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ABSTRACT

The Aillik Bay alkaline tn:rusive suite conprises dykés of
alkaline lamprophyre (sannalte‘and olivine sannaite), kimberlite
and carbonatite. 'Stt.-uctural-‘and mineralogical criterfa indicate
that the dykes are related to an intrusive centre of
nephelinite-carbonatite type situatéd beneath the Labrador Sea
to the northeast of the._study area.

Dykes were emplaced in three-structurgl eplsodes; two
concentric sefs are separated in time by 'a' dominant radial set.
Sannaites make up the first set and the bulk of the second
whereas kimberlites ana carbonatites exclusively occupy the
third dyke. set. Formation of segmented dykes is attributegl' to
flow instabilitles enhanced by a volatile-rich fluid mov_i'ing
ahead of the magma. This fluid was bresumably exs‘olved/fr.om the
magma as a result of pressure reduction du-ring emplage:;‘qent, and

. ° 1
also assisted in the formation of parallel fracture zon}s
adjalxycenc 'to kimberlites and carbonatites.

Sannaites are chara;:'teris;ed by leucocratic ocelll wﬁi(;h are
frequentiy zoned: a central zpné dominated by carbonate and
analcite gives way to an ‘outer zone of Fe-mica, pyroxene,
nepheline, K-feldspar and analcite. T.he outer zones were formed
by segregation of late-stage melt. One sample bears globules
which are clearly the result of iiquid immiscibility.
Immiscibilty and segregatioq:"are accompanied by concentrat.ion qu
:lncompatibie elen;ents. Groundmass mineralqu shows >cbemica1

e\;olu;ion similar to nepheline syenites.

Minerals in kimberlite delineate a more complex history,
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. beginning at depth 1in n/{low oxygen fugaciti environment.
Kimberlites lack high iﬁressure equilibrated diamond ‘marker’
minerala, and thug diamond potential 15 low. Carbonatites.

typically exhibit relict kimberlitic textures.

»

;
Sannafte and 7'/1ivine sannaite were derivaed by flow

differentiation from a ﬁarental magna, the comnposition of wbich
is défihed. All rock types were derived by partial melting of an_
1ncompa‘tib1e‘e1ement e;lricl'{ed mantle source. Structural
inheritance permitted successive emplacement of ‘rocks

representing progressively smaller and deeper derived melt

. fractions via the intrusive centre. X
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CHAPTER l : INTRODUCTLON
LOCATION AND ACéESS ‘ ¢
The area of study is situated on the east coast of Labrador
between 59°08' and 59°23'W and between 55°09' and 55°19'N (fig.
1-1). Access is by flSat plane or coastal boat, the latter of
wh".tch operates in t‘he summer months and sto#s at Makkovik. Man;r
~ 'large lakes or sl;el;';t_.ered inlgts can be ysed by float planes
.;serviced from Goose Bay or Northwest River, 200-220 km to the

southwest.

PREVIOUS WORK , ‘
The first geological reports on 'the Afllik Bay area were
partsbof reconﬁaissance surveys (Daly,1902; Kranck, 1937, 1947,
1953; Douglas, 1953; Christie et al., 1953). Kraﬁck (1953)
described the numerous intrusive episodes and noted the presence
of ultramafic lamprophyres 'which he termed aillikites.

v Unpublished theses by Moore (1951), Cooper (1951) and Riley
(1951) cover aspects of Kranck's surveys 1n more detail, with
Moore (1951) including petrqgraphic descriptions of the
lamprophyres. . » a

British Newfoundland Exploration Ltd.(BRINEX) started
exploration on their large concession.area in 1953. This has

) resultﬂed in many uhpubllshed reports on molybdenum and
especlally uranium showings, summarised by Candhi (1976).
qSeveral university theses are studies of geology and

‘mineralisation of the Af1l1ik Group (Barua, 1969; Gili, 1966;

.-
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King, 1963). White (1973) and Minatidis (1976) concentrated on

uranium mineralisation, which occurs over a wide area along

strike from acidic volcanic beds at Cape Makkovik in the study

areaa.

The Geol_ogical Survey of Canada (GSC) undertook radiometric
dating in the area (mostly K~Ar Whole-rock. and mineral a'ges) as !
. i
part of a project to define provinces within ti’le Canadian Shield
(Leech_eﬁa_l., 1963; Stockwell,l964; Wanless et al., 1970, 1972,
1974). Taylor (1971, 1972) defined a Makkovik sub-province of
the Nain province (fig. 1~1), in uhich structural trends are
northeasterly as compared with north to northwesterly in the
Archean Nain province to the north. The Maickovik sub—province in
& ] the study ar'ea includes the Aphebian Af1lik Group as well as the

. : sbuthern extremities of the Archean Hopedale. Complex.

R ¢

" The Newfoundland Government started mépping the Labrador
Central Mineral Belt (Smyth et al., 1975) in 1974. The Ailllk
Group 1s included in accounts by Bailey (1978), Batley et al.

~ ./ :
(1979), Doherty (1980), Cower (1981) and briefly by Ryan (1979). ‘ '

The first 1/100,000 map was recently published (Balley et

al.,1981).

The most detailed accounts of the Ai.llik Group in the
M'akkovil; area a‘re by Gandhi et al. (1969) and Clark (1971,
1974). These authors recognised that felsic tuffs and lavas,
previously mapped as metasediments, form a large part of the
Ai1llik Group, with Makkovik as the volcanic centre (Clark,

1979). King's (1963) thesis 1is the most detafled account dealing ,

specifically with the succession on'the Gape Makkovik peninsula. . -

i gt g o bt il b i s o .




The GSC radiometric dates, coupled with further data by
Gandhi et al. (1969) and Grasty et al.(1969), have assisted in
distinguishing between man)" post-deformational igneous
intrusions. The emp]l.acermer}t of felslic stocks ceased before 1400
Ma, whereas diahasic dykes are dated at around 1400 Ma and in
the range 700 - 1000 Ma. Diabase dykes were earlier studied by
Wht.aeler (1933). A lamprophyric intrusion ¢lose to Makkovik
village 1is dated at 1550 Ma (Wanless ct al., 1970). Lamprophyres"‘
east of Cape Harrison, 80km to thle southeast of Makkovik were
discussed by Elders and Rucklidge (1969). These are believed to
be part of the 1550 Ma event since they are cut by diabase
(Gower, 1980) related to the Michael Gabbro (Fahrig and
Larochelle, 1972; Gower 1981), The Adlavik Intrusive Suite, an

]

earlier post-Hudsonian mafic igneous complex, is described by

Stevenson (1970), Clark (1974, 1979} and Gower (198l). Gandhi et -

al. (1969) suggested that one of these gabbroic bodies was the

source to the abundant dioritic dykes of Cape Makkovik.
The-;iykeS'of the Aillik Bay intrusive suite.are‘briefly
deseribed by Kranck (1953), Moore (1951, p.39-47) and King
(1963). King and McMillan (1975) suggest a Mesozolc age for
carbonatiti; lamprophyre based on identi'fication of micro‘fauna
in ‘a breccia cut by lamprophyric dykelets at Ford’s Bight (fig.
1=-2). Thig raises the possibility of two distinct phases of
activity because Leech et al. (1963, p.116-117) dated a
lamprophyre at 535-570 Ma (K=Ar on biotite). However, Hawkins
(1977) suggested the latter date may be innaccurate due to

excess argon in micas.




Hawkins (1977) examined the petrography and petrology of

thle Aillik Bay suife, concluding thatc -kin}berlites (the
aillikites of Kranck, 1953) are genetically related to
caﬂ;onatites and monchiquitic lamprophyres. He catalogued

" ultramafic nodules oc‘:curring within the dykes, which he
interpreted to .be of coénate origin. He also suggested forceful
injection of dykes from an igneous ceﬁtreAlocated to the}
northeagtf of Aillik Bay, and that their emplacement was
asSociated with rifeing in the Labrador Sea (Currie, 1970, 1975;

King and McMillan, 1975).

- a3
‘<

PURPOSE OF THIS STUDY

Recent studies in the geology of. kimberlites have ghownm
that true kimberlites with minerals equilibrated at high
pressures, and thus with potential diamond content, are not
normally associated with lamprophyre af\d- carbonatite activity.’
The maln purpose of this study i{s to present microprobe analyses
o‘f: minerals from the Aillik Bay dykes In order to cle.xrify the
affinitfes of the suite. 3
» ‘ﬁinercl chemistry 1s also used, in conjunction with
whole-rock data, to more close_ly investigate petrogenesis of the

suite. A reclassification of the lamprophyres differing from

O
4

that of Hawkins (1977), shows that they can all be related to a
piarentel‘magrna, t;me compogition of which :i.s‘ defined. ‘The
processes by which _the individual rock types are believed t.o“
have béen .derived from that parental magma are discussed. These

fnclude flow differentiation, liquid immiscibility, crystal

[t




’ accumulation and carbonatisation.
Structural and other evidence {8 accumulated to verify the

suggestion of Hawkins (1977) that the suite 1s part of a central

complex related to rifting of the Labradoxr Sea.
TERMINOLOGY OF MAFIC DYKE’ ROCKS

Kimberlite:

The term-kimberlite_ is generally used for a potassium-rich,
‘inequigranular ultramafic rock which may contain ultranafic
xenoliths of _mantle orfigin and diamond. Olivine is an essentiai’

- constituent and occurs as phenocrysts, normally of two
generations, with any of,fn{; following minerals: calcite,.
serpentine, garnetA, phlagopite, diopside, perovskite, ilmenite,
s;;inel and monticellite. The t:é{m is thﬁus generally considered
to include di;mondlfefrous r(:}[(s‘such as those in southern Afrieca

‘J.(Dawson,1971) and Siberia (Lebedev,l-964), as welvl as dlamc;nq—
frée varieties occurring as part of alkaline central complexes
such as Fen, \lotway (Griffin and Taylor 1975).

Mitchell (1979) criticiaed the all-inclusive use of the
term, and gsuggested that it should be restricted by mineralogy
and field associations. Kimberlites would then be rocks with

- magnesian ilmenites, and in which garnets are pyTope- rich and

c linopyroxenes -are Al-poor diogsides. They would not be

A -

agsociated with alkaline central cofnplexes, carbonatites, or
s tructurally agsocliated with rift zones. A number of

econcnical ly-based classifications agree with these

-
.
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mineralogical considerations (e'y‘Snyman.Ile). but are intended

to serve restricted areas and so cannot be applied genéfally.
The ’centraljcomple)-c kimberlites’ (Dawson,1967) are

characterised by titaniferous magnetites, Ti-Al salite-augites,

manganoan ilmeni‘teg, and garnet, which if present, may be

andradite-grogsular or melanite. They are intimately associated

with a wide variety of alkaline rocks and carbonatite.

The world’s two largest kimberlite provinces, southern
Africa and Yakutia, USSR, have a zonation of.kimberlite type
away .from the craton centre'(Dawson,l.QBO', p.16-20).-
Diamondiferous kimberlites occur on the cratons, and are usually
unaccompanied by'ot}.uar intrqsions, where,as the outer zones have
various olivine-rich rocks with leucite, nepheline, melilite and
m'onticellit'é. A middle zone is garnetiferous but diamonci—free.
This configuration implies a gradation between high- and
low-pressure kimberlites rather than a simple divisfon. In order
to investigaté this possibility, more probe data is needed on
occurrences such as Bargydamalakh (Soviet Union), where
kimberlite is said to form a conmpasite intrusion with olivine
melflitite (Ukhanov, 1965).

In this thesis, reference to kimberlites as defined by
Mitchell (1979) ‘wiil be to .'trueykimber‘lites'. 'Kimbe'rlite' is
used for rocks of the central— complex type, since these occur

. -
. abundantiy in the Ailllk Bay suite. Mitchell (1979) suggested
: the.y should be called lamprophyres, but they do not fit any of
the Erecognised lamprophyre names, and so perhaps a new nama is

required to solve the kimberlite dilemma. It may be in order to




resurrect the name aillikite (Kranck,1939,1953) except for the

fact that the Afllik Bay dykes are apparently part of an

alkaline complex of uncertain type (see chapter 3). If a new

L]
name is to be chasen, the type rock should have known

assoclations.

Lamprophyres:

Lamprophyres are generally considered to be porphyrircic

melanocratic dyke- rocks in which all phenocrysts are mafic

minerals. Olivine, if present, occurs only as phenocrysts, and
felsic minerals are restricted to the groundmass which is
usually altered. Panidiomorphic texture and hydrous mineralogy
(essential mica and/or amphibole) are characteristic.

There is a greag variety of possible minerals, especially
i{n the alkaline and ultrabasic lamprophyres. This results in a
1argg number of names, many of which are so closely defined as
to be useless outside the type area.

The commoner names are listed in table 1-1 as they apbear
in most petrology texts (Hatch gsjgl.,l972,p.619; w1lliéms et
al.,1936,p.85; Chattecjee,1974, p,392; Huang,1962,p.161). '

A division 1s commonly made between 'syengqic'_lamprophyres

in which orthoclase is the principal felsic phase, and dioritic

-
.

L. .
where,piagioclase predominates. Rock (1977) reclassified

lamprophyres into shoshonitic, alkaline, ultrabasic, and leucite
lamproite types, of which only the first two are common. Under

shoshonitic he included minette, voggsite, spessartite and

_kersantite on the grounds that all are mildly potassic, of




TABLE 1-1: Commonly used classification of lamprophyres as it appedrs in many. petro1ogy texts
Sannaite wou]d fall into the Orthoclase x Ti-amphibole/biotite square.

DOMIWANT FELSIC MINERALS

DOMINANT

MAFIC MINERALS - ORTHOCLASE PLAGIOCLASE NO FELDSPAR

BIOTITE ‘ MINETTE + | * KERSANTITE

!

b Y
4

HORNBLENDE - VOGESITE &, SPESSARTITE

Ti-BIOTITE or

Ti-AMPHIBOLE CAMPTONITE ALNOITE
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. i, : . . ‘
1ntermebiate §i02, and are coymonly-associated witlhy granites or

/ : ’

mildly/potassic alkaline rocks. The IUGS subcommission- on -
/ .

' némen%lature (Streckeisen,1979) reconmended that Rock’s

emphasis-on the composition of the mafic minerals present.

shoshenitic gr0up>be termed the calc-alkaline group. The
alkaline lamprophyres are characterised by phcnocrysts of

olivine (Fo 80-85), kaersutite/ barkevikite, titanpyroxene and

e

ﬁitanbio;ite in a matrix of pyroxene, amphibole and/or biotite

with feldspars and/or feldspéthnids. They are associated witﬁ

ﬁepheline syenite, gabbr§ or alkaline basalt. The ultrabasic

;i?pfophyres are assoctatéd with carbonat{;es and are

gparacterised by meiilite, calcite and perovskite. Rock,

(1977,p.162) states that lamprophyfe dyke swarms generally > ;
Y 4

consist of only one of these sub-groups.

)
" Rock’s classiflcation is preferable in that it ﬁléces mqrg~ - }
i

Alkaline lamprophyres may contain the same felsic phases as

shoshonitic types and thus be coufused with them unless the

Ti-rich nature of biotite or amphibole is recognised. Alkaline
lamprophyres are c;mmonly misidentified, and given the names of
shoshonitic types, so that the correct alkaline names are A
unfamiliar ‘to most petrologists. An'exaﬁple is the ‘minette’ of
the Ngjavo.volcanic fleld in Arizona which contains minerals g
céarncterising sannaite (Roden;1981).

The Aillik Bay dykes fall into the alkaline an& ultrabasic

classes of Rock (1977). Reck (1977,p.137) cites Afllik an as a

possible example where two coexisting sub-groups-can be

explained by association with two unrelated intrusive episodes. -




513 conclusion is correct, Secause he uses the description; of
Kfanck (1953), who identified the dioritic (H2) dykes (see
chapter 2) at Aillik Bay as lamprophyres, but made no
distinctiqn between dykes of the alkaline complex. The

,asSociation of alkaline and uLtrabasic types poses no.
petrological problems since nébhe[initic and carbonatitic raocks
commonly occur together (e.g.Fefgusdn and Currie,1971;

LeBas, 1980; Currie,1975a; Melcher,1966; Garson,1966; GCold,1970).

Hawkins (1977) used the terms minette and monchiquite to
describe the A1llik Bay dykes. The use of minette is wrong,

since it implies association with granitlc rocks, and fails to
account for ;he Ti-rich biotites.

Mon;hiqgite is variously described as feldspar-free,
analcite~bearing, or as having an isotropic or glass base
possibly altered to ;eolites. After an extensive literature
survey, Rock.(l977,5p161) concludes that monchiquite should
refer to “any feldspar—free alkalinq lamprophyre with a fine
grained, practically amo}phOus bése which now comprises a range
of feldspathoids and zeolites, though it may originally have’
been glassy’. The presence of analcime and absence of feldspars

‘cannot be used to define,monchiquite, since they are not
mutually exclusive (e.g.Gailagher;l963).

Monchiquite Is Lnappropriate for Aillik Bay dykes even

though they contain feldspathoids and zeolites, since feldspars

are predominant.

The minettes and monchiquites of Hawkins (1977) are

described in this study‘as varieties of sannaite. The term




sannaite was coined by Brogger (1921), and is defined as a
“lamprophyre containing phenocrysts of augite with aegerine

N . - .
rims, barkevikite -rimmed by biotite, and biotite in a base of

alkali feldspars (orthoclase and.albite), augite, aegerine,

nepheline, etc.’{Sorensen,1974,p.573). It clearly describes

alkaline lamprophyres. with eé%enttal_alkali feldspar, and it's

use will avoid confusion with minettes. Sannaite i$ one of the

lamprophyre names recommendéd.by the IUGS subcommission

-

(Streckeisen,1979). The Aillik sannaites differ from the above

definition in that many cantain olivine, and have SiOZ contents

below the 40-46 wtZ Eypical of alkalin‘lamprophyres (Rock,1977,
- -

p-132). Both these features are explained by the association

with kimberlites and carbonatites.

GEOLOGY OF THE AILLIK BAY AREA

[

GENERAL GEOLOGY

Ai1llik Bay lies in the northwest part of the Makkovik
sub-province, as defined structurally by Taylor (1971, 1972).
This sub—=province is aﬁ Aphebian— Palechelikian ‘window”
preserved between the Archean Nain province to the north and the
. Grenville province to the south. . R

Tée rocks to the northwest of Kalpokok Bay, incfuding
Turnavik Islafd, are Kenoran-deformed gneisses and migmatites of
the Hopedale Complex (fig. 1-2). It now appears that these were

reworked in Hudsonian times, although absolute ages of

metamorphism are as yet uncertain (Ryan and Kay, in press). The
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term “Makkovik gnéiss' has been nggested for't#é gneisses of
Sutton’s(1972) Hoped?ie Complex -in fhe area close to Ka}pokok
Bay, followiné more éxtensive‘régional su;vefs of the Archean to
the north. The gneisses gnd mignatites of Turnavik have a
dogiﬁantly n;rth ;o nortlwestward étrgptural trend, although
this>is modified to-northeastward ¢lose to the contact with the
A111ik Croup, hence the inclusion of part of the Hopedale
éomplex in the Makkovik sub-province. ‘

Thg coast from Kaipokok Bay to Big Bight, including the
Cape Makkovik-pentnsula, is made up of Aphebian Aillik Group.
The Aillik Group comprisgs Hudsonian-deformed felsic (with minor
mafic) tuffs and lavas, plus quartzites and arkoses believed to
be their epiclastic derivatives (Clark, 1974; Gandhi et al.,
1969). )

The ﬁain penetrative deformation in the Aillik Group
resulted in a planar fabric éolded about north to northeast
trending axes. Shearing parallel to the nmain foliatfion obscurds

contact relationships and fold axes, such that the thickness of

the Aillik Group is difficult to estimate (Bailey et al., 1979), .

although estimates of 7620m (Gandhi et al., 196%) and. 8500m
(Clark, 1974) have been made. Clark (1974, 1979) describes
several stratabound tectonic slides and envisages a large zone
of simple éh@ar‘as the cause of tﬁh Makkovik suh—provtnce
structural trend. Clark (1974) introduced the first
stratigraphic subdivision of the Aillfk Group, which {s
reproduced here as table 1-2. '

Both the Hopedale Cgmplex and Aillik Group are Intruded by




iPOMIADLUK FORMATION  : MANAK BAY FORMATION

{ .« —

; ' ‘DOTER  COVE RANGER PERRET'S POINT FORMATION o(1545+ 14 Ma)

‘ FORMATION " BIGHT = .

~ ~ ' NESBIT HARBOUR FORMATION - . -
COMPLEX

. (1497+ 22 Ma)

i i 4

TABLE 1-2: Schematic representation of the relafionships between formations of the Aillik Group

; in the Makkovik area (after Clark, 1979) .. AN

~
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numerous granitic to dioritic stocks, and rarer mafic to
ultramafic rocks, Many granitic stocks anq nafic’ dykes were
intruded pre~ or syn-Hudsonian, and so are now strongly

foliated. There were at least six eplsodes of mafi:;. to

ultramafic ciyke‘ intrusien, at least three of which pos;-date all’
other igneous activity. The Aillik Bay 1intrusive suite is the

latest igneous event. . !

In the present study, luapp‘ing‘was generally restricted to
the good coastal outcrops, and some chﬂanges to the maps of King

(1963) and Hawkins (1977) have been made (figs. 1-3 and 1-4).

The geology‘of Turnavild Island is further subdivided, and more

.

structural information i5 given. Hawkins (1977)' identified an

anticlinal closure ém the ,{Iape Aillik peninsula approximately.
! 8

4km to- the west of Cape Makkovik. He used this to suggest that

the Cape Makkovik successfon {s right way up and on the eastern

limb of the anticline. Several small folds not mapped by Hawkins
o
(1977) show that in detail the structure is more coﬂ-‘qlex.

TURNAVIK ISLAND . , . ' -

Mig‘matites of the Archean Hopedale Complex (Sutton,1972)

are preserved 7:1 the wéstern part of the south coast of
4 B

Turnavik. AThe'paléosome consists of multideformed granitic:
7 1

e

\ : ‘ :
gneiss, amphibolite, quartz-veined plagioclase—hornblende-
\ -~

biotite semipelite, tonalitic gneiss and massive, fine grained {

quartzofeld”épathic psammite. These are cut by quartz, epidote

and chlorite dykes and velins later folded about axes now ' N
trending 340-350 . ‘ o, T ‘
N Q
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The neosome is orthoclase-rich granite in composition, and

)]

1rreéular1y cross-cuts the paleosome, in places brecciating it .
-to form an agmatite'(.fig. 1-5). These migmatites are equivalent
to the “younger m.igmatites' of the Makkovik Gnelss (Ryan and‘
Kay, Iin press), which crop out west of Kalpokok Bay.

Two major generations of deformed granitic_lro'cks intrude

the migmatites and form the greater part Jof Turnavik. The first,

and volumetrically lesser, is a mediun grained granitic gneiss

in which biotite and hornblende define a strong foliation
trending éohsistently Just east of north. It contains several
thin (10m wide maximum) melanocratic amphibolite bands in which
occassional tight fold closures predating the main foliatfon can

o be féund plunging at a moderate angle (mostly 40-45°) due west
(fig. 1-6),

Later intrusions of hornblende~bearing K~-feldspar

megacrystic granites are foliated parallel to the earlier

N

gneissic granite, or else cut it at an acute angle to the north,

K—feldspar megacryi!ts conmonly measure 2-5cm; and are elongated
N B i

parallel to the foliation, ;
> ) ;

The contact between the two granite types is in places

clearly fintrusive, with stoped blocks of gneisé and amphibolite

-up to 2 ‘metres across within the pegacrystic granite. More

C e L - |

commonly, however, the contact is the site of later intense

shearing which causes a reduction In grain size and an increase
i
in flattening up to-half a metr@ from the contact. Length to

o
‘width ratios of megacrysts are commonly doubled in these zones.

A discontinuous mid-grey ultramylonite up to 5cm wide occupies







i

the contact zone 1in places. Similar megacrystic granites and

'migmati):es oceir to the west of Kaipokok Bay, about 18 kam to the’

southwest of Turnavik Island, where Ryan and Kéy (in press)
consider the granites to be emplaced synkinematically with a
‘straightening event’ affecting the Archean,

Sinuous thin syenite, and later, thicker (up to 50cm)
granite pegmatite dykelets cut the megacrystic grahites (fig.

1-7). These dykelets cut the faliatfon at high angles and

occasionally follow granite contacts, ’d matty show ‘evidence of

multiple intrusion.,

4
.

The pegmatiteg also cut elongate pods up to, 110 x 20m of

" quartz—veined semipelitic leuco—amphibolite sc.idsts similar to
those seen i‘i_’: the migmatite paleosome (fig. 1-8)." The margins of |
these tectonically empllaced blocks are later sheared;'causlng
tight folding in the pegmatite,

The ptygmatic nature of the pegmatites within the

L4
megacrystic granite suggests that the host rock’s foliition may

" belie a complex structural history.

A melanocratic diorite to hornblende-gabbro forms the

southwestern'headlapd.of Turnavik. It is compositionally

homogeneous, and possesses a weak follation trending
: '
&p]ﬁroximately 340 . It postdates the migmatites, but its age.
N
relative to the gneissic granites is uncertain. It“\is possibly

\
7uivalent to the" hornblendite—hornblende gabbro noted "by

Hawkins (1977, p.24) oan West Turnavlk {(incorrectly marked as
o ) .
East Turnavik by him) and Graplin islands. These hornblende~rich,

rocks may be related to the Adlavik 1ncru§tye suite







(Clark,1979).
o 7
CAPE MAKKOVIK PENINSULA
The rocks of the Cape Makkovik peninsula are the northern
equivalents of the Big Island (units 2-6) and Makkovik
Formations' (units 8-=9) of Clark. (1974),

)

Cnelss with tectonic %reccia (unit 2)

This unit compriges fine grained ghei,ss , originally
,qua\rtzofeldspathic sediments and/or.; acid volcanics, and a
carbonate-rich tectonic breccia (fig.1-%). The " gneisses are

banded parallel to stx.'ong foliation on the scale of 0;5 to 4cm,
60% of the bands are quar:zoféldspachic and weather white to
_ "yelloy, whereas the rest are Mght' green tovgrey due to & hiéher

2

content of epidotised mafic minerals.

“The breccia consists of blocks of this gneiss plus rarer
metamorphosed mafics (epidote-~ actinolite- chlorite- calcite),
in a carbonate matrix. Blocks vary in size from less than lcum to
13 x 35¢m, and form 50~80cm thick banqiwithin the unit. 4
Fragments are more rounded, sumaile.'c,, As'parser,and more, e%ongate
in mgtrix dominated zones. Blocks"a_i'e mostly sub,angula;' due to

abrasion by movement, including rotation within the matrix.

A similar, but thinner breceia within unit 9 entrains part
VA

of a mafic dyke for 50m along strike, suggésting that the

breccia may be the locus for consideréble strike-slip movement.’
S .
Many bdlocks are cut perpendiculér to the foliation by

quartz veins up to 6cm wide which predate brecclation. These
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veins are rare -in the gnelisses outside the brecclated horizom,
and so they may have caused the localisation of brecclatiop.

They probably f1l1l temsion cracks perpendicular to the princfpal

)

axis éf least stress during the flattening event.

In restricted areas this unit is gradat fonal fnto uait 3.

Gneisses with calcite lenses (unit 3)

. Thé western edge of this unit comprises a finel.y banded and
folded feldspathic gn;:i.ss‘ with rounded quartz and pit:l:,.
secondarily feldspathised clasts. It originates, at least in
part, as a congiomerste or breccla. The feldspathised clasts
diminish in nlumber eastwards. |

‘ The thick‘er eastern part of the unit is composed of similar

gneisses 1mpersistently fol.ded on a small scale. These are |

postdated by t'hin breccia units similar to those of unit 2 but

with smaller and- sparser blpcks. Anastomosing networks of

: carbonate-rich fine grained material define platy blocks

approximately 6 x 2m. Carbonate thus forms no more than 10% of
ki

. . ) N
the rock. > ) .
-

Unit 3 alaé includes pods .up to 30cm x 3cm of bright orange
calcite frequently rimmed. by amphiboles (£f1g.1-10). This calcite
1g apparently unrelated to the breccia matrix, but is

represented in mafic pods included in the breccia.

o

Feldspathie gneiss  (unit 4)

'

Lo Unit 4 is a agqﬁence of fine grained quartzofeldspathic

gneisses with aika.li feldépar-rich patches 5-10cm across. Small

22




scale, inhomogeneous low amplitude/long wavelength folding of
the foliatiop can be seen as 8 result of colour variation. Unit
4 also containg mafic pods, elongated' along the foliation, which
exhibit well formed crystals of epidote. quartz, actinollte and -
subordinate potagsic feldspar (fig. l -11). These originated asf

mafic dykes or lavas.

Feldspathised Gneisses (unit 5)

This unit {s approximately 250m thick at Buttress Point,
" but tapers out completely to the south. The- dominant rock 1s a
hornblendg—bearing plagioclase~ rich psammitic augen schist
(f1g.1-12), Mafic ainerals make up 10% of fhe rock, and are

concentrated in wisps up to 80cm iong_and 1/2cm wide,

Quartz-feldspar-mica schists occcur in two 8-9m thick zones;

oné central, and one at Eye western edge of the Qnit where it
was mapped as a»separaté uﬁit by King (1963) and Hawkins (1;77).
Red-stained ;ﬁartz‘veins are common in the central schist
sub-unit. |

The expression.of reldspathisatién varies from
1-2mn irregular red crystals in the matrix, to replacement of
auggﬁ‘and overgrowth of the follation (fig.1-13). The large*

K-feldspar neoblasts are concentrated 1n various parts of the 2.

unit te form up to 60% of the rock.

Variable schists and leucogneisses (unit 6)

This .unit 18 best expoused near.Low Point where it varies

from yellow and vhite quartzofeldspathic gnefsses to

23
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quartz-plagioclase~epidote-amphibole rocks with minor red
garnet, The eastermmost part is white, K-feldspar
porphyroclastic, 1leucogneisses with mafic wisps which
increase in abundance eastwards to form greenschist horizons
making up 20X of the rock. Rarely, quartz—chlorite segregations

v

occur within the mafic schista. To the south, these mafic

- Bchists anastomose around 10-20nm peds of quartzose rocks.

Relationships with adjacént units are mostly obscured by

later intrusions. The contact with amphibolite of-unit 7 at Low

Point 18 gradational although shearing close to the contact is

A

considerable, evidenced by disruption of post-schistosity quarcz

<

veins in the amphibolite.
¥

Amphibolite (unit 7)

The amphibolite has two major variants:la biotite-rich
echist and a dopinant hornblende-plagioclase rock with miﬂor
quartz,.chlorite and small garnet-pyrite pods. The latter type
£8 patchy on the scale of a few centimetres, and ;aries from
planar foliated to an augen schist.

Pillow structures were found'justfto the southwest of this
area by Clark (19%1) in a unit correlated with unit 7 here by
Gandhi (1976). No such‘eﬁidence for origin coulé be found- in
this area. o ‘ .

-

Quartiofeldspathic protomylonite (unit 8)

Most of this unit consists of white elorgated quarti and

feldspar lmum or less in- length forming augen in an extremely
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fine grained foliated matrix of'aimilar composition (fig.l-lz).
Inhomogeneous deformation allows recognitibn of.earller
features in some parts. Just e;st of Low Point the rocks
resemble banded tuffs, varying from dark grey to light green
‘eastwards. Pyrite is abundant, especially in the lighter™’
coloured rocks. In the central part of t%e unit, 10-30m thick
layers rich in both mafic and felsic minerals suggest
development by deformation of ash-flow tuffs.
Development of later.cleavage trq.ding approximately
north-northeastwards has remobilised.material frqm mafic wisps,
resulting in en echelon patterns between the two cleavages.

The easternmost rocks of unit 8 are thinly banded white and

" 1light green with eporadic gneissié layering in coarser parts

which grades in and out from the mylonite. The cohtact between
this and unit 9 is gradatfonal with increasing abundance of
porphyroclasts (fig.l-15). |

|

This unit is the site of numerocus molybdenuh and uranium

showings, currently under investigation by Placer Development
Ltd. The" protomylonite 18 evidently the northward equivalent of

the Makkovik Formatfion tuff member on Big Island, 10km to' the

south of Cape Makkovik (Clark, 1974, p.39-40). .

‘ ' !
Porphyroblastic. gneiss (unit 9)

More éhan 80% of the rocks of this unit consist of quartz
and feldspar porphyroblasts (2-5mm) in a very fiqé graineg
matrix containing less than 201 mafics. Deformation is variable,
with Iittle elongation of porphyroblasts il some places, and

. o
“ - [
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lengthiwidth ratios of 4:l defining severe flattening and

moderate constriction in others.

The rocks are generally yellow in E’c;lour, or light to mid -
grey in areas of higher »r.n’odal. plagioclat;e or mafics. Mafic
minerals are dominated by ‘biotlte, and generally occur-in 5-10cn
© X Smm;wi.spts. They vary in abundance throughout the succession
and a;lso‘along‘che f;liatio,n. : - B
Late shearing accurs 1n_ restricted zones oriented SW-NE,
cutting quartz veips whiqh'rcroés the 'egrlier: foliation. This

3

results in a reduction in graln size and weathering to a white -

v v

friable rock. The edges of these sheared zones grade rapidly
j :
h/
intd the normal rock type.

On the east coast, several variants of unit 9 bear a marked
resdnblancé to rocks seen on the west c,oas‘E. These include

secondary K-feldspar replacing augen, thin"elo'ngat‘e lenses‘of

'plagioclasé—whice mica rich rock, and tectonic. breccia with a §

carbonate matrix. These occurren‘ces suégest genetic links
bet;deen rocks on either side of the mylonit.e zone, as suggested
earlier by Clark (1974, p.103-105) for the south side of
Makkovnik Bay. , ¢
. The Ranger Bight slide on Big Island accurs in a mafic
unit, probably "quivalent to the amphibolites of unit 7. The
gradational contact between units 6 and 7 here suggests that the
‘l}'(anger Bight Complex of Clark (1974, p.105-106) should be part

v

of the Big Island Formation, The Ranger Bight slide may

therefore be a much smaller feature than implied hy Clark

(1974).
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The contact between the amphibolites and protonylonite at
Cape Makkovik is obscured by shearing and later intrusi‘ons. The
relationship betwee'n the Big Island #nd Makkovik Formations thus
remains uncertain.

INTRUSIVE ROCKS

Small stocks, mostly leags than 80m across, occur 1in great
abundance on Cape Makkovik peninsula. Cross—cutting
gelationshlips and xenolith content permit the delineation of two

major generations: (1) diorites and quartz diorites and (ii)

monzonite, monzasyenlite and quartz syenite. Many contacts are
confused by ignecus brecciation and associated leucocratic

dykelet and vein injection. Epidiorites, characterised by green

»

pseudomol:phic amphibole, presumably after pyroxene, are commonly
found cutting the porphyroblastic psammites of unit 9. King
(1963) identified scapolite in some of these epidiorites.

The earliest intrusions are pfe- or syn-deformational, but

-exhibit a weaker fabric than their country rocks. Later stocks

S

postdate the main deformation, hut are affected by weak shearing
parallel to it,

A small monzogabbro on the east coast, and a hornblende
. . A
peridotite near Low Point are the youngest stocks, since they

! A

show no sign of. deformation. _ )

.Relatidn‘shlps between. the many small stocks here and the

‘

s numerous intrusive events within the Ail1ik Group as a vhole

(G;_mdhi et al., 1'96‘9:;, Clark,1979) are uncertain. ' .

* Dykes are divided here into five major groups, which are

'

»
)

e
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listed below in aéproximate chronological order:

- (H1) Premetamorphic nafic dykes, now amphibolite schists.

(H2) Blue weathering diorite dykes with low angle dips.

(H3) Pink felsite dykes.

(H4) Diabase dykes, frequently porphyritic.
(H5) Lamprophyres and carbonatites of the Ai‘llik Bay intrusive ‘
suite.
The first four are described briefly here, and the fifth Is

covered in detail in the next chapter. ' . .

AMPHIBOLITE DYKES (H1)

Atg least twp periods of amphibolite dykes are seen on %a_’pe
Makkovik; the dykes' are mostly less than two metres thick
(fig.1-16). Variabie features include plagiociase

LS

- porphyroblasts, some replaced by granular feldspars, and

.
3

calcite-biotite, amph&)ole-chlorite and epidote~quartz—-chlorite
mineralisation.‘Some mafic pods described as part of the country

rocks may also have originated as mafic dykes.

DIORITE (H2)

This 1is the most voluminous dyke set in the area, forming
'mostly low angle dykes (fig.1-17), dipping generally
southeastwards (sce next chapter, fig.Z-l‘s)r The dykes are 1.5 to
3.5m t‘hick and form up to 15% of. some outcrops. l

The rock is éenerally -fine;medium graiped, homogeneous, and

essentlaliy bimineralic hornblende and plagioclase, with minpr‘

sphene, quartz, and opaqu-e oxides. Amphibole crystals 0.2.to

et e el ok it gt T
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2.0cm, mostly with red oxide rims, occur sparsely, as well as

rarer lrregulari; shaped feldspathic patches which may be.partiy
digested xenolithic wmaterial.

These dykes have been variously ';1escribed as diorite )
(Gandhi et al.,1969), quartz-diorite (Sutt;n,1972), and
kgrsantific l:‘amprophyré (Kraunck,1953; Moore, 1951). Hovever, the

interstitial plagioclase 1s only slightly altered to cvlay

minerals and is of medium grain size, and amphibole doninates

o

the mafic phases. Spessartite would therefore be thé correct
term were criteria sufficient to warrant a lamprophyre name.

.
’

FELSITE (H3) ) .

e Homogen.eous pink. to white apHani;‘:ic felsite dykes are the
.least abundant of any dyke-type. They Qre 80cm to 2nm tr;iék qhd
frequeitly have poorly defined chillea marglns. | .

. Both H2 and H3 dykes are unmetamorphosed but show sign-s of
minor shearing, and are frequently internally fractured along
their matgins. A few H2 dykes exhibit unusual sigmoidal Joints

.(Kranck,l9§l; King,1963) appareatly due to late shearing |

parallel~to thé'country rock follation.

DIABASE (H4)
. Several’ near-vertical dykes 8. to 24:;1 wide strike
apProximntely 080 across the Cape Makkovik peninsula, They
commonly have 30 - 50% large (-22cm max, 3-8cm average)

plagioclase phenocrysts which do not normally show any preferred

otientation. Mats of smaller crystals also occur (f{g.1-18). The

B e e b e s e e







widesi dyic’es often have 2~5m wide phenocryst~free borders. In
dykes‘ with féwer phenocr);sts. (e.g.f1g.1-19), p.‘rllenocryats-may b;
aligne‘fi parallel to dyke mérgins. -_Co_ncentratAion of - phenocrysts
at dyke mat:giné bccﬁrs in a dyke on the east coast of Cape
Makkovik peninsula. This'contfadicts normal flow liakws
'gBhattacﬁarji, 1967) and 48 probably due to nultiplé 1nt:rusic'm
or. varying speed of intrusion. ‘

Many thinner (10cm to 2m) fine grained basaltic dykes
follow a similar strike. 'Phey weather‘ a similar mid—bro»'m colour
and are almost ceftaiAly reiated to the porphyritic dykes.

- .
Porphyritic dykes are not seetn on Turnavik, but continue west of

Kaipokok Bay (Sutton, 1972). ' E
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CHAPTER .2_i, STRUCTURE AND FIELD CHARACTERISTICS OF AILLIk BAY DYKES.
A. REGIONAL DISTRIBUTION
. - The alkaline lamprophyres and carbonatites of the Aillik

°

Bay alkaline intrusive suite a‘.re conceptr‘ate;l in the northern

.'patts of the Cgpe 'Makk;)vik and Cape Afllik péni;'\sulas, and on .
"the Turnavik Islands (fig.2-1). They rapidly dimini‘rsh in number
southvards and are rare south of the north end of Banx'na‘Lak'e' on
the Cape Makkovik peninsula. Lémpropﬁyres occur sparsel.y‘ on Dunn
aﬁd Strawberry Islands‘ (J+G.Burns, pers.comm.), but do mnot

' persist furthe-r along the coast to the southeast (C.F.Gower,
pei‘s. comm. ).

On Turnavik Island, the vast m;ajoritj' of dykes are steeply
ci:lpping and strike between 040 and 060 (fig.2-1), and so
cioés—wtting ‘relationships to distinguis-t.\ between periods of
dyke e‘mplacement are mot ’available.

‘Three princi.pal sets are present on Cape Makkovik
(f1g.2-2), and are listed below im aﬁproximate ehronoiogical
order (;ldest to youngest) as défined by éross-cutting
relationships:. .

(1) Vertical or‘steeply dipping, e.as.t-west striking dykes. Th‘ese
are c'arbonate-'- p;or sannaltes and olivine sam’laites.
‘(11) North to ‘northWe'st striking, steeply dipping dykes incIu;_iing

3

ocellar sannaites with variable amounts of carbonate, and

!

kimberlites.

. (111) Lov. angle sheet intrusions with varisble strike, mostly roughly

eagt-west. These 1n.clude kinmberlite_s, ;r}\d cgrbonatised

Ve v
s ' -
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. Figure 2-2: Contoured stereogram of poles to-alkaline

" complex dykes on the Cape Makkovik peninsula’. Contours

at 1%, 3%, 7% and 11% per 1% arega. 96 readings.
-
Figure 2-3: Contoured stereogram of poles to foliation '
planes for the Aillik Group on the Cape Makkovik .
peninsula. Contgurs at 1%, 3% and 10% per 1% area. 129
readings. ; "
- -

-







kinmberlites and sannaites.
A

Rarely, dykes of the second set are seen to cut those of

the first set, suggesting a small degree of contemporaneity. The

. P L
low angle sheets are aluays youngest.

' ’
Figures 2-3 to 2-5 summarise structural trends existing

prior to emplécement of thep;lk;lineldykes. The main foliation
of the Aiilik Group (fig.2-3: the D2 defotmatioﬁ of Clark,
1974,19j9) defi?es a structural trend not followed by any of the
alkaan; dykes. The abundanF Héliklan diorifes (H2 ~ gsee chapter
2) form flat-1ying sheets (fig.2-4), and the H4 diabase dykes

have a consistent strike of approximately.OBO degrees (fig.2-5).

.The latter trend has clearly influenced emplacement of the first

alkaline dykes, and the diorite sheets may have influenced dips
in the carbonate-rich lamprophyre sheets.

The north to northwest striklng second set of alkaline

related to

dykes on the Cape Makkovik peninsula’is not

,

pre-existing structures. Together with the dominant strike of

Turnavik Island’dykeﬁ; it appears to.form a radial dyke system
defining an 1ntrusivé centre to the northeast (fig.Z-l): Data
for the smaltler islands of the Turnavik group are taken from
Hawkins (1977). The bulk of these data afe from Cape A1llik

50 that the apparent diseagreement with the pfbposed site for the

intrusive centre is exaggerated. The low angle sheets could be cone

sheets-of the central complek, as will be discussed later.

The regional joint patterns (fig.2-6) correspond to dyke
trends, includiné'the pre-akaline complex dykes, and ignote earlier

‘ structures such as folds and foliations.

.
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Figure 2-4: Stereogram of poles to H2 diorite .dykes. '
‘Squares ‘= Turnavik Island, triangles = Cape Makkovik
peninsula. . " :

I3
g

Figure 2~5: Rose diagram showing orientation of H4
-diabase dykes. 31 readings. -
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Figure 2-6: Contoured stereogram of poles to joint
planes on the Cape llakkovik peninsula. Contours at 12,
"3%, 5%, 8% and 12% per 1% area. ' 160 readings.

1 . T




'pulses. Contacts between bands may be sharp or gradational.

i e e wmae s a e

B. FIELD CHARCTERISTICS OF ALKALINE-COMFLEX DYKES

(1) Sannaites . -

Sannaites are mid-—brown weathering dykes 6—60cm wide with a
mid g;ey-blue fresh surface. Small‘ phenocrys;s of biotite with
va_riablevamounts of pyrofene and olivine are set in a grey
matrix with variable carbonate. Pyroxene-rich dykes wit‘h
relatively little carbonate form massive dark ’brqw_p dyk(les-
(fig.2-7), whe;:eas more carbonate-rieh dykes are lighter
colouredA and frequently have calcitic veins or. segregations.

The sanr;ai tes commonly have a coarsely porphyritic
appearance due to carbonate and felsic globules up to 2cm
across. The globules are irregular in shape but always hﬂave
roundedvledges. They may be rlmmed by a thin film of fine grained

. 4
green or red material, and the carbonate within them may be
stained red. v

¢

* Many dykes are banded parallel to.dyke margins due to

“

N

multiple intrusion. Multiple intrusion is demonstrated in
fig.2-8, where a later dyke separates from an earlier dyk_e and
then intrudes it. Globules are generally largeir toward the

centre of each intrusive phase, and coarser in later magma

s

Sharp contacts are most likely due to flow dif fer_entfation
. ) " .
causing concentration of larger phenocrysts toward centre of 4
A .
intrusive phases (Bhattacharji, 1967; Barriere,1976). Groundmass

minerals frequently show little grain size contrast across sharp
s

boundaries.’ -

B

Different patterns of banding are described in detail by

43
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Hawkins (1977,  p.46-57); Ultramafic xenoliths are rare in the"
sannaites, but-do occur in t‘hicker', more carbonate—richAdykes.

o

(11) Kimberlites ( - . o

Kimberlites are easily distinguishable in the field by
their yellow-orange weathering surface and numerous megacrysts
of bronze mica up to 3em across. The fresh surface is light blue
to grey with wvariable amounts qf carbonate veining. Kimberlites.

generally form much thinner dykes than sannaites. They rarel.y

exceed 30cm in width, and also occur as thin dykelets only d-2cm

N wide, frequently parallél to a larger dyke. Mica and olivine
- o phenocryéts are ubiquitous.
J Many dykes contain elongate rounded to sub-spherical
. ‘ t

nodules as well as country rock slivers of variable size (up to
45 x 20cm). Noduleg are normally difficult to identify due to
f1ne grained red-brown alteration rims. Glinmerites (biotite
dominated rocks) are the most common ﬁliramafic type, and
" usually measure 2~5mm, alth,ocugh some are up to 3cm acx;oss.
H'awkins ({977,p.97) catalogued nodule types, 'and suggested they
belong to the MA.RID suite as definéd by Dawson and Smith (1975).
'I.itanomagnetite megacrysts occur -in a kimberlite a; the
northwestern part of Turnavik Island (sample locality 378).
well defined cérbona;e globules are rarer i.n kimberlites.
They aré much more irregularly shapéd and do ;'{ot oc.cur 'in bands,
and sc; are probably late stage segregations. ’ -
Multiple intrusiom is common in kimberlites, frequently
. r’esulting in.gdjacent discreté dykes where later magma pulses
P .

(24 w(.
. .

z
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a large number of xenclithic slivers. Thin alvikitic dykelet

46

intrude the ﬁnargins of pre—ekisting dykes. Multiple intrusion is
conmonest in the low angle sheets ’(x:ecall fig.2~2), where the
méjority of intrusive phases are carbonate-rich kimberlite
(fig.2-9). . l

(i11) Carbonatites and carbonatised lamprophyres -

Discrete carbonatites oceur very rarely, but
carbonatisation of other dykes is common. Alvikites (hypabyssal

calcite-carbonatites: vou Eckermann ,-1948,1956; _Heinrich,

l966,p.12) are patchy red to grey weathering dykes, and in lude

e

occasionally occupy cross-fractures in sannaite dykes which whre
presumably caused by epntraction during cooling. A beforsite

(dolonitic equivalent of alvikitp) occurs close to Aillik
v

village (Hawkins,1977). ' .

Carbopatisation 1s dominant in kimberlites, where carbonate

~
»

’

forms the ma jor part of t%a grogndmass,‘and in thin section is

seen to pseudomorph olivide. In sannaites the effects are less

marked: some: carbonate is prp in the groundmass, but most 1s

restricted to late velns or, d'yke'selvages.-.Carbonate rich

. . N {
precursors to later pulses of sannaite can result in

carbonate—rich bands within sannaite dykes (fig.2-10).
Bands in kimberlites are oftén poorly delined, apparently - '
3

due to modification of contacts between bands by late movement

- ¢

of carbonate-rich Yluids. Movement of these \fluids can result in | 4

carbonate ‘fronts’ across which unaffected rock becomes becomes
strongly carbonatised in the space of 50-70cm ('fig.z-ll).

K







(iv) Related ultra}naftc- dykes

Uqusuai’ medi{xm—coa.rse grained ultramafic dykes oceur at 3

localities; one on Turnavik Island (samble localittes 369-370),

and two on t’“he vest coast of the Cape Makkovik penigsula (386
and 429). The Turnavik dyke is a 60cm wide green— gLey

weathering phlogopite-clinopyroxene~peridotite. The Cape .

Makkovik dykés are a green wéathering mica-pyroxenfte and a

bro-nze—black_.py'r’oxene-car.bon_ate-g'limmerité. The mafic mineralogy
is alkaline, and all the dykes have groundmass car_‘;yonat_e‘. They
are i.nterpreéed to be related to t_he lamprophyre 'su%te, and not
to earlier hornblemie peridotktes described by Hawkj{ns (19773,

The glimmerite exhibits limited autobrececiation. i

C. STRUCTURAL FEATURES OF INDIVIDUAL DYKES ’\

t
(1) Description of features

Many dykes are accompanied by 1-6m wide zones of ciosely

s;;ac;:d patallel jointing of the ad jacent country rock. The .

joints are mostly several metres long and may ise spaced as -

closely as 5-10cm, parficula,rly adjacent to nearly vertical

'

dykes. Fracture zones are restricred or.absent around sannaites,

but always accompany kimberlites and carbonatised rocks |

(£ig.2-12). - o '

Many dykes are not continuous along their length, but occur

in segments normally a few tens of metres long which have horned

or tapered termination structures {fig.2-15). Dyke segments may







empiacement’: as described by Currie and Ferguson (1970). Rarely,

. zones of parallel fractures occupied by -

"corrosion cracking. The more viscous magma

e e P .-

»
’ . X 50
be connected by thin dykelets (fig. 2—155;), or may have'ho;ns !
curved to‘face each other (fig.2-15b). Tapered terminations are _in I
. o)
commonest in dykés with a poéfiy‘déveloped fracture zone; N *
Complex structures (figs 2-15 e-g) only océﬁr in dykes 15cm or .

- less in width. : : : ' ‘ e

Dyke segments within péfallel fracture zones occur in an
apparently rando;F;;ﬁan, and are not atranged en echelon
across the fracture zone. This s_ituation also occurs in
Greenland k-imberllte.s (Andréws e;nd Eneleus, 1975). l

. Fractures adjacent to dykes are frequently filled by yellow
weathering catbonate—rich kimberlitic mate:ial (fig.2-13). These

dykelets are commonly found as anastomosing networ_ks between N

dyke segments within a fracture zone (fig-2-14), and appear to
be continuations of the selvages of the dykes. The dykelets may

therefore be formed by a volatile-rich precursbr to dyké

in dykelets but with -

no main 1ntrusive body occur. Anderson 1‘)79) explained how a
Jlower vlscosity fluid will assist rapid crack growth by stress
dy wi}l be unable ‘
to proceed to the end of the previously form crack’(Pollard,
1973), and so the extremlties of a dyke will remain as thin
cracks filled only by the volax'tile-rich precursory fluid.
Intrusion of the main magma body will reheat the dyke selvages

which 9111 have chilled due to rapid expansion fn the rapidly

[

growing crack (Currie and Ferguson 1970). This leads to

remobilised dyke selvages which nmay re-intrude. the main dyke e







Figure 2-15: Geometry of
termination 8tructures to
Aillik Bay dykes.

Seale bars are 10em.

¢ N
See text for explanatioms.




body, thus confusing age relatfonships.
- ¥

P
-

(11) Forma%ionlgé fracture zones and segnented dykes

" McHone (1978).:uggested that closely spaéed joints aéjacent
to lamproﬁhyrea in New E%gland could be cooling fr§ctures. Later
minor tectoniec movements could cause loqglisation of deformation
at dyke margins due to contrasts in mechanical properties
between dyke and host rock: Neither of these mechanisms explains

the lack of such fractures adjacent to the earlier diabase

!

dykes, many of which follow the same strike as alkaline complex

. 5
dykes. The occurrence of fracture zones with only thin dykelets

"interpreted to-be precursory to dyke eﬁplacement suggests that

fracture formation is an inherent. part of carbonate-rich dyke

LY

emplacement and immediately precedes 1t.

Segmented dykes with or without terminatidn structures have

been described from dykes of differing conpositicn

.(Kaitaro,1953; Barriere,1976b; Pollard et al., 1975).

Disconnected‘parallel fractures associated with dyke

intrusion have often been.assumed to be related to shearing
. N

(Hil1,1977; Kaitaro,1952). Kg}téro (1952).59ggests that shearing

simultaneous with ayke intrusion is hard to disprove where a
\ . »

crosg—ponneéting dyke exists (e.g:fig.2~15a). However, in cases
wheré tﬂé crogs-connection is not present (e.g.fig.2-15b) there
1s no evidence of shearing. -

Segmenﬁsd dykes are easlest to expla{n if they are assbmed
to split 1nto\f1ngefs as tﬁey ire Lntrudedr'réther than being

‘later dtsconneéted'by structural deformation. The surfaces seen

v
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in fig.Z-i‘. an be treated as being perpendicular to the maximum

. principal axis f the stress field (gl) into whlch the magma was

) considered.

«

intruded. The dyke segments would therefore be simultaneously
1ntruded, and then progressively enlarg;d
Rotation of principal axes of stress within thed2-d3 plane

1
would cause a sheet to Eggome unstable, and breakup into

segments would result. Thé rotation of comﬂonents would ~
presunably be due to very local inhomogeneities. This process
would .ideally lead t; an en echelon.pattern (fig.2-16), but the
Ail}ik Bay segmented dykgs are apparently random. The dyke
seéménts'would expioi£~the weakened planes of a parallel
frécture zone, and'movement of magma within‘the fracture zoné
may mask the en echeloa patternj,The fracture zone may even
create the inhomogeneity required to initiate breakup of the
sheét. i |

Whllst.the above process ﬁay explain.gegmentéd dykes within
parallel fracture zones, the occurrence'of sone segmented dykes
without fracture zones shows that other.mechanisms must be

Pollard et al.(1975) described a possible mechanisn for

. breakup of sills into fingers with no change in location of

principal st%e;s akes. This was invoked to explain the numerous
fingers at the periphery of a sill at Shonkin Sag, Montana
(Hutlbut and Criggs,1939; Péllard et.al.,1975)., Intru;lpn of
magna as a sheet requires much less energy expénditure than

intrusion as fingers, because fingers must overcone greater

.
viscous drag due to a increased surface area.

54
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Figure '2-16: Diagram showing breakup of a dyke into en
echelon fingers by rotation of the intermediate and
minimum principal axes of stress. Intrusion direction is

indicated by the arrows.

Local wall-rock inhomogeneities

are considered to be the cause of rotation of axes.

'
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Pollard et al.(1975) cited the fluid flow experiments of
Saffman and Taylocr (1958), and proposed that fl.ou instability
could lead to tnitiataion of -fingers. By this mechanisn, several
points on the leading edge of a magna sheet would move faster
due to very lpcal varfations in effective shear strengfh of the
wall rock, thus creating lobes {n the advancing interface,

Pollard et al.(1975) state that the magnitude‘;f the instability

will be approximately proportional to the viscosity contrast at

the interface. Volatile- rich magmas: ‘-h-ave low viscosities and.

would therefore be more .likelly‘ to break up. Also, the growth of .
fingers will be liﬁited by cooling and crystallisation: rapid
solidification w<'>'u_1d occur unless volatiles remain trapped
within the‘dyke, so that this process could be i;uportant in
volatile~rich ‘dykes without fracture zones.

Horned termination structures .will occur where ﬁyke
segments grow laterally past one another in the direction of 62
(fig.2=17).-Enlargement of the segments, wi']gl be dominated by
lateral ext’énsion & intrusion proceeds from 2-17a ro 2-17b,
Asinwc':e deformation will concentraterat dyker edges (Pollard and
Johnso.n,'197_3; Pollard,1973). Stress concentrat!:on will oceur 1in
theg, region of overlap, and mutual’ attract‘ion toward the region
of overlapping yleld zomes will occur (fig. 2-17b: Frank,1965).
Union of two segments may be realised where a cross—frl;cture

. occurs (as in fig.Z-lSa). The lateral movement of magna explains

rotation ‘of ‘blocks of country rock between dyKe segments

< (fig.2-15¢). ' |

LAY

Relict horanspas in fivg.Z-'l'Sa will have grown before the

U 3
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Figure 2-17: Diagram to explain cross-connections and
horned termination structures. All diagrams are cross
sections perpendicular to the principal direction of
intrusion. Dyke segments (a) cxpand in che direction of
sigma 2. When adjacent segments overlap (b) stress
concentration occurs at x and causes mutual attraction.
Horned termination structures (as fig.2-15a) are caused
by segments propagating past each other at a distance too
great to result in stress concentration (c). After
extension In the direction of sigma 2 occurs, thickening
of the scgments is possible, such that the crl.t.ical ,
distance y’ becomes small enough for mutual attraction to
occur. This process leaves relict horns.




. o
stress concentration was great enough to cause attraction

(lfig.\2~l7c). Continued intrusion causes thickening as well as
extensfon of dyke segments, until ov'erlapping of yield zones
causes formation of the connection (fig.2-17d). The horn would
be abandoned as soon as mutual attractiom occurs.

Irregular and lobate terminations (fig.2-15 e—g) may be due
to the ;:ombined effect of pre—existing fractures and volatile
action. The alkaline nature of v&latiles trapped at the sides of
a pr;)pagating dyke will assls-t corrosion pof wall rock
“{Martin,1980; Paterson,1978,p.78). Rapid' accurmlation of
- volatiles will facilitate rapld crack growth and opening of
pre-existing fractures by stress corrosion (Anderson,1979;

Martinl and .Durham,1975).

. D. THE ATLLIK BAY INTRUSIVE SUITE AS A CENTRAL COMPLEX

(a) Structural features of central complexes

As noted earlier, the orientations of dykes on Turnavik

Island and the Cape MakKovik peninsula suggest that they radiate

about a centre to the northeast (fig.2-1). The east-west

striking dykes on Cape Makkovik and their rare counterparts on

'i‘urnavik could be cone sheets. Fig.2-1 includes data from Cape
Aillik and other islands of the Turnawvik group from Hawkins

(1977).

A vertical dyke on Strawberry Island has a southeasterly

strike (R.A.Doherty, pers.comm.), supporting the radial swarm

hypothesis. Dykes occur sparsely on the mainland to the west of




Turnavik Island, where they are oé northeaster.ly-or easterly
strike. However, the bulk of measurements are from only 65
degrees of arc, and spch a sample 1s, on its own, perhaps too
small to justify the'suppositlon of a central complex. It is
therefore pertinent to consider the evidence of other features

at Aillik Bay.

The following features support the idea of a central

conplex:
' i
(1) Radial dyke systems are often centred around a visible stock,

as at Rhum, northwest®rn Britaln (Dunham and Emeleus,1967) and

Spanish Peaks, Colorado (0de,1957; Johmnson,1970).

(11) Kimberlitic lamprophyres are so commonly associated with
central complexes, as at Alno, Sweden (von Eckermann,1966) and
Fer;, No;way (Griffin and T#ylor, 1975), that Dawson (1967).
proposed the name ‘central comple;;c kimberlite’. Also, Rock
(1977,;').140‘) remarked °(dyke) swarmé unconnected with central
plutons seem to carry proportionately fewer lamprop‘hyr‘e; than
those r'adiatir;g from plutons’. | ‘.

(111) The presence of: low angle_sl;eets in t};e intrusive suite is
only easily explained by a nearby magma chamber (Phillips,1974;

Faller and Séper ,1978).

_The last of these requires further explanation.'The
presence of carbonatite in the low angle sheets cannot be used
to infer a separate structural event ‘because carbonatisation
commonly .occurs along pre-existing slykes. Kimberliteloccurs both

in radial dykes and low angle sheets.

The variance in dip of the sheets is probably of only local




significance. Ramsay and Sturt (1970) iotroduced a cutoff of
30cnm 1in their study of dyke emplacement in northwestern Norway,

below which thickness t_hey consideted sheet dips could be

entirely a facet; of very localised stress flelds.
The 3 dyke sets at Afllik Bay can be explained by a simple

\

model with-a gradually rising magma diapir. This is Summariaed

in Fig.2-184d. . '
As 'the diapir rises due to de'nsity contrast between its
magma and the surrounding rocks,f1 £s vertical or near-vertical,

and @3 {s radial (fig. 2-183) The telative magnitude of 4 will

gradually 1increase due to lessening of overburden as the dfapir

<

nears the land surface, until failure oceurs in a plane

l»

perpendicular tod3 (Anderson,1951). Intrusion of mégma into
fractures formed in this way will result in conic dykes. The

east-west early set of dykes-af Aillik Bay are interpreted to

have formed in this manner. ’
\) The. formation of radial dykes requires doming of the

surface around the upwelling magma. On a well-developed dome,
the weight of the rocks will tend to slide of f the magma done,

so that the magnitude ofd¢3 increases away from the centre of the

v

dome. Thue, a central zone of lateral tension gives way to a
: S .

zone of compression (fig.2-18bh) in which fractures will be

radial.

The low angle sheets could be caused by a build up of

pressure in the magma chamber (Phillips,1974: £1g.2-18c). Under
<3 :

these conditions,d1 would be perpendicular to the magm(-\—rock

1nterfac9,~which is simplified as ’txemlspher'icél (dome=shaped in
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Figure 2-18: Development of dykes sets seen at A{llik
Bay 1in relation to a central complex. (a) Vertically
_directed stresses due to emplacement of a magma chamber

’ cause ring dykes in the region of inciplent uplift, (b)
Doming of rocks with continued upward movement causes the
ainimum principal axis of stress to change from radial to
concentric away from the centre due to the welght of
uplifted rocks tending to slide from the done. Resultant
fractures are therefore radial at a distance from the -
centre. (c) Expansion of a high level magma chamber by
retrograde boiling or introduction of volatiles from
‘below causes tangential sigma 3. The surface is the only
direction in which material can move in ofder to
alleviate pressure buildup. Shear fractures develop as
shown, and will extend to surface if shear stressaes are
maintained, or else will flatten out to forn sheer
fractures as seen on Cape Makkovik. (d) Emplacement
model for Aillik Bay dykes using a combination of a, b |,
and c. An upward maving magma chamber (I1-I2-I3) could
cause ring dykes (dl) followed by radial dykes (d2) and
low~angle sheet intrusions (d3). .
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3 dimensions) in fig.2~18c), and§3 is tangéntial to the @agma

Chamber. The roof of the magma chamber would be the only part -
able to move to conpensate the compreésion. and.so shear
fractures would develop a§ shown. The fractures would either
stecpen to the surface {f ghear stresses were maintained . o
(Phlllips,1974), or flatten out to lie in theéd= 2 plane (Piper
and Gibson,1972). The increasing importance of volatilee in the
later stages of intrusion aﬁ Aillik Bay supporcs this idea.

This process is clearly more applica-ble at shallow depths
b.ecause o.f the v_relat-:(ively liﬁited rise 'lin wnagma pressure needed
to Qvercomé the overburdén..The increased aspect ratio of the

Intrusion (diameter of magma chamber/ depth below surface) at

" shallow depths would assist formation of cone sheets with low

[}

angle dips (Phillips,1974). CT : . . :
. " Bahat (1979,1980) has recently fsugge&‘sr.ed forme;tion of cone
sheet fractures by avﬂertzian ffagture process as the™First
Stage'in the structural evolution of an igneous centre. This
‘thpory is developed from experiments where brittle solid is
loaded&dch a sphericél indenter (Bah#t 1980.,p.463—-’064)
producing a cone shaped fracture which 1is 1nitia11y steep but
becomes progressively flatter away from the source (fig.2-19).
This process could apply to the two “ring dyke’ eplspdes at
Afllik Bay. Dykes o.f the earliest set may appe.ar artificially
steep due to the inflﬁeﬁce of the earlier H4 dighase, and so the’
applicability of a Hertzian fracture model is difficult to

assess. Hertzian fracture may be preferable for explaining this

”early dyke set, because-crack propagation could occur at




"ground surface. -

v . -
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Figure 2-19: Typical shape of Hertzian conic fractures
(c) produced experimentally by injection of a dense
liquid into a cylindrical hole (i). Inirially steep
fractures (A) flatten out to intermedjate dip. A thinner
plate (or shallower intrusive centr£f>causes low-angle
sheets (B) which flatten out distally. - S represents

.
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relatively low_mhgma pressures (ﬁahat,l980,p.466). o
Conic fractures developed later from higher igneous centre
(I3 in f1g.2-18d) would have a propﬁrtionately lower angle of
dip (fig.2-19b). Dykes utilising such fractures may be less
prorie to follow earlier vertical structures. A
Any preferenée for efther process of fracturing does not

affect the proposed sequence of events.

Y

(b) The Size of the Aillik Bay central complex

Extrapolation of dyke trends can only give an approximatioh
of the location of the centrejpf the complex, and so othér
fagtors must be used to éaih an idea of the si;e of the complex.

, On the Cape M;kkovik peninsula dykes diminish rapidly in
numﬁer to the so;éh, aﬁd are rare south of the north end of
Banana Lake (fig.i—}). Radial dyke swarms characteristically
show conéenﬁrati;n Af_dykes within a féw degrees of arc in

. several directions (Kalfaro,lQSJ; Agard,1960; Johnson,1970,p.403
and 416). A'reiagively small scatter of dyke offentatigns such

as exists on Turnavik and Cape Makkovik (fié.Z—l) would he

'expected j?/dykq-rich zones.'Aillfk Bay dykes do not occur on
the main}and coast other than at Cape Aillik and Cape Makkovik. -

I

. / .
Extenslions from radial dyke systems are most Jikely whate
/

radiay fractures can exﬁlgit a set of pre-existing parallel

fractures. The alternative view of a local increase in the

devi@toric stress field reducing scatter in dyke orientation
(Davidson and Park,1978) is not in keeping with formation of

radial dykes by hydraulic tension fracture, which requires low

~

0
“
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1
deviatoric stregs. There apparently is no dyke-rich zone

parallel to the regional fPliétion, gince Clark (1971) did noth

see abundant lampyophyres én the shores of Kaipokok Bay. |

. | The area covqied by raéial dyke systenms from central !

' complexes is extremely variable. D&kes extend up to 25km fron

the Akm‘diame:er Alno complex in Sweéden (von Ecgermann;l966;
Kresten,ldBO),‘9km rom the Jkm diametér Tundulu complex in
Malawi (Carson,1966; Gitt?ne}£§66,p.43l), morelghan 20km at

. .; McClure Mt., Colorado (Gittinsg 1966,p.531), S5km g} Chisangaya,

Zimbabwe (Heinrich,1966,.29) and 30kn at’Swartboolsdorf

Namibia (Gittins,1966,$.463)/ . -

\ .
- More extensive swarms are commonly associated with a number

of centres, as at the 40km long Gallander Bay-Manitou

-

‘Islands~Burrit Island-Iron Islan group in Ontario {Currie,
b i

,‘1975,p.72~83), or with a number ;f satelliti; stocks around a
: o large {gzgugion.'Examples of tke laéter type .are the 90km swarm
at Gross Brukquos,-Namlbia (Jaﬁfe,1969), 25km at Jombo, Kenya
. o (Gittins?1966,p.422), 100 squarej%éles at Shawa, Zimbabwe

(Johnson,1966,p.211) and the gxtreﬂely large Pilaﬁesberg centre

A ) . )
in South Africa (Ferguson,1973). ,’ o
v , | .

A 100km lamprophyre swarm in Yew Zealand is related to a

large intrusion bhelow the present Fround surface (Coaper,

1971,1979).
. The killik Bay swarm coyld thﬁs be considered guite
e extensive, asiaring that it is related to a single stock at the

j position shown in fig.2-1.

The persistence of concentric dykes to almost 20km s .

— e e e s 7y o b o ¢ b e e - — e =
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' unusual, but Walker (1975) notés that flat lying sheets with

locally variable dip are characteristic of distal cone sheets,
Secher and Larsen (1978) describe tangential dykes 20km from the

centre of the Sarfartoq carbonatite in western Greenland.

he Labrador Sea rlft‘

.
H

(c) Regional Considerations

The Aillik Bay intrusive suite is one of a series of

alkaline rock occurrences on the borders of the Labrader Sea.
-~

There were at least three ma jor periods of activlty,_namely-‘

4 A
1300-1000 Ma, 600-570 Ma and Mesozoic. -

Lamprophyres, -carbonatites and kimberlites occur alomg an
1100km stretch of the coastline of West Creenland from Ivigtut

in the south to Umanak in the north.

Cardar age (1300-1000 Ma) rocks comprise numerous alkalic.

“

igneous complexes, mostly foyalte, nordmarkite and granite, of
thich Ilimausséq and Igdlerfigssalik are the best knoun.‘The
Gardar intrusions include laté-stage alkglic lamprophyres
(Upton,1970,1974; MacDonald,1966; Emeleus and Upton,1976).
Kimberlites and lamprophyfes of late Preéamprian and*
Mesozolc age are concentrated in the Ivigtut-Erederikshaab
Isblink area (Andrews,1969; Andreus and Emeleus,l975.1976;

Hansen,1980) at around 62°N and south of Holsteinshorg at 66-67°

N (Bridgwater et al.,1973; Escher gnd Watterson,l973; Brooks et

al., 1978; Scott,1979). _

Kimberlites of the Frederikshaab area have been dacted

«

isotoplcally at 609-584 Ma (K-Ar: Bridgwater,1970,1971) and ¢

225-202 Ma (Rb-Sr: Andrews and Emeleus,l97j;-40Ar/39AF:

x
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Bridgwater,1970), Alkaline lamprophyres aund carbonatites in this
“area are Mesozoic (168-162 Ma by K-Ar: Walton,1966; Larsen, .
1966; Bridgwater,1970; Larsen a;d Moller,19684).
. The Holsteinsborg dykes include late\?recambrian (Andreus. .
and Emeieus,1976) kimberlites and laﬁp{pphyres which are
believed to be related (Scott,1979). The S&

artoq carbonatite

complex in the eastern bart_of the Holsteinsborg ar has a well

developed dyke system (Sechén and Laréqn,]978,l980;
Larsen,1980). ° "

Lamprophyres occur in the Umanak area at 71°N and appear to
be of two ages:i600 Ma (K~Ar: Larsen and Molle},l968b) and
Tertiary (30-40 ﬁa: Clarke and Pederéen, 1976). The Tertiary
lamprophyres are sald to include kersantite, camptonite and

monchiquite, and cut Tertiary basaltic lavés which are believed

to-be related to the rifring of Baffin Bay (Clarke and

Upton,1971).

The history of extensional tectonics in the Dabrador Sea is

thought to cover almost 600 Ma. Doig (1970) suggested that the _ |

<

” 600-570 Ma alkaline rocks are associated with‘a‘widespread
rifting episode including the St.Lawrence rift (Kumarapeli, -
o 1978). Disturbance at this time is supported by the /

palacomagnetic work of Fahrig et al.(1971), but no major /

continental separation occurred until after the Mesozoic - /
emplacément bf the. coast—parallel dyke swarm of West Creenland ) / !
(Wate,1969; Fahrig and Freda,1975). This swarm is cut by e
- lamprophyres dated at 162 Ma by Larsen and Moller (19683); ' : !

The Mesozoic dykes ate probably related to Mesozoic rifting b/ _ ‘ 4
. M . /. /

B e L el laty Diie’ o3} iRl el T - R
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of the southern Labrador Sea (Andrews and Emeleus,1973). The
later Umanak lamprophyres are probably related to late

Cretaceous-Tertiary continuation of the rift into Baf

-

fin Bay.
\

L3

As noted earlier, the age of the A1llik Bay rocks ig

uncertain: an age of 570 Ma was obtained radiometrically (K~Ar:

Leech et al,.,1963), and a Mesozoic age was obtained_by Xing and

McMillan (1975) on the basis of Mesozoic nannofossils found in a

" breccia which is cut)ﬂ& carbgnatitic dykelets. Both ages fit in
with known periods of alkaline activity {n the Labrador Sea
area, but Hawkins (1977) considered that the 570 Ma date was
Influenced by excess argon in micas<(Evans and Tarney,1964),

. Dates of ;tound GOO.Ma in Greenland have been similafly

questionedl It is possible that the budk of the Aillik Bay dyke

‘swarm was emplaced 570 Ma ago, and that. it was affected by

carbonatite activity in Mesozoic times.

Later magmas coﬁmonly focus on carlier intrusive centres.

McHone (1978) describes lamprophyres in New England which are

concentrated around centres yhich they clearly postdate in all

cases. The link between coexisting alkaline rocks may be

~

structural rather than genetic. A nunber of intrusions, efther '
discrete or cupolas of a much larger intrusion at depth, will

greatly comp]icate stress patterns. Latcr 1ntrusions are likely

-

to be influenced by fracture systeéms formed by earlier stocks

. . \p
(Moore,1975). : :

Alkaline ceutral complexgs are very commonly associated -

o

with major geological lineaments, which may be maJor geological

boundaries or 1nferred deep crustal faults (Arsenvev 1963;




Stracke et 2l.,1979). The Af1llik Bay complex sits astride the

Archean-Aphebian bound;ﬂ‘nglg.Z-l). This boundary was the site
: R

. ~ o
of considerable movement during the Hudsonian orogeny

‘(Marten,l977), and may have gontrol led the‘si‘tir‘\g of alkaline

. ¢
rnagmatism,

Igneous centres on the margins of rift zones are said in
many cases to. be focused on lineaments transverse to the rifte
(Mohr and Potﬁer,l976). These may be landward exte_nsions.of
oceanic fracture zones (Stracke et al.,1979; ‘chone, 1978).
‘Mathifas (1974) suggested thac the Walvis Ridge fracture zone in

the southern Atlantic may have influenced parallel zones of
.' alkaline ro;k's of the Lui(;apa graben, Angola (Rodrigues,1970) and
the Damaraland region, Namibia (Martin _e_E. al.,1960).

Incr_easiyng alkalinity. away from rifts is a com;non feature
of rift—rela{:ed igneo.us activity (Neumann ‘and Raﬁberg,1978).
This relationship holds for transverse lineam‘ergts in-

l southeastern ‘Australia {Stracke et al., 1979; Ferguson 1980)
where kimberlites are the furthest inland expression of the
lineaments. lkaline magmatism migrates toward cratonic areas

hence the accurrence of carbonatite as the latest phase of

activity at Aillik Bay. The positfon of the Sarf’értoq

carbonatite complex at the eastern end of the HolsteinsB'org
: h v

alkaline intrusive region Is noteworthy.
Many of the abbve points can be amalgamated to suggest that
-~ a distal position on a simple rift and transverse lineament

system best sulits the evidence at Afllik Bay. This analogy drawn

from pther areas also fits the limited geophysical data for




Afl11lik Bay. Detailed gravity and magnetic surveys are not
avallable nearshore, but the regional gravity survey defines an

east— west anomaly aligned with the proposed central conmplex

(Van der Linden and Srivastava,1975). The anomaly 1s
: ‘ >t . '

approximately parallel with the Grenville front, which occurs
50-80km to the south (Gower et 3}_.,1980). Van der Linden and
Srivastava (1975) state that left-lateral offéet, which occurred

in the southern Labrador Sea during rifting, was on strike from

the Grenville Front, so that deep structural control associated

’

with this feature "I1s very likely.

Geophysical surveys led Van der Linden (1975) to propose a
model .of extension by crustal attenuation for the Labrador Sea,
'althoﬁ’gh he notes that preference for this or for more

conventional sea—floor spreading models is largely a matter 61‘.

cholce (Van der Linden,1977,p.210), Black et al.(1976) note that

modification of a continental margin by such a processicould

N

lead to'éonsiderable changes in stress fields which may in turn

affect intrusive patterns.




CHAPTER 3 : PETROGRAPHY and MINERAJL CHEMISTRY

SANNAITES

Sannaites are alkaline lamprc;phyres characterised by
titanium—rich biotite or kaersutite set in a fels.ic groundmass
d_ominated, b‘y K-feldspar. The sannaites can be divided into
olivine~rich and olivine—poqr varieties., The 'émount of olivine
may.vary considerably within banded dykes sug:gesting separation
of olivine-rich and olivine-poor types from a sim.ilar source.
Mineralogical differences are more extreme in discrete dykes of

each type; |

Phenocrysts in the sannaites are olivine and salitic
pyroxene plus later mica and titanomagnetlte. These form a
seriate panidiomorphic texture with groundmass minerals which
may include pyroxene, titanomagnetite, biotite apatite,
K—feldspar, rutile, nepheline, carbonate and analcite.

Olivine is ‘the earliest formed phase and now occurs a%
rounded phenocrys’_ts between 0.5nm ‘and 1.5mm in size. Olivine has

most of the chemical features described later for the

_olivine-rfch sannaltes, but ‘is usually totally pseudomorphed by

- °

h'™ w

submiﬁrocrystalline carbonate., -~
Clinopyroxene phenocrysts are common only in o.li\_line-poor
sannaites, which are also charactevrised by more abundant felsic
minerals (X-feldspar and nepheline) in the groundmass. The
pyroxene forms colourkess to pale grey euhedral phenocrysts or
rarer glomeroporphyritic aggregates. Phenocrysts are strongly

zoned optically, and have rims marginally richer in Mg and Ti,
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.. pyroxene crystals.
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and poorer in Si ( table 3-1,ana1yseo 1—§). (
.Small cores of green sodic pyroxene occur rarely in large
phenocrysts. -It is not known whether these are xenocr'ysts or'
early phenocrysts. |
ClinopyroxXene alsa forms the bulk of the groundmass in the

form of pale green 0. Olmm to 0.05mm long tabular to acicular

Groundmass pyroxenes are variable in composition. In the
HgSi03-CaSi03-‘1-‘eSiO3 system most plot in the uollastonlte-—rlch

region beyond the diopside-hedenbergite join (fi1g.3-1)

. 'They are; -.\
¥ ’

rich in Ti02, A1203 and Cal’ in common wi:th_ those in ﬁany silica :
undersaturated alkalic rocks {Mitchell,1980; Akasaka and
Onuma,1980; Curtis and Gtttins,l-979).r Thin deep green. rims to
gr.oondmassr pyroxene cry.stals are found in the more evolved
feldspalf or nephelﬂne ocellic sannaites (fi'g.3f-2). The rims are
too thin for re]_.iable probe data to be obtained, but Cooper
(1979) described acmitic rims in very similar rocks from Nev-i
Zealand. A late acmitic trend is common in pyroxenes of
nephelinitic rocks (Mitchell, 1980 Gomes et al., 1970)

Oxide and opaque phases are e:.ctremely varied in the
sa,nnaite’s. Most are euhedral groundmass crystals and cryctal
aggregates 0. Oln;m to 0. 2mm across. Early—formed crystals may be
up to 0.7 x 0 3mm, and are mostly relar.ively pure "
titanomagnetites. Groundmass tltanomagnetites contain
appreciable Mg and Al, and have 1lower Ti c-oﬁgents (table 3-2).

The ‘low Ti contents miy bé due to contamporaneous rutile

?

crystallisation. Rutile occasionally occz_ufs.:;s interérouths fith

1

B ]

(s

3




TABLE 3-1:° Représentative

analyses of pyroxenes Ffrom sannalte.

Sample mo. 325-71 325-72 325-76 325-79 325-82 3332a-54
sio? 45.62 46,28  43.90 44.89  45.13  47.9]
Al1202 -7.63 8.72 9.84 8.50 6.65 4.45
T102 2,64 - 2,18 3.00 2.37 L 2.7F 0 2.76
FeOt . 6.75 8.76 6.75 6425 7.62 6.38
. Ca0 23.33  21.26  22.88 . 22.88 © 23.39 23,31
MgO 12.45 11.06 11.61 12.35 12.53 13.24
MnoO - 0.09 0.16 - 0.07 0.08 0,11 . 0.10
Na20 - . 0.58 1.18 0.55 0.62 0.34 - 0.55
K20 . . 0.03 0.01 0.02.  0.01 0.00 0.01 .

Total 99.11 99.61 98.62 97.95 98.54 98.91

End members (by the method of Cawthora and Collerson,1974) -~
. Jadeite 3.88 ‘7.67 3.67 4,03 2.26 3.95
Acnmite 0.00 0.00 0.00  0.00 0.00 0.00
CaTiTsch. . 6,68 5.46 7.58 - 5.91 7.17 7.61
CaTsch, 13.04 15.65 16.96 17.38 10.36 ° 0.05
Wollas, 35.50 31.31 33.14 33.36 36.94  42.32
Enstat. 31.26 28.88 29.07 30.53 32.13 36.15
Ferros. 9.64 8.84 9.58 8.78 11.13 9.93

RN

Sample no.3332a-2a L519-33 L519-36 408-67 408-68 408-70
sio2 45.86  50.59  50.73 46.83 . 46.85  45.96
Al1203 4.30 1.99 1.60 3.30 4,13 4,28
' Ti02 2.34 3.35 1.34 3,42 3.42 4.20
FeOt 5.87 -9,23 5,52 6.69 6.45 7.29
Gao ‘24,05 19.62 ' 21.50 © 24.76 . 23.07  25.45
MgO 15.38° 14,54 16,02 14.34 13.38 [3.22
MnO - - 0.14 0.11 0.06 0,07 0.10 0.07
Na20 0.45. 0.64 0.66 0.30 0.77 0.29
k2o 0.02 0.08 0.02 0.00 0.02  .0.01

Total 98.41 100.15 97.43  99.71  98.19 100.80

. End members’ (by the method of Cawthorn and Collerson,.1974)

 Jadeite .3.08 5.41 4,92 2,13 5.72 2.10
Acmite 0.00. 0.00 0,00 0.00  0.00 0.00
CaTiTsch. ~ 6.04 10.14 ' 380 & 9.43 9.70 ,11.55

- CaTsch. 2.25 -16.24  -5.40 -6.73 ~6.77 = -6.75

- Wollas. 40.65  41.32 42,89 45,61  43.43  45.77
Enstat. 39.95  43.64  45.03  39.19 37.59  36.03
Ferros. 8.63  15.73  8.77 '10.36 10.33 1130

v
Y
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TABLE 3-2: Representative anaiyses of ‘oxide minerals froa. -
"~ sannalte .

Sample ‘ho. 333-03 333-04 333-06 333-05 333-07
Cr203 0.00 .0.00 0,00 0,00 0+00
'A1203- © 0:96 - 2.87 0.96 0.05 0.55
T102 . 7.00 11.93 24,89 95.35 93.92°
FeOt 84.76 76,41 71,29 0.49 0.63
Mgo *0.18 3.5 0.02 . 0.00 0.00
..Mn0 - 0.13 * 0.77 - 0.15%° 0.00 0.0l

Total '~ -93.03  95.54%, 97.31°  95.89° 95.11

L
Structural formula on the basis of 4 oxygens;

Cr 0.000 0.000 - 0.000 0.000 " 0.000

Al 0.054 0.146 0.046 0.002 0.018

Fe 3.396 2.752  2.411 0.011 0.015

Ti 0.252 0.386 0.757 1.993 1.979

Mn 0.005 0.028 0.005 0.000 0.000

Mg 0.013  0.229 - 0.001l 0.000: - 0.000
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groundmass pyroxenes. The oxides lack twinning and exsolution -

"

features.fThe mos t Fvolved sannaites contain subordinaté amounts
of pyrlteiﬁg the latest opéque phasé. Pyéiteiforms rims on
rutile cryqﬁals. | .
. Mica gqccurs as relatively ;arge {up t; 3om) but late
' erystals which poikiligically enclose.aciculaf salite aad
.o _l granular tita#guagnetite (fié.3;3). The:ctystals are stt?nglf

" zoned from pleochroic cores (uapéle to mid green-brown;

f ;x= neutral to mid greenbrown) to deép red—brown rims o=

neutral to pale olive green; f 6- reverse pleochroic olive green
to deep red—brown) (fig. 3d4)

Chemical compositions of the micas are listed in table 3-3.
Reve;se pleochroic red-brown rims have been observed in true
kimberlites (Emeleus and Andrewsyl9?5) and in ‘  1 .'”
carbonatlte—related rocks (Heinrich 1966,p. 198, Mitchell k980).‘
The red rims at Aillik Bay have very high FeOl(FeO*MgO) an¢ lou

A1203 rela:ive to’ the cores. Chem‘cal trends at Fen ‘I,

(Mltchell 1980) and Pyramidefjeld (Emeleus and Andrews 1975) are

sfmilar but Alzol-loss 15 more extreme. Red reverse pleochrolam S

- 18 attributed to ferric iron occupying tetrahedral sites in

place of Al (Faye and Hogarth 1968)., ,L . :t,' e . .

G Co- Hicas are commonly corroded by the acthn of volatiles

>

concen:rated in late stageffluids, and in dany cases the red

. . B
¢

.tims are removed The late red— brown Fe—rich mica is domlnant

. L
P iy 4

X ) © " in sannaites with highest modal mlca, where 1t forms 'saall’
uhedral crystals and 1a the lateat crystallising_mafic phash.~

. Apatite is always preaent. hut ln widely varying amounts.<




Sample no.3332b-31 3332b~-32 333=50 333=5]

TABLE 3-3: Representative analyses of micas from sannafte

333-54

0.006 0.021

0.036

333-53
5102 37.46  37.50 " 37.75 37.02 37.71 37.28
A1203 15.16  15.54 15,25 15,52 15,02 15.29
Ti02 3.17 2.50 2.73 3.23 3.25 3.16
FeOt 10.55  9.55 9.82 9,88  9.74  9.93
Ca0 0.08 0.08_ 0.03 0.06° 0.04 0.04
MgO . 18.93  19.55  19.22  19.27 19.39 19.21
Mno 0.11 0.19 0.14 0.14 0.14 0.14
Na20 0.36 - D.31 0.37 0.32 0.37 0.37
K20"° 8.51 8.70 8,77 9.00 9.21°  8.91
Total 94,33 93.92  94.08 94.44  94.87  94.33
Structural formula on the basls of 22 oxygens:
si 5.513  5.520 S5.554 S5.446  5.519 5,486
Al 2.630 .2.696 2.645 2.691 2.591  2.652
Fe -~ 1.299  1.176  1.208  1.215 "1.192 1.222
Ti - 0.351  0.277 0.302 .0.357 0.358 0.350
‘Mn 0.014 0.024 0.017- 0.017 0.017 - 0.0D18
Mg 4,153 4.290  4.215  4.226 - 4.231 4.214
X C1.598 1,634  1.646- 1.689 1.720 1.673
Na 0.103 0.089 0.106 0.091 0.105 0.106
Ca . 0.013 0.013 0.005 0.010° 0.006 0.006
Sample no, 333-55 333-56 333-59 333-60 333-61 333-63
102 36.52 36.45 36.07 35.15 36.76 37.13
Al1203 15.09 15.11. 8.92 8,35 9.01 14.97
T102 2.47 2.64 2.43 2.38 2.19 2.78 .
FeOt 12,34 12.69 29.38 32.01 28.31 9.80
Ca0 0.01 0.04 0.12 0.11 0.21 0.21
- MgO0 17.50 . 17.95 8.63 7.43 9.18  19.11
Mno 0.19 ~ 0,27 0.58 0.72 0.60 0.16
ug%o ~ 0,36 0,34 0.23 0.1} 0.09. O0.l4
K . 8.82 9,33  8.68 8.59 8.60 8.98
Total 93.30 94.82  95.04  94.85  94.95 _93,28"
Structural formula on the basis of 22 oxygens:
51 . 5,503 5,436 -5.862 - 5.823 5.929 5.526
Al - 2,681 2.656 1.709  1.631 1.713 2.%26
Fe ' : 1,555 1,583  3.993  4.435 3.818 1.220
Ti - 0,280 0.296 0.297 . 0.297 0.266 0.311
Mn '~ 0.024 0,034 [0.080 0.101 0.082 0.020.
Mg - 3,931 -3.991 2.091 1:835 2.207 4.240
K 1.696 1.775 1.800 1.816 1.770 . 1.705
Na- - _  0.105 0.098 0.073 --0.035 0.028 0.040
Ca = 0.002 .~ 0.020 0.03
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It oécurs mostly as tabular to aclcular prismatic crystals In
N .

¢

\
the groundmass. Where most abundant, it also occurs as

phenocryégs up to 1.5mm long which predate early

B}

titanomagnetites., o

The felsic\grqpndmass is normally orthoclase,vbut nephéline

N,

may be abundant fg rocks with latgé amounts of clinopyroxene

YA A

’“bhenocrysts. Representative analyses are given in table 3-4.

‘Carbonate and analciteMare minor groundmass phases.

Host sannaites contéin leucocratic ‘globular structures’
rich in fels1é minerals which vary in size from 0.5na to in.
excess of 6mm. Many are bordered by tangentially arranged

N

p&roxene or mica and so can be termed ocelli (Phillips, 1973).

The ocelli are described in detail in a later section where

their origin 1é discussed.
Latbonate forms up to 10¥ of sannaltes, mostly as very
fine—grainéd deuteric or later alterition of groundnass
minerals. Carbonate 1s prescrved as well- formed interstitial
crystals in rocks with. restricted growth of submicrocrystalline
deuteric carboﬁate. Iﬁ alsp occurs as earlier pseudomorphs of
olivine, and thus'is clearly coeval with the sannaites. N
Carbonate and ‘clay mineral alteration of the grou;dnass is

always present, but olivine-free sannaltes are the least altered

’

of all the alkaline complex rocks.

Flow structure is frequently well defined, particula;ly in

banded dykes, by parallelism of acicular pyroxene and to a

lesser exteént by mica. Randomly oriented inclusfons of pyroxene

in micas show the flow structure to be a latg;featufe. It is

Ps
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TABLE 3-4: Representative analyses of K-feldspar and nepheline
\_ fromx sannalte '

Sdmple no. 333-20 333-21 333-25 333-11 333-18
si02 64.91 63.88 64.14 63.77 64.47
A1203 18.55 18.63 18.92 18.34 18.54
Ti02 0.00 0.00 0.00 0.00 0.00
FeOt 0.11 0.14 0.06 0.19 0.06
Ca0 0.01 = 0.02 0.00 0.00 0,00
Na20 0.12 0.32 0.16 0.16 0.13
K20 16.19 15.48 15,84 15,96 15.83

Total 99.89 98.47 99.12 ' 98.42 99.03

End members;

or 98.84 - 96.85 98.49 98,50 98.77
Ab o 1.11 3.04 . 1.51 1.50 1.23
An 0.05 0.10 0.00 0.00 0.00

Sample mno. 325-83 325-84° 325-93
5102 44,57 43.56 45.76
A1203 - 32.95 - 33.04  33.58
T102 0.00 0.00 0.00
Feot' - 0.66 0.6%  0.70
Ca0 0.80. 0.80 0.84
Na20 . 15.16 14,41 14,95
K20 - 5.92 5.71 5.48

Total 100.06 98.17 101.31

End members; .
Ne 79.56 79.32 80.57
Ks ' 20.44 20.68 19.43.
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f post—dated only by crystallisation of felsic groundmass >

i
b
[

iminerals, red mica, and some opaque phases.

H - oy

'

- B;ndéd dykes are commonly made up of olivine-?oo; bands

" :with numerous ocelli, éﬁd olivine-rich bands. Ocellar bands are
coarser grained and have a relatively high éontcnt of félSic -
minerals. Olivine-tich baﬁds tend to be finer grained, more ‘

A}

me}anocratic,_dnd'have a better developed flow texture defined . -

i
!
!
i

j
° ! . . —
i by preferred orientation of pyroxene, mica and apatite. This

flow texture is commonly accentuated at band margins, where ‘-
olivines are scarce due to flow differentiation (Komar,1976;
Barriere,1976).

i . :
OLIVINE-RICH SANNAITES _ ' .

1 -

\ { Olivine accounts, on average, for 30% of olivine sannafites.

1

It PCCurs as rounded phenocrysts up to 4mm across, but mostly

~

- ' O.lmm to 0.25mm (fig.3-5). Olivines are commonly altered to R
| ’ .

\ extfemely fine gialhed carbonate, and less commonly to

i .' o .

serpentine and iddingsite. Rare examples of all 3 types ;
i . ' ‘
| :

coexisting show a progression from iddingsite, through

Al . /_"._'H\V '

. . ,/”ée:qentlne‘to.carbonate toward grain margins.

\ e T : . ’

>T" ' ~{‘olivine compositions are listed {n table 3-5. Phenocryst

: Rims are mostly around Fo8l, and b

cor%s range from Fo?7 to Fo

\ shoq much less variatibn in Mg and Fe content than the ‘cores. . ' j'

larég phenocrysts, whereas smaller
! .

Mg-rich cores.

. . »




TABLE 3-5: Representative analyses of olivines from olivine

sannaite.“ )

Sample no. L514-21 L514-22 L514-23 L514~24 L514~25 L514-26

5102
Al203
Ti02
FeOt
£ao
MgOo
MnO -

Sample no.

5102
Al1203
Ti02
FeOt

. Ca0

Sample no.

Si02
Al1203"
‘Ti02
FeOt.
CaO
MgO
MnO

Fo

39.49
0.00
0.04

18.23
0.28

42.93
0.20

306-50
39.90
-0.02

0.00
15.06
0.21
44.90

0.09 -°

100.23
81.19
408-02

. 38.92
0.00

0.00,-

16.11
S 0.23
43.46

0.18

38.
0.
0.
17.

78

04
04
66

.25
50
.19

39.14
0.05
0.05

15.89

0.18 .

44.19
0.19

306-53
40.07
0.04
0.05
15.29
Q.73
43,78
0.14

408-04
38.84

0.02"

0.00
16,18
0.21

"~ 43.72

0.16

39.97
0.03
.0.03
16.03
0.21
44.16

408-05
39.60
0.05
0.00
12.31
0.20
47.97
0.11

39.10
0.05

'0.05 -
.16.90
0.20

42.97

0.18,

0.01

- 40.36
0.04
0.02

14.75
0.20

» 45,62
- 0.16
0.05

©99.42

78.64

1306-57
38. 84
''0.00

0.04
16.14
0.48
43.77
0.14

101.20

81.75

408-01
39.13
0.02
g.o1
16.23
0.23
44,24
0.15

£ 100.05

- 79.78

408-07
39.23
0.04
0.00
13.46
0.20
46.36

.
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rich lamprophyres in. northwestern Ontario (Platt and

. .-

‘Mitchell,1979), and 1nl ne-phelinre—.bearing lamprophyres in West
Greenland (Hanse.n,.l980). 0livines in all. three areas contain
appreciahle Ca (20.15 wt%), which is also noted in melilitic
rocks (Nixon et &,'1980). ‘ |

In some rare rocics, euhedral olivines occur with inclusions
of perovskite, These rocks have a.hiatal texture (Moorhouse,
1959,p.160) but similar groundmass mineralogy to the usual
sannaite: aciculat pyroxene and titanomagnetite, whl.ch forms
borders around diqcrete perOVSklte crystals.

The matrix 15 formed of acicula-r pyroxene (36% average),
mica (10%), carbonate>(9'/.), opaques- (8%) and minor phases
includiné K-feldspar, perovskite, apatite and brown anmphibole..
’Clinopyroxene phenocr).(sts are rare,

Pyroxene and mica analyses are 1listed in tables 3-6 and 3-7

respectively. Pyroxenes are similar to the more calecic sannaftic

pyroxenes. (fig/..'i-l), except that many are richer in Ti (up to 5
l B

wtZ). The most Ti-rich pyroxenes are pale orange but do not show
- . -

pleochroism. Ti-pyroxenes are. also rich in Al, and poor in Si,

-

suggesting dOminance of the Ti-Al couple in substitutions. Al
would replacp Si in tetrahedral cn—o,r/inati n, and Tih+ would g0
into octahedral sites. Ti exceeds Al in sfme sannaite pyroxenes
with low ’co,‘htents of Tiv and Al (}13. 1) This leads to
negative Ts-chermak's_molecille in &b calcuhlated end-—‘members in
the tables, because Ti is assumed to om/imly Ti-tschermak’s
moleéulei by the meihod u‘sex_i (Cawthorn and Collerson,1974). The.'

view of Kuznetsova et al. (1980) that Ti could enter tetrahedral

2
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TABLE 3-6: Representative analyses of pyroxenes from olivine
sannaite T '

Sample no. 379-10 379-21 379-22 379423 379-24

.§102 43.54 43,97 45,47 44,29 43,25
A1203 6.50 5 6.55° 5.65 5.96 6.50
"~ Ti02 4.91-7 4,95 5.65.  5.96 5.01
FeOt 7.88  8.15 8.03. 8423 9.82
Ca0 T 22,80 23.24 22,65 23,18  21.66
Mg0 11.76 11,70 12.49 12.02  10.42
Mno 0.11 0.03 0.03 0.10 0.14
Na20 0.63 0.54 0.45 0.47 1.50
K20 -+ 0.01 0.04 ' 0.03 y 0.01 0.04 %,
Total 98.14  99.17 100.!.5/7100.22 - 98.34
End members (by.the method of (;é{vthorn and Collerson,1974) f—
Jadeite 4.62 4,08 %53 3.57  11.28 g
Acuite 0.00  0.00 /.00 0.00 0.00 :
CaTiTSCh- 13-83 13-82 ° 16-47 17-32 14|35 .
CaTsch. ~ -3.58 -3.05/10.65 ‘=11.06 - -10.79
Wollas. 39.75 40.08/ 41.48  42.09  39.72
Enstat.  32.84 32,37  36.10 34.62  29.58
Ferros. 12.52 12,70 13.07 13.46 15.86
~ Sample no. 379-31 37’9-32 "379-1a 379-2a 306-33
8102 46.72  /47.49  47.88  44.32  46.68
\ Al203 4.93/ 3.85 2.82 5.88 1.80
Ti02 3.4 2.86 ' 2.83 4.40 3.36
. iim S 7.5 7.11. 6.70 7.93 8.07°
A0 23/27 22,76 23.24 22,83  22.95 .
MgO . . . 13.17 13.82 13.74 . 12.05 12,20 .
MnO /0.11 - 0.04 0.14 0.06 0.10
Na20 -/ 0.37 0.33 0.40 0.46 0.38
k20 . / 0.03 0.0 0.01  0.02  0.27
Total . 99.57 98.27 97.76 97.95  97.81 t‘
End memb‘ers. (by the method of Cawthorn and Collerson,1974)"
Jadeite - 2.75 243 3.02 3.44 4,18
Acmite 0.00 0.00 0.00 0.00 0.00
C4TLTsch. 9.58 8.00 8.15 12.40 9.75
CaTSCh- -'0-57 ' -IDSS -6-59 "2-27 -6 |38
Wollas. 40.86  41.72  45.26  40.22 44,18
Enstat. 35.83 ' "38.29 39.22  33.67  35.09
Ferros. 11.54 11,12 10.95 12.53 - 13.19
. :
{
1
i




TABLE 3-7: Compositions of oxide minerals in olivine sannaite

Sample no. 379-12 379-13 379-15 379-16 379-01
T102 7.51  9.43 1215 16.19  10.66
A1203 191 1,75 2.5 1%7  3.72
Feot 82.51, 78.87 73.75 71.07  75.29
MnO o 0018 0.21 0-36 0.24 0.80
Mgo " 70.37 ‘0.89 1,20 0.92 6.31
cr203 -~ 0.00  0.02  0.02_. 0.03  0.00

Total 92.35  91.18, 90.23 90.41  96.79

_Structural formila on the basis of 4 Oxygens;

cr 0.000 0.001 0.001 0.001 0.001
Al 0:096  0.097  0.149 0.105 0.183
Fe . 3,285  3.113  2.838 2.675 2.633
Ti - /0.269  0.335  0.420 0.548  0.335
Mn ~ ~0.007  '0.008 0.014 0.009. 0.028
Mg . 0.026  0.063 0.082 0.062 0.393

Sample no. 379-02 279-03

Ti02 - 14,65 14.21 .
Al203/~ = 2.61 2.75 :
FeOt / 74.82  74.36
Mno / 0.79 0.86

MgQ 6.21 5.93
c?goz 0.02 0.00

F— -
}rotal ' 99.11 98.10

Structural formula -on the basis of 4 ‘oxygens;
Cr 0.001 0.000
Al 0.124 0.132
Fe 2.524 2.539
TL 0.444 0.436
Mn 0.027 0.030
Mg - 0.373  0.361
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sites is considered unlikely by most authors (eg. Hartman,1969;

Huggins 23&,1977).\'1‘1 must therefore be {ncluded in the
pyroxene by substitution with cations other than Al, or else
form submicroscopic exsolution }lramellde. The Ti-Al substitution

couple is the most important couple in most pyroxenes {Cameron
. . !

R Y

and Papike,1981). T!»_le";higher Ti content in pyroxenes Vi.'s'pr'obably
due to the paucity of oxide phases,- since Ti cannot be >

. . -
accomodated in sulphides. o -

Mica occurs as euhedral gr,ou‘ndmasrs' laths which exhibit
normal bleoéhrPism tﬂ= pale brown to red—broﬁ';ﬁ ,8- very pale
browﬁ to dark fed-brown) ,' Reverse plecchroism and extfeme
absorption in rims does_ not océur.

E «Micas are com;'n?sitionally zoned to more Fe-rich rims, bit
this trend is much less extreme than in some clivine~free
sannaites (FeOt max.2l wt% vs. 32 wtf). Micas are Ti—rich-'(?—?
wt%), and Si-poor. ‘ V

Groundmass opaques in olivine sannaites are nom;ally
pyrite. ;rhgse'are mostly pure, but :ﬁ§y have Mg and Ti
‘contamination, prabably due to inclusions of other phases.

The major difference betﬁeen these rocks - and olivine-—-poc;r
"sannaites is the abundance of olivine and ‘xjarlcy of leucocratic
oéelli. Alc;though the olivine-rich sannaites are dis‘tinctly more
n;elano.cratic, 'lf the felsic ocelli of the oliv:’_.ne— ;;oor
aannaites'.are discounted, there isAonlvy a -4z di}ference in
colour index. | |

Considering the concentration of olivine crystals toward

the centre of individual bands, and the occurrence of

»
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olivine-rich and ocellar bands in the same dyke (fig.3-6), it is
not ‘unre'asonable to suppbse that the two types of sannaite

originated from a c.ommon parent by flow differentiation.
Phases of magma emplacement may,be recognised e.asily in -

banded rocks with poor flow texture by varxation in mineralogy

of olivine pseudomorphs. Carbonate 15 generally more abundant

than in olivine—-poor sannaites‘, in.the sane ‘modes of occurrence.

The relative amounts of carhonate types vary between intrusive

phases withln banded dykes. Staining of carbonate with Alizarin
Red and Potassium Ferricyanide reveals that manj,} ocel}i/i are
calelitie, but are often ovetgrown at _the:‘edges by doic;mite vhich
dominates deuteric'alte’ration of the groundmass.

In the most carbonate- rich exanmples, grcundm;\ss pyroxene
laths are pseudomorphed by multidomainal granular aggregates of

" catbonate. ( /"

One olivine sannaite contains rourided to, snbangular
1nt1usions of titanomagnetite up to itm acroés. These are
chemically similar to titanomagnetttes in o'itvine—free sannaites

(table 3-8). They have serrated rims caused by reaction with

groundmass fluids (fig.3- 7)

VAN

. KIMBERLITE and CARBONATISED K[MBERLITE

S
Kimberlites consist of varying sizes of olivine and mica
phenocrysts in a matrix of mica, carbonate, apatite, ' .

. titanomagnetite and/or perovskite. Nodules and megacrysts are

abundang in some kimberlites, but are absent in others.

- : Nodules are varieties of glimmerite, ‘mostly_ more than 80%

' . ;
1 :

C.







TABLE_3-8: Representative analyses of micas from olivine
gannaites

: ) 3
Sample no.L514-90 L514-91 L514-92 L514-93 L514-94
. 5102 34,77 36.44 35,54 . 36.63  36.20
/ A1203 15.02 14.00 14.75 14.25 14.33
TioZ 9.54 , 9.30 -8.42 8.83 8.85
FeOt . 11.00 10.32  12.68 12.27 11.76
Cal 0.0% 0.02-  0.04 ~ 0.00 0.02
- Mg0 - - . 15.75  16.L4  14.54 15,31 15.34
"MnO 0.07 0.05 -0.15 0.06 = 0.08
Na20 . 0.43 0.37 0.48 0.45 0.43
K20 ¢ 8.54 8.96 8.21 8.48  8.55

Total 95.17  95.60 94.81 . 96.28  95.56

i

Structural formula on the basis of 22 oxygens;

Si 5.130° 5.329 - °5.284 5.347 5.320
“Al 2.612. 2.413  2.585 2.452° 2.482
Fe 1.357 1.262 1.577  1.498 - 1.445
Ti 1.059 1.023 0.942 0.969 0.978
Mn 0.009 " 0.006 0.019 .0.007 0.010

, 1.608  1.672  1.557 1.579  1.603
Na 0.123  0.105 0.138 0.127. 0.123
ca 0.008 0.003 0.006 0.000 0.003

’%Mg 3,464 3,518  3.223 3,332 3.360
. K

Sample no.L5T4=95 L514-96 L514-97 379-50 379-51
$102 35.10. 35.84  35.27 36.07 35.11

Al203 14.74 13.98 - 13.58 12.80 14.91

Ti02 8.57, 8,89 9.01 8.73 7.58

Feot  ° 11.21. 12.76 13.16 21.13 10.69

Ca0 °'°§:> '0.00  0.26 0.0l  0.07
 Mg0 ~15.757 14.41  14.89 ¢ 9.14  16.55

MnoO . 0.14 0.10 0.11 0.28 0.09
Na20 0.37. 0.39 0.43 0.26 ~ 0.34
K20: 8.83 8.49 . "8.41 ‘8.57‘ B.61°

Total . 94.75 94.86  95.12  94.99 ~93.95

Structural formula on the basis of 22 oXygens;

si - 5.212 © 5.335 5.262 5.310 5.234
Al 2.580  2.453 " 2.388 2.351  2.620
Fe © 1,392 1.589  1.642  2.754 1.333
Ti 0.957 0.995 1.011 1.023 0.850
Mn 0.018 °0.013 0.014 0.037 0.012
Mg 3.486  3.197  3.312  2.123  3.678
K 1.673 1.612 1.601 1.704 1.638 -
Na. 0.107 0,113 0.124 0.079 0.098
ca. .  0.006 0.000 0.042 0.002 0.012




size. Chlorite and serpentine alterati

forsteritic than in sannaites, ranging

mica with minor amounts of the following phases; pyroxene, .

aﬁatite, carbonate and p1iv1ne. -

The coarsest mica grainé within glimmerites are frequenllyw

deformed (fig.3-8). Glimmerites commonly exhibit decussaté or

1diotop1c gfanular textures (Spry,1969, p-187) in areas of finer

. o~y

graln slze. These areas are 1nterpreted to be recrystallised in
response to éhermal metamqrphism withln the magma. A summary. of
nodule types is‘giﬁen‘hy Hawkins (l977,p.97).

Rounded megacrysts of mica titanomagnetiteiand élivine up
to lém across are thought to ortglnate within the kimberlite
magma or iFs:parental fluids. -

) 0l1vine ranges in size from 5mm eryptically zoned

-

phenocrysts to second generation crystals less than a tenth that

is commo;gr than'in the

sannaites, but olivines are gener ly better preserved in all

Bﬁfhthe'most carbonate— rich kimberlites (fig.3-9). :
" Microprobe analyses of olivines are givén in table 3-9.
Phenocryst cotes show more extreme variation in forsterite

content. (Fo71-Fo87) than in dliviné sauLaiteé. Rims are more

{fron Fo81-Fo86. The

P

maximum variation for rims in one! rock
:J'k
1

variation in chemistry of the rims is b ssibly due to removal of
:i

ﬁs 3 mol” Fo. The

A

an outer equilibrated rim, evidenced by|rounding of phenocrysts.

The most.ﬁagnesgan corea\ftequeh ly haveq more magneslan rims

(eg. table 3-9; anal.350-17,18 fo 350-21,23; and 350-43 to
: '~ ] . ,

- 350~47). Alternatively, mixing of olivinks from areav of

slightly”ﬂiffertnt_equilibrétio conditiqns may have occurred.

.

I
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TABLE 3-97 Representative anglyses of olivines from kimberlite
ey —— . « . <' N .
Sawple no. 321-04 321-30 321-40 321-42 321-43 350:-03
si02 .. 39.53 40.38 39.67 38.59 39.79° 39.62
A1203 . +0.02 ~ 0.00 = 0.04 .0.00 .0.02 ' 0:02 . -
: T LTi02 . 0.01 0.01 0.04  0.02 0.05 0.05 '
FeOt -~ - 14.32 10.47 13.26 22.25  16.00 12.40
. Ca0 ' - 0.00 0.02 0.11 0.04 . 0.16 0.17
Mgo _ 45.03  48.95 46.13 39,27 44.64  46.25 i
‘ MnO - 0425 0.05 0.07 ©0.19 ~ 0.25 0.13 -
. . Na2b 0.09 0.01 0.08  0.00 : 0.01F ~0.05
‘ : : N10 0.05  0.24 0.38  0.l4 0.01 . 0.38
Total ~ +©99.30 100.13 99.78. 100.50- 100.93 - 99.07°
Fo 81.99  87.13 ' 83.44 71.87 80.16 84.38
Sample nor 350-04 350-06 350-89—350-13 350-16 350-17
$i02 - 40.60 .39.B9 40.38 40,42 39.33 - 39.59
A1203 " 0.05 0.05 0.05 0.04 0.02 0.46
° e T102 0.00 ~0.01°‘ 0.00 0.00 ~ 0.03- 0.0l
FeOt . 12.41  12.50 = 12.45 12,47 18.07 15.21
Ca0 : 0.15 0.15 0.16 0.20 - 0.21‘ 0.20 ,
Mg0 47.16 47.08 47,71  46.58, 42.57 . 45.11
Ma0 0.04 0.10 0.10 0.18 0.11 0.13
Na20 0.07 0.00 0.01 0.04 _ 0.01 0.01 -
Ni0 50426 0.2} 0.24 . 0.27 - 0.08 0.09 L
Total 100.74 99.99 101.10 100.20 100.43 100.81 ° v
Fo  B4.62  B84.50 8473 B4.40  77.33  8l.ll
Sample no. 350~18 350-21 350-23 350-24 350-25 -350-26
o $102 19,08 39.01 39.23 39.32 39.18 38.36
' A1203 ~ 0:06 0.04 0.04 0.02 0.04 6.09
' T102 . _0.01 0.05 0.00 0.04 0.02 ° 0.00
FeOt 15.54 13.88 14.36 15.05 14.42  21.21
: Cal - 0.21 0.24 0.21 - 0.20 0.21 0.02
L. MgOo 44.67 45.79 44,13 44,67  44.86  40.20 .
. MnO 0.22° 0.25 0.18 0.16  0.19 0.20
Na20 . 0.01 ' 0.02- _ 0.04 0.0l ~ 0.02 0.02
Nio 0.08 0.15 0.07 0.14 0.12 0.08 -
rotal  99.84  99.43 98.24 99.61 99.06 100,18

Fo 80.61 82.69 81.67 81.12 8L.83 73.29 _ -.




TABLE 3-9 (continued) -

" gample, no. 350-31 350-32 350-24 350-38

s102 39.26
'~ A1203 0.04
T102 0.04
Feot . 12,91

ca0 St 0.19-

Mgo . ‘56170
MnO . 0.13
Na20 .0.01
NiO 0.21

39,77
0.04
0.00

©12.88
0.17

46,46
0.14
0.02
0.19"

39.84
0.04
0.02

13.09

L 0.18°
46.60

C.14
0.02

0.17

38.17
0.04
0.00

16.34
0.16

43.61
0.13
0.01

0.15

350-40 350-42

39.57
0.05
0.02

10.32
0.06

48.41

0.07 -

0.02
0.36

39.75
0.06
0.00

10.35

- 0.09

48.52
0.10
0.01
0.33

Total 99.49
Fo . 83.97

Sample no. 350-43
s102 . 39.61
Al203 0.07
FeOt . 10.40
Cal - g.09
MgO 48.46
MnO. 0.08
Na20 0.03
"Ni0 - 0.35

99.67
83.93

350-47
3956
0.05

.. 0.00

12.19
0.14
46 .20
0.02
0:25

100.10
83.75
406-08

39.21
0.04

0.02 .

15.09
0.i8
44,44
0.23
0.01
0.14

98.61

79.44

- 406~10

38.89
- 0.06
0.02
14.72
0.14
44,04

0.16-

0.02
©0.12

98.88

87.17

99.21

87.16

406-18 406=22

39.85

0.04

0.00
11.36
0.13
47.32°
0.10
0.02
0.29

39.68
0.04
0.01

11.45
0.11

47.14
0.11"
0.02
0.31

Total ~99.09
Fo .87.09

Sample no. 406-24
sio2 '’ 39.68
A1203 : 0.04
Ti02 . 0.00
FeOt 11.42
Ca0 - 0.10
Mg0 . 46.84
- MnO T0.14
Na20. - 0.01
NiC ¢ 0.27

98.536

84.59

89.36

81.00

406=47 40648

39.15
0.02
0.00

13.99
0.23

45.05
0.43
0.02
0,00

38.73
0.00
0.00

13.93
0.23

45.09
0.41

1 0.01
0.00

98.17
,%58[.24

406-50

39.14 -

0.00
0.00
15.45

< 0.17

~ 45,07
0.16
0.03

T 0.L4

99.11

85.78 .

-——

98.87

85.63

'406-51 406-57

38.75
0.00
0.00
15.42
0.18
44.62

0.16
.- 0.16
0.18

$89.67
0.04
0.00
10.73
0.08

©49.00 .

0.10
0.02

" 0.23:

Total - 98.50

LY

Fo . L'(.85.59

98.89

82.34

98.40

82.42

100.16

80.86

99.47

80.73

99.87

86.86
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starting compositions introduced into a kimberlitic fluid from -

Minor -element conte@ts vary sympat?eyically with Fo-

4

(f1g.3-10). Ni shows a.positive correlation, whereas Ca and Mn

»

correlate .;nggatively. This 4s clearest in the latest

crystalllsing olivines. . . L : ’

The phenecryst cores with Fo < 75 aré cleatly different —~

from the trends of most olivines. The low Ca content 1s

-

noteworthy, since Simkin and Smith (1970) and Mitchell (1973)
e . &
Kave suggested 1t is indicative of deep seated origin. A

xenocrystal origin for these gralns can not be ruled out.

<= -~ . .

Micas range in sizé from ar0und lcm to groundmass laths

only 0.0lmm long., Most micas are strongly zoned, and seven

pleochroic schemés;ﬂeach*wi;h distinct chemical characterispicé,
can be recohnised within one rock ttable'3—lﬂa). An%lyses a;e
given in tablé'S—lOb, and repreéeﬁtative analyses'from other
kimberlite samples are listed in appendix 1. It is extremely
rare for a single crystal ‘to ‘have more “than 3 zones. The
outermost zones gn;some crystals are,a.ve}y thin pa}e‘colouréd
rim to a stréngli}nOrmal pleqéﬂfcic phi; brown}io deeﬁ ppé—brown g
zone (fig.S-ll). fhé éuter-zones of phenocrysls may be'pértiélly
removed by later cor;osion*;r abrasion. fhe déep redibben zone
occurs on almost all crystalsrin contact with the matrix, and
3156 forms disc?ete laths within ghe.matrix.\kll mica
generations may be deformed, and age rélationsﬁipsrhetwéen them
are uncertain. Thus,_tgere aphears to be mica of several

v

which common.rims and the matrix phases pfecipitated.

. , P . ‘
The matrix generation (type 6 of table 3-10b) is-enriched

4
‘e




Figere 3-10: Compositional variation in olivine from
A1111k Bay kimberlites. Open symbols = phenocryst cores,

solid sywbols = phenocryst rims.
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mABLE 3 -10a : Pleochroic schemes of micas from kimberlite - sample 383

Type; used in - Mode of
Table 3-10b ° ' : ﬂ ¥

3

cccurrence

mid orange—-brown . very pale green to green brown Glimmerite

bright red-brown . pale brown,green-brown,green; Phenacryst

non-pleochroic very pale brown : Phenocryst cores

>

pale green T f bright green to green-brown Phenocryst
‘ or brown

pale brown ' dark brown Unzoned, assoc.
' altered mafics

neutral or very pale brown ' orange-brown,brown,green-brown Phenocryst rims
& groundmass

neutral to pale orange neutral or vary pale brown . Outer rims of
' phenocrysts

-




TABLE 3-10b: Analyses of micas from kimberlite sample 383

% . 100
| Type refers to Table 3-10a.
| .

i _ Sample no. 383-50 383-51 383-52 383-55 383-56 383-63

Type 1 1 1 2 2 2
$i02 . 41.84 42.36  41.86  41.60 41.45  41.36 '
. A1203 9.85 10.15  10.25 8.09 8.07 10.44
Ti0Z. 0.86 0.72 0.8 0.44 0.45- 1.15
FeOt 9.58 9.18 ° 9.5 11.80 11.64 13.30
Ca0 0.00 0.00  0.00 0.00 0.00 0.00
Mg0 22.97 22,82 72,83 22,77 22.91 20.59 '
MnO 0.08 0.14 0.08 0.05 0.04 0.08
Na20 0.21 0.16 0.08 0.13 0.13 0.28
K20 8.58 8.52 9.25 8.86 8.54 8.74
Total 93.96 94.05 94.75‘,_-’,23.74 93.23 95.94
Structural formula on the basis of 22 oxygens; :
Si © 6.121 6,165 6.092- 6.197 6.189 6.040 4
Al 1.699 1.741 1.759  1.421 1.420 1.797 i
Fe r1.172 1,117 1.167  1.470  1.454  1.625 1
. Ti 0.095 0.079 0.089_ 0.049 0.051 0.126
Mn 0.010 0.017 0.010 ~ 0.006 0.005 ©0.010
Mg 5.009 4.951  4.953 5,041 5.058  4.483 "
K 1.601 1.582 1.718 1.684 1.670 1.629
& Na 0.060 0.045- 0.023  0.038 0.029 (_)‘.079

.
- 1
Al

Sample no. .383-64 383-69 383-70 3837 383-92 383-93

Type - 2 3. 3 3 4 4 . Cd

- 5102 41,70 42.27  42.19  42.66 39.27  39.16 ! 3 3

A1203 16.32 12.15 11.52 12,23 11.01 - 11.23
, - Ti02 1.28 1.48 1.34 1.38 1.09  1.10 .

E FeOt 13.38 7.07 6.91 7.27° 17.88 17.78
Ca0 0.00 0.00 0.00 0.00 = 0.00 0.00

MgO 20.67 22.93  23.54 . 23.39 15.41 14.95 1

MnO 0.10 0.04 0.02 0.07 '0.25 0.16 :

Na20 0.28  0.24 D.28 0.21 '0.24 0.36 _ . C
X20 ) 9,33 8.53 8.71 7.69 7.96 7.85
Total 97.06 94.71 94.51  94.88 93.11 92.59

Structural formula on the basis of 22 oxygems; i

5i 6.060 6.037 6.048  6.048 6.038  6.047 ] !

Al . 1.762 - 2.045  1.947 2,045 1.995  2.044 ' :
Fe 1.621 ~0.844 0.828  0.863 2.296 2,287
Ti 0139 0.159 0.145 - 0.147 0.126 0.128
Mn ) 0.012 0.005 0.002  0.008 0.033 0.021
.7 ’ Mg 4.463 4.882  5.030  4.946 3.532  3.441
K 1.724 1.554  1.593 1,392 1.561 1.546
0.079  0.058 0.108 0.086

¢ . " Na 0.079 0.067
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Table 3-10b (continued)

Sample no. 383-81 383-82 1383-83 383-84 383-59 383-47

type 5 5 5 - 5 6 6
5102 36.49  36.83 37,00 36.96 38.53 37.78
A1203 15.34  15.48  14.99  14.93 15.79 15.45
Tio2 3.18 3.26 - 3.0l 3.09 4.57 4.35
FeOt 20.14  20.69 19.94  19.75 7.28 7.32
Ca0 , 0.00 0,00 0.00 0.00 0.05 0.03 7
MgO 10.25  10.29  11.25 11.24 20.48  20.21 -/
MnO : 0.19 0.17 0.11 0.13 0.02 0.02 -
Na20 0.21 0.21 0.18 0.10 0.29 ~ 0.34 H
K20 8.58 8.46 9.36 8.91 - 7.99 8.38 /
;
Total . 94,38 94,77 95.84  95.11 95.00 93.88 /”
. J
Structural formula on the basis of 22 oxygens; f
Si - 5.620  5.635  5.625  5.642  5.507  5.490 f
Al 2.785 2,792  2.686 2.686 2.660 2.647 i
Fe 2.594 2,571 2.535 2.521 0.870 0.890 i/
Ti T 0.368 0,373 0.344  0.355 0,491 0,475 {
Mn 0.025 0.022 0.014 "0.017 4.364 4.378 f
Mg 2.353  2.37  2.550  2.558 1.457 1.554  /
K 1.686 1.651 1.815 1.735 0.080 0.096 *
Na ©0.063  0.062 0.053  0.030 0.008 0.005
Ca 0.000 0,000 0.000- 0.000 0.000 0.000 /
- : 7 :
Sample no. 383-78 1383-88 383-95 383-99 383-98 383-43/
type 6 6 6 6 7 7 /
$io2 37.79  .36.21  37.64  37.39 41.58  42.5%
A1203 15.69 . 15.82 16.12 16,13 10,27 8.92
Ti02 4.92 - 4.55.  4.85 | 4.14  1.03 0/81
FeOt 6.75 6.87 7.33 6.42 §.06 [ 00"
ca0 0.03 - 0,02 0.02 0.02  0.11 b.10
MgO 20.29 20.18 19.64 19.80 23.89 3.68
MnO 0.01 0.04 0.06 0.04 0,07 7 0.14 .
: Na20 0.38 0,27 0.31 0.30 0.18 0.13 . .
. ' K20 B.61  8.23 7.75 8.47 9.45 / 7.86 : 1
———— iy N
Total 94,47 92.19 93.12  92.71 915.6”[ 91.30

Structural formula on the basis of 22 oxygens; /

si S.451  5.360  5.455 5.478 6.3 6.332 3

Al . 2.668 2,760 2.754  2.786 17157  1.407 :
Fe . 0.814 0.851 0,888 0.787 ¢.978  0.995
1 0.533 0,507 0,529  0.456 0.112 0.091 i
Mn 0.001 0.005 0.007 0.005 {0.009 _0.018 -
Mg 4.363  4.453  4.243  4.324 / 5.168  5.252

. K . 1.585 1.554  1.433  1.583/ 1.750 1.492

. Na ~0.106 0.078 0.087 0.088 0.051 0.038 \ -

Ca 0.005 0.003 0.003 0.0;53 0.017 0.016

R R
A R N







-~

. . . : 103
in Ti, and to a lesser extent ‘Al relative to all previous mica

generations. Various p]:ots_of wt % oxides (fig.3-12) suggest an
iron depletion trend within the core micas with respect to Si |
and Mg. The position of the glimmerite nbdule micas within this
trend mz;y imply a cognate origin. |
The latest pale coi(lnured rims- directly reverse t,hi.s trend; A
\Ti and Al are depleted and 8i{, Fe and Mg are enriched (table
3-10b, anal, 383-49,98). This type is not well developed; but 1is
best devel_dpé'd neat.catbonate— rich veins or patches. A .
depl'etion of T1 and Al is seen in sovites relaf:ive to
damk jernites in the Fen Complex‘(Mitchell, 1980). .
. Micas from ‘basaltic’ kimberlites (Dawst:m,1967) usually
have higher Mg/(Mg +Fe) (Smith et al.,1978; Delaney 'E il_i,iQBO;
Dawson and S;ith,1975). Only the rare non-'plleochi'oic micasA at
Aillik Bay are at all sim'ilar. . - -
Micas similar to Ailiik Bay kimberlite micas are found in 2

-

‘micaceous kimberlites at Kirkland Lake, Ontario (Rimsaite",’wn),

West Greenland (Emeleus and Amdrews, 1975) and Saglek, Labrador

(Collerson and Malpas, unpubl.data).

-~

. Lamprophyric micas may have similar Mg/ (Mgt+Fe) :;nd Al
contents, but’ nornally have h‘igher Ti'(up to 11 wtZ in potassic
lamproites in Montana (Velde,1975)), and higher Na (0.5 to >1.0

. wtZ; Cooper,1979; Roden and Smith,1979; Hansen,1980).

Total Na#+X is considerably less.than required to fill 2

sites for Aillik Bay kimberlitié micas. ‘This may be partly due :
to loss‘ of alkalies (? by volatilisation) du'r'ing analysis, but

could also be caused by charge balancing {n response to large .




Fipure 3-12: Compositional
variation in nica fron -
kimberlite sample 383.
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substitutions of TL4+; which will occupy oftahedral sites

(Robert,1976). Zussman (,197'9) notes thatt nterlayer substitution

of ca or Na will facilitate larger amounts of A substit,ution
1nto cetrahedral sites, because their smaller’ 1on1cl\dii permit
tetrahedral rotations. Ca and Na are vedy limited in th
kimberlitic micas, but vacancy of interlayer sites would
presumably have a similar effect. ' . N \
Oxide phases\ make up 7% of kimberlites on average, but up

to 22% In some cases. Oxlde megacrysts are all titanomagnetite,

some with inclusions of carbonate. Matrix oxides comprise

titanomagnetite with rarer rutile, chrome—rich spinels and
Mg;Al-titanomagnetivte's (table 3-11). Rutile occurs as corrodéd
grains rimmed by titanomégnetites. |

Mg-Al-titanomagnetites are the latest oxide phase, |
frequently foming ‘atolls’ described by Hawkins (1977) Atbllsg
are growths of Mg—Al-titanomagnetite around earlier oxides ‘with
a median zone of cs;rbonate which had nucle.ated on the oxide

b

crystal (fig.3-13).b_.011v1nes may have incomplete rims of Mg-Al-

titanomagnetite. A rarer type of atoll rim is apparently

magnesioferritic (Mg =3[Ti+Al]) titanomagnetite, but no

satisfacto.ry brobe analysis could be obtalneg because of the
small size of the.rims. ‘

Magnesian ilmenite, and spinel«: with high Mg and Ti
contents are two of the most fundamental marker minerals in
recognising true kimberlites (Haggerty, '119.75;'
Mttche_ll-,l978a,l979a5. Ilmenites fromvalkallne central complexes

'

have lower Mg and higher Mn (eg.Vartiainen ﬂ al,,1978).The




TABLE 3-11: Rehresenéative analyses of oxide minerals from
kimberlite

Sample no. 406~10 406-11 383-01 406-01 406-05
Ti02 12.47 - 14.24 8.29 6.52 11.57
Al1203 3.04 2.40 2.93 8.94 2.27
FeOt 75.32 °"78.81 40,73 35,37 77.03
MnO. 0.56 0.28 . 0.12 0.38 0.69
MgO 5:56 0.09 10.87 10.54 4.82
Cr203 .00 0.04  26.78% 33.34 0.00

Total 96.95 95.85 96.73  95.09 * 96.38

Structural formula on the basis of 4 oxygens;

Cr . 0.000 0.002 0.775 0.952 0.000
Al 0.149 0.123¢ 0.417 0.381 0.114
Fe 2.628 . "2.867 1.215 1,068 2,753
Ti ' 0.391 0.466 0.222 . 0,177 0.372
Mn 0.020 0.010- 0.004 0.012 0.025
Mg : 0.346 0.006 0.578 0.567 0.307

Sample no. 406-06 383-05 383-07 406-07 383-03
T102 11.75 8.55 11.38  12.97 15.95
A1203 . 2.33 0.24 6.96 7.69 5.51
FeOt 77.23 83.54 67,79 65,38 67.05
Mno . 0.48 0.23 0.72°  0.39 0.34
Mg0 5.39 2.80  8.58 7.6 1.04
Cr203 0.00 0.02 0.00 * 0.05 4.47

>

Total + = 97.18 95.37 95.43 94.11 94.36

Structural formula on the basis of & oxygens;

Cr . 0.000 0.001 0.000 0.002 0.146 -~
Al - 0.116- 0.013 0.330 0.364 0.268

\Fe 2.725 3,192 2,279 2.197 2.314

T1i 0.373 0.294 0.344 0.392 0.495

Mn’ 0.017 0.009 0.025 0.013 0.012

Mg 0.339 .0.191 - d.514 0.456 0,064
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Flites’, reported by

p : presence of ilmenite in Af11l1ik Bay ‘kimbe

Hawkins (1977,p.169), could not bL confi ed.

The spinels have MgO coatents below 8 wt% except in Ce¥rich
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varieties. Mg0C contenﬁs i¥ 8pinels of trfie kimberlites are oo
common‘ly 10-17 we¥ (l{aggerty,i975; MitcHell,1979b), and may
exceed 20 wt? (Haggerty;l973). T1 rarely exceeds 5 wt%
(Haggerty,1975). ' l

The Cr-rich spinels (anal.3 ;nd 4 of table 3-11) ére
similar to Cr—spinels in true kimberlites at Kirkland Laka
(Mitchell; 1978a) and Premier Mine, South Africa (Elthon and
ﬂRidley,1979)‘e¥cept for -lower T1/Al ratios.

‘Spinels In carbonatite-alkdline complex rocks afe

characterised by increasing Mn contents and Fel+/Fe2+ ratlos,
culminating in carbon;tités with Mn-magnetit;s poor in Ti
(McMahén and@“aggerty,l979;’Boctor and Svisero,1978;
Mitchell,1978L). Mn contents in Aillik-Béy kimberlite spinéls‘do -
not exceed 0,7 wtZ and cont$1n considerable Ti{, and thus cannot
be considered typical Af éarbonatite*associated rocks.
Simildr minerals occur in othér lamprophyre and carbonate-
" rich lamprophyre ocecurences (Cooper,1979; Pla;t'and
Mitchell, 1979). Titanomagnetites from Hesozoic lamprophyres in
West Greenland are similar except for higher Mn (Hansen. 1980). -
Oxide evolution toward that of typical carbonatites was !

presumably halted by.the development of sulphides in

carbonate-rich kimberlites.

,

Carbonates aré abundant in all kimberlites, ranging from

25% to more than 90% of the rock in rare cases. The variation

~
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enables steps in the proceeding carbonatisation to be outlined.

In the leaig carbonatised examples, carbﬁnate forms- a
crystalline matrix with miéa and apatite, and varies greatly in
grainp sizg (fig.3~9). More carbonatised rocks aré charétteriséa}'
bf submicrugraqular alteration of olivine‘and écccnﬁuated |
atolled opaque development (fig.3~-11l). Coarse grained carbonate

.

may form irregular roqﬁded‘patches which are apparently late
segreéations'of carﬁonate free from mica, apatite and
titaﬁomagnetite, which coexist with carbonate 1n the matrix. Oae
sample Has radiating magnesioriebeckite crystals grown within

< late carbonate segregations (table 3-12; fig.3-14). Riebeckite
has previously been described ia carbonatites of the Samalpatti
Complex in southern India fSubramaniam 52.33;31973)- where it
was considered to be caused by feﬁitiéatlon. At A1llik Bay it 1is
apparently due to laté concentration of Na and volatiles in the
kimberlite @atrgxn The surrounding éarbonate is not sodic.

The most ‘carbonate-rich kimberlites, more correctly termed
metaéématic carbonatites, are A)most entirely carbonate.
Olivines are entirely pseudom’r;hed and only occ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>