate (Fig. 3.18) to subrounded (Fig. 3.19) fragments of
monchiquite in a fine grained matrix: The core is bounded by

gither a marginal banded zone (as in Type I dykes) or it grades

[

directly into)a chi]led margin,

The origin of these rounded and lobated Sstructures cannot

L}

be explained solely on the basis of field.evidence; a more de-

tajled description of their origin is given in Chapter §.

,r







3.5.3.5 Carbonatitization

Marginal selvages of carbonatite 3 to 12 cm w{de and 30 to
40 cm in Tength are common in the dykes characterized by Type 1
banding and‘h?re rarely in those characterized by Type Il and
Il banding. fng selvages occur as semi-continuous bands,

*\ /
isolated pods (Fi§< 3.20) or as anastomosing veinlets.
\ ,

\
.The dykes are also intruded by narrow transgressive vein-

lets of carbonate 1-- 2 mm in width and 5 to 30 cm in length.

In some cases, these veinlets are apparently related either to
carbonate-beraing ocelli or the carbonatite selvages; howgver,

in ot;er examples they are apparently unrefated to any observab]g

lacal source of carbonate (Fig. 3.21).

A3.5.3.6 Nodules and Xenoliths

Glimmeritic nodulgL are rarely observed in the Carbo;ate-rithv
monchiquites. ~On the other hand, xenoliths and xenolithic s]ivefs
of the cbuntry rocks are not uncommon and range from 10 to 70 cm
long and | mm to 5 cm wide. None of the carbonate-poor dykes

contqin xenoiiths‘

3.5.4 Kimberlites
3.5.4.1 Lithology

Kimberlite dykes and sills are the youngest intrusives in

the Aillik Bay area. - They are poxphyritic containing
. \ )

'
e
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megacrysts6 of olivine, phlogopite) ilmenite and magnetite in a
fine grained matrix consisting quQZrbonate. phlogopite and
opaque oxides. ‘CarQonate is also present in ocelli (cf. Clarke
and Hitche]f. 1975)." On weathered surfaces they range in color
from yellowish brown to black depending on the amount of carbonate
present. M ) ¢ |

The K}Hberlités have been di{idéd on the basis of minéralbgy
and‘modeldcomposition into a number of Jifferent petrological types
viz, /

(1) Kimberlites {sensu str%g&g) (Dawson, 1971)

(2) Micaceous kimberlites (Dawson, 1971)

(3) Carbonate-rich kimberlites

(4) Carbondte-rich micaceous kimberlites

Each type appears to Be genetically related in both space and
time and they are commonly found witﬁin the same dyke-grading into
one another along strike. Fiqure (3.22) shows the relationship
between carbonate and mica withid;the Aillik dykes. The-gradation
of kimberlite into micaceous kimberlite is a common feature (Dawson,
1960, 1967a, 1971) and is usually attributed to the differential

concentration of olivine or mica within individual dykes or sills.

The distinction between the carbonatites and extremely

6 For terminology see Appendix 2.
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carbonate-fich kimberlites is not always possible. Dykes that
remain carbonate-rich for most of their length are classified

as carbonatites and those that alternate between carbonétite and
kimberlite are classified as carbonate-rich kimberlite. The
carbonate-rich kimberlites have a récoghizab]e Kimberlitic

mineralogy however, they have\been subjected to the effects of

syngenetic carbonatization.

X

3.5.4.2 Contact‘Ré4€tionships and Emplacement features

The Ailljk‘kimberlites show many features’;ypical of hypabyssa1>
kimberlite 1ntrusfons (Dawson, 1962, 1967a, 1971, Dawson and
Hawthorne,1970, 1973) and occur either as small discontinuous.
veinlets 10 - 20 cm in Hength or as dykes and sills greater than
40 m in length. Dyke widths are commonly proportional to their
1ength. ranging from less than 1 mm to greater than 1 m. In general,
the kimberlite dykgs appear‘to be narrower than dykes of ;ther
compositions occurring in the area. Many of the kimberlite dykes

are net-veined (Fig. 3.23). In contrast, the micacecus kimber)ites

tend to be more regular in form.

The kimberlites (§gg§5“19£9) (i.e, micaceous and carbonate-
rich variei%es) have shafﬁ intrus%ve contacts with the country
rocks. Some dykes are characterized by the development of a
semicontinuous marginal chilled zone ranging in width from 1:yn
to | cm (Fig. 3.24). Similar contact effects are described in

South Afn‘ca\? (Dawson and Hawthorne, 1970, 1973} and Russian

N LS
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(Kharkiv, 1967 quoted by Dawson and Hawthorne, 1973) kimberlites.

Many of the carbonate-rich dykes exhibit discontimuous to

‘ continuous flow banded selvages of carbonatite (5 mm to 13 cm
wide) in the marginal zone. They show no evidence of chill

margins, and arevcommonlx transgressed by small veinlets of car-

bonatite which emapate from the marginal carbonatite selvages.

The contact zones have been divided on the basis ef compo-

sition and texture into four distinct varieties vis;

(1) Carbonate-free dykes which have a well developed chil]eq
margin.
(2} Carbonate-free dykes with no chilled margin.
(3} Carbonate-rich dykes which display a marginal flow banded ' .

" carbonatite selvage but have no obvious chilled margin,

(4)!'Carbonate-rich dykes which have a chilled and flow banded

margin.

*»

In the field, all gradations between these four main.types have -

e T

been observed.

Intensity of jointing commonly increases near dyke margins
(Andrews and Ekmeleus, 1975) and brittle fracture development is more
widespread than in the monchiquites. Both features are believed to . J

be related to forceful emplacement of gasfgmanations which preceed

thelkimberlite magma (Andrews and Emeleus, ]975). The areas of jointing
' ' ' \

N i ’ “ \\\\\\\\ : .







and brittle fracture development (Fig. 3.25) commonly contribute:
toose fragments that become incorporated into the dykes as xenoliths.

or xenolithic skivers.

;s

The discontinuous nature of joints in certain lithologies
commonly results in the formation of termination structures. These
structures usually occur in pairs (Fig. 3.26), allowing the
emplacement of a dyke along a neighbouring joint plane to .give it
a stepped en échelon confiquration. These structures differ greatly
from those described for the monchiquites (see above, p-age 35), as

they are more i?regular and contain apophyses on both sides of the

termination head.

Single dyke intrusions coul’nonly ‘bifurcate to form two or more
separate dykes.  In some cases, this results in self-intrusion when

i

o one of the subsidiary veins re-1ntri:de§ the main dyke.

3.5.4..3 Contact Alteration

The development 6f narrow feni‘te zones 0.5 to 1‘ m wide adjacent
to the carbonate-rich dykes is a common feature.;speciall'y where the
rocks are,quartzd-feldspathic composition. ;rhe fep1t1zed zones are .
,da.rk in color and are composed of riebeckite, aegiljlrine and .a'lkaﬁ
feldsﬁar. Xenonhs also show fenite halos‘ (F.ig. '3.27) and many are
completely fenttized. Hematized zones are also common, but ar:

restricted to carbonate-poor dykes,

N e e e gt SR T NN, - f
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3.5.4.4 Internal Structures

The Aillik kimberlites (sensu lato) show considerable varia-
tion in megacryst concentration; many dykes have megacryst-rich
cores and finer grained marginsr. A similar texture was observed
in the DeBeers mine, Kimberley (Wagner, 1914; Dawson and Hawthorne,
1970) however, it was interpreted to be a result of marginal quench-
ing (Nagn__er,‘19l4). Bhattchar;ji (1966) has shown that a flowing
© magma 'cont‘aining'soHd and liquid phases segregates to form a
concentration of solid phasgs toward the centre of the fiowing
magma (by flow differentiation) and marginal concentration of,y
fluids and smaller solid phases (and not by marginal chirnirng‘;' of
a hot kimberlite rﬁagma). This flow differentiation model is
considered by the author to have operated in the Aillik dykes
producing the above textural arrangements. This mechanism possibly
accounts for the marginal concentration of carbonate in some of
the carbonate-rich kimberlites.

~

The most common banding present in the Aillik dykes is pro-

duced.by the segregation of megacrystic bands and finer grained
nonmegacrystic bands (Fig. 3.28). The fine grained bands have
sharp contacts with the megacrystic bands and consist mainly of
a matrix material which in some cases is car‘bonatg‘—rich. The
megacrystic bands aré generally wider and more continuous than
the finer grained bands wh.ilch seldom exceed 1 - 2 cm in width.

The finer grained bands are usually developed parallel t'\o the dykes
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margin; however, they are cﬁmonly not paired as in the monthiquite
dykes (see page 35). In some instances, the finer grai‘ned bands
display delicate layering thc'h may be developed oblique to ﬁhe.
margin of the dyke; however, such instances are confined to layers
having a high carbonate content. Similar textural arran@ements
have been observed in the Franspoort, Zonderwater, Kleinzonderhout,
Hesseiton. Byrnes, Benfqntein and Roberts Victor intrusiohs in South
Africa (Wagner, l9l4~; Dawsqh and Hawthaorne, '1970. 1973}). According

to Dawson and Hawthorne (1970) the finer grained bands are not chill

’ margin as the groundmass in the porphyritic layers is no finer than

in the fine grained bands. The model proposed by Bhattcharji
(1965) i.e. repeated injections {or pulsating magmatic flow) within

a solid-liquid material to produée successive porphyritic and _

nonporphyritic 1ayetrs may account for the textural variation present -

in both the African and Aillik kimberlites. o

qubonate-rich ocelli are present in many dykes. [n some
dykes these ocelli are concentrated in nonmegacrystic layers, a
feature which accentuates the layering. Contacts between the
ocelli-bearing layers and the o'éelv‘li—poor megacfystic layers
are either sharp or gradational. In the carbonate-poor kim-
berlite dykes, the &elli occur as randomly oriented ellip-
soidal to rounded masses (Fig. 3.29) which are interconnected
by thin carbonate ve"lns. The ocelli do hqt occur in specific

bands and their size appears to be independent of their location




‘within the dyke.

The carbonate-bearing ocelli are ‘considered to have formed
during a period of liquid immiscibility (cf. Ferguson and Currie,
1971) and most carbonate is regarded to be of primary origin. A
more detailed exblanation of the textures and origin of the carbonate

are given in Chapters 4 and 6.

Flow structures formed b} the alignment of megacrysts, ocelli,
xenoliths or more rarely nodules are common in many of the Aillik
kimberlite dykes (cf. Walton, 1965). The flow structures have

. cresent or arcuate shapes (Fig. 3.30) which are usually concave

towards the intrusion direction. In some dykes these structures

are found trending in opposite directions along a dyke's length

or they may be joined to farm concentric rings. These features
indicate close proximity to a flow céll (Ctark, 1974) and maybe
taken ‘as evidence the;t the dykes were intr~uded a]c{\g specific

‘locations within the fractures arid were not emplaced along the

whole length of a fracture system during one magmatic episode.

3.5.4.5 Serpentinization '

Serpentinization is not always obséryab]e in hand specimens
and in many cases fresh otivine could be seen protruding from
weathered. surfaces. One carponate-rich dyke near Afllik Village

did; however, contain discontinuous- chysotile veinlets 1 mm to
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5 cm wide. These serpentine veinlets are regarded as a post coh-

- solidation effect as they cut both the margin and nodular core

of the dyke (Fig. 3.31).

3.5.4,6 Carbonatit{zation

The darbonate content as well as its behaviour during intrusion
has greatly governed the textural and/or structural featufes ob-
servg& in fhe Aillik kimberlites. The most carbonate-rich kimberlites
eithet display a relict megacrystic texture or in other cases the
carbpnate-rich areas resemble carbonatites. Most of the carbonate
appears to be syn-intrusive with the kimberlite magma. The higher
mobility of the carbonate:}ich.fraction relative to the megacrystic
kimberhite fractton has resulted in its ségregat1on or partial
segregation producing comp1§x banding, veining and anastomosing
relationships. The carbonafe appears to have migrated laterally
along the mprginé of the dykes. This migration probably'continued
after the consolidation of the ki@berlite as many carbonate-rich

veins brecciate and enqulf fragments of kimberlite.

The transition from kimberlite to carbonate-rich kimberlite is
commonly observed in the field and results from the local con-

centration of carbonate. The gradation usually occurs within a

“strike length from 10 cm to 1 m and may occur any number of times

) along the length\of a dyke. The transition 1s often related to

obstructions within dykes and frequently occurs inareas uhere the

dykes narrow rapidly (1. e. termination structures).
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3.5.4.7 Nodules and Xenolitﬂg

Glimmerite and phlogopite-bearing pyroxenite cognate nodules
are widespread in the Aillik Bay kimberlites. They are spherical
to ellipsoidal in shape, range in diameter from 1 mm - 4 cm and
have polished outer surfaces (Fig. 3.33 and 3.31). The core v
zones of some dykes are extremely rich in nodules (up to 80 percent
of their volume, Fig. 3.34).~ In addition to the cognate nodules,
most kimberlites contain variable concentrati;ns of xenolithic
slivers and/or fragments which were rafted from the exposed country
rock walls. These fragments are angular to subangulir in shape and
range in lengfh from 5 mm to 10 cm and in width from - mm to 1 cm.
The concentration of these country rock xenoliths is quite variable, | 1

- i ) ‘1
however it seldom exceeds 5 to 10 percent. . ’ .

3.5.5 Carbonatites

J  '3.5.5.1 Lithology
7:_. : 1 ’

The carbonatites are composed of between 60 to 70 percent

primary carbonate with minor amounts of phlogopite, opaque oxides,

and occasional olivine pseudomorphs. They have been divided into

two distinct &arieties on the basis of their carbonate compos i -

- e et ey -
B . i

tion (Von Eckermann.,1948) viz;

a.}ﬂg j
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tured contact zones are commonly developed. The dykes sometimes
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(1) Sbvites, consisting principally of calcite.

(2) Beforsites, consisting principally of dolomitic

carbonate.

The sbvites are commonly light grey to pinkish grey in color

while the beforsites are generally cream in color.

3.5.5.2 Contact Relattonships and Emplacment Features
The carbonatites have sharp intrusive contacts which are
sinuous and irregular along strike. The beforsites commonly

display chill margins; however, the sUvites are usually devoid

of such features.. - . '

The carbonatites are typically net-veined and highiy frac-

display terminqtidnstructures and like the kimberlites show in-

tensification of the regional joint directions next to the dyke's

[ .Y

margin. Several carbonatite dykes grade into kimberlite in the

termination structures.

V3.5,5.3 Contact Alteration

Tpe development of fenite in narrow zones adjacent to the

.- (
dykes margins is a common feature. The fenitized zones range

from 1 mm to 5 cm but {ncreases to 15 - 20 cm in dykes which are

strongly net-veined.

" P RS &
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3.5.5.4 Internal Structures o

The carbonatites are generally flow banded and some dykes
near Cépe Makkovik grade between sgvite, beforsite or kimberlite
along strike. A few of the sovites are megacrystic and the

~_‘/] . . -

segregation of megacrysts in certain bands parallel to the

<

dykes mérgin commonly enhances their flow-banded character.

3.5.5.5 Nodules and Xenoliths.

~

The carbonatites rarely cohtain nodules and only one glim-
o . .
- merite has been recovered. Most dykes contain abundant xenoliths P

whose dimensipns‘are siﬁilar to those recorded for the kimberlites.

“--é -
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“which have emphasized the significance of €0, as a constituent of

the mantle, and as an important volatile involved in the emplakement

of kimberlite magmas.

Occurrences of kimberlite an_d/or carbonatite which are spatially,
temporally and (possibly) genetically related to the emplacement of
lamprophyre dykes (minettes, monchfquites) have been described by Allen . =
and Balk {1954}, HcGetchin and Silver (1970), Kay and Gast (1970) and
McGetchin e_t_ﬁ. (1973). Carbonate:rich monchiquites genetically re-
lated to car.bonatites are also described by Currie (1971) and Ferquson
and Currie (1972) from the St. Lav;rence rift system at Callander Bay

and Brent Lrater, Ontario.

Aln6itic lamprophyres which contain xenocrysts of picro-ilmenite,
chrome-diopside and pyrope closely resemble some varieties of kimberlite
{Allen and Deans, 1965). AlnGites are often spatially related to kime
berlites (Nat\§on, 1967b, Von Eckermann, 1948; Koemig, 1956, Brachvn-)gel
and Kovalsky, 1970) or they display a gradational n{ineralogic“a] rela-
tionship with them (Bowen, 1922, Harrvie, 1909; Martens, 1924). More
receﬁt]y me]_ﬂite—bearing kimberlites have been described in Greenland
(Escher and Watterson, 1972), hence‘thg term aln'di“te may be superfluous

to the geological literature.

The basic and ultrabasic dykes which outcrop in the Aillik Bay
area are closely related in time and space. They are therefore an ideal

assoctation in which to examine the genetic’ relationship between kim-

N ad
berlites, carbonatites and lamprophyres. The following Chapter presents
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the results of a detailed petrographic study aimed at providing
mineralogical and textural data relevant to a comparative investi-

ation of the®different compo'sitional groups.
Y \ ¢

K

A1l compositional variants were thin sectioned and examined
petrographically. Modal analyses determined by point counting are

presented in Chaptef 5.

¢

L

Petrology

4.2.17 Hornblende Peridotites ~

The hornblende-bearing peridotites are rﬁineralogically d.istincut
from the other dyke suites and are not considered by the author to
belong to the consanquinous basic to ultrabasic suite. They are por-

phyritic rocks composed of large xenomorphic poikilitic crystals of |

hornblende (50 - 70%) (10 x 7.5 t0.0.25 x 0.20 mm in Size} enclosing

smaller rounded crystals of olivinéd (20 - 307) augite (1 - 5%) and

hypérsthene (0 - 21). The hornblende-is strongly pleochrgic in two
contrasting schemes: a - light green to 1ight brownish green,f -
oljvé green, y - green,-and a - colo.rless, B - pale greenisH brbwn
and % - light brown, and it ép‘pe’ars to replace 1rregu1;a.r grains of
clinopyroxene (Fig. 4.1) which display embayed cr‘ystal boundaries.

This replacement is considered by thebauthor to hé.ve*qccurred at é late
stage in the crystallization history of the dykes when an increase in
pf;gﬁ favourgd_the cry;stallization of hornblende. Although the horn-
blende i1s usually fresh,-some late-stage chloritic alteration (0.5 .

") has been observed. .
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(0livine occurs as xenomorphic’ to idiomorphic cyrsfé1s,wigh
embayed crystal bouhdaries (Fig. 4.1) which gre interpreted to have
formed- by reaction during the early stages of crystallization of the
¢ ' ' :

“melt (Cawthorn, 1975 personal communication}. Many crystals also

show marginal alteration to antigorite and/or chlorite.

~
[

- .

Other minor phases include slightly pleochroic xenomorphi
crystals of hypersthene (a - pink, B¢ yellowish brown, vy - pale
green) and ;enomOrphic to hypidiomorphic crystals of épatfte (0 - 3%)
and opague Pxides'(maqnetiie) (0.5 - 5 ) which occur as randomly
distributed crystals or as 1entiCU]q;”§¥ringérs'a1ong amphibole

cleavages.

4.2.2 Minettes
The minettes have a medfum-grained panidiomorphic-granular texture
“which is defined by 1aiqmorphic cryitalé of o{ivine (5 - 10%}, augite
(30 - 40°), biotite (15 - 25%), and opaque .oxides in a matrix of fine

grained orthoclase (30 - 50%), biotite, opaque oxide$ and augite.

Minor concentrations of carbonate-bearing ocelli are also present.

RN

xenomorphic to idiomorphic grains of olivine occur efther as
microphenmocrysts, nbrg rarely as a matrix phase or as glomeropor-
phyritic clusters. Many crystals exhibit antigorite pseudomorphs

and several are mantled by coromas of biotite.

IS

Prismatic crystals of brown to greenish brown augite occur either

as a relatively fine grajned matrix phase (?19. 4.2) or more rarely as

R e
26t FAEN ey R et
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i B . -
\ idioméﬁphic phenocrysts The matrix crystals are commonly surrounded '

¢

/by a ;‘narrow mantle of aegirine which is interpreted to be an altera- .

tion product rather than composrtlona\ zoning of primary origin (cf.

wﬂkmson 1957).

B1ot1te is present either as small lath to m1crohte shaped
crystals in the" matmx or as large 1d10morph1c to hypidiomorphic
tabular crystals which are often pmmlc to augite and/br opaque .
oxides. [t has a normal pleochroism: w1t.’h a - yellow to yel]omsh
browo, b=y - a.dark rusty_ brgwn. The matmx crystals generaHy
exhibit a thm incomplete rim of: mica with a dark, aln;ost opaque, ' ' .

. i i

absorbance (F1g 4.2);  a feature corrmon]y observed in minettes

(Williams et aT » 1955; Nemec 1973). Some phenogrysts. dlsp],ay

Sl

ev1dence of mechanical deformation, i.e. kinking of the (OOT)\cleqvage

traces, : . . - ’ .. \

\

% Idiomorphic to xenomorphic grains of opaque oxide (magnetite,

ilmenite) occur as a matrix phase.

=

Interstitial medium to fine gramed xenomorphic crystals of cloudy

- orthoclase contammg finely disseminated granular opaque oxides, kaolin

iy A

and small flakes of sericite are an important matrix phase.
N _ . 8

Carbenate N present either as a.component of irregular ocellj
N

N

or more rare]y as a matmx phase or in thin cross-cutting vemlets The

ocelli exhibit sharp cdqtacts, are circular to lensoidal in shape and

*

contain fine grained anhedra] crystals of calcite (0.8 x 0.6 to

gt

0.1 x-0.05 mm in size). More rarely granylar crystals of zircon are

3
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.

concentrated along the ocelli walls.. Matrix carbonate (calcite)s forms

interstitial graiﬁs to the larger hypidiomorphic to xenomorphﬁc ortho-
“ .

clase crystals. The cfdss-catting calcite veinlets (0 - 10 mm . wide)

" emanate either Yrom the dykes margin or carbonate-bearing ocelli.

4.2.3"Monchiquitesh
. fhe monchjquites, as described abﬁve (Chapter 3, page 34) have
been divided into two varieties viz; a carbonate-rich group and a
carbonate-poor group. Each will %e described separateiy in the follow-
ing section; however, a considerab}e'overlap'iﬁ mineral compositions

<.

exists. Similar intrusives have been described by Ferguson'and Currie

(1972}, Woodland (1962), Strong and Harris (1974) -and Walker and Ross

(1954).

4.2.3.1 €arbonate-rich Dykes’

* ~

The. carbonate-rich monchiquites are porphyritic and contain ran-
dOmly’arranged 1d{omorphic to hypidiombrphic.phgnocrysts of olivine
(§ - 50%) biotite {10 - 30%), augite‘(30 - 72}) and opaque oxides (10 -
307) inlq fine grained matrix composed of the abpve mineral species ‘
together with calcite (0 - 5%) analcime (0 - 2%) and apatite (0 - 5%).
In addition, they contain abundant carbdnate-beafing ocelli (10 - 40%)
which.éreiConsidereg to represent an immiscible 1iduid fraction (Fe{-
guson and Currie; 1971; Strong and Harris,‘19}?; Phillips, 1973) (sép

also Chapter .3, page 86). : a

Olivine occurs as xenomdrbhic to idiomorphic crystals, ranging in

N\
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size from 5.0 x 2.0 mm ta 0.10;mm in diameter and forms either a

seriate or hiatal texture éypérhOuse, 1959). Crystals rarely show
e ‘

evidénce_bf mechanical‘ge?ﬁrmation, althqugh several dykes contain

olivine with undatose extinction, subrounded grain boundaries (Walker

and Ross, 1954) or recrystallized crystals with granoblastic textures

x

(Fig. 4.3). The above mechanical deformation is considered to be the

result of deformation of crystals during transportation and emplace-

ment of the dykes. [In general the finer grained crystals of olivine

s

show a greatér tendency toward alteration; however, a re]étionship ts
also considered to exist between this alteration and the presence of
ocelli which suggests that it may be related to volatile release from

the ocelli during their crystallization,

Ry

. 3 F 4
" Brown to green-brown augite and more rarely purple titan-augite

is the most common ferromagnesian mineral in the Aillik monchiquites

¢

(¢f. Ferquson and Currie, l972).occurring either as'phenocrysts or as

.32 matrix phase. Zoned prismatic augite phenocrysts commonly form a

seriate ‘texture with large, crystals ogcurr?ng either in independent or

radiating glomeroporphyritic clusters and grade into acicular to cal-

umnar zoned matrix crystals which copmonly exhibit a trachytic textuyre..

Some augite crystélsfﬁisplay undulose extinction and crystals proximal’
[}

to ocelli or cross-cutting carbonate veinlets show alteration to aegi-

rine. /Joned augite crystals with aegirine mantles are also described

by Ferguson and Currie {1972) and are cdnsidered to represent.primary’

crystallization features related to fractionation of the original hagma.

Monchiquite dykes with Type 11 banding (Chapter 3, page 53 ) exhibit

v

RN g~

53
v
i
o

o







%

»

' - 89 - ‘ R e
a .
bladed augite growths which are interpreted by the author to result
from sﬁpercoo]ing. fhe augitgiis optically 1denti§a1 to those des-
crided above and crystal‘mo%phOIOgy ranges from acicular; ta bladed,
to dendritic. ‘The‘crystals wﬁic‘-occur in subpara]leljor'anastamos-
tng growths, exhibit 1eﬁgth to bkeadth'rgtios of 30:1 to 10:1, .

although they seldom exceed 6 mm in length (Fig. 4.4},

Biotite forms lath, microlite or xenomorphic tabular poikilitic
plates'(cf. Ferguson and Currie, 1972) ;nich display normal pleoch- ~
roism with ‘a - reddisp brown to yellowifh brown, B =y - dark brown
and commonly enclose matrix augité (Fig. 4.5). The biotite commonly

exhibits an outer 7im with a éfrong, atmost opaque .absorbance (Fig.-

B

4.5) (cf. Ferguson and Currie, 1972), which isuinterpfeted to be an -

iron-rich mica (Rimsaite, 1969, 1971) and possibly the last phase to

crystalfi:efrbnithe monchigquite magma.

B Phenocrystal and mat%ixjopaque oxides range inAsize from 3.25
x 3.20 to 0.05 éanjn Qiameter and exhibit xenomorphic to idiomorphi
outlines. Many of tﬁe oxides exhibit atoll development s{mi]ar to
that déscribed by Stewart (]970) and Dawson and Hawtho%ne (1873).
Dawson and Hawthorne (op. cit.) consider these textures to‘have re-

sulted from two periods of opaque oxide crystallization. Blad d'pd

~acicular oxide growths are also bre%ent and are interpreted have
crystallized in response to rapid cooling {or supercooling) hqwever,
ugite

the occurrence of many of these crystals between acicular

crysts\ﬁ may imply that their morphology was controlled by the acicular

) R B
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intgrstitia] spaces between 'the aulite crystals (Fig. 4.6). Grains of
magnetite are commonly altered and display a narrow incomplete rim

of biotite; ilmenite in contrast is commonly altered to leucoxene.

»

. Circular to lobate carbonate-bearing ocelli, 10.0 x 4.5 mm to

0.15 mm in diameter, are widespread in the monchigquites and contain
varying proportions of calcite, sicerite, analcime and chalcedony.

. N ,
The ocelli are characterized by either sharp of diffuse contacts,

and elongate matrix minerals.often project into them (Fig. 4.7).
Xenomorphic to idiomorphic calcite cfysta]s are clear, 1n contrast -
to siderite which is yellow in color and occurs in bladed or radia-

ting growths which display spherulitic extinction.
<

Isotropic to weakly birefringent analcime (cf. Walker and Ross,
1954} occurs as xenomorphic grains which are usually associated with
either siderite or bladed to radiating spherulitic chalcedony. Many
of the-ocel]i‘are zoned (cf. Ferguson and Currie, 1972) with either

4

a carbonate or chlorite rim and a silicate core.

'n .dykes exhibiting Type I banding (Chapter 3, page 47 ) i.e.
a marginal banded zone formed by the alteration of ocelli-rich and
ocelli-poor bands, thé ocelli-poor bands are nonporphyritic and ex-
hibit either a trachyitic arrangement of acicular augite crystsls
or an increased content of opaque oxides. In congrast, the oce]]i-
rich bands are porphyritic containing olivine and opaque oxiﬁes al-
though‘their matrix may be compositionally equivalent to the ocelli-

poor bahds.' This confirms earlier conclusions that the nonocelli-










phenocrysts of augite, biotite, opague oxides (magnetite, perov-
<kite and possibly ilmenite) in a matrix of the above oﬁases and
apatite. Perovskite, a major mineral phase A the carbonate-poor
dvkes 1s rare to absent in carbonate-rich dykes and occurs as

square to cubo-octahedral crystals which form a seriate texture.

4.2.4 Kimberlites
4.2.4.1 Introduction

The kimberlites are divided into four distinct types (see

(hapter 3. paae b}, however, they will be discussed collectively

in this Chapter as they differ only in modal proportion., Most dykes
are porphyritic (Fia. 4.9) and cohtain meqacr_ysts7 of olivine (5 -

10 1. phloqopite and/or biotite (2 - 80 ), opaque oxides (picro-
ﬂmonit»».‘ ilmenite, maqgnetite, chrome-spinel and perovskite) (5 -

3y 0, apatite [0 - 17 ) and more rarely augite (0 - ?J*) and car-
bonate-bearing ocellr (0 - 20 }. Most dykes exhibit an inequigra-
nular texture and are medium to fine qrained. They also contain abund-
ant nodules {Chapter 3, page 75} which are characterized by high con-
rentrations of phlonoﬁite and/or biotite. A compositional comparison
nf sirty-eiqght nodules from the Aillik kimberlites examined in this
study 15 given in Table 4.1 The classification of these nodu]e;

i< based nn that of Frantsesson (1970) and they are reqarded as part

ot the M A R 1T D (mica, amphifmle, rutile, ilmenite, diopside) suite

?

7 ee Appendis
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are known to contaidassic richterite (Erlank and Finger, 1970;

Aoki, 1574) are not considered to be stable below 110 km {cf. Kushiro,
/LQAR and Nishikawa et al., 1971); Recent experimental studies oo
the {stability of richterite (Kushiro and Erlank, 1970); however, have
‘derjcms;rated that this amphibole  is-stable to depths between 70 - 90
(&/m in the absence of garnet or spinel. [t therefore has a relatively
Npited field of stability and is possibly restricted t(; nodules in
kimherlite. Similar depths‘ of formation probabty apply to the whole
N\A./?!.I.Dv suite. The Aillik glimmerites are interpreted to represent
cogvnate xenoliths which crystallized from a ‘kimberlite magma;, all
mineral phases present in these nodules are therefore regarded as first
generation crystalsg. Megacrysts from the kimberlite which show evi.-
dence of mechani(cal deformation, abrasion and/or corosion are also
ascribed to first generation crystallization as they have clearly
been transported from depth. They are regarded as having crystallized
durirjg an early stage of' the consolidation of thé magma, possibly durin-g

the formation of the glimmerite nodulef or alternatively they may re-

sult from fragmentation of nodules during their transport to the surface,

4.2.4.2 First Generation Mineral Phases
(A} Nodules

Phlogopite and/or biotite occur as xenomorphic to idiomorphic Taths

v e e e et e e

The guthor considers first generat‘ion crystals to'be those mineral
phases which were the first crystallization products from the kim-
berlite magma. A1l megacrysts which exhibit idiomorphic outlines and
matrix crystals have been ascribed to second generation crystals as they
appear to have crystallized close to their present location and show

no evidence of mechanical deformation.




TABLE 4.1

Mineralogical Variation in the Aillik Bay Glimmerite Nodule Suite

of (Observations

Nodule Type : ' No.

OQlivine - glimmerite

Dlivine - ilmenite glimmerite

Olivine - apatite glimmerite

Olivine - apatite - ilmenite glimmerite

Olivine - clinophyroxene -”ilmenite - amphibole
glimmerite

Glimmerite

Diopside glimperite

Apatite glimmerite -

[Tmenite glimmerite

'menite - apatite glimmerite

Diopside ilmenite glimmerite

. Diopside - apatite glimmerite

Diops ide apatite - iimenite glimmerite
Opaque oxide dunite

Mica dunite

Opaque oxide - mica dunite

Mica - opaque oxide - amphibole nodule

3
7
1
2
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which range in size from 0.‘\5 x 0.35 to 0.10 x 0.05 mm and corrmon]}
exhibit a granoblastic to d;cugsate texture. Lérger deformed laths of
mica (uo to 3.0 x 1.5 mm in size) with'strongly kinked (001) cleavage
traces are present in some nodu]es.l These larger laths are commonly
surroundéd by an extensive developmént of fine grained decussate mica
with intricately sutured grain boundaries (Fid. 4.11) and are regarded
as a recrystallization product-of an eaﬂjer more extremely deformed
‘mica. The deformation observéd in the Aillik Bay glimmerites is con-

v

sidered by the author to haye occurred during nodule incorporation into
the kimber]it'é host‘and subsequent deformation during transportation

to the surface. Although the recrystallization textures are super-
FiciaUy similar to those found in granular and some sheared mantle-
derived eridotite nodules from kimberlites (Nixon and Boyd, 1973;
Boullier and Nicolas, 1973, 1975; Cox et al., 1973), the Aillik textures
are nevertheless considered to be(the result of thermal metamorphism

by the hot kimberlite host after incorporation of the nodule, rather

J .
than mantle deformation processes.

Five varieties of mica (phlogopite and/or biotite) have been
recognized as the basis of color and pleochroismg in the Aillik

71immerites.

’

9 Pleochroism as used in this thesis refers tp normal, reverse or non-
pleochroic micas. Normal pleochroism in micas results from the elect-
ronic interaction between d - orbitals centered on transition metal
ions and/or from a cation of low oxidation number to one of high number
(Faye, 1968, Faye and Hogarth, 1969). In biotite and some phlogopites

this results from the Fez*__', Fe3+ interaction (Faye and Hogarth, 1968)
in the octahedral layers which lie parallel to (001). Reverse pleo-

3+

chroism, however, cannot be attributed to Fe in the octahedral layers

and is found to be related to Fe3+ ocgupar{cy in tetrahedral sites as

well as substitution of A13+ for Fe 3+ in the layers.‘

»
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TABLE 4:2

Pleochroic Schemes for Group la Micas
»

{Absorption moderate to high)}

(Absorption Low)

Light reddish to orange‘frbwn. dark
reddish to orande brown ‘

Light yellow to light green, light
reddish green to light reddish brown

s

PPN FLI CRTI
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TABLE 4.3

Pleochroic Schemes for Grdep 11 Mica

= {Absorption Low) . . - clear to yellow, light greenish
’ yellow to brownish yellow, light
~greenish brown to brown )
: (Absorption moderate to high) - light qreen to green, light greenish

browp to greenish brown, brown to

dark brown
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9203, Ti0,,. and Al~203 in the micé\Qtructure (Deer et al.,

"y

FeO, F

1971, Rimsaite, 1969).

\
(1i) The distinct gradation from nonpleochroic micas to those

with either normal or reverse pleochroism in the suite is attributed
to compositional changes within the various groups (Faye gnd Hogarth,

1969; Hogarth, 1964; Faye, 1968).

{i111) Zoning relationships indicate that micas with reverse

pleochroism crystallized before those which display normalqpleochFoism.

In thin section, xenomo%phic olivine ranging in size from 1.0 x
0.9 nm to 0.10 x 0.10 mm occurs as optically continuous granular cry-
stals (Fig. 4.12) which may form partially connected interstitial
chains. Fresh olivine crystals often exhibit increasing serpentiniza-
tion towards the nodule margins and several carbonatitized nodules only
contain antigorite. Several dunitic nodules studied exhibit a grano-

blastic texture (Fig. 4.13) which is considered to have formed by re-

crystallization from larger strained crystals.

Xenomorphic green diopside {possibly chrome-bearing) ranges from

1.0 x 0.75 to 0.10 x 0.05 mm in size and occurs either as small granular
crystals {Fig. 4%10) or lenticular c@pins which are in optical contin-
uity (Fig. 4.14). Most crystals are interstitial to the micas, however,

poikilitic crystals were also observed.

Nonpleochroic to pleochroic amphibole (richterite?) witha - a
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colorless to liaght brown, B - coloé]ess to light brown and y - a
color;ess to brown.occurs as xenomorphic to hypidiomorphicvcrystals
{Fig. 4.15}. Most nonpleochric crystats are strained and exhibit
undulose extinction while the pleochroic crystals occur as noiki-
litic grains with inclusions of olivine, hica and partially re- ¥
absorbed clinopyroxene. |

xenomorphic apatite forms 1nterstitja1 crystals which range in
size from 0.75 x 0.20 to 0.70 x 0.05 mm. Opaque oxides {(ilmenite,
and possibly magnetite) usually form xenomorphic crysials with either
an interstitial or more rarely a poikilitic texture {Fig. 4.16).
Although most magnetite crystals are fresh, ilmenite commonly exhibits

marginal coronas of leucoxene nr perovskite.

(B} Megacrysts in ¥Ximberlite

Dlivine megacrysts which are reqgarded as first generation occur
45 xenomorphic rounded to subrounded crystals ranqwnq'in éwze from 4.0
o 5.5 mm in diameter .{Fig. 4.17). They are usually extensively frac-
tured and commonly exhibit undulose extinction and/or deformation bands
(Frg. 4.18). Although most crystals are fresh, thin coronas of anti-

gorite are commonly developed.

Sroup ta, 11, [il and [V micas of the nodule suite are found etther

as lath to tabular shaped megacrysts or more rarely as microlitic matrix
crystals, and range in size from 4.0 x 1.25 to 0.10 x 0.05 mm. They

exhibit comparable pleochroic schemes to those described in the nodules;

however, Group 111 mica crystals in the kimberlite grade into Group Il
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a feature not overved in the nodules. Most crystals show mechanical
deformation features (i.e. kinked and/or folded {001) cleavage (Fiq.

4.19) or rounded tabular plates) which are attributed to deformation

during transport (cf. Reid et al., 1975),

Xenomorphic apatite crystals are also present and range in size

from 1.3 x 0.5 t0 0.35 x 0.20 mm.

In thin section opaque oxides (ilmenite, magnesium-rich ilmenite,
perovskite and possibly magnetite) occur as xenomorphic crysta.]is which
range in size from 6.0 x 2.0 to 0.05 «x 0.05 mm and commonly exhibit
rounded (fig. 4.20), subrounded-or, fractured grain boundaries. They
commonly contain inclusions of apat‘i\f‘:re, augite, phlogopite, olivine
and carbonate. .

4.2.4.3 Second Generation Mintral Phases

Second generation olivines are presént either as large xeno-
morphic to idiomorphic megacrysts (4.0 «x 3.0 mm) or sm]l hypidio-
morphic matrix crystals (0.25 x 0.10 mm) which commonly exhibit a
seriate or more rarely a hiatal texture. The larger megacrysts may
show evidence of mechanical deformation and a complete gradation
possibly exists between first and second generation crystals. Most

megacrystic olivine grains display antigorite mantles, and many are

completely pseudomorphosed by calcite (Fig. 4.21), antigorite and/or

talc. Matrix crystals are always partially (Fig. 4.22) or completely

replaced by antigorite.










- 112 -

OClivine, régardless of generption, may ‘exhibit mantles of lath-
like aggregates of phlogopite whiéch display reverse pheochroism;
a - dark orange brown to redd’ijh brown, 2 = Y - light brown to
reddish yellow, “Similar phlogopfte occurrences have been aesc—
ribed previously in kimberlites /from South Africa (Dawson, 1962)
and also in lamprophyres (Mukhe*jee, 1961). They are. interprgted to
represent éither reaction "betwe:Ln ‘the kimberlite magma and tD
first precipitated oh‘vi'ns (Lu?'h, 1967) or possibly between alkali-

a luminum-bearing fluids and se/'rpentine (Dawson, 1962).

Micas belonding to secongl generation exhibit normal pheochroic ]
schemes (Table 4.4) and occun either as megacrysts or more commonly
. ' ‘
as matrix crystals. The idipmorphic to hypidiomorphic megacrysts

are commonly poikjlitic and/enclosed grains of olivine, opaque

oxides, augite and apatite./ Prismatic matrix crystals commonly

exhibit a trachytic texturf and form ar_\astémosing layers around the

t . w -
Megacrysts anli/or m#trix crystals displaying kinked and/or

larger crystals.

folded (001) cleavages are regarded as having been abraded during

transportation. Second gemeration mica is also found as rims around

e -

first generation micas of Group la, II, 111 and IV producing zoned
crystals iFig. 4.23) exist_independantly of the first generation mega- L

crys\s and are present either as megacrysts or matrix phases.
N

Both first and second generation micas contain inclusiyoés of opaque

. oxides either aloné the (001) cleavage or as mantles (cf. Dajson, 1962).

B
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TABLE 4.4

Pheochroic Schemes for Second Generation Micas

B (absorption low to moderate) - light brown to yellowish brown,
light brownish yellow to light reddish brown, yellow to dark
brownish yellow, pale brown to light greem’sh broﬁn, green to

to light green.

(absorption moderate to high) - reddish brown to dark reddish

brown, brown to dark brownish y'elﬂow, yellow to pale brown, light,

greenish brown to green, light green.

s e | e, AT







Similar oxide mantles on kimberlite megacrysts havg'been described

by Mitchell (1970), Mitchell and fritz (1973) and Dawson (1962,

1967a) and are reqarded as either reaction products (Mitchell; 1970)
or exsolution phenomena (Dawson, 1962). In carbonate-rich dykég.
micas are commonly fenitized and are replaced either by opaque oxides
(Fig. 4.24) or by aggregates of carbonate, chlorite and opaque oxides.
Other crystals exh1b1t bleached outer rims that ranges in width from
0.5 to 0.15 mm, and have normal pheochroi¢ schemes with 4= g - a

light yellow and y - a light green' These bleached zones have been

identified as vermiculite; a phase commonly found associate with kim-
berlitic phlogopites (Mitchell, 1970; Smirnov, 1959; Dawson, 1967a) A
" Many matrix micas display thin incomplete rims of phlogopite w1th
/

reverse pheochroism (.1 - orange to reddish brown, 2 = y - green

to yellow) which are similar to micas previously described as mantles

T

around olivine megacrysts (see above, page 112). Zoned micas have

.

. also been described by Emeleus and Andrews  (1975) and are intgrpreted by

s B AT

/ the aithor to be either the reaction product between mica and the

/ " carbonate-rich matrix or the last mica to crystallize from the kimberlite

/ magma .

; * , AUgite.vsalite,‘diqpside or more rarely titdn-augite“occurs either as

zoned xenomorphic to idiomorphic megacrysts or as matrix crystals which

range in size from 1.5 x 0.5 to 0.10 x 0.05 mm aéd exhibit a hiatal texture. ;
The xenomorbhic megacrysts are often fractured or subrounded and comonly

exhibit undulose éxtinction.‘ Many megacrysts display mantles of

opaque oxide (Fig. 4.25) which are considered by the author to

e R i KL e
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ﬁave been produced by reaction of the clinopyroxene with ‘the carbonate-
rich matrix. A cbmp]ete gradation exists between idiomofpgzc to xeno-
morphic crystals, however, all are classified as second generation,

as augite is rare to absent in the nodule suite. Matrix augité has

a gréen, greenish brown to pale yellow coler and forms sgall acicular
to columnar needles (0.20 x 0.15 to 0.10 x 0.05 mm in size) (Fig. 4.26).
Most crystals are zoned and form either radiating clusters or discrete
crystalsir The extreme zoning observed in tﬁe megacrysts and matri*
trystals indicates differentiation prior to emplacement and/or erygtalli-
zatiom over a wide temperatur® interval. Serveral carbonatitized kim-
berlites contain augite crystals that exhibit phlogopite mantfes (Fig.

4.27) which are similar to those observed around olivine and matrix

mica crystals (see above).

Circular to lobate éarbonate—rich ocelli areffound to occur
individually (Fig. 4.29) or in carbonate-rich’ﬁdﬁds or veins. They .
are either moﬁominerallic (carbonate-bearing) or contain varying
concentrations of calcite, siderite, mica, opaque oxides, augite ‘or
quartz (cf. Dawson and Hawthorne, 1973). The calcite occurs as acicular
to granular crystals, in contrast to the siderite which forms granular
to bladed radiating grbwths. Seyeral carbonate-rich dykes contain vugs
consisfﬁng of quartz which occurs e#iher as radiai gpherulitic growths
or as‘xen§morphic crystals with undu]ose‘extinction. Calcite, siderite,
and chlorite are also'found. The ocelli a;e regarded as liquid iﬁﬁisi

a

cible fractions which developed prior to, and also éontenporaneous with,

o !

dyke emplacement. Features in kimberlites attributable to liquid

’ . : /
s - ) T
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tmmiscibility which result in-the formation of a carbonatitic re-

- i

si1due have been described previously by Dawson and Hawthorne (1973); D)

Clement (197%5); and C]arké‘and Mitchell (1975). \\\\—",/////,

Xenpmorphic calcite and/or dolomite is commonly present as an
interstitial matrix phase and ranges in size from 0.50 x 0.25 to 0.05
x 0.05 mm. Calcite a]so occurs either as xenomorphic poikilitic patches.
or as randomly oriented and/cr trachytic microlites. Lafh-shaped
crystals are‘also present {(Fig. 4.28) and exhibit 1eﬁ§th to breadth
ratios of 15:1 tp 5:1. These are considered by the aJthor to be
primary in origin (cf. Watson, 1955; Dawson and Hawthorne, 1970, 1973;
Zhabin and Cherepvskaya, 1965, Johnson, 1961; Gittins, 1963, 1973;

Wyllie and Boettcher, 1969) and do not replace an earlier phase (cf.

Dawson and Hawthorne, 1973).

Dendritic to acic®lar skeletal calcite crystals exhibiting length

to breadth ratios of 1:45 te 1:25 occur in several dykes (Fig. 4.29) .
(cf. Dawson and Hawthorne, I97§) and are interpreted to be quench
features.(cf. Lofgren and Donaldson, 1975; Wyllie and Boettcher, 1969,

Dawson and Hawthorne, 1973). Carbonate-rich dykes are conmonly cut

At Ay v

either by bands (formed by flow differentiation; see Chapter 3, page 62)
or veins of carbonate, which clearly postdate kimberlite intrusion.
! ' One vein studied exhibited flow cellsoutlined -by small acicular

needies of apatite and xenolithic slivers of country rock (Fig. 4.30).

Idiomorphic to hypidiomorphic opaque oxide (magnesium-rich il-

menite, ilmenite, magnetite and perovskite) megacrysts and matrix
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crysta.ls (Fig. 4.31) range in size from 2.0 x 1.5 to 0.05 x 0.05

mm and conmonly exhibit a h_iatal texture. Bladed to acicular growths
are also common (Fig. 4.28A) but are restricted to crystals which form
an‘ interstitial phase to carbonate laths. Atoll development (Fig.
4.32) is ﬁdespread in this generation and consists of opaque oxide
crystals with an int'erna1 ring or core of carbonate. Similar arrange-
ments to those “in the A3 1ik dykes havé been described .in South
African kimberlites (Dawson and Hawthorne, 1973) and are interpreted .
to have formed as a result of two stages of opaque oxide growth.
Ilmenite (either megacrysts or matrix crystals) commonly exhibit
perovskite-rich mantles (cf. Haggerty et al., 1975: Mitchell, 1970;
D;awson, 1971, Haqqer;y, %973) and are taken as evidence that a reac-
tion occurred between ilmenite and carbonate. Leucoxene is also a
common alteration product and forms greyish coatings around the
crystal margins. Magnesium-rich i‘],;menite is an important kimberlite
indicator mineral (Dawson, 1967a; Mitchell, 1970) dnd its abundance

in the Aillik dykes provides a positive link with other kimberlite

occurrences (Haggé_rty et al., 1975).

4.2.4.4 "Crusta{“ Nodules

A small suite of nodules derived from the basement gneisses and
associated intrusive rocks has also been recognized in the Aillik kim-
berlites. ;{Thé anetss fraaments are quartzo-feldspathic and in addition
to quartz jland plgqioc]ase. they cqntain biotite, amphibole and more

rarely potassium feldspar or diopside. All nodules studied in thin

sectionsekhibit a well developed mineralogical banding produced by










a]terna;ing fe:ldspathic and ferromagnesian layers. VThe grade of
metambrphism represented by the gneiss fragments/ is believed to be
~amphibolite facies. The intrusive rocks are medium to coarse
grained -and contain major concentrations of blagioc]ase and/or
microcline together with hornblende, biotite, and smaller amounts

of quartz, opaque oxides, apatite and secondary aegirine. .

Unaltered nodules are uncommon; most show moderate to extreme 4
effects of either fenitization and/or carbonatitization. The fresh
podules are similar té the basement gneiss exposed else#here'in the
map area (the Hopedale Complex) and are not considered to represent

deep crustal levels (cf. Nixon, 1973) in which granulites and eclo-

AR

gites are an important component.

Although initial alteration proceedf'along grain boundaries, o
microbrecciation is -also common in many' nodules and the fractures
are usually filled with small needles of aegirjne and grains of car-
bonate. Plagioclase and/or microcline usually show the earliest
effects of alteration, becomi'ng cloudy and displaying the crystalli-
zation of'éegirine. sericite, and carbonate. Magnetite mantles are .
commenly .&eveloped on the micas and original ampr’ibole appears dark.
Aegirine which first occurs in fracture, fillings, eventually forms
static growths or develops as mantles- around biotite and amphibole,
Se&era] nodu~les show the extensive growth of phlogopite aggregates -
as inter§tiltia1 layers betwéen fe]dspar~5. With increasing intensity
of alteration, the small aegirine needles increase in grain size to

form larger prismatic crystals, and carbonate becomes more common.

®
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Plagioclase and/or microline are eventually completely pseudomor-
phosed by carbonate and/or sericite and several nodules develop
a carbonatitic aspect. The original gneissic banding is almost

totally obliterated in the most highly altered nodules.

The fenitization observed in the highly altered nodules is

interpreted by the author to have been produced by the carbonatitic

fraction present in the matrix of the Aillik kimberlites and is

similar to fenitization effects described elsewhere n association
with carbonate-rich kimberlites (Ferguson et al., 1973; Ferguson,

et al., 1975).

4.2.5 Carbonatites '
4.2.5.1 Introduction

The distinction between carbonate-rich kimberlites and carbona-

tites is not always obvious in the field nor under the microscope.

It has been made by some Russian 6@tro1ogfsts {cf. Frantsesson, 1970)

an the occurrence of pyrochlore, baddeleyite and rare earth-bearing
carbonates; howeQer, this mineralog%cal distinction has been shown to

be invalid, as some diamond-bearing carbonate-rich kimberlites also’

contain the above phases {Frantsesson, 1970). ‘Frantsesson (1970) con-

siders that the distinction should be based upoﬁ thé presence of
absence of rélict textures. Those intrusions which can be seen to
have contained kimberlitic phases regardless of the state of preserva-

tion should be classified as carbonate-rich kimberlites or metaso-

matic carbonatites. The author has followed the quidelines -

* gl bt o -
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1

established by‘FrantseSSOn (1970) and has outlined several varig-

ties of metasomatic carbonatites and carbonatites (sensu s"tricto).

4.2.52 Carb?natites s
The carbonatites are fine grained rocks v;hich contain 50 fo
90 percent calcite and/or dolomite with minor amounts of barite (0
- 257), opaque oxides (0 - 15%) and apatite (1 - 10%). In fhin
-section they have a conspiciods allotrimorphic~gr_*anular texture (Fig.
4.33) and many exhibit aligned lensoidal ov: platy carbonate crystals
whic’h produce a distinct mineral lineation. Massive xendmrphic
to 1d|omorph1c opaque oxides (magnet1te and possibly ilmenite) are:i
common matrix phases and exhibit an 1nterst1t1al texture. Atoll ddﬁ'
. velopment is not uncommon (Fig. 4.34) and resembles samllar textur‘és

.- H

observed in the kimberlites (see above, page121). ;;"
g

11

Xenomorphic pleochroic barite { a - clear, B - pale yelfow
yellowish brown) was observed in a dyke at location 418 (see /\ap 3,

back pocket), occurring either as vein-like structures deve}bped sub-

IR il a b e Lk Jo
5 .

parallel to the dykes margin or as poikilitic 1nterst1t1alj/growths
I

Other phases in the carbonatites include apatite, which forms either

megacrysts or matrix phases, xenomorphic quartz and 13 stitial xeno-

morphic chlorite patches. The cfglorite is slightly p‘ ochroic witha -

a-pale brown and B = y - green.

4.2.5.3 Metasomatic Carbonatites

The metasomatic carbonatites contain abungfint carbonate (40 - 80%)
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with biotite and/or phlogopite (0 - 15%), opaque oxides (5 - 20%),
relict ol.ivine (0 - 10%) and apatite (O -710%). These carbonatites

are characterized by replacement textures and carbonate occurs either
as a matrix or more commonly as a secondary alteration phase. The
carbonate occurs in a variety of habits, but most are closely com-
par}ble to those described in the kimberlites or carbopatites. Ocelli-
like structures with fine grained carbonate-rich cores and opaque

oxide mantles are present in one dyke (specimen 364).“ These are re-

garded as irregular shaped ocelli or alternatively as carbonatite

xenoliths transported from depth (Fig. 4.35).
¢ .
Phtogopite and/or biotite occurs as either lath to microlitic ¢

shaped megacrysts or matrix crystals with pleochroic schemes compara-
blé to second generation crystdls m the kimberlites; Jmplying that
several of these dykes may represent mica-bearing carbonatites. Most
mica is chloritized and/or fenitized (Fig. 4..‘36)- and coutai'ns‘ abundant
carboﬁ‘afe or opaque oxides along clgavagé traces. Atoll textured ‘
opaque oxides and prismatic apatite crystals similar to those observed
in the kimberlites. ar"e pre;nt in many of thé metasomatic carbonatites.
* Acicular green to greenish brown crystals of secgndary aegirine occur

as static growths in the metasomatic cerbonatite matrix (Fig. 4.37)

and also in country rock xenoliths.
2 ’-’I’ ‘

~

4.2.6 Alndites
4.2.6.1 Introduction and Petrology’

Melilite-bearing intrusions are rare in the Aillik area and have

. ~""oaly been recognized at one location (specimen 513; Map 3, back pocket).

s : A
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Its alnoitic nature was not obvious in the field and it was previous-
ly classified as kimberlite. The dyke is composed of olivine,- phlogo-
pite and/or biotite, opaque 0x1des, augite and apatite as we11 as

melilite. Olivine is only present as second generation megacrysts

" and/or matrix crystals which are seriate in texture. Phlogopite and/

or biotite'occurs in two gengrhtions with the first occuring in glim-
merite nodules and as megac;;sts. These micas are comparable to those
in the kimberiites and belong to Groups I, Il or 111 (see page 101}.
Second gene}ation’crystals are presen; as meéacrysts and matrix crystals
but are also found in rims on zoned crystals like those on the kim-
berlites (see pagel1Z). Clinopyroxene is present both as first and
second generation phases and has similar textures and compositions to
kimberlite clinopyroxenes. Melilite occurs as small clear to yel]dw
crystals which range from 0. 75 x 0.20 to 0.20 x 0.10 mm in size. They
form a band of perpendicular growth (Fig. 4.38) and are found on both
sides of the dyke and at equal distances from the margiﬁ.' The nmli]ite
jm this band occurs both as fresh crystals and as crystals pseudomor-
phosed by carbonate and an unidentified phase. Mineral phases belong-
ing to the spinel group, phosphates and carbonates show similar texture,

alteration and composition to those present in the kimberlites.
Although early defin?tions of kimberlite included melilite as 2

primary and essential phas (Shand, 1934; Williams, 1932) recent defini-
tions have excluded it (Mifchell, 1970% Dawson, 1967, 1971, 1972a) and

it has been°regarded as arl indicator mineral of alncites (Mitchell,

1970). Recent studies on kimberlites from Greenland (Escher and Watterson,

oAl
.
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1972) however, have shown that kimberlites may contain melilite
i

Therefore, further studies of alnUites are necessary to more

accurately document their petfological affinity.
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CHAPTER 5

Geochemistry %

5.1 Introduction

A chemiéal relationship implying a possible genetic connecfion
between kimberlites, carbonatites and some 1amprophyres hgs been sug- .
gested by a number of authors (Dawsen, 1960, 1566, l967b;-F§rguson
gi;éi., 1975; McGetchin et al., 1973). These findings support similar

conclusions which are based on field and petrolegical evidence (see

" Chapter 4, page B0). Field and petrological data (Chapters 3 and 4)

indicate that a genetic and/or co-magmatic relationship may exist

between the various dyke groups mapped in the Aillik area. A geochemikal
study of these kaes has been undertaken in an attempt to confirm th?s
interpretation. The study has enabled the chemical variation within

the individual dyke suites to be ésgessed dﬁd a more complete ciassifi-

cation of the dyke swarm has been made.

Seventy-four specimens were analysed; 38 kimbe;}ftes, 21 monchi-
quiies,"S minettes,,7 carbonatites, 2 hornblende-bearing peridotites
and 1 glimmerite nodule. Major eléments were determired by atomic
absorption spectroscopy, x-ray fluorescence, titration, colourimetry,
loss on ignition, by fusion and trace elements by x-ray fluorescence.
Details of the sample preparation._énalytical methods, precision

and accuracy af the analyses are given in Appendix 3.
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5.2 Major and Trace Element Geochemistry (Elemental Abundances)

5.2.1 Hornblende-bearing Perido* ites
. .

-

Representative chemical analyses and C.I1.P.W. norms of the horn-
blende-bearing peridotites are given in Table 5.1. A comparison of
these data with data presented in Tables 5.2, 5.3, 5.4, and 5.5 confirms
the_earlier conclusions (see Chapter 3 and 4) that the hornbleénde-
bearing peridotites are unrelated ta the basic-ultrabasic dyke swarm.
The twd peridotités studied‘ghow a large variation in Mg0Q, (a0 and FeQ
(Table 5.1) which is related to variatiqn in olivine and hornblende
conceﬁtrations. The large variation in Fez* and Fe3+ between these two

dykes is related to the highly chloritized nature of dyke 449,

5.2.2 Minettes

)

.

The minettes display 1;ttle variation in major element chﬁwiétry
(Table 5.2); a feature which may* be related to the relat%vely small
number of these dykes analysed. Mgost dykes are of basic composition
(5102 40-45:) (Fig. 5.1) a@@,exnibitron1y slight variation in K50 (5-
(3-57), A1,0, (2-67), Mn0 (0.1-0.27), PO, (1.0-1.5.), H,0

2 273 2°5
(nd.-3.5 ) and CO2 (nd.-15.0%) which reflect variations in the modal

70, Ti0

abundances of opaque oxides, biotite, augite, olivine, and carbonate in
¢

the minettes.

~

~

The average Chemical composition of the Aillik minettes (Table 5.3)
aiffers significantly from average values presented by Métais and Chayes

(1963), which are lower in SiOZ. A1203, HZO angd higher in TfOZ. total

Fe, Mg0, Ca0 and HZO compared to the Aillik dykes.

-
w
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Figure 5.1 Histograms' showing tfie variation in major and trace

+ element abundan€es in the Aillik minettes.
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Trace element v‘arviat'ions tend "to be wider than those of the major
oxides (Fig. 5.1}. They contain significant amounts of Sr (800 - 2000
ppm), Zr (400 - 700 ppm), Ba (1600 - 2000 pom), Ni (1500 - 2000 ppm) and
Cr (nd. - 400 ppm). Np is invariably less than 200 gpm and it appears

to be highest in dykes containing carbonate-bearing ocelli.

5.2.3 Carbonate-Rich Monchiquites g

Chemical analyses, C,I.P.W. norms and modes of the carbonate-rich
monchiquites ‘are presented in Table 5.4. Most dykes are ultrabasic
(510, 20w40%) and contain Fe203. A]203. Ti02, NaZO,‘ Fed, H20 and 'FOZ
concentrtjons which are comparable to those observed in the minettes
(compare Fig. 5.1 and 5.2); however, the range of each oxide may be

slightly higher or lower.  Mg0 (5-25%), CaO (5-20%) and P,0, (nd. -4%)

occur in hlgher concentratlons than in the mlnettes. however K20 (nd -

3%) is lower. The large variation in T102, total fe, MgO A0 0

2 3
and P205 1s regarded as reflecting modal variations in opaque ox1des.

olivine, biotite, analcime, carbonate and apatite.

Histograms showing major oxide cancentratipns in 'the‘ carbonate-rich
monchiquites from Callander Bay and Brent Crater, Ontario (Fergusod and
Currie, 1972; Currie, 1971) are given in Figure 5.3, for comparison with
the Aillik dykes. It is clear that Si02, FgéOr Ca0, Ti02, Mn0 and HZO
concentrations are comarable' to tho;e in tﬁe Ai11ik dykes. K20 (nd.-

5%), A]203'(nd.-]2%) and CO2 (nd.-35%) are distinctively higher in

-
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Fiqure 5.2 Histograms showing the variation in major and trace

element abundances in the Aillik monchiquites.
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g Figur% 5.3 Histograms showing the variation in major element
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' ' abundances for the Callander Bay monchiquites.
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‘centrations in the @onchiquites as in the minettes, however, Ir {100- ///,

. S 2144 -

several of the Ontario dykes reflecting higher biotite and carbonate
contents. Contents of Mg0 and PZOS are higher in the Ail1ik dykes and

reflect increased olivine and apatite.

Apart from lower 5102 and higher Ca0 and CO2 {reflecting increased
carbonate contents), the monchiquites at A{llik Bay are of similar
composition to the average monchiquite analysis#given by Méfais~and

Chayes (1963), Table 5.3.

Trace element vaviation is more pronounced in the monchiquites
relative to the minettes. Ba (400-2000 ppm) and Cu (40-160 ppm) are ot

genera]ly higher in the monchiquite§. Rb and Nb occur in simijar con-

1400 ppm). Sr (nd.- 3600 ppm), Ni (500-5500 ppm) and Cr (100-1400 ppm),

may be comparable or distinctively higher in some dykes.

5.2.4 Kimberlites

The kimberlites are distinctly'ultrabasic in cbmposition (5102,
10-30%) and exhibit a very wide compositional range (Fig. 5.4). Contents
of Fe203 (2-143), T1'02 (3-7%), Fe0 (2-10%), H20 (0.5-4.5%) and Mn0 (0.2-
0.4%) are in similar or slightly higher concentration than in the carbanate-
A : ’ ,
rich monchiquites and minettes; however, PZOS’ KZO’ Mg0, A1203, Nazo,

and H,0 are presént in amounts comparable to values obtained for the

2
carbonate-rich monchiquites. Ca0 (10-35%) and C02 {nd.-30%) are consider-

ably higher in the kimberlites and reflect their high carbonate contents.

(










“Figure 5.4 Histograms showing .the variations in major and trace .

Sy . .
element abundances for the Aillik kimberlites.







‘the Aillik data. The values of Fe
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Histogram plots for the Lesotho kimberlites (calculated from analyses
presented by Nixon, 1973) are shown in Figure 5.5 for comparison with

03,» KZO, A1203. Mn0 and Na,0 are

2 2
comparable tp the Aillik dykes however Ti02. P205, Ca0, Fe0, and C02 are-
distinctively lower in the Lesotho dykes and 51'02 is higher (compare

Figs. 5.4 and 5.5). Mg0 exhibits a similar range for both kimber)ite

suites however a greaier proportion of dykes from Lesothg have high Mg0

contents.

~

The Aillik dykes differ significantly from average kimberlite

analyses presented in‘Tat;le 5.3 as they have low Si02 ar{d Mg0 and higher
. ) . \

T102. Total Fe, Ca0, and COZ. Concentrations of A1203. 2

HZO fall within the range of kimberlite compositions. The major differ-

qNaZO. K,0 and
ence in the major element chemistry between. these two kimberlite otcur-
rences appears to be the increased carbonate and opagque oxide contents

of the Aillik dykes. .

.

Trace element conte‘nts observed in th'e'Aillik kimberYites are
extremely variable. Zr (200-1400 ppm), Sr (nd.-4000 ppm), Ni (500-4500
Pbm), Cr (nd.-1200 ppm) and Cu (20-100 ppm) are similar to the variations

observed 'in the carbonate-rich monchiquites; however, they are distinc-

‘tively higher .than those in the minettes. Values for Rb (nd.-100 ppm)

arid Ba (600-2000 ppm) are comparable to those obtained from the
carbonate-rich monchiquites and minettes. Nb (nd.-600 ppm) is
significadtly higher in the kimberlites reflecting the carbonatitic

nature of. the matrix (Heinrich, 1966).
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Figure 5.5 Histograms showing the variation in the major elepent

abundances for the Lesotho kimberlites.
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5.2.5 Carbonatites

Geochemica] and petrographic data for several c;rbonatites and
metasomatic carbonatites are presented in Table 5.6 . They are charac-
terized by low amounts of SiOzi(nd.-2§%); the higher concentrations
being from metasonutic carbonatites (Fig. 5. 6) Values for P20
(nd.-4%), FeQ (nd. -10%) and H 0 (1-3. 5%) are comparab]e mth con-
centrations observed w1th1n the kimberlites; hogéver Ti02 (nd.-3%) ,

_and Fe,0, (nd.-8%) are slightly.lower in the carbonatites. CaO A1203,,
Na20 Mn0 and CO2 exhibit a s1m1lar range as in the klmber11tes however
CO2 (10-40%) and CaQ (nd -40%) are usually higher (reflecting their

carbonatitic nature)

The Aillik carbonéx?tes fall within the range for average carbgn-
atite'compositions (Gold.rl966) (Table 5.3); however, the Aillik dykes
exhibit hIgher 5102 and lower Ca0 which reflects h1gher concentratlons
of siticate phases. The average ana1y51s has atso been affected by

v

the addition of metasomatic carbonatite compositions.

values for Ba, Ir, Rb, Ni, CrAaﬂd Cu are Qeneral]y present in
concentrations lower than those observed in the kimberlites and reflect
decreased contents of opaque oxides, olivine and mica. Sr (nd.-5600
ppm) and Nb (nd.-1000 ppm) are higher than in.the kimber]ités and are
similar to those observed in other carbonatites (Heinrich, 1966;

Tuttle and Gittins, 1966).







Figure 5.6 Histograms showing the variation in major and trace

element abundances for the A11115 carbénatites.
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5.3 Variation Diagrams

5.3.1 Introduction

Variation diagrams are oresented in F1gures 5.7 to 5.11 to depict
chem1cal variations within the. 1nd1v1dua1 compos1t1onal groups of dykes

- and to demonstrate a‘possib]e co-magmatic relationship between the suite

as a whole.

5.3.2 Harker Diagrams

, Harker variation dihgrams constructed from analyses given in Tab]es
5.2°and 5.4 to 5.6, are presented in Figures 5.7 and 5.8. A correlation
matrix listing Pearson correlation coefficients for all dyke composi-
tions is giQen in Table 5.7. This statist;cal investiéation has enabled
a detailed inaiysis of significant variations within the dyke swarm.
A1'203 (+0.86) and CO, vs Ca0 (+0.73) (Fig. 5.7) show a positive correla-
tion for all dyke suités, although a significant increasé tn the A1203 .
occurs within the carbonate-rich monchiquites. The CO2 vs Cal) variation
implies that these elements are mainly confined to calcium carbonate and
occur \in increasing conceﬁtrations from the minettes to the carbonatites.
Ti02 (#0.57) and FeO (+0.59) show a positive correlation for the kimber-
litqé, carbonatites, and carbonate;rich monchiquites; hoie#er. the -
minette analySes lie below the trend oui]ined by the above dykes (Fig.
5.7i. Negative correlafions are exhib{ted by Ca0, C02. and Mn0

(-0.87, '-0.84, and -0.70 respectively) and the fields out)ined by the

chemical analyses_of the kimbér]ites, carbonatites and carbonate-rich
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Figure 5.7 Harker variation diagrams for Aillik major element

analyses.
A minettes;” = monchiquites,

® kimberlites, - o carbonatites
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monchiquites are distinct in the MnO and CO2 plots but overlap in the
CO2 (Fig. 5.7). Diagrams depicting concentrations of Fe203, H20, Nazo,
KZO‘ Mg0 and PVZ‘O5 show no correlation for the dyke suite although K20

and Mg0 exhibit a positive correlation for the minettes and the kimber-

lites respectively,

Nb vs co, (#0.50) exhibits a positive correlation (Fig. 5.8) for
the minettes, carbonate-rich monchiquites and kimberlites; héwever, the
carbonatitesbsh.ow a irregular distribution and a ;narked division is

- apparent between the carbonatites and metasomatic carbonatites. The
carbonatites exhibit high Nb contents while the metasomatic carbon-
atﬁ‘tes have lower values gnd are comparable with .the kimber_li‘tes. Ni.vs
Cr (‘+0.66) (cf. Frantsesson, 1970) also shows a positive correlation but
considerable overlap occurs between the va-riouSFka'e groups. Mos;
carbonate-rich monchiquites are characterized by noma:l ultramafic
ratios Cr/Ni - 1 (Dawson, 1967b, Fesq et al., 1975); however, several
kimberlites exhibit low ratios. RS VS .K20 (+0.79) shoys pos'itvive corre-

lation for the carbonate-rich monchiquites and kimberlites; however, the -

e
e

//m'i nettes plot below the other dykes.
The correlations observed for Mn0, Al,0,, Ca0 and €CaQ vs co,
indicate that the carbonatites, kimberlites and carbonate-rich monchi-- -
quites form a consanqui’neo;as serfes. The offset of the minette analyses

in respect to some elements in certain diagrams (COZ' Fe0 and T'iOz) possitbly

implies that the minettes are not related to the bulk of the ultrabasic




suite. The carbonatites and kimberlites usually exhibit a goog correla-
tion (plot on a Straight 1Aine) although anal#jses may overlap. The above
results are in?erpreted to sugge;c.t that the carbc;natités have evolved

from a kimberl_?;itic magma either as a result of liquid immiscibility (cf.

, Dawson and H;iwthorne, 1973; Mifcheﬂ and Fritz, 19]3; Clemént, 1975;
Ferguson et al., 1975) and/or fractional Crysta]l_izaﬁon of a magma of
kimberh‘tict composition (cf. Janse, 1975; Gittins _e;t_gl._, 1975). In
_general the kimberlites and carbonate-rich monchiquites also show a aood
co,rr‘re’lation with respect to major and trace elemeﬁt chemistry and exhibit
a considerable degree of overiap with respect to their chemical comppsi- ’

tion suggesting that they too are co>magmatically related.

5.3.3 FMA Diagram

Analysés of the four major groups of dykes in the Aillik area are

%

N

plotted in a ternary FMA diagram in Figure ‘5.9. The carbonatites,
kimberlites and carbonate-rich monchiquites plof on an Fe enr:ichment. ‘

trend which differé from that \displayed by the minettes. The fields of
kimberlite, carbonatite and qafponate-rig:h monchiquite also show a
considerable degreé of overlap which suggests that they may form parﬁ of

a consanquineéus series which differentiated from a common parent. The
location of the minetteé in the diagraml, implies that they m@y be unrelated. ‘
to the other dyke grodbs. Also shown in Figure 5.9 are the analyses.

for Lesothb kimberlites. They are charaéte;'ized by higher concentrations

of Mg0 compared to the Aillik dykes; however, they do exhibit’ a ‘trend

towards iron enrichment and overlap with the A111{k dykes.
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Figure 5.9 ' FMA ternary diagram showing Aillik and Lesotho dyke

ana]yﬁes.
a minettes . m monchiquites
@ kimberlites: ' o) carbonatites

- @ Lesotho kimberlites
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5.3.4 (Si02 + A1203 + Alkalis) vs Volatiles vs (CaQ + Mg0 + FeQ +

Fe,0, + T102) Ternary Diagram

-

This ternary diagram was first used By Dawson (1960) to
show that by inci'easing the Ca0/Mg0 ratios and/or decreasing 51‘0‘2
kimberlites grade either into alndites or;carbonatites. It was
intended to exhibit the genetic relationship between kimberlites,
tarbongtites and alnditess however, Mitcheﬂ (1970) criticized its
"‘use on ‘the basis of the following arguments:
1. The rocks plotéed by Dawson (1960) do not represent a con-
" sanquinous ‘series produced by fractional cryé'tallization'of
a common parental magma, and’ ‘
Chemical gradations can be prodfaced between any given series
of rock types if enough selectively of oxides-present and
chofce of analysis is used. ' -

Recent studies (Gittins et al., 1975: Janse, 1975) however,

partially supbort Dawson's (1960) original contentionj When plotted

on a similar ternary diagram, the Aiilik dykes define A broad grada-
tional compositional band which trunc‘ates agd%é t.he carbonatite field
(Fig. 5.10a). The carbo;\ate-rich monchiquites _plﬁt within the alndite 5
field; however, overlap does occur with the kimberlites, The kimberlites
and carbonatites also overlap but a distinct gfadatfqn into the carbona--
tite field is disernable and the majority of the kimberlite analyses are .
restricted to the carbonate-rich _k'luﬁerHte ﬂcldf The minettes lie abbvg _'
" the kimberlite and carbonate-ri@ﬁ inonchiq'uite analyses and are apparently

unrelated to the other dykes: Similar trendS have beén reported in . "
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Figure 5.10a Dawson's ternary diagram containing Aillik dyke analyses.

Same symbols as in Figuré'S..9.
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kimberlites and carbonﬁtites by Gittins et al. (1975) and Janse (1975)
and are interpreted fon; the Ail].dykes. by the author to represent a
differentiation sequende from 1amprqphyre (monchiquite) to carbonatite.
For comparison, analysgs of Le§otho (Nixon, 1973) and Benfontein kim-
berlites (Dawson and Hiwthorne. 1973) are plotted in Figure 5.10b.~ The

Lesotho kimbertites p1$t within the kimberlite and alrfoite fields;

however, they plot abof«e the field of the Aillik dykes (compare Figs.

5.10a and 5.10b). The; Benfontein analyses are similar to the Aillik
kimberlites and their Losition ¥n the diagram probably reflects their
higher carbonate éont nts. Fyém Figures 5.10a and 5.10b it is Clear
that the alrgite a mbegfite fields outlined by Dawson (1960)
apparently have littld vqu@ for dyke classification. The diagrams do;
however, demonstrate that the kimberlites, carbonatites and carbonate-
rich monchiquites probably evolved from a common parent by some form
of crystal-liquid fractionation. The moncbiquitesvwere probably the
first prpduct to cry#tal]ize from the parental magma, with differentia-
T

&7 N ‘ . .
tion it (the parental magma) gave rise to kimberlites and carbonatites.

5.3.6 K/Rb Ratios ' ,
A large number ?f the Aillik kimberlites and carbonate-rich monchi-
] .
quites exhibit K/Rb ratios in the range 130-300 (Fig. 5.11) which corres-

pond to Shaw's (1968) main trend. The fena1n1ng analyses exhibit slightly

S . .
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Figure 5.11 K vs Rb dipgram for- the Aillik dyke analyses. Symbols

same as in Figure 5.9. .







abnormal ratios between 300 and 800. Rocks with K/Rb ratios above 400
include the carbonatites and the minettes with ratios in the range 400-

3000 and 500, respectively... ' .

Both Taylor (1965) and Shaw (1968) have ‘suggested that consan-

quineous igneous rock series display décreasing K/Rb ratios with fncreas-
ing degree of fractionation. The fact that the Aillik kimberlites and
monch1qu1tes show a positive corre]at1on -{(Fig. 5.11) with decreasing

K/Rb ratio implies tha£ these two dyke groups are genetically related.

The position of the minettes and carbonatites with higher K/Rb ratios
compaféd to the kimberlites and monchiquites poes not support a simple
differentiation sequence épd the s{gnificance of the observed trends is

‘not known at present.

The K/Rb ratios exh1b\ted by the A\ll\k k1mber11tes are unlike
kimberlites from South Afr1ca (Dawson. 1960. Fesq gg_gll,l975) as the
latter exhibit ratios in the range of 80 to 250. The Aillik dykes show
no evidence for potassium enrichment relative to étﬁer kimberlite dykes

and their K/Rb ratios is probabl} related to Rb depletion in the parental

. magma.

5.4  "Mineral Chemistry

5.4.1 Olivine '
. . [ - ) ;
Limited probe data (Co]lersqn. 1973, personal communation) show

that they have forsterite contents which range from Fo 83.2 to Fo 86.6.

These forsterite contents compare with matrix olivine compositions -




-

A 5 W -

‘5.4.2 Mica

L

- 165 - , | ’

from other kimberWite occurrences (Dawson, 1971; Mitchell, lQ?O{’Ece and
Lawrence, 1968; M1tche11 and Fritz, 1973); however, the elivines probed

are of unknown generat1on and are probably phenocrysts, not xenocrysts

* (Dawson_and Hawthorne, 1973).

~

Probe analysis for micas qf unknown generation and several glim-

merite nodule micas are combaréd with ana\yses’o% biotite, phlogopite
and megatrysts from kimberlite in Table 5.8. The Aillik mjcas are

titanium-rich phlogopites; however they exhibit' lower 510 and h;gher

FeO relative to kimberlite megacrysts.

Geochemical studies by Carswell (1975) have dndicated that'nrimary
and secondary peridotite micas can be différentiated on the basis of
their Ti0,, CrZO Al 03. Mg0. Na, 0 and Si0, contents. Electron probe .
stud1es on micas OCCUrrlng as megacrysts and in glimmerite nodules
(Dawson and Smith, 1975a) confirm the work of Carswell (1975) and show

that Cr203. TiO2 and FeD contents serve to distinéhish many primary mica

phenocrysts in kimberlite from those which are true xenocrysts (fragmented

-f, Umfplca per1dot1te (Fig. 5 12a) The data also itndicate that most

- micas in kimberlite are genet1ca\Ty related to glimmerite, nodules and

that the latter apparently crysta1\1zedAfrom a magma of kimberlit}c

" composition either in the upper mantle or lower crust”(cf. Dawson and

Smith, 1975a): Figure 5.125 is simj1ar‘to'Figure 5.12a; however, it contains

1
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© Figure 5.12a Cr203 Vs T_1‘02 and Fed diagrams for micas which eccur , /
. in nodules and megacrysts in kimberlite (after Dawson . : .

and Smith, 1975a). . .
® Secondary micas in perjdotite xenoliths - .
@ Primary micas in peridotite xenoliths s /

o Mica megacrysts in kimberlite - /_j
‘A Micas in glimmerite nodules

vt 7

tw.

Figure 5.12b Similar variation diagram to 5.12a however, contains

probe analyses for megacrysts in the Aillik kimberlitese
- P
and one glimmerite nodule .a from the Aillik association.

t
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mica analyses from_the Aillik kimberlites. 'The A%]]ik micas exhibit Jow
.Cr203 contents which*are comparab]e to the African knnber11te mega-
crysts; howtver, they contain slightly h1gher T1Q? and Fed va1ues The
g]nnnerwte analyses plot w1th1n the g]]mmer1te Fleld as outlined b¥

/

Dawson and Hawthorne (op. cit.) but are ngz significant]y different from
megaCryst analyses; therefore, implying g,génetic.relationship befween
the Aillik megacrystic and giihmeritic micas. This chemieal data out-
Tined above supports thg‘earlfér observation that Fhé glimmerite

ﬁodules are’cognate in origia and that the micas are phenocrysts which
crystallized from a Kimﬁer]i;ic.magma.

L 4

5.4.3 Clinopyroxene

Probe éata (Co]]érson, 1573,!persona]iconmunation) indicate tﬁat
pyroxenes present in the Aillik kimberlites range in composition from
sa11te to d1ops1de Salitic pyroxenes w1th1n k1mber]1te have been
described elsewhere (Gittins et aly, 1975). Pyroxenes are not con-
.sidered to be an important mineral phase (Mitchell, 1970) although

they have been recorded in several kimberlite occurrences (Emeleus-and

Andrews, 1975; Watson, 1955, 1967a,b). °

|
J

!

/
5.4.3 Opagque Oxides
Probe analyses for several kimberlite opaques in the Aillik
dykes (Haggekty et al., 1975) show that the groundmass Spjnels exhibit a

A




" They are then rimed by Ti3+ and Fe3 - rich t1tano

- 169 -

complex zoning which is similar té that observed in Lesotho kimberl_i.tes_
(Haggerty, 1973, 1975). The earliest formed .crystals are Mg ana cr
enriched ‘and grade' towards Fe2+, and A13 enrlchment at thelr margins.

netltes Hagne-

sium-rich iTmenites -are one of the most charac ristic. mmeral- phases

present in kimberh’te and ar,e usually ysed as an\jndicator mineral for
rocks of this composition (gawson, 1971, !4itohel1 ,._19'70). The matrix

also exhibits a ‘high concentration of magnesium-rich ilmenites which are

" strongly zoned towards a M92 and Fe 3+ rich margins and rimmed by titano-

magnetite and second generat1on magnes:um poor ilmenite.

Reaction mantles are common aon the ilmenite megacrysts (spine]-'

-

perovshte) and are smﬂar to those observed in k1mberT1tes from South

" Africa (Dawson, 1962; Hagggrty, 1973, 1975; Mitche‘l], 1973).

A cadex a4t B
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_CHAPTER 6

DISGUSSION AND CONCLUSIQNS
j \

s

6.1 Tectonic Setting of Kimberlite Magmatism and Its Relationship

to the Aillik Occurrences

‘Most diamond-bearing kimbeﬂites are Md to the interior of
shield areas (Dawson, 1967a, 1970) where they are re]ated to uplift

and/or d11at1on of thé earth's contlnental crust durmg epi rogemc

_movements. -The presence pf kimber11tes in rift and/or graben structudres

has been disp.uted by‘Mi‘tcr;e‘H (,]970) a§ most rift zones are characterized
by alkaline magmatic ac‘tivit'.y‘ (Heinrichy 1966 Kumarapeli and Saull, |
1966; Doig, 1969; Currie, 1970; Darracott Laj_.f, 1973; Bailey, 1974).
Recent g.eo'log.ical studies indicate thaf. kimbernlites occur in both rift
sys tems (D;awson, 1970) and in alkaline provinces (Ferguson, 1973). .
ximberlites have been dgs;ribed from the St. Lawrence rif; system
{Lee and Lawrence, 1968; DS'ig. i969' Currie, 1970) and alndites, which
appear to be genetically related to kimberlites (AHen and Deans, 1965;
Nikishov et al., 1972; Dawsou, 1967a) are commonly ﬁound in assoc1at1on
with such structures For examp]e, 2 suite of dykesl whieh range in
compos1t1on from k1mber11te to carbonat1te have beer] descr1bed by

Gittins et al. (1975) from the St Lawrence rift sj;tem (Kumarapel i

and Saull, 1966; Kumarapeli, 1970!' -
. : / .
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;A. KimbefliteS-from the Bushmanland Plateau ﬁCornelissen and Verwoerd}

ﬁ975) are/associated with carbonatites, olivine me}ilites. phdno1ites
. j ’

nd trachytes on the southwestern margin of the African cont1nent They

- 4

onsider th1s extensive group of rocks to have been 1ntruded along a
cont1nen;a1 warp axis whych,1s parallel to the rift that eventually
. / ' '

-became

he Atlantic Ocean. Janse (1975) considers that kimbeflites and

relatedfrocks on the Nama Plateau are also related to the same tectonic

envirorfment as described by Corne]iSsen-and Verwoerd (1975). He con-

] S
cludes| that kimbe%liies are.usdally.emplaced during the earliest period
f epifrogenic movements with the distribution of the magmatism around

d ngar the points of warping.. The alkaline magmatism is confined to

iate ﬁa?bonat1te act1v1ty in certa1n r1ft struc{ures

. Meymechites'and piCrites with kimberlitic affinities have been

- & .
descL1be} from the Kamchatka BOnlnsula in the Circum-Pacific mobile belt

\ ‘n
(Rotm n eg\a , 1972). This occurrence of §1mber11te—l1ke rocks within
/3 .

hic\zone (some gep]og;g}s consider meymechites as an intrusive

fin?d/ﬁﬁ'e1y t pIatfonma1 areas. ﬂ_ \
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The A1111k and Greenland kimberlites are considered to have been

emp]aced in response to theageparat1on of Green]and from North America

(King and McMillan 1975; Andrews and Emeleus, 1971, T975 _Walton, 1966; -

Ha]ton and Arnold, 1969} as most occurrences lie on a contlnentalzmarg1n

.

(Fig. 6.1) and show ages of intrusion similar to that for the breakup of

4

the continent (see below).
L ) - . /

o,

The separation of Greenland from North Amer1can (Hatt 1969) is

‘belleved to have been a1ded by a mant]e plume wh1ch is now cdnsidered to

“ v underl1e Iceland (Hyndman, 1973) The 1n1t1al ruptur1ng of the North

s ‘ American-European cont1nent is regarded as hav1ng started in the Jurass1c :

_ {Burke and Dewey, 1973), however. 519n1f1cant spread1ng d1d not occur Vf/-’{”
- ‘ .i‘ _ until the late Cretaceous (Hyndman 1973 Burke and Dewey, 1973) More‘ L
recent-studies (Van Der L1nden, 1975) show that the separation of Green-
tand from North America may be compared to the evolution of the Red ‘

K

Sea (Fig. 6.2). It was initiated more than 200 m.y. ago by a major

updoming presumab]y re]ated to thermal expansion in the mantle. Thio
doming probably produced a tr1p1e point junction (Burke and Dewey, 1973)

which is located south of Greenland (Hyndman, 1973) and later became

-

> R o

L)

the site for the H]d-LgPrador Sea Ridge.
- ]

a t v . The Green1and kimberlite dykes were apparently emplaced during the

earliest epioiogenic movements as . the1r age dates (Andrews and Emeleus,

1971 1975) co1nc1de with such movements (Fig. 6 2)- The Aillik dykes

~

however seem to be younger than these movements (cf. King and McM1l]an
- ) {

s
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Figure 6.1

Location of Labrador and Greenlan¢'kimbérlites and lamprophyres
on a Bullard et al. (1965)fit of the continents, (after
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Collerson, personal ‘communication).
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1975) arid coincide with spread1ng (F1g 6.2). This discrepancy in age
between the Ail1ik and Greenland dykes may be a result of the limited
. age ;nates for the Aillik area and it is probable “that both occurrences

were.intruded at the same time.

A

6.2 Carbonate:- Its Origin in Kimberiites and Carbonatites

Carbonates (c a1c1te,Adolom1te).are a maj "const1tuent of‘carbon—
atdtes and occurs as a major groundna;s phase in kimb :
Kimberlites this carbonate was reganded as of secondary origin (Frant-
;éssen 1970, Smirnov, 1959) posswbly after me1111te (Lew1s, 1887;

. Wagrer, 1914; Williams, 1932; Frankel, 1956; Shand, 1934; Dawson, 1967a;
Von Eckermann, 1961 1967; Stewart, 1970; McCall, 1963). An'alternative
and more p1aus1ble exp]anat1on is that the carbonate is a pr1mary phase
which crystallized from a magmatic 11qu1d (Wwatson, 1955, 1967a and °
1967b;. Hltche1l and Fritz, 1973 Dawson and Hawthorne,»1973; Zhabln and
Cherepvskaya, 1965; Dawson, 1962; Andrews and Emeleus, 1971, 1975;

JohnSOn, 1961; Walton and Arnold, 1970; Clement, 1975; Robinson, 1975;
N

Clarke andr H1tche11 1975; McCa11um and Eggler, 1971).

_The petrological evidence for magmatiq carbonateﬁgis supported by,
tne presence of a number of experiménta1 studies. Wyllie and Tutt1g
(1960) have shown that calcite can precipitate'frdm melts in the sysfem‘
CaO-COé-HZO through a large pressure range and at temperatures to at

least 600°C. Hy111e and Haas (1965 1966) in an 1nvest1gat1on of the




-

System CaO 5102 CO2 HZO showed that’ on]y 1iquids undersaturated with
S1O2 cou1d 1ead to the prec1p1tat10n of either hydrous and/or carbonate

phéses wyllie (1966) and Franz and Wyllie (1967) showed that fractional

//crystal11zat1on of a carbonated ultrabasic magma can produce a residual

fraction of carbonatite composition. They also shawed that monticellite

and forsterite can precipitate with calcite in the system CaO~MgO-SiOZ-'

‘CO?-HZO, thereby providing an,important genetic link between kimberlites

amd carbonatites as all three phases are found in either rock type.

7

Wyllie and Boettcher (1969)' show that quenched ca]cité.crysta]s in
the system CaO—CO2 20 may be regarded as evidence for the former exist-

ance of a liquid phase.. They compare their quench textures to those
‘

described in carbonatites and kimberlites (Zhabin and Cherepys‘eya

1965;fDawson and Hawthorne, 1970, 1973; Johnson, 1961), thereby, sup-
p1§ing further evidence for magmatic carbonates which crystallized from
a liquid. . ‘

".

-Koster Van Groos and Wyllie (1963, 1966, 1968b) have demonstrated
the presence of a wide miscibility gap between silicate liquids and
sodium carbonate within the joins NaAlSi308 - Na2C03, NaAlS1308 -

Na2C~O3 - HZO and NeA]Si308 - CaAlSiZO8 - Na2C03~- H20. This miscibility
gap is found to decrease with pressure and at 33 bars is nonexistant.

They also showed that the crystallization path can lead to the develop-

ment of immiscible fluid phases of three types; (1) siticate liquid

iy
A
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containing Nazcoz, Cé and H O, (2) a carbonate 1iquid confainihg Na2C03

with dissolved H20 and a small proport1on of silicates, and (3) a vapor

phase. These phasQi under appropriate cond1t1ons (determ1ned by PT'
P /H 0 and bulk compos1t1on of the. original magma) can be compar;:
to- nephe11ne or ijolite magmas, carbonat1te melts anrd fbn1t1z1ng so]u-_

} tions, respectively. Their results have important application to
central carbonatite complexes where all three of the above 1iquids afe

known to coexisted. It also provides a second alternative to carbonatite

genesis.

There is now conSIderable ev1dence that CO ex1sts in the upper‘

maﬁtle McGetchin and Besancon descr1b§”grbonate 1nclusions

: w1th1n mant1e derived pyropes wh1ch9zjjta1n calcite as well as magne-
sium-iron carbonates. CO has also been found in 1nclus10ns from

\
basal ts (L921er. 1966 quoted Py Irving and Hyll1e, 1975; Rodder, 1965)

and in olivine megacrysts from Ilmber11te and basalt (Green 1972; Green
and Radcliffe, 1973). CO2 has also been recovered during the crushing
of natural diamond (Melton et al., 1972) indicating the pfesence'of CO2

at the time of diamond formation. All of the above data ind%éat@.the

possibility that carbonates form from primary magmas which atre gerierated '

within. the mantle. Evidence for such a process has received significant-

support by the presence of Jﬁerzo1ite-bearing damkjernite in the fen

Carbonatite Complex (Griffin, 1973; Griffin\and Taylor, 1975) as well

+ as Splneﬁflherzoljte xengliths from ‘the Lashine Volcago, Tanzaniap . * .
. oY -

(Dawsgn, et al., 1970). -, _ A( ‘
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that carbonate under shield av.feas is in the .forrn Qf crystalline phases
(McGetchin and Besancon, 1973); however at ‘high temperatures they may be
partially or completely liquid. These liquids may be present as an

" interstital liquid, liquid inclusions or in small pockets and under

appropriate conditions crystallize to form carbonatite or carbonate-rich

kimberlite.

-

Wyllie ‘{1975) and Wyllie and Huang (1975) have shown that partial
fusion of a COZ - bea.rinq mantle can produce 1iquids of either carbonate
or kimberlite composition at depths of between 80 and 100 km. The major
factor qoverning magma composition at this depth is temperature as the
first melts producefare carbonatitic and with progressive fusion the
melts are converted ta kimberlites. According to Wyllie and Huang (op.
tit.} fractional crystallization of a kimberlite may produce a carbon-
atite fraction similar to that observed in the Benfontein Sill (Dawson ¢

and Hawthorne, 19737 .

tggler (1976) working in the system (ZaO—MgO—SiOZ—(ZO2 has shown that
I'quids formed in the pressure range from 26 to 30 kb are kifmberlitic in
composition: however, they contain more Ca relative to Mg. He also’
shaws that kinwerlitic melts do not form the first melts in this system

nor can differentiation of the first melt give rise to carbonatites.,

In accordance with the previous discussion, the carbonate present

in the minettes, monchiquites, kimberlite, alncite and carbonatites is

reqarded to be of magmatic origin. The matrix carbonates in the kimberlites, L2
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alncite-and carbonatite are conside:red to hav_e crysta‘ﬂized directly
from a carbonate-rich fluid phase. In the monchiquites and minettes,
carbonate is restricted in its occurrence to the ocelli, which are
interpreted to have resulted by processes of liquid immiscibility

(cf. Ferguson and Currie,.‘1‘971 ;. Philpotts and Hodgsom® 1968). . Similar
carbonate-rich ocelli present in’the kimberlvites‘ and carbeonatites
further'supports to the role'piayed by liquid immiscibﬂlity in the ‘

genesis of the suite,

The matrix carbonate'in the Aillik kimberlites and carbonatites
are therefore considered to have crystallized from a carbonate-rich
fluid phase which developed an immiscible fraction at an early stage

in the differentiation of the parental magma.

&

6.3 A letrogenetic Model .for the Aillik Bay Ultrabasic to Basic Dykgé,

The geographical setting of the Aillik dykes on the west mar?ﬁn
of the Labrador Sea implies that the parental magma develobed witry"in
s /
the mantle in response to epirogenic movements which led to the geparation

of Greenland from North America. Figld. data (Chapter 3) and vafiation

diagrams presented in Chapter 6 indicate that the carbonate-ri/[:h monchi - v

quites were the first differentiation products of the Ai]]ilg/.'/lparental

magma assuming that normal differentiation tre.nds can be‘ ap/ph‘ed to

rocks of these compositions); however, the lack of nodul‘)e/s or other

petrological indicators in the menchiquites precludes ,,t/he possibility
/

of determining a parenta! magma composition. A petr;/logica] sﬁb-

traction computer program (Cawthorn and Strong. in{/"preﬁ) was applied

/

to the Aillik dykes assuming that a"h’quid of mﬂ’thiquitic chemistry
14

’
0

d‘.




(Table 5.3) ap'p‘roached the primary magma composition. Minerals of the

kimberlite suite were subtracted from the monchiquite;. composition

~according to their moﬂal percentages, and f.o the 1im‘iﬁéed probe da\ta
from the Aillik dykes as well kimberlites from ather areas (Nixon,
'1973; Dawson and Smfth, 1975a; Frantsesson, 1972; Mitchell, 1973). By
subtracting. kimberlite miﬁera] phases from a‘monchiquitic magma, a

residual composttion approaching carhonatite was attained.

The parental magma of the monchiquites, kimberlites and carbona-
tites is considered to have been generated within the mantle at depths
possibly exceeding 100 knt; however, the kimbeﬂ-ites probably evolved
at dgpth‘f 100 km as they contain nodules of the M.A.R.I:D. suite’

(Dawson and Smith, 1975b). °

It is envisaged t_hat the jorimary magma began to differentiate
at an eé‘rly s'tage within near the generation zone during the initial
rifting of thefLabrador Sea. Oeep fractures tapped this magma source
and gave rise to the monchiquite dykes. The remaining magma.presumably
underwent further differentiation and produced a liquid of kimberlitic
composition whicl; was saturated with COZ' At this stage, explosive
release of volatiles resulted in the emplacement of the kimberlitic
n;agma‘ into the crust and it was sub'sequentTy intruded as dykes and sills.
Carbon:atites formed during the intrusion of the kimbérHtes principally )

as a result of liquid immiscibility and flow differentiation.
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6.4 Conclusions

‘The main conclusions which have been’aeduced from.this study are

as fo]lo@s:
1. The Aillik Grodp iﬁ the Aillik Bay area is composed of meta-
’ sediments énd metavolcanics. Most dnits are considered to
be eduivalent to either the Makkovik or Big Island Formations

{as defined by Clark, 1974).

The Aillik Group is intruded by a suite,of ultrabasic to

basic dykes which range in composition from kimberlite,

micaceous kimbeyliie. carbonate-rich kimberlites (m%caceous
*jor nonmicaceous), minettes, monchiquites, carbonate-rich

monchiquites, alngites and carbonatites.

-

3. -'Emp]acemen£ of the ultrabasic to basic dykes was strongly

influenced by‘jointing and hydraulic fracturing in the Aillik
Group. The monchiquites are often offset in stepped arrénge-
ments and display brittle fratture'devélopment indicative of

fd}cefu1l emplacement.

Flow differentiation. liquid immiscibi]ity, supercooling and
, .

multiple intrusion produced. the xaried compositional and

textural arrangements in the carbonate-rich monchigquites and

kimberlites.
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The kimberlites contain two generatigns of olivine, oéaque
oxidgs, mica and clinopyroxeng. The mica commonly exhibits
reverse pieochroism and the é]inop_yroxenes ;fange in composi-
tion from diobside to salite. The opaque oxid"es are m:agnesium-
rich. ilmenites; however, peravskite, magnetite gnd’ilmnite
also occur.v Cognate nodules of the M.A.‘R.I.D. éu.i-te are. very
common in the Aillik dykes and con"tain micas which are composi-

) ‘ N
tionally equivalent to micas from other glimmerite nodules.

The carbonate-rich monchiquites are genetically related to
the kimberlites and carbonatites and appear to have beeﬁ . ;;

derived from the same parent magma.
hl \

The minettes are either unrelated to the other dyke suites or
their genetic relationship may have'been masked by secondary

effects. ‘

The emplacement of the Aillik dyke swarm and kimberlites in

Greenland coincided with the initial rifting phase which

e

pretéeded the separation bf Greenland from North America..

The initial partial melting of the mantle during this stage
in the evolution of the Labrador Sea, gave rise to both the ’ b
-Ai'llik\and G-reenland dykes. d

The carbonate present in the Aillik dykes is regarded as being

of magmatic originfhaving solidified late in the crystallization

history of the dykes.
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DETAILED GEOLOGY OF THE AILLIK GROUP AT AILLIK BAY
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The following appendix is inéluded to augment the brief
description in the text of the thesis_(page 14) and containsva;
more detai]ed account of the geology of the Early Pro;erozoics'\
Aillik Group; theléountry rocks into which many of tﬁe basic to \ &

N ;ultrabasic dykes were emplaced. - o \

1. Cross-bédded Arkosg'dnd Conglomerate . \

\]ll Distribution and Contact Relationships - |

~

This is the oldest unit of the Aillik Group mapped in the 5
|

ATk Bay area (Gandhi et al., 1969) and is seen as sporadic

Ve et e o N -
T R M S L 5T

expéSures from Cape Aillik to an area south of Aillik Vi]lage

(Fig. 2.1). ‘Jhe arkoses and cohg]omerate have a total‘thickness
o

of 396 m in the Makkovik ared (Gandhi et al., 1969) but at Cape

pewtd TRt T
14

Aillik the bottom of the §b6§53312p is not visible. ‘ , !
\ N B

1.2 Lithology \\= . | ‘ o : ;

' 7 The arkoses are generally fine grained and have quartzo-

'\ L feldspathic bands which alternate with more mafic bands on a 2

- L AN

to 4 cm scale.” This variation refletts an original compositional

difference between’the beds. 'Sedimentary structures such as cross- .

e e T~

bedding and flame structures indicate that the units are upright.

T e

/ s . ., N e T i I SRR R ST l S NPES  EE N




- 2]3' -

The conglomerate horizon overlies the arkoée unit but is known
to .interfinger with it near- the contacts (Clark, 1971). The con-
glomerate horizon is hgteroéeneous and contains pebbles and/or '
cobbles of granitic gneiss, chert and jésper which raége from 2

to 10 cm in diameter (Gandhi et al., 1969).

].3 Correlation with 6ther Horizons in the Aillik'Group

' The arkoses and conglomerates can be traced southwards to an
area southeast of Mafkis Bight (Clark, 1971). Thése sédimentary
horizons are tentatiyeiy c6rre1ated with the cross-bedded arkose

and conglomerate members of the Big Island farmation (Clark, 1974),

2. Arkosic Quartzite, Cé]c-silicate Breccia and Marble
2;1 Djstributioﬁ and Contact relationships _ |

"This unit forms a prominent sedimentary horizon along the
eaétern shore of Aillik Bay (Fig. 2.1). The arkose may overlie
the crossfbedd;d unit; however, contacts aren;t exposed, thus the

exact stratigraphic Jevel of this unit isn't known.

2.2 Lithology
The unit is characterized by a well developed banding on a
'scale of 1 to 3 cm where quartzo-feldspathic bands alternate with

\, more mafic-rich layers. This banding reflects original bédding in

\'the unit; however, it has been folded and contorted during de-

\
4

N kprmatjon of the Aillik Group.

\
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»

A zone of calc-silicate breccia within the unit occurs.as

two iselated exposures southwest of Hawk_Pona; The breccia

contains abundant sybangular arkosic quartzite fragments (60 fo
70 peréent) in a carbonate matrix. Individual blocks range from
2 to 100 cm in length by 0.5 to 50 cm in width andkare flattened
into the foliation plane They are augened by the matrix which
conta1ns 70 to 80 percent salmon-red carbonate as well as epidote,
diopside, garnet, amphibole and mica (King, 1963). Carbonate
pressure fringes are commonly seen at the end§ of the f]atténed
blocks 1nd1cat1ng m1grat1on and recrystalllzat1on of the car-
bonate ln areas of low pressure dur1ng deformation. The brecc1as
haveuéradational contacts‘with'}he arkose thch are characterized
by decreasing carbonate content‘and brecciation. The eastern
-gradational contacts with the arkose is strongly banded and
original. bedding is preserved. CroSs-bedding in ‘this area
ihdicates thht'the arkose unit is upright and dips steeply io_the
‘east.. Norshward the breccia is lost under granophyre-sheets.
Severa} horizons of a calc-silicate unit are found near the d1abase
Ny
porphyry west of Hawk Pond and are s1m11ar in lithology to the
“matrix of the.calc-s1llcate breccia. The units are 30 cm to 1.5m

fﬁick and prob;hly represent a northern eauivalent of the breccia unit.

3. ‘ Conglomerate

30 Distribution and Contact Relationships

The conglomerate forms a thin sequence approximately 458 m

o
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‘thick {King, 1963) and crpps oui from just north of Hawk Pond ;

to an area west of Bahayé Lake (Fig. 2.1). It conformably over-

lies the arkosic quaé jte unit and has a gradational contact,

46 m wide. A

3.2 Lithology
The conglo erate is characterized by a spoFadic clast dis-
tribution and//reas dontaining 60 percent clasté guickly grade
into areas c ns1st1ng solely of quartzo- feldspathic matrix material.
The- c]asts,vary in compos1t10n from ¢hloritic quartzite, quartz1te
to scattefed granitoid types {King,.1963) and are contained in a
strongly banded matrix consisting of alternating quartz-rich and
quart /-feldspathic layers on a 0.5 to 1.0 cm scale. Most cfastg
are Yenticular in shape and show a mérked decrease in abundance
bogA to the north and south. Eastern sectigns of this unit appear

1t¢ be l1tholog1ca11y s1m1lar towynit 5 (Fig. 2. 1)

)
¥

Marble horizons are not uncommon and occur as salmon.red

" carbonate interbeds which possibly represent limestone horizons.

4, Baﬁaed Quartzo-feldspathic Unit

A.T Distribution and Contact Relationships
This unit forms a northern equivalent of the 6qgglomerate
horizon. It has gradational contacts with the former unit near

Hawk Ppnd where a transitional zone 214 m wide exists.
i . 13

L]
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4.2 Lithology 3

The ‘quartzo-feldspathic unit forms a distinct lithological

horizon which is characterized py'a well developed banding of

quartz and feldspathic layers on a 3 mm to f,cm scale.

-~

5. Undifferentiated Sediments and Acid Volcanics
5.1 Distribution and Contact Relationships
» Aunit composed of sediments and ac1d)yolcanlcs forms a wedge

shaped outcrop trom Buttress Point to an area southuest of Hawk

Pond, (Fig. 2.1). It appears to have a gradational contact with

the conglomerate horizon,

-~
. >
-~ -

5.2 Lithology
This unit i; lithologically similar to the clast deficient

areas_ of the conglomerate horizon and exhibits a banding of quartzo-

» feldspathic and feldspath1c layers. It also contains sporadic

amphibole-rich pods or veinlets and the latter often trangress

the foliation. The unit has a rhyolitic appearance south of

" Hawk Pond and closely resembles units within the Big Island For-

mation (Clark, 1974).

6. - Sediments (Including Acid Volcanics) Showing Varying
© Degrees of Secondary Fe]dspathization

6.1 DlStrlbuthﬂ and Contact Re]at1onsh1ps

Two units of th1s character were mapped in the Aillik area, but

NIRRT
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could be separated by the degree of secondary feldspathization.

The smallest exposure (unit 7,‘?}g.v2.l) crops out from Buttress

Point to northwest of Bamrana Lake. It has conformable contacts \

with the Micaceous Unit (King; 1963) while those with the amphi-
bolite are sheared. The more extensive unit crops out from Low,

Point to immediately west of Banana Lake. This unit usually ex-

hibits sheared contacts.

6.2 Lithology -
The smaller unit is similar to the horizon which overlies -

the conglomerate unit. It is characterized by local toncentrations

- (30 - 60 percent) of alkali feldspar porphyroblasts. The por-

phyroblasts are regarded to be secondary in origin and have

- selectively replaced most of the original plagioclase (King, 1963).

Py

The secondary féldspathization ismost intense in a lenticular zdﬁe
centered immediately east of Hawk Pond; however, it decreases

rapidly both to the north and south.

The 1argé; unit (unit 9."}jg. 2.1) forms a highly feldspathized
horizon and in northern sections is characterized by sodic amphibole
and pyroxene. Secondary feldspathization decreases to the south

N

but still maintains an appearance similar to\the,units overlying
* . Lo

the conglomerate and micaceous horizons.

Rounded quartz eyes are a characteristic feature of this unit
b . o . .

3
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and modal proportions range from 40 to 65 percent The sodic

( 2 ferromagnesiam mmera]s (aeg1r1ne. aegirine aug1te and r1ebeck1te)
are of secondary origin and replace mica and/or quartz. They also
o'ccw,hin cross-cutting veinlets, a feature typica1 of fenitized
terrains (Cooper, 1971; Currie, 1971; Deans et al., 1972; Tuttle

and Gittins, 1966). At Low Point, this unit can be traced into . !

the cross -bedded arkoses wh1ch probably represent the northern

" equivalent of the feldspathized units.

! ) . It 1s apparent that feldspathization initially occured by
the growth of potash nfeldspar porphyroblasts a]ong a c]éavage or
schisosity plane. These hor1zons show smﬂamuee with rocks «

[

found in or near Central Carbonatite Complexes (Ferguson and ™ -~ .

-

13
A

Py : ' Currie, 1972; Woolley, 1969; Deans et al. . 1972; Currie, 197lb;

O Heinrich and Moore, 1970). )
: e \ , . -

7. Un1dfferent1ated Acid Volcanics and Quartzo- feldspatrnc
' Sediments (Passibly Equivalent to the Previous Umt)

¢ 7..1 Jistribution and Qontact Relationships
This unit is the t_hickest sequénce mapped in the Aillik Bay
a.r~ea. It crops out from Cape Makkovik southward to the southern
tip of Banana Lake -(Fig, 2.2). Asmaller e;(posure is also seen S
immediately east of Dax Pond where it grades rap1d];y mt.o the |
previous unit (unit 9,. Fig 2.2). The larger unit has s?ra“rp r.ectomc

contacts with the quartzo-feldspathic mylonites.

¥
.
‘\ .
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. . , . Lo BRI L I e R sy




7.2 Lithology

quartz and amphibole. At Capghrﬁakkovik. the unit containy abundant
amphibolite pods 1. to'6 cm long and 2 to 5 mm wide which ecrease‘
in concentration towards the south. The succession eést §f. the
Tidal Flats area has'a similar lithological character to the
feldgpathizéd parts of unit 9 (Fig. 2.2). The'origin of these
lenticOlar pods is unclear. Clark (1971, 1974) has 1‘nterpreted;
similar unit inland from Makkovik (which also contains abundant

amphibolite pods) to be an acidic lapilli tuff.

8. Other Units

. 8.1 Hi'cac'eous Unit -

8.1.1 Distribution, Contact Relationships and Litho]ogy
The micaceous unit forms 5 thin band which outcrops from

Buttress Point to anv area just northwest of Banana Lake. It has .
a thickeess of 14 m and exhibits a gradational contact with the
undifferentia;ed /aci(g';vo]canic and se@iment anit. The unit- is fine
grained, has a grﬁen%sh qrey color and contains gquartz, microcline,
chlorite and biotite. Southward the unit becomes-a chlorite-biotite

4
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8.2 Amphibolite .

8.2.1 Distribution and Contact Relationships

‘7 Two hordizons of amphibolite oocur in' the northern part of the

map area. The _thinnest unit is exposed at Buttress Point while
a thicker horizon crops out immediately west of the Tidal Flat area
and continues northward to Cape Makkovik (Fig. 2.2). ‘The horizons

thicken southward and unit to form one continuous unit.

8.2.2 'Litho)ogy

The most conspicious featu’re ‘of the amphibolites south of
Dax Pond is the abundance of relict pﬂlows which are flattened
into the foTiation plane. They rangev in size from 10 to 30 cm
long x 10 to 12 cm wide and in some cases, still retain; glassey

selvages.

9.1 Quartzo-feldspathic Hy]onité
9.1.} Distribution and Contact

A unit of mylonite separates the amphibolites from the upper-
most ﬁ't;rizon m:;ped in the Aillik Group. li is exposed in a glacially
overdeepened valley which extends from Banana Lake to an area east

of Low Point.

Gt i g._u_o'.-v"
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. fe}dspathic\bands an& contains’ numerous amph1b1oht1c pods which may

9.1.2 Liihology

-The mylonitic unit occurs in a distinct zone of intense catac]ay51s
in wmch the original m1neralogy is granuTated and recrystaﬂlzed It .
cons1sts of alterpating quartz-rich (5 to 7 mm wide) and quartzo- . §

constitute 30 to 40 percent of the ent1re outcrop Quartz porphyro-

clasts 3 to 8 mm in length commonly occur. in ]ocal concentrations. and
v
are mvanab]y surrounded by fine grained- anastasmosmg layers of quartzo-

feldspathic materia‘l Sod1c amphiboles and/or pyroxene occur. e1ther as

T
e

small radiating crystals in the matnx or in veinlets which postdate ‘ . )
t‘he tectonic foliation.- -
0. Origin of the Feldspathizing and Fentizing Sol"utions ’
The solutions responsible for the secondary ﬂteration' in the

Aillik Group are considered -to have‘ originated from the alkalic

B

ultrabasic magma which ga@ rise to the Aillik Bay ultrabasic-basic

. dyke swarm. The localization of the alteration effects to faults

and/or areas of microbrg_ccation ‘ili;p.li.egv they were "inf.roduced as
liquids aftér the deformation o"f. the Aillik Gr:oup and hence may -co- .
incide with dyke emlaﬁemnt Alteration of this type is not un'Ilke -
that descnbed near a]kahne intrusions in the St. Lawrence Rift . .
System (€§Zurr1e and Ferguson, 1971) or the Bohemian Massif (Kopecky. |

1971, 1972).
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The nomenc'lature of ltirhber]ites, carbonétiteS" and himmphyres
has become extreme1y comlex in recent years, as a result a d1scussion

of- the terminology used Ay the author in this thes1s is included.

The name k‘lmberHte, as first proposed by Henry Carvill Lewis '
(1887, 1888): was used to describe the porpﬁyrit-ic' per1dot1te"”that :
was a host for diamonds in Kiuberley, South Africa. By the mid 1900's .
a variety of rock types were CoO ctive]yAclassified as k’imberlftes- ‘
anq the Or'lginal meaning of the{wprd was ldst through 1tsl varied
application. In 1970“, H’iltchell 'pre'sente‘d a critical review of
kimber] ftes and related rocks in the bl'l'ghvt of 70 to 80 years of
geological ob‘ser.‘vation‘ since the introduct”'.ion of the t'erm kimberlite
.into the geo1o§1ca,1 Hte“r"a’ture._ Mitchell (1970) restricts the term
k'imberﬁte to rocks that are "porphyritic, aa'tk_alic peridotites con- °
taining rounded and cortoded phenocrysts of olivine (serpentinized,
.carbonatized or fresh), phlogopite (fresh or chloritized). mgnesiu

- ﬂrnenite pyrope and chrome-rfch pyrope, set in a fine grained gro d-

i
»
-
L
£
-3

mass composed of second generation o‘livine and phlogopite with ca cite

‘occur.”




well known for thefr dual petrological character in/that they exhibit
mantle as well as a kmberlite-derwed mineyalogy (Dawson 1971,

- 1972;: Hitche]l 1970). It 1s customary to fdescrib;e all foreign
L 'crystals as xenocrysts (large crystals whbse or)gm Cannot be attri-
but_od to' the crystallization of the ki 'rh't‘er na'gm)’.' as they originate
b‘y'tne fraomentation of mantle maféria/ ‘. They are sinﬁlajr compasition-
ally to the mineral ph;asés found ~in my ntle/éderi.vgeq nodqles. i%e. |
forsteritio'olivine (;9'90 - 94), enstatite (En 90 - 94), ‘chrome~

diopside, pyrope are most common. /Crystals which can be shown to
. . f

" be kimber1i te-derived a;‘e o1ass1f1ed phenofcrysts (MitcheTt, 1970).

These include o]ivine. ph}ogopite an magnesium ilmenite (Dauson.
1972; Hitche'll 1970). - /

Ny
!
/

Olivine is the most abunda}it minera] in kimberlites and usually
occurs in two generat'lons ThoSe of the first generation are highly '
rounded corroded and may exhibit undulosd extfnction (Mitchell, 1970).-
These first generation olivipes are often xenocrysts but may also
be phenocrysts as Fo contents range from b«t to 93. (Dawson and

. Hawthorne 1973) fc)r both &ypes Socond rgeneration.ol_ivine-is gen-

erally euhedral and forsteritic contents from 80 to 84 are common

- - . t
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although second generation crystals are a common matrix phase, -

they do occur as pheﬁocrysts. ‘

Phlog‘opite. 1ike olivine, o_ccurs in two generations and c&.-

tnets vary from ¥ to 70 percent in extreme" ’tjrp'e_s:. the Iatterwbeing

referred to as micac¢0us kimberHtes {Dawson, 1971 1972; ‘Mitchell,

- 1970). First g?'\er/atlon phlogoplte is corroded, rounded, kinked.

and/or fo]dqﬂ (Hiﬁche]l 1970) These crystals possibly represent

phenocrysts alt)(ough the presence of. phlogop1 te: in the mantle has
received( significant support from a nymber of authors (Dawson and

Powell, \,969, Dawson, 1964; Danson et al., 1970; Modreski and

'Boettcner, 1972; Kushiro, 1970; Kushlro etal. 1957)

-

The xenocrysta'l (phenocry'stal) micas3often exh'ibit a reverse

’ pleochroism (a>B=Y ) and has been found typical of. kimberhtes
(Mitchell, T970; Watson, 1955); some carbonatites (Singeuald and
Milton, 1930), alndites (Von Eckermann, 1948; lHogarth, 1964) and

,ul,tramafic rocks (Boetteher, 1967). Second generat_ion phlogopite

“occurs as ‘small lath to microlithic shaped crystals which lack

reaction mantles o_r'dgfomt'ibn effects. B

The term megacryst was introduced by Dawson (1971) to describe |
¢ ! .

crystals in kimberlites which are of unknown origin {i.e. xenocrysts

or phenocrysts).

-

Most of the minera) phpses ifi the Ail1ik kimberlites are believed

/b » L . ) ‘
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~to be phenoérysts as dykes lack garnet,]"orthohyroxene and chromium-

\

bearing diopside. ' - C

Alno1tes (Von Eckermann, 1948; Bowen, 1922) are connnn ine
tru51ve rocks which are somet1mes m1$taken for k1mber11tes (Mitchell,
1970) The author cons1ders alndites as these rocks wh1ch contain

perxene and/or melilite and show cons1derab1e petrological (Allen

and Deans. 1965) and/orschemvcal svmi]arities to k1mberl1tes (Dawson.'~

1966. 1967) He1111te is the major characteristic mineral; however,

the genetic association of alnd1te with kimberlite cannot be over-

looked (Janse, 1975) !

- The termlnology proposed by Von Eckeug::h i1948) and Heinrich
(]966) is followed for carbonatites in the Aillik area.

A}

7 'Hembers of the Iamprophyre/clan-have been c1assified accordin§
: L o - ' _ ‘ :
to Williams et al. (1955).

\
i

\
|

11 - Only one garnet-bearing dyke ‘has been discovered in specimens

collected by A.M.S. Llark (Collerson personal connmnication)
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<

1- Sample Preparation

Representative samples from the dyke suites were“iﬁifia11y

trimmed to remove as much weathered material as possible and to
» . . e

avoid xenoliths and/or cognate nodulesTwhich could cause contami-

nation‘ A1l samples were slgbbed perpendicular to any apparent

band1ng and the amount’erﬂshed depended upon ,the complexity of band-
_ing: hence more. dyke was crushed in strongly banded dykes. hThe

tr1mmed slabs were then pollshed to remove saw contAmInation.’ The

polished slabs were then Washed carefully and dried at 100°C "The
slabs were then crushed into sma]l chips w1th a “cutrock" Jaw
crusher These chips were gound into a ‘fine powder using a Sieb-

Y ’

teknik tungsten-carbide swing mill.

3.2 Aﬁa]ytical Proceddre} *

-3.2.1 Major Elements

Fourty-nine,of the ene hyhdred and‘onerSpecimens eere.aralyzed'
by x-ray fluorscence us1ng a thl]1ps P.W, 1220 b computerizgd N
spectrometer, A program a]]owed determination of eight major elemehts
which were pr1nted out directl! on teletype. For X.R.F. analysis,

0.7000 g of the powdered sawﬁle;was-combih_ed with 6.0 g of lithium

_tetraborate and 0.7500 g of lanthanum oxide. The mixture was fused

into a homogenéous gIéss bead by heating wi;ﬂﬁn grabhite crucibles

at 1050°C in a Thermolyne furnace. The fuséd bead was then weighed

e L S g ol e i
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P’
and sugar was added to makc up the dr1glnal we1ght for volatites
lost during fusion. The glass. beaJ and sugar was then crushed
ina spex ball mill_using tungstoq carbide vessels for twenty-

minutes. 1.5 ¢ of the ground ppwﬁer was pressed at 5 tons for

"1 minute into a borax acid disc using a hydraulic compressor,

The samp]e disc was’ stored in a heated oven until the - analys1s

was carried out. All major elements: (SfDZ, AIZ 3 Total Fe.
Mg0, Ca0, KZO) were determiﬁed using Crka radlat1on and several

L3

different analyzer crystals,

Aha]ytical precision and accuracy were determined by dsing an

internal standard MIM-D (Natjonal Institute of Metallurgy standard)

which was run with every analytical batch. Results of the precisi?ﬂ\-

and accuracy are given in Tables (3.1 and 3.2).

Py

.Mn0 and Mg0 were determined by atomic absorption methods using
a Perkin-Elmer 303 Atdﬁic Absorption Spectometer equipped with a
chart recorder read out. Preciéely 0.100 g of finely ground rock

powder !asfue1ghed into a p1astic cap and placed in a polycarbonate:

digestion bottle. Digestion was effected by the addition of 5 ml
‘hydrofluoric acid and heating for 30 minutes. After cooling 50 m}

_of saturated borac aciﬁ was added in order to complex-dissolved

fluorides. The solution was again heated on a water bath for 20
minutes -and upon cool1ng was made up to 200 ml by the addition of .
145 m) de-ionized water. Standard rock solutions were prepared 1n a

\ ;-
similar manner to that described by Abbey, 1968.

-
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TABLE 3. _ , .

Precision of X-Ray Fluorescence Major E]ement Determinatibns Based

- [ES

Upon National Institute for Metallurgy Standard NIM-D {Dunite)

ELEMENT ~ NUMBER OF MEAN STANDARD
_ ~ DETERMINATIONS _ (Weight %) DEVIATION
$io, ~ 3 38.05 .8
Tio, Edip{?ﬂ ' 0.06 - .02
N0, 137 070 . .6
i—'EZQB > 13 17.25 | .31

Mn0 o OND. ND. . N
Mg0 13 54.19 ¢ 8.25 i
Cao - 13 . 018 .01
Naj0 - N.D: | N.D. N.D.
K,0 . 13 ©0.05 ' .00§ -
P05 - 13 | Nd .000
Loss Ign. N.D. N-.Q, . N.D.

N.O. Not Determined

N.d. Not detected

5
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5 o TABLE 3.2
3. ) . l
% Accuracy of X-Ray Fluorescence Major Element Determinations Based
. | , s
f On National Institute.ofyMetalluray Standard NIM-D (Dunite)
ELEMENT ' st MEAN-ANALYSIS
510, _ .38.86 . 38.05 .
i Tio, 0.04 ~ 0.06
A0, 0.44 _ 0.70 : )
. . Fey0, 16.97 : 17.25
MnQ = ' ' 0.20 N.D. ,
. -
Mg0 _ 43.30 44.19 }
Ca0 “ . ' 0.18
Na,0 - 0.10 N.D.
K,0 ' 0.04 0.05
P,0g 0.03 N.d,- 4
Loss Ign. 0.18 N.D. )
| | !
s*  Proposed values for NIM-D (Steele, 1972) ]
‘o h .
N.D. Not determined
, N.d. Not detected ' g
*
) o ‘
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sr{own in tab] s 3,3 and

AT trace elements (Ir, Sr, Rb, Zn,

S - 230 -

The remaini Q\fifty-two samples were analyzed complately by
atomi¢ absorption due to techmcal problems with the X.R.F. and
analytical procedure was 51m1lar to that descr1 bed aboVe for Mno .
érjd NaZQ. Prgcision and accuracy for major element analyses are -

Accuracy of major e]ement analyses

'+ 3.2.2.9Trace Elements T

, Ba, Nb, Ni\and Cr) .
were detemnned by x-ray fluov‘scence spectrogeter. 1.5 (;f rock' )
p0wder uas mixed mth 3 'drops of hqmd sugar shjution in a motar "™
and pestel untﬂ a umfonn color was obtained. [his powder was

£ -
then pressed into a flat disc usina a hydraulic compressor.
\ = ‘

Pre‘ci‘"s'ilfs"n and accuracy of trace’element analysis was deter- |
mined by repeated.-a’na'lyses of. internal co'ntrol 'referencev rock
powders and are shown in tables 3.5 and 3.6. .

3.2.3 Fe0

FeO concentratwns were obtamed by a titration method.

0. 100° to 0.1500 q of sample powder were treated with ammonium
vangdate and 10 ml of hydrofluoric acid and shakén in a wrist
action vibrator to ensure conipléie digestion of tﬁe sample. ' Severa)
btank solutions were also prepared. Eacﬁ saﬁxp]e was added to a'\"

."
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TABLE 3.3

Precision of Major Element Anélyses (After Malpas, 1976)

No. of Mean . Ci.
Element ° Determinations (Wgt. ) - ~ (Coeff. of vn.)

5i0, - 10 ° 45.97 0¥ 1.59
Ti0, 10 _ 0.48 - 0.0] 2.08

A0, SSUA 22.01 a8
 Fe,0, 10 ez 0.0
MnO | 0 0.07 0.0
Mg0 ' oo 9.70 01
Ca0 10 13.21 .05
Na 50 10 ' s 0.2
K0 SRUE 0.11  0.04
P,0; BRI 0.02 .01
L1 0 3.48 A5
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/ TABLE 5.4

N

’

Accuracy of Major Element Analyses (After Malpas, 1976)

Saorni. Ssh il ¢,

-

A

Value Mean - No. of
1968) Wot. ¢ . Determinations

AY

o

.36 55.38
.24 2.31
56 13.52
.40 13.00
.94 .82
.46 .52
.26 .26
.67 .70
SEE 17
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TABLE 3.5

Sutmary of Precision Data (Vehtra, 1973)

Sample ‘ XC -1 xC - 2 XC - 3 XC - 4

No. of Pellets 46 - .18 16 . . 15

°

Ele(nént:L

ir Mean (ppm) - 109 | _

ST. Dev. - - "

Sr 'Mean (ppm) 98 . : ' © o102
. ST. Dev. ) . 9

Rb Méan (ppm)- .‘ ‘ 132
© ST. Dev. : | 0 2

Zn Mean (ppm) j | : 29 .
ST. DeV. ’ R . } .

Cu Mean (bpm) , } . N
ST. Dev. . .2

Ba Mean (ppm) _
ST..Dev. . ' 64

Nb  Mean (ppm): ' . 21
ST. Dev. - o -7 : 3

Ni Mean (ppm) 69 25
ST_. Dev. } C ‘ 20

Cr Mean (ppm)
_ ST. Dev.

- '-'\'mm’k.'. -; “Mf‘&mh_«w*ﬂ#; TR el




an s —p

- 234 -

TABLE 3.6
Summary pf Accuracy Data (Vahtra, 1973)
" ' ~ No. of Standards
Standard : #of .

Element Deviation Isd) Range . Hg'an _Pellets Stds.
r SR s.d.-to700 200 , 18 12
Sr 18 'm" | ~s.d. - 1400 250 ~ i 8

2 , |
Rb | 8. s.d. - 400 130 21 15
Zn 0 1 sd.- 30 100 24 16
Cu 37 sd. - N0 B .2 16
Ba %6 | s.d. - 1900 700 20 14
Nb a | . sd. - 300 = 32 -° v on
N 21 s.d. - 2400 410 24 16
Cr< 400 ppm 7. s.d. - 400 50 18 12

. Cr>400 ppm - 140 - 400 - 4000 2800 \5/” 4

!

B s




4400 ml beaker containing 100 ml of Jaturated boric acid and the
d1gestion bottles were then rinsed with an addit‘lonal 100 ml to
ensure that all samp'le powder amd/ Or tons were redoved . 10 ml )
mixed acid (H,S0,, HyPO,), 10 ml fof ferrous amon'lum sulfate and
several drops of barium diphenylp mine sulfonate were added to the
above solution It was then- ti rated with potassium dichromate

(Kz Cr 0 ) and the end point r sulted 1n§an aqua blue solution.

The FeO -cont“ent was dete 'ined by the fonnu)a:
Fed = (K,Cr0, sample) - (K,Cf0, blank) X 0.70353

sample v'ue'lg'
v
where KZCr07‘ sample = vol of K2Cr07 used to reach end p"ointl
chr07 blank = volume of K,Cr0; used to reach end point in blank
sample weight = a‘mu' t (g) of- sample d"lgest’ed'
The total fron (dete‘ ined by X.R.F.) was'cd;recte'd ;'nrf\F-eO ‘
content' and the amount Teft was regarded as Fezo3 The loss on 1gn1tion ]

]

was also corrected for oxtdation of iron dur1ng heating

) 3.2.5 Other Methods, - , ‘

'PZOS con_tents were 1tervnined,on a Bausch and Lombe Spectronic .

~ 20 Colorimeter according toa method rnodifi,ed after Maxwell '('196{!).

.
@ . .. ]
" P
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Loso n ignition was detemined by weighing approximate]y 0.5 ¢

of samp]e into a porcelain crumble. heating to 1050 for two hours, "

cooling na dessicator and ueighmg accurately to determine weight

Toss of the sample (i e. volati‘le content)

'/
Cbz was measured on a Leco Induction Furnace Analyzer 0.1000

t 0. 5000 g of sample were ignited with iron and tin withm porcelain

crucibles until the sample was in a molten state. The method and

procedure used is that given in the operator m_a_nual for the Leco

)

' _Furhace and results are vecorded in percent carbon for each sample

“/
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