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plexes in a fluid/volatile phase, From the data observed in t'his study

and in others it is possible tg suggest that over saturated peralkaline

rocks reflect intense volatile activity which produces their character-

’

1stic petrography and geochémistry. K
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CHAPTER 1

SCOPE AND PURPOSE OF STUDY

The major purpose of this study is to examine geochemical trends
and their implications in an oversaturated alkaline/peralkaline environ-
ment. An attempt will be made to document on petrologic and geochemical
grounds, the significance of volatiles and/or metasomatic fluids in the
evolution of alkaline/peralkaline magmas.

The genetic relationship of the Nuiklavick Volcanics to the
associated arfvedsonite-riebeckite granite will be defined by using rare ‘
earth element patterns to studymineralogical relationships. The absence of

a direct genetic relationship between the arfvedsonite-riebeckite granite

and the clinopyroxene-fayalite granite will be discussed.

LOCATION AND ACCESS

PET

Davis Inlet is a small native community located on the Labrador

Coast at approximately 56°N latitude and 61°W longitude (Fig. 1). It is
PP y g g

B e T R

approximately 300 km north of Goose Bay and 80 km south of Nain. Access
to Davis Inlet is by air (float plane) or by C.N. Matine coastal ba;at
which‘operates during the' ice~fee season - late spri‘ng to early autumn.
Samples were collected from al;eas l, 2 and 3 (Fig. 1) by boat and helico-
pter dur\i;lg the field season of 1978. The areas samples were mapped
primarily by Hill during the field seasons of 1977 and 1978 assisted

by the author in 1978 (Hill, ‘1978a,b, 1979).

b Ao b .
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PHYSIOGRAPHY

- The physiography of the Davis Inlet area, as described by Hill
(1978b) is c*laracterized by a peneplain that rises gradually from 300 m
near the cc’i;st to 700 m inland with a maximum relief of 500 m. Deep
erosionali dissection by numecrous streams and rivers‘ has resulted in the
formation of a series of rugged hills separated by drift and forest-
covered valleys. Outcrop is abundant buvt occurs only on the hill tops

above the tree line which is at about 200 m.

PREVIOUS WORK
The first published description of the geology of the Davis Inlet
area was by Wheeler (1942) who defined the Nain IgneouS‘Complex follow-
ing several years of mapping the Labrador Coast and some inland areas
(Wheeler, 1942, 1955, ‘17960, 1361). Subsequent work by Taylor (1972)
included a descriptioﬁ of the Davis Inlet area as part of a large scale,
helicopter-supported, reconnaissance mapping project in which the presence
of thre quartz-feldspar porphyry was reported. Ryan (1974) mapped and
studied' the metamorphic and structural relationships of the gneissic
terran® near Flowers Bay in the Davis Inlet area but Collerson et al.
(1974) were the first to recognize the alkaline nature 6f the granitic
rocks in the Davis Inlet area. The area is presently being mapped and
studied in greater detail than previously by Hill (1978a,b, 1979, 1980)

who recognized the peralkalic nature of the arfvedsonite-riebeckite

granite.







TABLE 1A
LEGEND FOR ALL MAPS

(Modified after Hill, 1979)

HELIKIAN

5.

Medium to coarse grained massive undivided granite composed of
arfvedsonite-riebeckite, fayalite, clinopyroxene, hormnblende,
and biotite bearing varieties; minor associated pegmatite and
aplite dikes. )

4. Massive quartz-feldspar porphyry, flow banded felsite, lithic
tuff and minor breccia and agglomerate.

3. Syenite, monzonite and monzodiorite — olivine—pyroxene syenife,
olivine-pyroxene monzonite and monzodiorite, foliated plagioclase
cumilate with intercumulus clinopyroxene.

2. Gabbroic rocks - fine to medium-grained olivine gabbro and leuco-
gabbro, coarse to very coarse grained plagioclase and plagioclase
olivine clumulate, locally contains thin layers of olivine-oxide
and plagioclase-apatite clumlates.

. ARCHEAN
£ 1. Banded biotite-feldspar quartz gneiss; plagioclase-amphibole,

plagioclase-pyroxene and amphibole gneiss, locally mixed with
granitoid gneiss and pegmatite; interlayered, banded tonalite,
granodiorite and minor granite gneiss;'coarse grained granodiorite
and granite augen gneiss; massive to faintly gneissic biotite
granite.

SYMBOLS

Geologic boundary {(observed, approximate,

assumed, gradational, dip indicated,
observed intrusive contact with younger
unit indicated) ...........c. ... ceeee
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TABLE 1
STRATIGRAPHIC COLUMN OF ROCK UNITS IN THE DAV}S INLET AREA

(Modified after Hill, 1978b, 1979)

HELIKIAN

5. Medium to coarse grained, massive undivided granite composed of
arfvedsonite-riebeckite, aegirine, fayalite, clinopyroxene, horn-
blende and biotite bearing variet}es; minor amounts of associated
pegmatite and aplite dykes. '

4. Massive quartz-feldspar porphyry, flow-banded felsite, lithic tuff,
minor breccia and agglomerate.

3. (a) Olivine-pyroxene syenite
(b) Olivine-pyroxene monzonite and monzodiorite
(c) Foliatedplégioclase cumulate with intercumulus clinopyroxene.
2. b(a) Fine to medium grained olivine gabbro and leucogabbro
(b) Coarse to very coarse grained plagioclase and plagioclase-
olivine cumulate; locally contains thin layers of olivine-
oxide cumulate and plagioclase-apatite cumulate.
ARCHEA&
1. (a} Banded biotite—feldpsa;-quartz gneiss

(b) Plagioclase-amphibole, plagioclase-pyroxene and amphibole
gneiss, locally mixed with granitoid gneiss and pegmatite

(¢) Interlayered, banded tonalite, granodiorite and minor granite
gneiss, local inclusions of 1b

1 ]
(d) Coarse grained granodiorite and granite augen gneiss

(e) Massive to faintly gneissic biotite granite.
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Syenite, Monzonite and Monzodiorite

* Small homogeneous plutons of pyroxene—olivine-syenite, monzonite
and monzodiorite occur throughout the area (Unit 3,/Table 1). These
plutons which have been assigned a tentative Rb-5r age of 1325 # 55
Ma (Char Lake Monzonite, Brooks, 1980) intrude the gabbro}c plutons
and are themselves intruded by 90unger granitic Tocks of/d;it 5. Rela-
tionships with the Nuiklavick Volcanics have not been determined to
date. The homdgenéous plutons are syenitic to monzodioritic in cbmpo-

sition and contain quartz-rich lenses which are gradational with the

host rocks and chilled margins that may contain phenocrysts of plagioclase

-

and/or orthopyroxene. The Char Lake pluton is the largest of these and
is less homogeneous than most. It has chilled margins of monzodiorite

with an interior composition which ranges from gabbro to granite.

Felsic Volcanic Rocks - Nuiklavick Volcanics

The Nuiklavick Volcanics (Bevan, 1954) occur in the highland areas
south of Flowéfs River (Fig. 1) where relatively poor exposure prohibits
identification of detailg in the volcanic stratigraphy. The Nuiklavick
'Volcanics consist of quartz and quartz-feldspar porphyry, flow banded
felsite/rhyolit;, lithic tuff and volcanic breccia (Unit 4, Table 1).
All of the volcanic outcrops are rhyolitic with the exception of one
which contains plagioclase phenocrysts and is cobnsidered dacitic. The
dominant lithology is a massive quartz-feldspar ﬁorphyry which is
accompanied by subordinate aphyric and porphyritic rhyolite (felsite).

The rhyolite may exhibit flow banding with northerly strikes and gentle

northeasterly dips (one exception is steeply dipping - Fig. 4).




‘Lithic tuff generally occurs topographically overlying the porphyry
and may suégest a stratigraphic sequence. Volcanic breccia and/or
agglomerate contain bombs of'quaftz-feldspar porphyry that may reach
40 cm in diameter and seem to lack secondary deformation.

The relative age of the Nuiklavick Volcanics is uncertain but it

is younger than the gabbroic rocks since porphyry dykes cut plagioclase

cumulate and one isolated xenolith of plagioclase cumulate occurs in
porphyry. It is, however, older than the granite of Unit 5 (Table 1)
which invariably cuts the volcanics when the two occur together. Roof

pendants of porphyry have been found overlying granite bodies.

[

Granite

Three varieties pf coarse grained granitic rocks (Unit 5, Table 1)
form the dominant lithologies of the map area (Fig. 1). Arfvedsonite-
riebeckite granite occurs predominantly south of Sango Bay. Clinopyroxene-
fayalite granite is more common in the west with a few outcrops north of

Sango Bay. A -hornblende-biotite granite outcrops in two lo¢gtions, one
is on a small island in Merrifield Bay, the other is just §d;1h of Sango
Bay.

The arfvedsonite-riebeckite granite appears'to form relatively thin,
flat-1lying sheet-like bodies which are younger than the clinopyroxene-
fayalite granite on the basis of intrusive relationships and Rb-Sr dating

(Clinopyroxene-fayalite granite 1217 + 24 m.y. arfvedsonite-riebeckite

granite 835 + 50'm.y. (Brooks, 1980}). The arfvedsonite-riebeckite granite

»
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is undeformed but does contain some areas of brecciation which have been
' . .
interpreted as the ;rdﬂuct of release of gases during;intruéion (Hill,
1980). Associated pegmatite, miareolitic cavities and patchy coarse and

fine grained areas provide further evidence of extensive volatile/gaseous
, :

activity.

NOMENCLATURE

With one exception, the rock and unit names used in this study are
those used by Hill (1978a,b, 1979, 19?0) during mapping. The unit
called Gabbroic Plutons has been changed to Gabbroic Rocks because the
{Lnit includes three gabb?oic bhases not all of which are plutoms. The
rock units are described in Table l.

ldentifications of microcline and orthoclase are based upon the

presence or absence of cross—hatch twinning which is characteristic of

microcline (Smith, 1974).
The term peralkaline has been defined in various ways by several
’ different people. In this thesis, it is used to indicate any or one or v
combination qf the following:
1. The presence of sodium-rich pyroxene (aegirine-augite) or .
amphibole (arfvedsonite-riebeckite) (Carmichael et al., 1974).
2. An agpaitic index (molecular Na,0+K,0/A1,0,) greater than one
(Carmichael et al., 1974). . |

3. The appearance of acmite or sodium metasilicate in the CIPW

- t normative analyses (Bailey and Schairer, 1966).

- _ o i | - —
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4, High concentrations of a suite of trace elements referréd to as
residual, agpaitic or lithophile elements which include Zr, Nb, Be, Y,
Ir, REE, Th (Tauson, 1967; Taylor et al., 1980).

5. Depletion of Mg, Ca, Ba, Sr, Eu (Cr and Ni - to be revised in
Chapters 3 and 4) (Nicholls and Carmichael, 1969; Ferrara and Treuil,
1974).

The term residual elenient, as used here, refers to those trace
elements listed above which are characteristically enriched in peralkaline
melts. As defined here, res'idual element does not necessérily comply
w‘ith the strict definition whereby residual elements must obey Henry's
Law and cannot readily enter the crystal structures of the common rock
forming minerals (Arth, 1976). In particular, zinc has been included as

. <
a residual element 'by a‘number of people (Nicholls and Carmichael, 1969;
Bailey and MacDonald, 1976). Further proof of the .residual nature of
zinc will be provided--in a subsequent section of this work.

SCe or Ce earths refer to La + Ce + Nd + Sm; gY or Y earths
refers to Gd + Dy + Er + Yb + ¥ (Mineyev, 1966). R

Pseudoperthite, as used in this thesis, refers to altered perthite
crystals which 1n thin section have pale green iron-magnesium rich

lamellae and hosts that are sericitized or recrystallized. 1In the

field, these are dark green to black and resemble mafic phenocrysts,

\
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In thin‘section quartz occurs as interstitial grains between

alkali feldspars which are the most common minerals. hd

The alkali feldspars are predominantly mesoperthite accompanied by

some‘orthoclase which may actually be perthite with 'sub-microscopic
lamellae (Smith, 1974). Plagiocllase occurs only as hydrothermally
formed albite.

Optical identifications of mafic phases as ferrohastingsite,
hedenbergite/ferrohedenberéitc and fayalite have been confirmed by
electron microprobe analyses (Table 2). Ferrohastingsite seems to be
the most abundant mafic phase in the samples studied. All three mafic
phases are intimately interérown and their sequence of cryétallizatiqn
is difficult to determine but it seems to be fayalite —ee hedenbergite m=gp
ferrohastingsite (photomicrograph 1). Ferrohastingsite occurs as oiko-
CTysts (photomicrographv 2). Occasionally, biotite. or a blue-green

amphibole, which may be arfvedsonitic, is found replacing ferrohasting-

site (phptomicrggraph 3) (Deer et al., 1963).
Common accessory minerals '%ncludc iron-titanium oxides, allanite,

zircon, apatite and rutile. The oxides are by far the most common of

L
the accessory minerals.

ARFVEDSONITE°RIEBECKITE_ GRANITE

Seventeen samples o‘f' arfvedsonite-riebeckite granite were collected
from Merrifield Mountain (Fig. 3) and examined petrographically for the
purpose of confirming their peralkaline nature and the petrographic-

petrochemical relationships of the minerals in this rock unirt.




e

TABLE 2

ELECTRON MICROPROBE ANALYSES OF MAFIC.
PHASES OF CLINOPYROXENE-FAYALITE GRANITE

$i0, 41.

2
A1203 ‘8.
éeO 26.
Mg 4.
Ca0 9.
N320 1
K20 1
TiO2 1
Mno 0
TOTAL | 97,

A - hastingsite (Na.s, K.l) Cal_8 (Mgl.Z’ FeS'ﬁ
Al g 0,5) OH, F

(si,

B - hedenbergite Ca.89 (Mg.s: Fe.7) 51206

8

39

69

99

97

.99
.24
.89

.26

23

B

50.24

0.25

22.66

5.00

20.21

0.20

0.53

99.19

C - fayalite (Mg 1 Fe1 é) SiO4

c
29.5

0.07

64 .68

2.5

0.05

1.48

98.29

15.

*in all tables a dash means values were below limits
of detection -
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The arfvedsonite~riebeckite granite is leucocratic (white-pink),
medium to coarse grained and equigraﬁular (Plate 2). In contact zones *
it tends to be fine grained and prophyritic with phenocrysts of quartz,
feldspar and locally arfvedsonite-riebeckite (Pl;te 3) or it may develop

*

a graphic intergrowth of quartz and feldspar (Plate 4). The average

moda;gompos ition 1is:

25-30% quartz

65-70%Z perthitic alkali feldspar
3-5 % mafic minerals

up to l% accessory mlne{als.

In thin section, quartz commonly occurs as interstitial crystals
or as vermicular or graphic intergré@ths with feldspar. The bulk of the
rock consists of.microperthitic alkali feldspaf_with microcline/orthoclase
hosts and albitic lamellae. Several textural varieties of wmicroperthite
have been identified - rod, stringer, braided, and patch or rim albitiza-
tion (photomicrographs 4, 5) kSmith 1974; Taylor et al., 1980).

The mafic components are primarily sodic pyroxene (generally
aegirine-augite), and sodic amphibole (arfvedsonite-riebeckite) accomp;nigd
by aenigmatite and astrophyllite which are usually present only in
accessory amounts.

Aegirine-gugite is plecchroic in green with the following pleochroic

scheme: o - deep green, B— grass green, y -~ brownish green. Arfvedsénite-

- riebeckite is also plegchroic in green and blue with a - light yellow,

brown-pale blue grey, B — dark green-bright blue, y -~ dark blue, green-

dark green, The darkest colours reflect the most riebeckitic compositions
















R e o adt o 21

B 2

bk Rt

o223,

/

L .- e .
and are much less common than arfvedsonitic compositions), ~The mafic
phases are intimately associated, commonly with thé“ﬁ5§i ;bdium4 and

.

iron-tich phases surrounding the less sodium- and fxon-righ cores, i.e.
. ~, .

~

aegirine-augite rimmed by a thin corona of arfvedsonite-riebeckite
(photomicrograph 6) or green arfvedson;tic amphibole rimmed by bluer
more riebeckitic cémpositions. Electron microprobe analyses of aegirine-
augite and arfvedsonite-riebeckite confirm that the compositions vary
from the core to rim becoming. ifcreasingly sodium- and iron-rich (Table
3. ) .

Aeﬁigmatic is red pleochroic, often with a very dark nearly opaque
core. It often seems to be replacing the pyroxene or amphibole but it
is difficult to determine the real sequencé (photomicrograph 7).

The mafic minerals, including aenigmatite and astrophyllite occur
in several crystal forms:

1. primary igneous minerals (pyroxene, amphibole, possibly aenig-
matite) (photomicrograph 8)

2. oikocrysts (late stage poikolitic growths) - primariiy pyroxene
and amphibole (photomicrograph 9)

3. sgéondary replacement minerals especially along cleavage planes
and as thin coronas (photomicfographs 6 and 10) » .

4. as small acicular crystalsvor radiating clusters which nucleate

on grain boundaries of earlier formed crystals or peppering the felsic

phases (photomicrographs 11, 12 and 13).
















SiO2
A120
FeO
Mgo
Ca0

Na20

TOTA

TABLE 3

RESULTS OF ELECTRON MICROPROBE ANALYSES OF SOME PYROXENES,
AMPHIBOLES AND ZIRCONS FROM THE ARFVEDSONITE-RIEBECKTTE GRANITE

A B C D
49.51 48,07 47.96  48.75

3 .18 .16 .98 .64

28.69 32.20  26.82 35.11

.41 .09 .45 .20

.05 1.60
.83 10.02
.49 .02

.95 .77

L 99.53  97.48  93.45 89 3¢

[N

E
25,

23,

34.

1

0.

F G
35

12

47

.13

10

.04

.13

.43

.21

86.

.03

.50

.05

.16

98 99.33

- pyroxene centre (Na.l’ Ca.7) (Fe.94, Mg.Ol) 51206

pyroxene rTim (Na_z. Ca.7) (Fel.O’ Mg.m) 51206

amphibole near contact with pyfoxene

amphibole rim Na3.8 Fe4'2 Al.l‘ (s

Naz‘9

15,7922

Fes o Aty (Sig 405))

) (OH,F)

alteration material, pseudomorphic after mafic phenocryst (?)

altered zircon

unaltered zircon
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A variety of accessory minerals have been. identified including
allanite, zircon, fluorite, rutile, calcite, and very occasional Fe-Ti
oxides. Allanite occurs as small euhedral crystals which are character-
ized by a dark (often brown) core and a lighter yellow pleochroic rim -

a combination which probably reflects metamictization (photomicrograph

14). ,

Two generations of zircons occur and w‘ill be referred to here and
subsequently as types one and two. Type one occurs as large crystals up
to .75 mm in diameter, that tend to be altered (possibly metamict) and
corroded (photomim:ograph 15). Type two form small (0.05 mm) euhed'ral

and colourless crystals (photomicrograph 16).

Discussion of Hydrothermally Reglated Petrographic Relationships

Some of the petrographic relationships just documented reflect
extensive hydrothermal activity which seen;s to play a major role in the
de\velopment of alkaline/peralkaline granitic rocks. Extensive ‘develop-
ment of rim albitization/patch perthite (photomicrographs 4 and 5)
reflects the presence of hydrothermal fluids circulating along grain'
boundaries and invading fractures and holes in previously formed crystals
(Smith, 1974; Taylor et al., 13880). The association of small {acicular)
crystals of aegirine-augite and/or arfvedsonite-riebeckite in association
with rim albitization suggests that the fluids may have been albitic-
acmitic .in composition as suggested by Bowden and Turner (1974) (photo-

micrographs 5 and 17). However, the exact composition of the fluid

phase(s) in peralkaline environments is still. a matter of much speculation.
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P

Many of the crystal forms and associatdons of the mafic minerals
'4

support the hypothesis that hydrothermal fluids played a major role in

their crystallization. The crystallization sequence of the mafic phases -

N

is difficult to interpret optically but generally it seems to be aegirine-
augite + arfvedsonite-riebeckite +ae£igmatit& followed by astrophyllite,
allanite and other accessory minerals.

It has been demonstrated that aegirine-augite is stable ukder
conditions necessary for igneous crystallization (Ernst, 1962; Bailey,

1969). Arfvedsonite-riebeckite oikocrysts and coronas could have been

the product of a reaction between aegirine-augite and a residual peral-

kaline melt during primary crystallization as part of a discontinuous !
reaction series (Ernst, 1962; Bailey, 1969).
However, the oikocrysts and coronas appear to be the result of

hydrothermal activity and experimental evidence indicates that the

s

presence of riebeckite almost undoubtably reflects hyhrothermal activity

(Ernst, 1962). Acicular crystals of all the mafic components (including

aenigmatite and astrophyllite) that nucleate on crystal boundaries, occur
peppering the felsic phases or occur in association with albitization
are almost certainly hydrothermal in origin. Similar occurrences of

this type have been documented as hydrothermal growths by other workers

(Hawley, 1937; Frohberg, 1939; Taylor et al., 1980).
Compositional zoning observed optically in aegirinme-augite and
arfvedsonite-riebeckite reflects chemical zonation. In both over-and

undersaturated peralkaline rocks, pyroxenes and aenighatite tend to 5
3} .

o
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become enriched in Na, Ti, Fe and Mn from core to rim (Neumann, 1976;
Larsen, 1977; Ferguson, 1978; Gfapes Ef.él'- 1979; Taylor, pers. comm.,
1980; Table 3): In amphiboles, Fe, Na, and Mn are enriched from core to
rim but Ti, Al, Mg and Ca are depleted (Table 3; Fefguson,vl978; Grapes
et al., 1979). It should be noted that in aenigmatite, total i;on decreases
from core to rim but Fe,0, increases (Larsen, 1977; Grapes et al., 1979).
It has been observed .that when aegirine-augite and arfvedsoﬂite-riébeckite
occur i; contact, elements such as Ca, Mg, Fe, Na, and Ti tend to be
intermediate in conmcentration near the contact (Table 3)f )
Ferguson (1978) suggested that the early crystallization of micro-
Perthite results in a peralkaline residual, interstitial liquid rich
in Na, Fe, Ti, and Mn from which aegirine-augite may crystaliize followed
by more sodium-rich aégiripe (2nd generation), arfyedsonite and aenigma-—
tite. The crystallization sequence is strongly related to volatile

pressure, composition, temperature and oxygen fugacity. In particular,

the crystallization of arfvedsonite is closely related to an increase

in volatile pressure and. bulk composition whereby the‘substitugion of
F for OH extends its stability to higher temperature ranges (Grapes
et al., 1979). The dependence of the crystallization sequence on so
many factors permits varia;ion in the order of crystallization in
vafious parts of the body because all these factors are not constant

throughout the whole of a large body of magma.
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Astrophyllite generally occurs in‘the form of acicuiar needlesA
4 .
or clusters uhich appear to be hydrothermal. Astrophyllite analyses of
MacDonald and S;unders (1973) show high concentrations of Zr, Zn, Nb,
Rb, Cs and Ta, and REE, Assuming a hydrothermal origin, thls 1nd1cates
that the fluids associated with peralkallne magmas were rich in these
and probably other trace elements. It has been found as well that many
of the trace elements characteristic of peralkaline melts, especially
Zr and Zn are especially concentrated in late crystallizing ferromagnesian
minerals (Nicholls and Carmichael, 1969; MacDonald and Saunders, 1973).
The zircons described previously as types | and 2 have been the
subject of a somewhat cursory microprohe study with no conclusive
results. If’will be tentatively suggested that the altered variety, type

l, may be slightly enriched in Na,0 and Zn with a slight depletion of

Y (Table 3) and may represent an early magmatic phase.

NUIKLAVICK VOLCANICS
Petrographxc examination of twenty-four samples of Nuxklavxck

volcanlcs (Fig. 4) allow subdivision of the unit into subvolcanic |
W
quartz-feldspar prophyry, extrusive rhyolite and tuff and volcanic '

N

breccia.

Quhrtz—feldspar Porphyry
The quartz;feldspar porphyry samples are yellowish-red to grey-
green in colour with a fine grained to aphanitic groundmass. Feldspar

)

phenocrysts are more abundafit than quartz, usually euhedral, pink, white
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4

’ .

_or stained green-black in colour and are up to 4.5 mm in size (Plate 5).

’

Green-black stained feldspar phét;ocr&sts were mistaken for mafic pheno-
crysts in the field but thin section and microprobe study confirm their
identification as altered perthite. The groundmass adjacent to stained
phenocrysts may be altered lréa.'ulcing in patchy-mottled colouring (Plate
6). Quartz phenocrysts are euhedral, colourless and éenerally about
0.5 mu in size. Angular xenoliths of volcarnic ash are occasionally preseﬁt
in a few of the samples";xamined (Plate 7).

Thin section. study reveals a groundmass with an average grain
size of 0.1 mm c'bpsisting of a microcrystalline mosaic of quartz and

feldspar with a felsitic texture (photomicrograph 18).

Phenocrysts of quartz and feldspar ranging in size from 0.5mm to

4, 5mm con.si_s?'.{\ng'of a microcrystalline mosaic of quartz and feldspar

with a felgitlc texture (ph\?r.oa_nicrograph 18).

Phenoérysts of quartz and feldspar ranging in size from 0.5 mm *
ﬁo 4.5 mm comprise up to 50% of the rock by volume. Euhedral-subhedral
feldspar phemocrysts may very occasionally be orthoclase but perthite
or pseudoperthite ( as defined previously) are much more predominant.
Pseudoperthite phenocrysts have pale green lamellae but the host rénges
from virtually unalte;';zd to :?éry sericitized or recrystallized (Plate 8,
phot(;micrograph I‘Q)vwhereas phenocrysts of perthite are relatively
unaltered (photomicrograph 20), Electron microprobe analyses of the
green lamallae in pseudoperthites give very low totals. They are

depleted in silicon and sodium and enriched in aluminum, iron, magnesium,

and titanium (Table &),

)










. TABLE 4
. ELECTRON MICROPROBE ANALYSES OF CONSTITUENTS
OF QUARTZ-FELDSPAR PORPHYRY

c D
25.35..

23.12

34.47

.13

.10

.04

.13

.43

. K "9.21

97.08 . .98

unaltered ’feldspar host (average of 2)
relatively unaltered feldspar lamallae (average of 2)

altered feldspar lamallae (average of 7)

green alteraw\al - relict mafic phenocryst ‘

(average of 3) .
E - groundmass composition (average of 10)

Two possible reasons for low totals of which number 2 is
considered most likely: '

4 [}
1. concentration of trade elements that were not analyzed

2. poor calibration on electron microprobe
\ .

the presence of volatiles for wh/ich there are no analyses
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Quartz phenocrysts are euhedral- -subhedral (may be embayed) dlpyra-

i " midal pseudomorphs after beta quartz and are characterized by inclusions,
Ji-,

¥ bubble trams and lacy overgrowths in optlcal contmulty (photomicro-

£

% o graph 21). Electron mlcroprobe analyses of the lacy overgrowths on the

quartz crystals show that they are also quartz.

P

Mafic phenocrysts are absent in the samples examined, however, Hill

(pers. comm., 1980), has found a riebeckitic crystal 1n one sample. In

the samples examined, there are some patches of green alteration material

which may be pseudomorphs after mafic phenocrysts. Microprobe analyses

indicate that these patchés are enriched in iron, alumina, calcium,

titania and manganese but depleted in silica and sodium similar to the

lamellae of the psefdoperthites (Table 4).

Quartz and Quartz-feldspar Porphyritic Rhyolite and Lithic Tuff

Rhyolite and tuff samples

)
/

extrusive nature and their petrogfaphic similarities, the only major

difference being the pPresence o ) absence of lithic fragmwents. They are

classified according tp the classlfxcanon schemwe compiled in Table 5. e

The rhyolite and tuff samples have a black grey or dark red

aphanitic groundmass, with phenocrysts ox crystal fragments of quartz

and feldspar in the rhyolite and lithic fragments in the tuff.

Lithic fragments are usually quartz~feldspar porphyry and tend

to be angular but are often stretched and contorted an

range in size

from 1 to 9 cm (Plate 9). Crystal fragments/phenocrysts in both the rhyolite
\ .
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CLASSIFICATION SCHEME MODIFIED AFTER

WENTWORTH AND WILLIAMS (1932) AND FISHER (1960) o

|

Fragment Fragment Indurated . }
Size Type Aggregate i
Bombs - plastic at time of eruption Agglomerate i

32 mm ' 1

Blocks - previously solidified
volcanic rocks of cognate
origin, broken angular
forms

Volcanic Breccia

32 mm-4 mm

Lapilli - essential, accidentat or
accessory ejecta, may be
of any type of igneous,
metamorphic or sedimentary
Tocks

Lapilli tuff

G

4 mm-.25 mm

.25 mm

Coarse Ash:

Vitric - 75% glass

- Coarse tuff:

Vipric tuff

Crystal - 75% crystals

Crystal tuff

Lithic - dominantly stocy detritus

Lithic tuff

Fine ash: same types as above

Fine tuff:
as above
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and tuff are predominantly quartz th;t has been broken and/or fractured.
Subordinate perthite phenocrysts or c¢rystal fragments occur in some
samples. Crystal fragments/phenocrysts reach a maximum of 1 mm in size,
5ut many are microcrystalline.

In thin section, ;he groundmass is microcrystalline to cryptocrys-
talline (mﬁch less than 0.05 mm - maximum 0.1 mm) making identification
of its components nearly impossible.~.Phenocrysts/cfystal fragments
account for a maximum of 10% of the rock by volume. Quartz phenocrysts/
cr;s;al fragments (contain bubble trains but few other inclusions and
have no lacy overgrowths) are more common than feldspar phenocrysts‘or
crystal fragments (photomicrograph 22). Feldspar phenocrysts/crystal

fragments are intratelluric crystals of microperthite that have been

fractured and/or broken, often resorbed and very severely altered in a

manner similar to the pseudoperthites described in the subvolcanic

porphyry section (photomicrograph 23). As in the case of the porphyry,
some rare patches of green alteration material may be pseudomorphs after
mafic phenocrysts. Lithi; fragments are of q;;rtz-feldspar porphyry
composition that often contain phenocrysts (photomicrograph‘24) and of
flow banded rhyolite. | ‘ |

Intense devitrification and recrystallization are ubiquitous but
some texéural evidqpce of an original glassy nature_has survived. Some
tgxtural characteristics of extrusive rocks common to both the Nuiklaviék
voleanics and younger volcanics are listed below and accompanied by

rd
photomicrographs of each for comparison:

¢
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1. perulites (photomicrographs 25 and 26)
2.  eutaxitic¢ structure (photomicrographs 27 aﬁd 28) (Martin, 1959)
3. lenticular inclusions (Plate 9, photomicrografhs 29 and 30)
(Martin,’ 1959)
4. intratelluric crys{als {(photomicrograph*24)
5. flow bandiﬁé;kPlate 10)
6. autcbrecciation (Plate 11)
Volcanic Breccia
| - Volcanic breccia associated with the Nuiklavick volcanics is ‘ ‘
comnoniy light coloured (samples studied) with angular lithic fragments
of.pofphyry, rhyolite or tuff that may yreach 40 cm in diameter (Hill,
1979) (Plate li).’The volcanic breccia s;mpleé studies a;e very rich
in phenocrysts/crystal ffagments wéthout much groundmass (photomicrograph
31). They appear to Eéve suffered adtobrecciation, because upon careful
examination the fragments seem to fit together suggésting little

mechanical disruption.

Discussion of Subvolcanic vs Extrusive Natures for-Felsic Volcanic
Sequences

As noted previously, it is not possible to determine a strati-
graphic sequence for the Nuiklavick Volcanics; however, an attempt has
been made to separate subvolcanic and extrusive rocks and to ome extent
pyroclastic'ftom non-pyroclastic rhyolites.

Field evidence for some samples such as their massive nature, fine

grain size and lack of intermal structures, combined with petrographic

evidence suggest that some of the samples collected may be shallow
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intrusives. These _samples occur topogtaphically' below those which
have extrusive charactesistics. Although no contacts have been found,
at one location (Fig. &) porphyry occurs .imediately below tuff, indicating
an abrupt change and possible comtact (Hill pers. comm., 1980).
Table 6 is a list of pertinent criteria used in this study to

separate subvolcanic porphyry from e);trusive volcanic rocks. Of the
criteria used, the only one not applkitable to the prophyry samples is
the ‘presence of a visib.ly granular groundmass. Although the groundmass
in the porphyry is not visibly granular, those sampléa are distinctly
more coa.rsely grained than the extrusive types.

‘ Table 7 presents textural criteria suggestive of an extrusive
nature plus useful evidence for distinguishing pyroclastic and non-

pyroclastic types. In this work the separation of the extrusive rocks
into pyroclastic and non-pyroclastic varieties is considered less
important than separation of subvolcanic and extrusive rocks. The

descriptions of individual samples in Appendix A provides:a compilation of

"all the points in Tables 6 and 7 relative to the samples used.
1

SUMMARY

Petrographically the clinopyroxene-fayalite granite and the
arfvedsonite-riebeckite granite are quite different. Th‘e arfvedsonite-
riebeckite granite reflects a more sodium-and less iron~rich environment

than the clinopyroxene-fayalite granite. The presence of such sodic




TABLE 6
CRITERIA FOR DISTINGUISHING BETWEEN RHYOLITIC
FLOWS AND SUBVOLCANIC PORPHYRY COMPILED FROM
MOOREHOUSE (1959) AND HATCH ET AL. (1872)

.

»
Rhyolitic Flow ' Subvolcanic Porphyry

1. Light coloured except 1. Abundant phenocrysts
where glassy .

2. may be porphyritic 2. matrix visibly granular
in handspeciman and a
microcrystalline mosaic
of quartz and feldspar in
thin section

often flow®banded - Quart: phenocrysts are
less abundant and smaller

i.e. colour banded than feldspar

. alternating glassy
and stony stripes,
streams of vesicles,
crystallites or
phenocrysts, lines of
spherulites

the presence of'(lesicles .. quartz phenocrysts are
or amydules more corroded and’
embayed than feldspar

perlitic fractures . quartz phenocrysts are
bipyrimidal, dihexagonal

6. lithophysae secondary enlargement
’ of quartz phenocrysts by
lacy rims in optical
continuity




TABLE 7

TEXTURAL VARIATIONS BE'IW.EEN_ PYROCLASTIC AND
e
NON-PYROCLASTIC EXTRUSIVE FELSIC VOLCANICS
(Compiled from Martin, 1959; Ross and
Smith, 1961; Hatch et al., 1972; °
Lillijequist and Svensen, 1974)

Non-pyroclastic Pyroclastic Rocks
Textural Characteristic Flow Tuff/Ignimbrite

Flow Banding
continuous
discontinous

Alternating and fine-

grained bands representing
vitreous and non- ) ]
vitreous layers

Spherulites
Autobrecciation
Eutaxitice

" Lentitular Structures

PR

/0

+ indicates the presence of the specific textural feature in non-
pyroclastic_flow

«

.

X indicates its presence in pyroclastic rocks
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minerals\as arfvedsonite-riebeckite and aegirine augite are evidence of

the peralkalic affinity of the arfvedsonite-riebeckite granite. Some

textural features are common to both, i.e. similar types of associations
of mafic minerals and the occurrence of mafic minerals with coronas and
oikocrysts (photomicrographs 2, 3, 6 and 10) suggesting that similar
processes may be involved in the development of both the alkaline and

the peralkaline magmas. The most important petrographic difference

“between the two granites is that the varfous hydrothermally formed ’

minerals are better developed and more common in the -peralkaline arfved-
sonite-riebeckite granite. The crystallization and assemblage of late
stage, hydrothermal minerals provides conclusive evidence of the presence
and activity of fluids and volatiles that are considered instrumental in
the evolutiop of pg'ralkal'ine (alkaline) rocks in general.

The Nuiklavick volcanics can be separated into subvolcanic and
extrusive subunits on the basis of petrography through relict textural

features. The altered feldspar phenocrysts have probably been affected

"by fluids similar to those present during the crystallization of the

rfvedsonite-riebeckite granite as evidenced by the chemical composi-

tions of the alteration products in the porphyry/volcanics. Separation
of the extrusive rocks into pyroclastic and non-pyroclastic varieties is
much more difficult because of post eruptive alteration and devitrifica-

tion, etc., but tentative classification of individual samples accompanies

the descriptions in Appendix 1.
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CHAPTER 3
GEOCHEMISTRY

Approximately fourty samplea of clinopyroxene-fayalite granite
(non-peraltkaline), arfvedsonite-riebeckite granite (peralkaline) and
Nuiklavick volcanics ha,vé been analyzed for maj‘or, minor and trace
(including the rare earth) e‘lements. Geochemical methods, results, and
“supplemental diagrams are located in. Appendif:es B, C and D. This
chapter will consist of a description of observed geochemical trends

and a comparison of trends between the various rock types.

CLINOPYROXENE-FAYALITE GRANITE v
Major Element Geochemistry
The clinopyroxene-fayalite granite i$ glightly alkaline with faya-
lite, iron—sodium clinopyroxene and amphibole a combimation which
reflects high concentrations of sodium, potassium; calcium and iron.
Relative to an average granite composition, it is enriched in calcium,
potassium, sodiﬁm, titanium, iron and manganese and sli;htly depleted in
aluminum and magnesium (Fig. 5). ’
CIFW nbfmative analysés (Appe.ndix C) show a slightly alkali.ne but
not peralkaline nature, i.e. they have no normative acmite or sodium
metasilicate and have agpaitic indices significantiy l'ess than one
(.68 - .84). On a Q-AB-Or normative diagram all except two samples fall

between the liquidus minimum at PHZO- 1000 Kg/CM for the system S:.O2

NaAlSi308 - [(A181308 and liquidus minima represent:mg the add1t10n of

L e—————— sy




Fig. 5 and 15 - Major and trace element enrichment factors for
clinopyrexene-fayalite granite and arfvedsonite-
riébeckite granite relative to an average granite
composite. On this and all subsequent diagrams an
average of 5 clinopyroxene-fayalite granite analyses
and 14 arfvedsonite-riebeckite grani%e analyses were

used. The average granite composition was taken
from Roslor and Lange (1972) - major elements; and
Krauskopf (1967) - trace elements.

-
Clinopyroxene-fayalite granite (evwe)
Arfvedsonite-riebeckite granite (wme)
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-
Figs. 7-14. Harker diagrams for the arfvedsonite-riebeckite
) © granite and the clinopyroxene-fayalite granite.

8 - Clinopyroxene-fayalite granite

® - Arfvedsonite-riebeckite granite










65.

4.5% acmite and 4.5% sodium metasilicate (Chaimichael and MacKenzie,

1963). Two samples 064b and 057 fall on the liquidus minimum for
L[]

the system SiO2 - NaAlSiSO5 - KAlSi308, 064l is very near the eutectic.

Because only a small number of samples were\collected, there are not

sufficieﬁt data to display any well developed trends.

. Harker diagrams (Fig. 7-14) are used to display trends of major/
minor elements using silica as a differentiation index. The treads are
‘ 1

quite normal and are unlike those of the peralkaline arfvedsonite-

riebeckite granite.

Trace Element Geochemistry . .
, Trace elemént trends for the clinopytoxene-fayalite granite are
not well developed because of the small number of anaiyses but some
observations can be made. The clinopyroxene-fayalite granitehis
enriched in Zr, Zn, Ni, Cr, Ba and depleted in Th and Rb (St, slightly
depleted) relatiye to an average granite composition (Fig. 17). On’
Harketrtype correlation diagrams‘comparing those residual elements
chatacteristic'of peralkaline roeks, the clinopyroxene~fayalite gtanitg
defines its own field and trends unrelated to the a;fvedsonite—
riebeckite gr;nite. The clinopyroxene-fayalite granite trends with Zr,
Zn, Nb, Y, Th and Pb tend to have rather flat or negéti;e slopes’;nlike
the arfvedsonite—reibeckite granite which generally has bosit&ve. steep
slopes (Figs. i5—18). K/Rb ratios for the clinopyroxene-fayalite granite

are much higher than the peralkaline granite and fall near the nommal

field for granites (Shaw, 1968; Fig. 19).
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Fig. 19. X/Rb vs Nb for the clinopyroxene-fayalite granite
and the arfvedsonite-riebeckite_granite

i
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Fig. 18. Nb.vs Zn for the clinopyroxene-fayalite granite and . :
the arfvedsonite-~riebeckite granite .
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Rare Earth Element Geochemistry

7 R;'ln'e earth element concentrations for the clinopyroxene-fayalite
granite are similar to those generally found in ‘granitic rocks with
total rare earth concentrations of 231-399 ppm (Fig. 20) (Haskin and
Schmidt, 1967). The’rare earth element pattern 'resembles that of a

composite of average continental crust (Shaw et al., 1976; Fig. 21).

ARFVEDSONITE-RIEBECKITE, GRANITE

- Major Element Geochemistry : }l
c -

The peralkalinity pf the arfvedsonite-riebeckite granite, do
mented on the basis of peti‘ography, is substantiated by major, minor
and trace (including REE) element geochemical evidence. The arfvedsonite-
riebeckite granite is sligh.tly entiched in silica, sodium, potassium and
de.pleted in aluminum, magr;esium, ifon and calcium relative to an average '
granitic composition or the clinopyroxene-fayalite graﬁite (Fig. 5 and
22).

LS
CIPW normative analyses (Aependix C) establish the peralkaline

affinity by the presence of normative acmite and in ‘two samples sodium

metasilicate. In addition all.have agpaitic indices very near to or

greater than one (.981-1.11). The three samples which do not contain

normative acmite or sodium metasilicate have fgpaitic indices of .98

(068, 071) and .999 (072).
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Fig. 21.

western

REE patterns for an average crustal compositien-{Shaw
et al., 1976}, a peralkaline granite from New EnglandO
(Buma et al., 1971), a comendite from the western U.S~0
(Noble et al 1980}, and a pantellerite from the

. v(Noble et al., 1980)







-

Fig. 22. Major and trace gienent enrichment factors for the
arfvedsonite-riebeckite granite relative to the
clinopyroxene-fayalite granite. e

v
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Figs. 23-30. Harker diagrams for the arfvedsonite-riebeckite

granite and the Nuiklavick Volcanics. On all
diagrams the symbols are as follows:

arfvedsonite-riebeckite granite

group 1 of Nuiklavick Volcanics

i

®
O]
A group 2 of Nuiklavick Volcanics .
A group 3 of Nuiklavick Volcanics
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. g
On a Q-Ab-Or normative diagram (Fig. 6) the arfvedsonite-riebeckite

granite samples define a trend parallel to that of a suite of pantel-
- o]

lerites from the island of Pantelleria (Carmichael and MacKenzie, 1969). .

A

The érfvedsonite-riebeckite granite trend falls between the experimen-
tally determined liquidus surfaces for z‘he planes containing 8.3 and
;1:3% acmite plus sodium metasilicate (Carmichael and MacKenzie, 19(33).
Again, Harker diagrams have been used to illustrate possible
differentiation trends of major/minor elements r\elative’to silica. The
arfvedsonite-riebeckite granite has been plotted with the cljnopyrpxene-
fayalite granite (Figs. 7-14) and with the Nuiklavick volcanics (Figs.
23-30) for ease of comparison. With the excepfions of sodium and
potassium (Figs. 28 and 29), trends are generally similar to those
normally found in ovef—saturated peralkaline rocks (Viliari, 1974;
MacDonald, 1974), i.e. A1203, MgO,.CaO, Fe0 decrease, TiO2 is constant
and Fe203 increases slightly with increlasing 5102. Sodium and potassium

generally incredse with increasing silica for the granite samples.

Trace Element Geochemist‘ry
. -

With the exception of nickel and to some extent lead, trace element
concentrations in the arfvedsonite-riebeckite granite are similar to
those normally observed in over-saturated peralkaline rocks (e.g.
Nicholls and Carmichyae}, 1969';-Ferrara and Treuil, 1974). Relative to
an average granitic composition and the clinopyroxene-fayalite granite,
the arfvedsonite-riebeckite granite is enriched in Nb, Zr, Cr, Zn, Ni

and REE, slightly enriched in Tﬂ, Rb, Ga and Pb and depleted in Sr, Cu

and Ba (Fig. 22). .
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In most other studies of peralkaline rocks, nickel, lead and
chromium are characte_'risticélly-depleted (Ferrara and Treuil, 1974) but
in this study chromium and lead are slightly enriched and nickel sig-
nificantly so. At least two other cases of nickel enrichment in peral-
kaline rocks have been dqcumented (Hussey, 1969; Taylor et al., 1980) |
but chromium and lead enrichments have not been previously noted.

The use of Harker-type correlation diagrams to show geochemical
trends -in an attempt to determine or characterize geochemical processes
has gained ﬁidgspread acceptance and favour. In this ‘study, these
diagrams are used ‘extensively to show relationships'between ratios or
pairs of eléments. On correlation diagrams of the residual elements
characteristic of peralkalinity, the arfvedsonite-riebeckite granite
samples separate into two disAtinct groups which together define generally
linear trends with little scatter (Figs. 16-19, Appendix D). K/Rb
ratios decrease with increasi'ng concentrations of residual elements
developing a negative trend when only the peralkaline granite is plotted
and a curve when plotted with the clinopyroxene-fayalite granite (Fig.

19, Appendix D).

Diagrams of Zr vs the residual elements all have similar trends

with the exceptions of Zn and Pb (Fig. 16, Appendix D) . Ir plots are
generally linear with a tendancy to level off at high concentrations.
Plots with Y, Nb, Th vs the residual elements produce similar trends but

do not usually level off at higher concentrations (Figs. 16 and 17,
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Appendix D). Zn tends to produce a distinectly curved trend when plotted
. aga‘inst the residual elements (Fig. 18, Appendix D). The similaritiés
in the trends of various residusl elements plotted against each other
indicates positive correlations among those inclu'ged in.this group.

- .
Lead and nickel are ¢nriched in the peralkaline granite but no
sulphides have been observed. Plots of lead and nickel vs the residual
elements produce trends similar to ;hose described above suggesting that
these elements are pos’itively correlated (Figs, 31, 32, 33,' 34 and 35).
Chromium is somewhat enriched but does not have a positive correlétlon

and wherecas the residual elements tend to become systematically enriched

chromium becomes increasingly depleted (Appendix D).

-

‘Rare Farth Element Geochemistry
The arfvedsonite-riebeckite granite, like other peralkaline granites,
is strongly enriched in rare earth elements (Figs. 20 and 21 and Buma et

. g
al., 1971). The light rare earths (La-Sm) are enriched relative to the

heavy rare earths (Gd-Lu), however, the ratio ICe: IY is low compared

to non-peraikaline granites {Baslashov, 1962; Buma-et al., 1971). The rare

earth element treﬁd has a negative slope with a tendency to flatten or

l1evel off on the heavy rare earth end, Eu is strongly depleged (Fig. 20).
If the fare earth elements are plotted against a residual element

such as Zr, there is a difference in the behaviour of a light rare earth

eletent such as La or Ce and a heavy rare earth element such as Er
-

=
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Fig. 34. Ni vs Zn for the clinopyroxene-fayalite granite and the
) arfvedsonite-riebeckite granite '

-

Fig. 33. - Ni vs Zr for the clinopyroxene-fayalite granite and the
C arfvedsonite-riebeckite granite

[ A










(Figs. 54-55). The trends of Zr vs La or Ce have a considerable amount
N,

of scatter and are not well developed. The trend of Zr vs Er is similar

to those described above for Zr vs ofher residual elements such as Nb or

Th (Figs. 16 and 54).

NUTKLAVICK VOLCANICS
Major Element Geochemistry

The Nuiklavick volcanics cannot be defined as peraikaline on the
basis of petrography or major/minor element geochemistry. Their average
is very slightly enriched in sili¢a and po;assiu?'relativ;‘to an average
granitic composition (Fig. 36). It shoﬁld be ndted, however, that
although the average of the volcanics indicatés botassium enrichment
.this reflects the high concentrations in Ehe quartz-feldspar porphyry .
whereas the rhyolites/tuffs are somewhap,depleted in potassium. JIn the
average vélcanic sample, sodium, magn?sium, and }alcium are strongly
depleted, aluminum and titanium are i;ss so.

CIPW normative analyses are mééﬁingléss because of sodium depletion.
Element trends on Harker diagram§ (Figs. 23-30), with the exéeptions of

sodium and potassium follow tyénds similar to*those of the arfvedsonite-

riebeckite granite. In gene&al, A1203, Mg0, Ca0 and Fe0 decrease with

‘increasing SiOZ, Fe203 becbmes slightly enriched and TiO2 remains

constant. In the granite Na,0 and Kzorincrease with increasing $i0, but

in the volcanics they. tend to decrease in concentration.
¢

R
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, Fig. 36. Major and trace element enrichment factors for groups -
: 1 and 3 of the Nuiklavick Volcanics relative to an
average granitic composition. '

E On all subsequent diagfams an average of 9 analysis was
) used for group 1 and an‘averagg,,ofAlO analyses was for

i : .group 3. - o

-
Group 1 - quartz-feldspar porphyry plus 2 \zolcanic\‘breo\cia
samples (=~«) N

i ) . Group 3 - rhyolite and tuff (—=) -

/‘W

e o A PPN T e e e . ap———————— e







o ? )
%
1 ,
’
. 90. !
N =
L]
Fig. 37. Major and trace element enrichment factors for the
group 3 relative to group 1 of the Nuiklavick. Volcanics.
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On the basis of variations ir chemistry, the Nuiklavick volcanics
. . 7
can be dividad into three geochemical groups:

Group 1l: qdaﬁtz—feldspar*porphyry—snbvolcaﬁic plus 2 volcanicd

breccia samples * ' '

Group 2: 091A, 091B quartz-feldspar prophyry, 090 iuff‘rhyolite,

180 volcanic breccia, all of which fall between Groups
1 and 3 and ;ppear to be qransitioﬁal between the
extremes '
Groupn3: rhyolite and'tuff-extrusive.
G;oup 3 is enriched in iron and depleted in aluminum, calcium
magnesium, sodium and potassium relative to Groﬁp 1 (Fig. 37). The

transitional group, Group 2, follows the same trends but has lower

enrichment factors.

Trace Element Geochemistry '
Although as noted previously, a peralkaline nature cannot be

[ 3
defined on the basis of petrography or major/minor element geochemistry,

- 1

trace and rare earth element data provides enough evidence to show
“ h

the peralkaline affinity of the volcanics and their relationship with

the arfvedsonite-riebeckite granite. Trace element trends for the

Nuiklavick volcanics are similar to those generally found in peralkaline

volcanics with their extreme enrichment of the residual elements charac-
o

[

teristic of peralkalinity and‘depletion of Ba and Sr (Nicholls and

Carmichael, 1969; Ferraré.and.Treui}, 1974 Bailey and .MacDonald, 1975).

L

The Nuiklavick volcanics do not form a particuliri&—cqherent .

1 . . 92.
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group as there is a wide range of concentrations and most elements,
especially Ir, ‘have a tendency to separate them into the groups des-
ribed above (Figs. 38 and 39, Appendix D).

Group i, the quartz-feldspar porphyry has slightly higher concen-
trations of residual eléments than the arfvedsonite-riebeckite granite
but tégéther the two plot as a ccherent "group on most diagrams (Figs.

'38, 39, and 40, Appendix D). Groups 2 and 3 have significantly higher
concentrations ;nd are separated from Group 1 by a gap or discontinuity.
On correlation diagrams, Group 2 tends to form a continuation of the
trend begun by the arfvedsonite-riebeckite granite or cause an i(nflcc—
tion centred on Group 2 (Figs. 39, 40 and 41, Appendix D). All of the
residual eléments - Zr, Nb, Y, Th - which are chgracteristic of peralkaline
- rocks have similar trends when plotted against each other (Figs. 40’, 41,
and 44). Trends of pairs of residual elements tend to be linear btit
regression lines do not pass through zero (Figs. 40 and 41). Plots with
Zn have an inflection or curve centred on Group 2, the transitional
group (Fig. 41, Appendix D); K/Rb ratios decrease with increasing concen-
trations of the residual! elements (Fig. 44, Appendix D). Plots of lead
“and niékel vs the residual elements produce characteristic trends indi-
cating a positive correlation and a seemingly residual nature (Figs. 41-
43 and 45-47, Appendix D).

Gallium trends do not correspond with those f the residual elements.

Trends for Ga vs Zr, Zn or K/Rb are.not similar to those normally

observed for the residual elements (Figs. 48-50, Appendix D). Gallium

trends are similar to those produced by aluminum vs the residual elements

reflecting the chemical coherence of these two elements (Figs. 48-51}).




Th vs Zr and Nb vs Zr for the arfvedsonite-riebeckite
granite and the Nuiklavick volcanics.
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Fig. 39.

Major and trace element enrichment Ffactors for the groups
1 and 3 of the Nuiklavick Voleanics relative to the
arfvedsonite-riebeckite. granite.

Group 1 (e==

Group 2 (=——
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Fig. 40. Y vs Nb for the arfvedsonite-riebeckite granite
and the Nuiklavick volcanics

Figl 41. 2Zn vs Ir for the arfvedsonite-riebeckite granite
and the Nuiklavick volcanics







Fig. 42. Pb vs Zr for the arfvedsonite-riebeckite granite and the
Nuiklavick volcanics

-

Pb vs In for the arfvedsonite-riebeckite granite and
the Nuiklavick veolcanics : '
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Fig. 44.

Fig! as.
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K/Rb vs Zr for the arfvedsonite-riebeckite granite and
the Nuiklavick volcanics

Ni vs Zr for the arfvedsonite-riebeckite granite and the
Nuiklavick volcanics :

Y
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-Fig. 46. Ni vs Zn for the arfvedsonite-tiebeckite granite and
the Nuiklavick volcanics

>

Fig. 47. Ni vs K/Rb for the arfvedsonite-riebeckite granite
and the Nuiklavick volcanics
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- ~ Fig. 48. Al vs Ir for the arfvedsonite-riebeckite granite and the '
Nuiklavick volcanics
1
1
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Fig. 49. Ga vs Zr for the arfvedsonite-riebeckite granite and the
Nuiklavick volcanies







50. Al vs Zn for the arfvedsonite-riebeckite granite and the
Nuiklavick volcanics

L

Ga vs In for the arfvedsonite-riebeckite granite and the
Nuiklavick volcanics : _ ,
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Rare Earth Element Geochemistry
#The rare earth element patterns for geochemical G}'oups 1-3 are
nearly identical but absolute abundances increase from Group 1 to
Group 2 to Group 3 (Fig. 25). The light rare earths have a negative
slope and are enriched relative to the heavy rare earths which have
a tendency to flatten out. E;x is strongly depleted especially in
- G;.’oup 2. The total rare earth content of each group is greater than

that of either the arfvedsonite-riebeckite granite or ge clinopyroxene-

‘'

TR

fayalite granite.
Rare earth element trends of the Muiklavick volcanics (especially ‘

Group 1) are similar to those of the arfvedsonite-riebeckite granite.
- -

Comparisons of the rare earth element patterns, EREE and the ratios LCe

=

IY are particularly useful for demonstrating the gimilarity of the _ : 4

,‘ | peralkaline granite and the volcanics (Fig. 20, Table 8).

fot . .

""", Two samples of the peralkaline granite, 073 and 079, were selected
. < ¢
* . for rare earth elément analyses of their mafic and felsic fractions,

e . )

and zircons in order to determine approximate partition ccefficients.
The felsic fraction consisted of quartz and feldspar, the mafic fraction

contained all of the dark coloured) sodium-iron rich minerals. Analytical

techniques and separation methods can be found in Appendix B.

v

True partition coefficients cannot be determined from granitic

rocks but approximations can be derived from the ratio of concentrgtions

in mineral separate to concentration in whole rock (Buma et al., 1971). .
. A — [

‘Rare earth element patterns for approximate partition coefficients are

PR\ g et e « e N— .
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TABLE 8

. AVEREGED ICe: IY RATIOS AND LREE FOR THE ARFVEDSONITE-

RIEBECKITE GRANITE AND GROUPS 1-3 OF THE NUIKLAVICK VOLCANICS

Arfvedsonite-riebeckeite granite
Group 1
Group 2

Group 3

*IREE = La + Ce + N+ Sm + Gd + Dy + Er + Y
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nearly identical for both the mafic and felsic fractions .(Fig. 52). The
only major difference between the two is in Eegards to concentration
i.e. fhe mafic fraction is enriched ten times over the felsic fraction.
The heavy rare earths are slghtly enriched relative to the light rare
earths with ‘Ce:‘Y less than one. Eu is depleted and botim patterns have
a minimum at Dy. Eu is somewhat dubious due to its very low levels and
as a result it is difficult to know exactly what is happening.

Very l_ittle effort has been extended towards determination of
partition coefficients in peralkaline rocks so it is difficult to make
comparisons. Approximate partition coefficients have been determined
for pyroxene, amphibole and feldspar for the Quincy granite in N<-,;w
En-gland (Buma et al., 1971j but the resultant rare earth element patterns
donot agre>e” with those found in this study. Buma et al. (1977) did not
find Eu depletion in the'mafic minerals which had flat, negative slopes
and the felsic fraction was enriched in Eu.

Examination of the zircon separate (Sample 73)‘ indicated that both
types described in Chapter 2 were presént in t_he analyzed sample.
Zircons contain very high concentrations of REE with the heavy rare
earths enriched relative to the light rare earths but have ro strong Eu anomaly
(Fig. 53). Approximate partition coefficients have been determined and
plotted. . Zircons in a peralkaline environment produce a pattern similar
to‘that of zircons from ;an dlkaline environment (Buma et al., 1971, Fig.

q53) but both are different i;rom those found in non-alkaline environments

(Nagasawa, 1970, Fig. 53). The heavy rare earth enrichment observed in

.
S stlesn i
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Fig, 52, REE for the mafic and felsic minual fractions each normalized
to the whgle rock. o T

¢- mafic fraction/whole rock .

¢- felsic fraction (x 10)/whole rock . ~

> \







REE patterns for the zircon fraction normalized to the
whole rock.

a peralkaline granite - Davis Inlet

o alkaline granite - New England (Buma et al., 157])
(concentrations multiplied by 10)

ocalc-alkaline granite (Nagasawa, 1970)
(concentrations multiplied by 100)
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zircons does not seem to be strongly affected by the alkalinity of the
melt. The light rare earths, however, are affected by alkalinity, i.e.
in non-alkaline granites there is a sharp upward trend from Ce to )Sm
but in an alkaline/peralkaline environment increasiné concentrations
between La and Sm are more gradual. In all three environments, Eu is
strongly depleted in both tge zircons and the host rock (Buma et al.,
1971; Nagasawa, 1970).

Zircons become increasingly enriched in total REE with increasing
alkalinity. REE concentrations are enriched as much as ten to one
hundred times in alkaline and peralkaline eﬁvironments (Fig. 53).
Synthetic zircons that crystallized in a peralkalihe'environment
produce a pattern similar to that of natural zircons but their concen—
trations are considerably higher (Watson, 1979, 1980).

REE patterns of both the granite and volcanics pear a strong
resemblance to a PFralkaline'granite - Quingy'granite in‘New England
(Buma et al., 1971) and pantellerite and comendite from Nevada (Nobel
et al., 1979) (Fig. 21). Group 3 of the Nuiklavick volcanics has concen-
trations very similar to those of the glassy pantellerite, the concentrations
for all of the volcanics plus the arfvedsonite-riebeckite granite fall
between those of the glassy comendite and pantellerite. In the Davis
Inlet area, rare earth element enrichment corresponds to that of the
residual elements. The two volcanic types used for comparison become
increasingly enriched in rare earths in a manner which corresponds to

increasing peralkalinity. In both cases, the volcanics are enriched

relative to the intrusive phase(s), but it must be remembered that the

_granitic and volcanic samples used for comparison are not related.

'




Fig. 54. Er vs Ir for the arfvedsonite-ri

ebeckite granite and
the Nuiklavick volcanics :

o

[

Fig. 55{‘ La vs Ir for the arfvedsonite-rie

beckite granite and the
Nuiklavick yolcanics :
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Fig. 56.
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Like the arfvedsonite-riebeckite granite, there is a strong

corrclation between the heavy rare earths and residual elements such

as 2r (Figs. 54-56). There is a’' strong similarity between the trends

of Zr-Er and Zr-Th or Nb but not much resemblance for Zr-La or Ce. -

SUMMARY
The geochemical :characteristics of the élinopyroxene-—fayaiite
granite are considerably different from those of the arfvedsonite-

riebeckite granite ot the Nuiklavick voleanics. Rare earth and other

trace elements trends and in many cases concentrations are significantly

different. Trends observed for the clinopyroxene-fayalite granite are

often the complete opposite of those observed in arfvedsonite-riebeckite
granite. A good example is the behaviour of Ba which is enriched in the

clinopyroxene-fayalite granite but very depleted in the arfvedsonite-

riebeckite granite. The REE patterns of these.two granites are strikingly

different, bearing almost no resemblance to each other.
The similarity of the arfvedsonite-riebeckite granite to the

Nuiklavick wvolcanics has been documented on the basis of major, minor and

trace (including the RE) elements. Group 1, the quartz-feldspar porphyry,

is especially similar to the arfvedsonite-riebeckite granite indicating a

direct petrogenetic relationship. Table 9 is a chart showing the simi-

larities in behaviour of individual elements in the peralkalinesuite.

“

The most notable observations include the characteristic patterns produced

by Zr, In and the ratio K/Rb. Table 9 and the figures in this chapter
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TABLE 9

~

SUMMARY OF TRACE ELEMENT TRENDS ON CORRELATION DIAGRAMS

Plots of any combination of:

7r, Y, Nb, Th, Ni

are essentially linear but may vary slightly for the highest
values,

Plots of Zn or Pb vs

zr, Y, Nb, Th, Wi

are curved with Zn and Pb increasing in concentration with
increasing Zr, Y, Nb, Th, Ni.

A

Plots of K/Rb ratios vs o - )
| 4

Zr, Y, Nb, Th, Ni, Zn, Pb p

{

curves, K/Rb decreases with increasing concen‘t{'ations of

Zr, Y, Nb, Th, Ni, In, Pb.

Plots of Ga ° , et

are similar to plots with Al.
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(and Appendix D) illustrate the consistency of the behaviour of the *

residual elements characteristic of peralkaline rocks. Ga, $a, Sr, Cr,
) Cu cannot be included in this group but Ba and Sr do have a type of -

behaviour which is characteristic of peralkalinity, i.e. extreme deple-

tion. The behaviour of Ga is quite compatible with that of Al. Cr is

€

somewhat of an enigma because it is enriched relative to an average

granite composition. The residual elements characteristic of peralka-

* i . Line rocks increase with increasing peralkalinity (alkalimity) but Cr

- does not, it decreases in concentration as expected. . ‘

2
£ e g




CHAPTER 4
DISCUSSION
" The major components in felsic igneous rocks are silica, alumina

and the alkalies. The alkalies are very susceptible t'c; alteration which
impedes the interpretation of major element chemistry. The granites at
Davis Inlet can be classified on thé basis of major elements :;s peralka-
line (arfvedsonite-riebeckite granite) and non—peralkaline (clinopyroxene-
fayalite granite). The Nuiklavick volcanics are severely depleted in
sodium making interpretations based on major elements unrealisti;:.
Theréfore, loss of alkalies (predominantly sodium) from the Nuiklavick
volcanigs will be the only feature of major element chemistry to be

discussed in detail.

" SODIUM DEPLETION : .

Sodium loss from peralkaline volcanics is not unusual nor unex-

pected. In the Nuiklavick volcanics sodium losses are as high as 100%,
much greaier than any reported in the recent iiterature (e.g. Baker and
Henage, 1977). A small amount of potassium depletion accompanies sodium
loss in the rhyolite and tuff but not.in the quartz-feldspar porphyry.
Sodium has been lc;st preferentially from the groundmass and altered
feldspar phenocrysts. .Unaltered feldspar ‘phenoc'rystvs have normal

albitic lamellae.

>

Sodium depletion in peralkaline rocks has been attributed to ground-
water rock interaction {Noble, 1967; Scott, 1971; Kocpa_ar,' 1977) and

alkali ion exchange between the magma and an accompanying aqueous phase
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and/or the expulsion of sodium rich vapours or fluids during the last
stages of crystallization (Noble,_1970; Baker and Henage, 1977). Some

.
evidence suggests that sodium loss may be proportional to the peralka-

linity and the amount of normative ‘sodium metasilicate (Noble, 1967;
Kogarko, 1974; Baker and Henage, 1977)., —' | ‘

Direct evidence of intense groundwater interaction and low temperature
hydrothermal alteration is provided by devitrified glass and sericitized
phenocryéts. These processes can also account for potassium depletion
from the extrusiye rocks. However, the extreme sodium losses encountered
suggest that much of the sodium may have been lost through the expulsion
of ah :;lkali-rich volatile phase during the final stages of emplacement.
The genetic relationship between the Nuiklavick volcanics and the
peralkaline granite and the presence of a volatile? phase (especially in
the granite) has been documented in Chapters 2 and 3. Some workers have
established that the amount of sodium lost may be determined by the degree
of the peralkalinity of the original melt (Noble, 1970; Béker and Henage,
1977). Therefore, it is possible that the extreme sodium depletion of

the Nuiklavick volcanics may reflect the extrémely peralkaline nature of

the origi;lal melt.

TRACE ELEMENT RELATIONSHIPS

Trace elements have been used to describe the relationship of the
two-granites and the volcanics. The clinopyrox;ne-‘fayalite granite does
not éppear to be directly related to the peralkaline arfvevvdsonite-

riebeckite granite. Geochemical trends on correlation diagrams (Figs.
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16-19) give no indication of aﬁy genetic relationshipi between the two
granites. Both tlhe non-peralkaline and the pefalkhli;le granites were
compared with an average granite composition (Fig. 15). Eri.richment
trends qf some elements such as Zn, Ni, Er, Y, Nb, and Ir are similar.
but the relative amounts differ (Fig. 22). Other elements, such as Rb,
Ba, Cu, Pb, Cr, La and Th show divergent behaviour (Fig. 22).

The trace element ch;'u‘acterist‘ics of the'arfvedsonite-ri’ebe'ckite
* : granite, like the Nuiklavick volcanics, are similar to those normally
\. | ' found in oversaturated.peralkaline rocks and are summarized in Table 10. ¢ ‘
- Bot-‘h correlation and enrichment diagrams (Figs. 22, 38-5l, Appendix D)

demonstrate the similarity of trace element behaviour between the

T s

peralkaline granite and the Nuiklavick volcanits, especially the quartz-
feldspar porphyry. Zinc is characteristically enriched in peralkaline
rocks (Nicholls and Carmichael, 1969; Bowden and Kinnaird, 1978) and

] ‘some cases of possible nickel enrichment have been reported (Hussey,

1979; Taylor et al., 1980). Occasionally lead is enriched in peralkaline

rocks. In this case it Seems to be associated with zinc. Plots of

; . abundances of zinc or lead against Zr, Th, Y, Nb, Ni and K/Rb (Fig. 31

et

and Appendix D) are very similar. Zinc, zirconium and the K/Rb ratio

 exhibit especially distinctive behaviours, i.e. where these are plotted
against the other trace elements characteristic patterns are produced.
(3 .
The correlation of Ni and Pb with the ''residual elements" characteristic

of peralkaline rocks suggéests that they should be included in this

group.
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SOME, CHEMICAL CHARACTERISTICS OF PERALKALINE.ROCKS

(Compiled from Nicholls and Carmichael, 1969)

and Ferrara and Treuil,

.Enriched
»
a, Alkalies, iron a.
b, REE (except Eu) b.

c. Zn, Be

d. Halogens F, Cl Coc.
e. Highly charged elements: d.
Zr, Hf, Nb, Ta, Mo, W, U,
Th .

low K/Rb, K/Cs, Zr/Hf

1974)

Depleted

Alkaline earths especially Ba, S5r

.Majority of transition elements

belonging to the 3rd series
particularly S, U, Cr*, Co, Ni*, Ca

Eu’

Al, Mg, Ca

* Cr and nickel are generally included in the list of depleted elements
but several cases of enrichment have been reported (Hussey, 1979;
Taylor et al., 1980).

N | :
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Experimental studies of zirconium solubility show marked contrasts
in peralkaline and non-peralkaline environments (Deitrich, 1968; Watson,
1979, 1980). 1In the SiOZ:Alzos-NaZO-KZO system, the saturation of Zr is
governed by the agpaitic index of the melt but remains remarkably
insensitive to temperature, silica concentration or the NaZO/Kzo ratio
(Deitrich; 1968; Watson, 1979, 1980). In non-peralkaline melts, con-

centrations of zirconium as low as 100 ppm are sufficient for zircon

crystallization but in a peralkaline melt, saturation levels are con-

siderably higher (Watson, 1979). Zirconium in a peralkaline environment
: - A" . -
is retained in solution probably because it exists in the form of

complexcs with the alkalies which cause its‘incrgased solubility‘(Bala-
shov, 1966; Watsoh, 1979). Because .of the increased solubility of
zirconium in péralkaline melt;, zircons do not crystallize at. an early
stage as in other granitic melts. This explains how zirconium‘can be
present in high éonceptrations ( 500 ppm) but with few i1f any zircons
being present, as well as the different morphology of zircons in pergl-
kaline granites (Watson; 1979; Pupin, 1980},

Like zirconium, zinc enrichment has come to be considered a charac-
teristic of peralkalifft rocks (Bowden and Kinnaird, 1978; Taylor et al.,
1980). Under normal conditions zinc is chalcophile and thus concentrated
in sulphidés or more rarely in Fe-Mg silicates (Goldschmidt, 1954). In
peralkaline ro<ks zing is'mos£ commoniy found replacing Fez* in sodic
pyroxene, sodic amphibole, aenigmatite and astrophyllite (MacDonald and

Saunders, 1973; Bailey and MacDonald, 1975; Novak and Rankin, 1980).
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v ’ During differentiation of a magma, the behaviour of zinc is géqerally
f”’, ) governed by the basicity which is analogous to the concentration and

behaviour of ﬁe2+,.Mg and Mn such thdt zinc may substitute for them in-

,

the common rock forming minerals during crystallization (Gaurilin and

)

Pevtsova, 1975). However, in alkaline/peralkaline rocks, zinc behaves

'independently of the ferromagnesian elements (Zlobin and Gorshkova,

1961). This e%plains the presencé of zinc in ferromagnesian minerals

where Fe2+:Zn ratios do not reflect any differentiation (Zlobin and .

;
H
|
f
¢
i

;

. Gorshkova, 1961). .

'The relationship between Fe2+ and Zn reflects the increased solu- ) ‘
bility of zinc in peralkaline melts, hence its enrichment. Experimental
studies have shown that zinc solubility in aqueous solutions with NaOH
iéldirectly related to Na concentration and temperature (Khodakovskiy

and Yelkin, 1975). These studies suggest that zinc is present in the

“form of ionic complexes which results in its increased stability in

‘ aqueous solutions. o ' \

The behaviour of lead resembles zinc in alkaline melts and hydro-
i I thermal systems (Zlobin and Gorshkova, 1961; Gavrilin and Pevtsova,
1973). The behaviour of lead is generally governed by the alkalinity of

- the melt (primarily K)\hs it-substitute for K in silicate minerals

during crystallization (Zlobin and Gorshkova, 1961; Gavrilin and Pevtsova,
.. 1975). However, K:Pb ratios in very sodic rocks do not significantly
reflect'any type of differentiation indicating that lead, like zinc, has

been influenced by other processes duging the evolution of peralkaline

rocks.
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Low K/Rb ratios are also characteristic of peralkaline rocks with
ratios generally between 150-300 but some ratios, less than 100, have
been reported (Shaw, 1968; Bowden and Turner, 1974; Taylor et al., 19805.
Generally the K/RL ratio 1s regarded as a sensiti;e measure of hydro—

thermal activity (Shaw, 1968). It has been shown that K/Rb ratios in

pegmatites and metasomatized granitic rocks are considerably lower than

‘-?1‘.\‘~‘-<r IR

3 ' those normally found in granites (Shaw, 1968). Low K/Rb ratios in over-
F saturated peralkaline rocks reflect an increase in Rb and not a decre;se
in K., The relationships of Rb to both major and tracé elements cannot
i reflect a fractionation sequence and the system is open to Rb (Nicholls ‘
= ' and Carpichael, 19695 Bailey‘and MacDonald, 1975; Taylor et al., 1980).

The. correlation between the behaviour of Rb and the other trace elements
such as Zr, Nb, Th, Zn and others suggests that the system must be open
- ‘ v ~ to these other trace elements as well.
. : The peralkaline rocks at Davis Inlet exhibit strong enrichment of
the higély charged cations (Nb, Th, Zr, Y) as well as Zn, Ni and Pb and

extreme depletion of Ca, Mg, Ba and Sr with prbgressive enrichment of

Rb. Enrichment depletion trends correlate systematically with: (1)
increasing peralkalinity; (2) an increase in metasomatic alteration;

and (3) increasingly higher levels, i.e. the extrusive rocks.

~ The observed trends and patterns of the Davis Inlet suite are

‘similar to those of other peralkaline rocks from Nigeria (Bowden and
Turner, 1974; Bowden -and Kinnaird, 1978), the East African Rift zone .

(Ferrara and Treuil, 1974; Bailex,and MacDonald, 1975), and the Topsails

. A il St
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Complex of central Newfoundland (Taylor et al., 1980).v The Davis Inlet
Suite is more highly evolved than other examples wi greater abundances '
~
of elements such as Zr, Zn, Ni (Table 11). Study of the peralkaline
rocks at Davis Inlet provides convincing evidence of a direct correlation
betweeﬁ ;;creésing nickel concentratfon and increasing peralkaliniéy
which has been-intimated by others (Hussey,'{979; Taylor et gl.,-l9§0).
This behaviour is the converse of that expectéa for nickel, which
suggests that in peralkaline environments nickel, like zinc and lead, is
governed by processes other than normal érystal—silicate liquia differ-
entiation.

Geochemical trends and enrichment patterns for the residual trace
elements characteristic of peralkaline rocks (including Ni and Pb)
suggests‘that common mechanisms are responsible for their concentration.
Experimental and empirical evidence indica;e that zirconium and zinc
exisp as complexes in peralkaline melts, The correlations between the-
behaviour of Zr, Zn and the othér'residual trace elements suggests that
they too exist in the form of complexes. The highly charged cations
form co;plexes moré readily than zing, ﬁickel, lead ‘and rubidium, As-a
result the latter are enriched to a lesser degree,

Rare earth element patterns of the rocks from Davis Inlet substan-
tiate trace element evidence-for: (1) the peralkaline naturevgf)the

Nuiklavick volcanics (Fig. 21, Table 8); (2) ‘the absence of a direct

genetic relationship between the peralkaline and non-peralkaline granites;

and (3) the consanguinity of the peralkaline granite and the Nuiklavick

Volcanics.

——— i, .
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Table 11

Comparison of average compositions for peralkaline granite, quartz, feldspar,
porphyry and volcanics from the Davis Inlet area and from the Topsails Complex
of Central Newfoundland (Taylor et al, 1980; Tawlor pers. comm. 1980)

Davis Inlet ‘ Topgails bomplex
Peralkaline Quartz-feldspar Rhyolite/ Peralkaline Quartz-feldspar Volcanics
- Granite Porphyry Tuff Group Granite Porphyry

72.37 - 76.67 78.04 75.88 74.77
11.51 . 10,92 8.46 12.16 .93
1.58 0.77 1.80 1.10 .01
2.47 2,07 3.47 1.08 .9
0.095 0.09 0.03 0.08 .18
0.68 0.42 * 0.18 0.25 .34
4.62 0.71 0.11 4,11 .10
4,72 4.73 3.19 - 4.03 .55
0.40 0.35 . 0.36 0.23 .18
0.09 0.10 0.10 0.06
0.02 0.006 - 0.01
0.76 1.79 1.40 0.38
78 112 375 ‘25

22 28 241 -
"1000 4805
125 492
14 8
-~ 270 o387
’ 51 86
7 1
27 27

'—l
b
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Systematic increases in REE and decrgases in Ce: Y from the

intrusive to extrusive rocks corresponds to trace element enrichment

patterns. This suggests that there is a strong correlation between REE‘L.;fnﬁw*
e
(especially HREE) and the residual elements characteristic of peralkalipéaﬁ’f*
. , . » E

rocks (Figs. 39, 54, and 55, Appendix D). Figure 56 shows trace and

rare earth element distributions of the rhyolite-tuff ﬁrouﬁ ncrmalized

.

0 the peralkaline grani{;. This type of diagram effectively demomstrates-

)
the enrichment trends of the lanthanides and the residual elements
characteristic of peralkaline rocks for the Dafis'inlet suite,

Further evidence of-a corrqiation‘between the HﬁEE'hnd the residual
trace elements characteristic of,peralkaliné rocks is démonstrated by
plotting the REE against Zrh(Figs; 54 and 58). The correlation between
Er and Zr isvmuch strohgef than that ofiLa or Ce and Zr. The trend for
. Er vs Ir is very similar to those of.Th:;Nb or Ni vs Zr (Figs. 38, 40,

45, and 54, Appendix D),, suggesting thatrboth‘the HREE and the trace

elements were affected’ by the same mechanisms. .

\

" REE RELATIONSHIPS oo

"~

* ) Data on REE abundances and trends in peralkaline environments is
o ’ .
- > - - - X 3 » - 3 . 13
- limited but the available data imdicates variations in their behaviour

& = -

not only betuegn peralkaline and non-peralkaline environments but betweén
R ‘ﬂ. oveffsaturated and under-saturated meltsp Some of these differences a;é
r'vi;;1 to the interpretation of'the rocks in this study., Thus, some of
the properties and characteristics of REE in peralkaline environments

will be discussed briefly. .

st A Vb i

K A
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” The rare earth elements generaliy behave as a group but they
exhibit two contrasting, variable proberties: (1) ionic radius'; and (2)
degree of basicity, which gives rise to two schools of thought on their
behaviour (Mineyev, 1963}, One suggests that REE fraétionation is
explicable in terms of crystal chemis;try alone, i.e. fractionation
accordiné to ionic radii (Mineyev, 1963). Othe'rs. suggest :that the REE
are fractionated according to their degree of basi‘city, i.‘é. geochenmical
differences within the group account for differentiation trends (Mineyev,
1963). The latter, has become increasingly accepted especially. for
é'xplaining such pher‘lomena>as REE complexing in alkaline/peralkaline
melts. \;arious ph;rsicochemical parameters such as acidity and the ease
with which elements forw complexes play major roles in REE differentia-‘

"tioh, migration and concentration in solution»[Mjneyev, 1963). Thelse
factors (and probabl)&fbthers) account for the 'c;haracCeristics of QiIfE' and
their complexes which are summarized in Tables 12°and 13. |

" The complexes thought to be formed by frace and rare earth -_element's

take véri_ous forms ranging from simple ones Tike NaYF4 or NasCesF14 to

rmuch more complex ones (Balashov, 1963; Mineyev, .1963; Moeller, 1972).

- B The characteristics iof REE in Table 13 suggest that thei_r concentration

in peralkaline rbéks is directly related to their greater ease of complex

formation within highly sodic and/or hydrothermal S{stems. The ability

of REE to form ionic complexes with volatiles results in increased

stability and mobility which allows them to becopb'concentrated by

*. geochemical processes involving volatile activity such as in a discrete

vo(slatile' phase or volatile migratiofs (Mineyev, 1963).

-
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, TABLE 12 y
. _ : &
A SUMMARY OF REE CHARACTERISTICS OF OVERSATURATED PERALKALINE ROCKS } 2

Rk

{compiled’ from Balashov (1962, 1963, 1966), Mineyev (1963))

. ‘ )
- REE concentrations.are higher in oversaturated peralkaline rocks
than in non-peralkaline or undersaturated peralkaline rocks -

-

"- tCe:& is lower in oversaturated peralkaline rocks than in non-
peralkaline or undersaturated peralkaline rocks

I3
—

- REE increase in a manner directly proportional to the agpaitic
index or the degree of peralkalinity ’

- Increases in agpaitic index are accompanied by increased
concentrations of the basic lanthanides (HREE)

- The rare earth elements tend to exist in the form of complexes in
alkaline environments

.

.
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TABLE 13

A SUMMARY OF THE CHARA?TERISTiCS OF REE - | ‘
COMPLEXES IN OVERSATURATED PERALKALINE ROCKS 1

]
i 1. The stability of complexes increases from La-Yb favouring ,é
longer retention of the basic HREE in the melt and a 1
relative concentration of REE in the last stages of differentiation :
(Balshov, 1962) '
2. ' Complexing is responsible for the high degrees of fractionation
of REE in alkaline igneous intrusives - ,.
3. REE complexes are stable undéer hydrothermai and supercritical
conditions 1
%
&

4. REE are often paragenetically associated with typical complex
forming elements (Al, Be, Fe, Zr, Sn, etc.) and ligands

- - 2_ -
(F7, C1°, CO3 s P04 , etc.)

/ 5. High concentrations of HREE in agpaitic melts are due to their
tendency to form complexes which increases their stability in E
§ - agpaitic melts with high concentrations of alkalies and
volatiles - rélative stability of complexes is directly related
toé the acidity of the solutions

.
b A WITRTP A
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The mostv effective complexing agents are carbonates, fluorides,
hydroxides and chlorides Yin order of de.creasing efficiency) and sorﬁe-‘ ‘
what less com;nonly phosphates (Balashov and Krigman, 1975) . The lower
stability"con'stants of chloride complexes makes them less efficient
complexing agents than the others.(Balashov and Krigman, 1975), but
there is some evidénce that they may be instrumental in the concentra-
tion of the light ahd intermediate REE in some cases .(Flynn and Burnham
1977; Taylor and Fryer, 1980). The HREE show a much stronger tendency
to be transported and concentrated by cgrbonate and/or fluoride complexe
(Kapustin, 1961; Balashov and Krigman, 1975; Wendlant and Harrison,
1979). Studies have shc.)wn that the REE are stablg in the form of carbo-
nate comflexes in very alkaline and oxidizing conditions and under both
high and low prfesgures (Wendlant: anci Harrison, 1979). Hence, REE carbonate
complexes are stable in c'arbonate‘-ri'c_h fluids under both m~ant1e and
crustal conditions, (Wendlant and Harrison, ,1979). ’

In the Davis Inlet peralkaline suite, systematic variations in REE
concentrations seem to be related to in ing peralkalinity, alterationm
and the intrusive to extrusive fequencé which reflectsan increase in
volatile ac.:tivity similar to those- documented Ey Taylor et al. (1980)
for the Top'safls Complex. ‘

. These systematic increases cannot be explained by crsrgtal fractiona-
' : A
tion. Using the approximate partition coefficients from Chapter 3, 70%
of the felsic fi‘action a;:ld 10%yof the mafic fraction were fractionated ~

« . a

*from the évéragc composition of the arfvedsonite-riebéckite granite, in
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an attempt to reproduce the REE pattern of the rhyolite-tuff group (Fig.
57). The resultant pattern does not resemb,}e the observed rhyolite-tuff
pattefﬁ. Similar attempts were made by Ne_umann‘ gi‘a_l_. (1977) who tried
to produce the REE of an ekerite, (pe?alkaline granite) by fractionation
from severa‘1=po.ssib1e parent materials. He found that this was impossible ,
with the_ available data. Analyses of the Davis Inlet peralkaline suite
provide a good example of REE differentiation that was governed by
geochgmical variations al;long the REE ‘and. not crystal chemist,‘r.y or ionic
radii alone (Mineyev, 1963). The lack of similarity between the patterns
produced in the mafic and fels_ic fractions at I{avis Inlet and those
‘nomally found for amphiboles/pyroxenes or feldspars probably reflects
the strong tendancies of'the REE to form complexes which gives them

increased stability and mobility in peralkaline environments.

ZONED ;MAGMA CHAMBERS

‘_Systematic variations in trace and rare learth'elements have been
documented for the peralkaline suite in the Davis Inlet area in Chapter
3. The enrichment/depletion patt'erns are similar to those described by
Hildreth (1980) and Smith (1980) for zoned magma cl:mmbers related to
ash-ﬂpw tuffs located in the westér’n United States. The geochemical
'characteristics commonly found in zoned magma chambers such as the

Bishop Tuff have been summarized and compared with the Davis Inlet suite

in Table 14. The Davis Inlet peralkaline suite varies slightly&from the

Bishop Tuff in that:
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Fig. 57. A comparison of REE patterns for:
(a) fractionation of 70% felsic phase and 10% mafic
phase from the average arfvedsonite-riebeckite
composition-m -
* (b) the observed pattern for the Nuiklavick Volcanics
(group 3)-a
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(1')‘ directions of trends afe reversed for.- Fe, Mn, Na, Ni, Z}l, Cr,
LREE and Zr (Fig. 58); '

(2)‘ enrichment factors are higher at Davis Inlet: @Tl;ese variations -
at;e due primarily to the peralkaline nature of the rocks of the Davis
Inlet area: Hiidreth (1980) noted that enrichmént factors have ; ten-
dgncy-to i;e higher in- alkaline sujites and th.at trend .reversals‘ may occur

-— .

_in peralkaline magmas. .
Any differentiation model for the peralkalivi/e suite at Davis Inlet
must account for all of the éeochefnical trends suﬁmari;ed in Tablev 1-4.
A brie‘f discussion of why various differentiation models cannot produce
the observed patterns in bvoth the Bishop Tuff and the Davis Inlet area
will be presented. For a mbr? detailed discussion of Fhis problem,
especially in‘referenceato the Bishop Tuff, see Hildrleth (19?30). '
Petrogenetic modéls s;ch as cr};stal fractic;n’ation, assimilation of
country rock, basaltic underplating, liquid immiscibility, or progressive
partial melting canﬁot satisfy all of the enrichment trends in a zoned
magma ‘ch'amber such as the Bishop Tuff (Hildreth, 1980). Because enrich-
ment factors are even greater in the Davis Inlet rocks, it is e\;en m;)re
. difficult to ascribé one or more of these processes to their evolution.
Some spécific geochemical features that cannot be pfo&uced by these A
various models have been summarized from Hildreth (198Q) in Table 15.

Hildreth (1980) suggests that the compositional zoning in the

Bishop Tuff dev@oped in an essentially liquid' state by cdénvection-driven

chex_nica.l' diffusion. Briefly, he says that in rhyolitic liquids, the

~
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A comparison of the tface (including tHe RE) elements for:

(a) the Nuiklavick volcamcs normalifed to the arfvedsonite-
riebeckite granite. A /

/
{(b) the Bishop Tuff early phase normljzed to the late phase

(Hildreth;  1980) O /
< ~ ' /
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TABLE 14

145.

COMPARISON OF ENKTCHMENT/DEFLETION TRENDS OBSERVED IN THE
BISHOP TUFF (HILDRETH, 1980) AND THE DAVIS INLET PERALKALINE SUITE

BISHOP TUFF

large roofward enrichments
of small highly charged elements
Nb, Sb, Ma, Ta, W, U, Th

sysmetatic enrichment pattern
of the trivalent lanthanides
in a roofward direction

extreme roofward depletion of
Mg, Sr, Ba, Eu and Ca {lesser
degree for Ca)

progressive enrichment of
Rb, and Cs roofward and K

: dqwnward

DAVIS INLET

large enrichments of small,
highly charged cations

Nb, xh, Zr (Sb, Mo, Ta, W,
U, no analyses) in extrusive
relative to intrusive rocks

systematic enrichment pattern
of the trivalent lanthanides
and Y in the extrusive rocks

extreme depletion of Mg, Sr,
Ba, Eu and Ca in.the extrusive
rocks

progressive enrichment of Rb
in the extrusive rocks, some K
depletion from groundwater
interaction in extrusive rocks




" TABLE 15

VARTIOUS POSSIBLE MODELS FOR (ENERATION.OF THE BISHOP TUFF ACCOMPANIED -
BY REASONS WHY THEY ARE UNFEASIBLE AS SUMMARIZED FROM HILDRETH (1980)

/

’

Crystal settling, fractionatiom™ incompatible with phenocryst compositions .
and behaviour

- St, Ba, Eu depletions in the roof zone
require absurd amounts of crystal settling

- separation of mafic phases or high density
accessory minerals would cause HREE and
small highly charged cation depletion not
enrichment in the roof zone '

ratios for Rb/Sr, Mg, Fe, Ba/K, K/Rb and
Na/ga cannot be accounted for by crystal
fractionation

-
.

. 1 )
extreme trace element gradients are not
compatable with modest major element

R gradients

Assimilation of country rock U, Th, Ta concentrations in volcanics
. relatively unaffected by granitic
) : country rocks

REE patterns cannot be generated from
associated granitic country rocks

.Basaltic underplating enhanced Ba, LREE in lower magmatic levels

Sc and Mn should decrease in a Toofward
direction

V, Cr, Co, Ni and Cu should be present in
higher concentrations in the deepest levels

Liquid immiscibility . small degree of change among major elements

. and virtual continuity of all compesitional__ .
paTameters from base to roof of magmatic
chamber

o

separation of a silicic melt from an under-
lying basaltic magma should cause basal
enrichment of Ti, Mn, Au, REE, not Ba or St
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TABLE 15 (continued)

Progressive partial melting - thermal gradients and physical 4
- : properties of the magma and its .
chamber would make cohvection and .
mixing-a certainty .
. ' o - gradients such as Ba and Sr could
' not be reproduced by partial melting
using various modeling schemes

L

&
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diffusion rates of H20, let alone most cations, is too slow to permit
- the observed chemical separations within é reasonable time framework in
a static magma chamber. Bdt, observed isotope and water concentration
gradients attest to large scale mass transport while the magma uas in a
11qu1d state. He 1¥vokes a thermograv1tpt1ona1 convectlon -driven model
based on the little known Soret“effect. ,ﬂrlefly, the Soret effect is
P actlve in a multi- component liquid and gas system which is character1zed
by a temperat;re gradient. In this system a temperature gradient is
accompanied by a compositional gradient which builds up until a steady- ‘

state distribution gp‘ittaihed (Hildreth, 1980). Théreafter, throughout

time, invarient compositional gradients will exist until the thermal

C -
v

gradient decays. Hildreth suggested that in essence element migration

.. was related to the formation of cationic complexes ihvolving volatiles

M c

but that a separate volatile phase did not necessarily exist. However,
he acknowledges that associated pegmatites and metasomatism were the

result of the exsolution of a separate vapour phase.

v

In the.Davis Inlet area, a volatile/fluid phase did exist and it is

suggested that the development of compositional zoning was the result of

"
.

migration of fluids along a pressure gradient. Further, the composi-
tional zoning reflects increasing peralkalinity towards the top of the
magma chamber. As a result,-it is evident that the fluids/volatiles

also played a major role in the evolution of the peralkaline nature of

. the magma.

-2
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‘11.1E ROLE OF FLUIDS

In the Davis Inlet area there is both fiel'd and petrographic
évidehée of volatile activity. Field evidence includes the presence of
pegmatites and veinlets which contain riebeckite, gas breccias and
miarolitic cavities (Hill, 1978, 1979a,b, 1980). léxtensive albitization,
alteration of feldspar (and mafic) phenocrysts, corroded and altered
zircons, devitrification and hydrothermally »formed mafic minerals con-
stifute petrographic evidence of volatile §r flL;id activity. Peralkaline.
granite and associated volcanics in the Topsails Complex are ver.y similar
both petrographically and chemically to the Davis Inlet suite except
that the volcanics are more severely altered at Davis Inlet (Taylor et
al., 1980; Taylor, pers. comm,, 1979), The presence of a fluid phase is
certain but its combosition is almost impossible to discern. There is
some evidence from micyoprqbe studies to indicate that fluids associated

‘with peralkaline melts are enriched in Fe, Na,‘ Ti and Mn (e.g. Ferguson,
. 1978; Grapes et al., 1979; this uorl; Chapter 2). High concentratidns of
ir, Zin, REE.-and other trace elements have been \’reported in various late
stage minerals of peralkaline rocks suggesting that these elements were"
céncentra-ied in ¢he residual fluids from which .they subsequently crys-

‘ tallized (MacDonald aﬁd Saunder:;,, 197\; Ferguson, 1978;.Novak, 1980).

Some evidence from other peralkaline rock suites suggests that the

fluids assocjated with their evolution may be mantle derived. Bailey

(1964, M972, 1978) and MacDonald (1974) have point'ed out numérous times

the association of peralkaline rocks with tensional Qnes, areas of

s
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crustal upwarping or rifting. Rifting is aécompanied by release of

volatiles and as a result peralkaline rocks associated with tensional,
or rift, zones are intimately associated with mantle derived volatiles
such as coz, F and C1 (Bailey and MacDonald, 1975; Bailey,.1978, 1980).

Usually Sr initial ratios are high in peralkaline rocks but at
least two ca:ses Evisa, Corsica (Bonin et al., 1978) and the Topsails
Complex (Taylor et al., 1980) have very low initial ratios. Both of
these Su::LteS show good evidence that the peralkaline nature may have
been strongly influeﬁced by (C02 rich?) mantle derived fluids.

The major roles of a fluid phase associated with a perélka;ine melt
are to provide a medium- for element transport and to supply{ complexing
agents which hold certain cations in solution. Cations such as Na, Zr,
N_b, Y, In, Ni Pb and HREE are mainta.ined in solution in the form of
ionic complexes because of their increased so"lubility resixlt'i_ng in
increased conceﬁ-trations which is éssentially ‘what makes the melti‘
peralkaline. It .has ‘been shown that in highly alkaliﬁe’ melts, COz\i's
béu.nd more stabiy» in ;hé liquid structure and‘ has a .high‘er'qc"tiyity th;n

H20. Thus, H,0 is relegated to & subordinate level during the eydlution_r

-

of alkaline magmas. Very preliminary studies of fluid inclus‘ions'ilfdiclate-

that there are two sets of inclusions in the peralkalme granite of the

Davis Inlet area, one of whxch is C02 r1ch (Kay, pers. comm 1980) ) I _

Hildreth (1980) suggests that the d1ffus1on rate of Hzo in rhyohuc B

melts is too slow to permit the observed chemical separations within a .

.

feguble time framework. However, volati‘les such _as F'and C_O2 have.

LY
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greater diffusion rates and therefore are more capaBle of being respon-—
sible for element distribution (Fyfe et al., 1979). Volatiles tend to

move down a pressure gradient which, in a magma chamber, is toward the

roof zone. The migrating volatiles will bring additional heat decreasing
the melting range of the rocks (Bailey, 1970). Furthermore fluids can
transport mobile elements, such as the alkalies and residual trace
elements, yhich arel characteristic of.peralkali‘ne rocks (Bailey, 1974a,b)
resulting in the enormous concentrations of these elements in the volatile-

charged extrusive rocks and in the autometasomatized intrusive rocks.

SUMMARY ’

During the course of this work, it has been possible to demonstrate

that the clinopyroxene-fayalite granite is not genetically related to

the assoéiatgd péralkaline rocks by any kind of differentiation scheme.
'fhe petalkaline rock suite cpnsist.a of the arfvedsonite—riebeckite granite
at_;d the Nuiklavick vol-canics'..'l'h'e pera}kaline nature of the Nuiklavick
\;volcanics was estaﬁlished primarily on the basis of trace (includigg' RE)

- ! )

element data. The consanguinity of the peralkaline granite and volcanics

.. is ‘suggested by trace (including RE) element trends and the spatial relation-

~ship between the two rock units.

The peralkaline nature of the rocks near Davis Inlet reflects intense

volatile activity which seems to have been most important in the develop-

_ ment of the volcanic chemistry. The volatile phase was enriched in Na, Fe, Ti,

Mn and trace ‘(including the RE) elements. Expulsioh of this phase during

4
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/

volcanism was probably responsible for a large part of the loss of

sodium experienced by the volcanics. Some sodium (and in the rhyolite/

tuff, potassium) was lost by groundwater activity and low temperature

hydrothermal/deuteric effects.
/
The volcanics are presumed to represent the upper levels of a magma

chamber. The rhyolite/tuff represents the top of the magfla chamber
which was explosively érupted after the (volatile?) pressure reached its
critical point. The quartz-feldspar porphyry represents a lower level

which was not erupted and the granite repfesents the lowest levels which

intruded its own volcanic pile di.u-ing emplacement. Trace element '

patterns are .similar to those of the Bishdp Tuff and thus may be repre-

sentative of a zoned magma chamber.

o
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CHAPTER 5
CONCLUSIONS ,

The origir{ of. perélkaline rocks has been enigmatic and a _topié of
dissention among igneous petrologists for some.time. The first and most
traditional mechanism for generation ;f peralkaline magmas was extreme
crystal fractionation and the 'plagioclase effpct" (Bowen, \1937, 1945)
which was subsequently challenged by Bailey (1964; Bailey and Schairer,’
1964, 1966) who advocated partial melting and the "orthoclase effect".
Despite the growing mass of evidence again;t fractionation, t_:heré are
still those who believe in it, often‘acqqmpanied by va;‘ious modifica-
tions, i.e. volatile phases, gaseous transfer, to explain the evé]ution
of péralkalihé sdites (Ewart et al.,1968; Nicholls and Carmich;el, 1969;
Weaver iﬂ.; i972; Noble, 1968, 1970; Noble et al., 1969; Noble et

al.; 1979).

For some time, Soviet geologists have placed a great deal of

\emphasi's‘ on the role of autometasomatic or hydrothermal fluids in the
generation of alkaline, peralkdline magl;ias (e.g. Balashov, 1962, 1963/,
1966; Mineyev, 1963; l;alashov and Xrigman, 1975; Wendlant and Hfarriéon,
1979). Recently, the role of fiuids_and volatiles in the generation of
peralkaline magmas has been recognized by other geologists such as
Bailey (1970, ‘19743, 1974b, 1978) who advocated deep crustal or mantle
metasomatism associated with mantle degassing as a possible mechanism

for generation of peralkaline magmas .
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Petrogenetic models for any peralkaline rocks are at their very -

- best, extremely speculative because: (1) the processes involved are

e it i L

complex and not well understood; and (2} relationships with possible
parent materials are undecipherable: The peralkaline rocks at Davis
Inlet present a good example of a highly evolved suite of peralkaline
rocks without associated basic or intermediate rocks. Because of the ‘I
highly evolved nature of this suite, tit is impossible, with the data
- available, to speculate on éossiblé parent materials. The major con-
. tribition of this work is to provide evidence that a fluid phase is

; instrumental in the evolution and. composition of over-saturated peralka-

line rocks.

s

FURTHER WORK

S e

The study- of peralkaline rocks and their mode of origin have come
a long way since Bowen (1937) first published his paper on Petrogeny's
Residua System or the plagioclase effect. However, there is still a

long way to go to obtain a more complete understanding of over-saturated

peralkaline rocks. More effort needs to be expended towards documenta-

l ' tion of fluid activity, its effects and composition. Partition coefi-

TR Ty

cients for the sodic pyroxenes, amphiboles and other iron and sodium
rich phases commonly found in peralkaline rocks should be determined.
— This information will provide a firmer foundation for testing differ-

entiation and partial melting as modes of origin,of peralkaline rocks.

Ay o b

Both empirical and experimental studies should be directed towards
investigation of the role of complexing during the evolution of pefalka-

1Y
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line ro;ks. As well trace.element, e'specially the REE, behaviour in
peralkaline environments should be ‘do)cumented'more thoroughly. Studies
of fluid inclusions both in péralkaline rocks .anci in associate& pegma-
tites or v?ins will contr‘ibute largely to our knowledge of fluid compo-
sition and dctivity; Similariy study of oxygen and hydrogen isotopes
will provide evid;nce to suggest a mantle or cmStal source for the
fluids which are préSent. |

In summary, it is felt that extensive efforts shc;;.xld be expended
predominantly in the area of documentation of trace (especially thé RE)

element behaviour, fluid inclusions and isotopes, in order to obtain a

more comprehensive understanding of the origim of peralkaline rocks.
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CLINOPYROXENE FA_YALITB GRANITE

Samp. q p - o alb fa -has hed 2z f1 ap spopg R

057 722% 65% 5% 5% 1% 2% 19% x x x x x x

g | 060 304 6% SV 2% 1% St 108 x x| x x

[ 061 - 30% 6% S% . 2% 1% 5% 2% x x x x  x-
062a  25% ' 50% - 10%  10% 5% x x x

06Zb  15% 50% 15% 15% 2% 1% 4% x x «x x

" 062¢ 1S% 45% 15%  20% . 3% 1% 4% x x .

064a  25% 30% . 30% " 20% 1% 1% 3% x x x x -

066  30% 40% 155 108 2% 1% 3% x x .x | x- .

-

Explanation of symbols:

q - quartz
T Q'perthite

o - orthoclase

alb - ablite/albiti zation '

-:’vfa - {ayal‘ite‘
has -. hastingsite

hed - "hedenbergite . ' : . '

w2 = zircon
£f1 - flourite
ap - apatite

“sp - sphene - - " ’ -

' opq - opaques . s

R - rutile

X - present but less than 1%




Additional notes:

057

060

some arfvedsonite rimming hastingsite

J
coarse grfined equigranular

coarse grained, oikocrystic mafics, equigranular

very small amounts of arfvedsonite on rims of hastingsite

'

~coarse gramed equigranular,’ some o1kocrysts of hastingsite,

some alterlng to biotite

coarse grained, equ1granular, some feldspar iza——phenoc’fystic,
‘more altered than most 6‘

v

medium grained, equigranular, hastingsite- altermg to biotite,
arfvedsonite on rims of some crystals

.

vermicylar quartz, some arfvedsonite rimming hastingsite

.

some arfvedsonite Timming hastingsite




" Arfvedsonite-riebeckite Granite

12

066C 25% 701 1% 4%

067 25T 707 2% 2%

068  25% 707 2% 1%

069A 252 702 3%  1%.

069 257 60 5% 2%

071 25%-70% . 2%

072 . 25% 707 3%

073 25% 70% 1%

074 25% 702 3z

075 252 702 1%

078 257 702 32

079 257 707 2%

080 302 65% 2%
081 25% 70%2 2%

082 25% 70% 3z

083 257 707 2%

: J,é;"a"‘):.-ﬁ."-uiiw:;:-,a-.z. PSR

R RoW -

I T T T

i

X
x
X
X
X
x
X
x
x
X

Explanation of symbols: .
g--quartz p--perthite a—r-—arf\;edsonite—riebetkite aeg-—aegirien—augit’g
alb--albite aen—-—aenigmatite alp--allanite ast—-ast‘rophyllite fl--fluorite
ap--apatite 2z-zircon opgq--opaques _eq--etiuigranular gs-—-grain size

' olk--oikocrysts grph—-graphic intergrowths of quartz and feldspar

-

‘J‘t-—preaent but legs than 12

~ l
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Additional notes:

- 066c - graphic granite ‘

o . . v
070a - fine grained, poikolitic, sample taken near contact with gneiss .
079 - sample taken .4 m east of contact with monzonite s

.

[}
.
ik T2

«
3T




N ! LN ' »
| - ' S ;o I 168.
< - ) N !
/. Explanation of symbols used in petrographic description of Nuiklavick
s Volcanics: Ty :
%ﬁ,- ] Pﬁenocr)’sts .‘: . ' - | . - o " o

B ) q |- quartz phenocrystg , . i

% ) K fs-- f;eldspar phenoc;‘ysts -

, q fs - % quartz phenocrysts % feldspar phenocrysts . .
af - altered feldspar (pseudoperthite) phenocrysts . \
ms - matrixlsize (mm units) )
Z - zix“con : o o CL ' ‘
fr - fraéments : , _. e

l b - flow banding 'j‘ R
s . - sulphides (pyrite) ‘ ‘ ) ' - o g
sp - sphérulites 4 1
. fe - felsitié texture ? '
) e - eutaxitic S T ' | t :
. 9g - lacy overgrowths on quartz phenocrysts - ’:
‘ - 1 - ienticular structures, po;sible pumice fragments, lithophysae -
B A opq - opaques  © . ‘
ps - pherocryst size (mm uhits)b ) B - ’ :
S |
. , . j
- . ‘ = o ¢ .




ﬁuiklavick V‘olcanics

B

opq P
- .5-3
.5~4.5
.5-3.5 .
.5-3.5

i3
’i
.5-1.75
.25-2
g
©

.25-1 "

5-1.5
.5-1.5 '
.144.75

.1-1

.2-2

YR R VR VI VRV VI I TR T T TR

.5

.5-1
.25-1.5
.25-1.25
.5=2.75

P
P
P
P
t
Tt
P
t
p
-t
.-p‘
e
t
t
t
t
r

"

.

L4-1.5
.25-2.5

’
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Additional Notes:
084 - pink, aphanitic, xenolith of black, aphanitic ma;erial,'appears
‘ to be ash, secondary quartz veing'.

i

086b - accessory fluyorite

@

e S

087 - dark red to black aphamtlc with quartz and feldspar phenocrysts,

fragments look stretched as by flowage, stringers of black altera-
tion materidl.in thin section dark laminations representative of
flowage, fragments are porphyr1t1c rhyolite or rhyolite porphyry

T

red éphanltlc groundmass with yélloﬁ patches stringers of black
alteration materials; thin section shows flow band1ng possible -
. dev1tr1f1ed pumice fragment

090 -, flowbanded, possible perlitic fractures in thin section, auto—
brecciated v

, 092 - in thin section, patches or layers of fine and coarser gralned

quartz- feldspar mosaics

' 0933 - grey-green aphanitic fragments of porphyry, stringers of black
alteration material; in thin section, fragment of devitrified
mater1al possibly pumlce . ,

~093b - possible pumice fragment (dev1tr1f1ed) in thin seetlon

094 - quartz veinlets, autobrecciated.

* -

095 - autobreccxated possxble perlitic fractures, relic pumlce fragments
© ‘- lunate, cuspate in form, slightly folded, brown rxms

097¢ - relict mafic phenocrysts in thxn sectlon,falnt flowbandlng
51m11ar to 97b, 97a :

098 - rellct mafic phenocrysts, p0551b1e 1;thophysa¢
099 - black, phan1t1c with’ phenocrysts of quart:z and feldspar, colour

leached around phenocrysts,” some feldspar phenocrysts staihed
yellowxsh green | -

v

l .

fragments lmm-10cm v

"pink, brecc1ated (autobrecczated), fragments of aphyr1c and por- Q
phyritic thyolite, largést fragments 3.5 cm, stringers or. .
veinlets of black alteration material; in thin section, some :
relict mafic material, alteration product unxdentlfxable‘_é
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APPENDIX B

.
ANALYTICAL TECHNIQUES




SAMPLE PREPARATION

Surface weathering was sawn off and samples w;re scrubbed and
washed before crushing. Samples were crushed to 1-2 cm chips using an
eight pound sledge Hammer and steel plate ;nd in a Brawn steel jaw
crusher. A representative sample of chips was powdered in a tungsten

.carbide, pulverizer for 2 minutes producing a rock powder of -200 mesh.

/

ANALYTICAL PROCEDURES
Major Elements

nAnalysis_ of the major and minor elements Si02, A1203, Fe203 (total),
Ca0, K,0, MnO andkPZO5 were done using a Phillips 1450 automatic X-ray
fluorescénce spectrometer with an Ag tube. Nazo, Mg0 were done by
atomic absorption an a Perkin-Elmer 303 Atomic Absorption Spectrometer.

Fused pellets were made by the ‘following method:

(1) 4 + .2 g of lithium ‘tetraborate was weighted into a previousl}
driéd and weighed platinum crucible which was—fﬁ;n heated on a Claisse
' Fluxer until melted. The melt was poured into a platinum mold until
')cooled then returned to the crucible and r;weighed.

(2) 4 + .2 g of lithium tetraborate, .5 + .019 gvrock poﬁder and‘:S
4+ .019 g of La203 were weighed into a previously dried and welghed -
platinum crucible B ’ o -

(3) the cﬁ;cible was heated on a Calisse Flpxer until thé mixture

was completsly melted

I3
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(4) the melt was poured intovplatinum molds.;nd cooled then
returned to the crucible and reweighed. The weights of‘th; fused
‘pellets for the sample and the tetraborate were used to determine a
dilution factor thch was used to calculate the ﬁercent of oxides in
eaéh sample. The dilution factor was calculated by the following

‘equation: - ’

. (wt of fused pellet - wt. of cruc1b1e)/(wt. of sample -
: wt. of tetraborate) X 10).

The difference between the weight of the fused pellet of the rock sample
~ and the fused pellet of tetraborate can- be used to determlne the Loss on

l

Ignition of the sample.

The fused pellets were then analyzed by X-ray fluorescence on a

Kl

Phillips 1450 automatic XRF using a silVer tube.
‘ Samples were prepared for SOdlUﬂ -analyses by the following procedure.
(1) .2 g of rock powder was welghed into a polyethylene digestion:
pottle'
(2) 5 ml of concent?ated HF was added uslng an automatic p1pette
. wthen the bottle was placed on a steam bath for 30 ‘min.
(3) the sample was cooled and 50 ml oj saturated boric acid wagr

 added .

v L4
»

(4) after coollng the solut1on was made up to a 200 ml volune by

addltlon of dlstillbd water ' ;” 0wy o

~ " | - » s AW:“ | I3 : 4 '
Analyses for MgO,were carried out using the same solition to whigh

10 ml of La,0, were added followed by further dil#kion’ with distilled

) : - o :
water, - : : : : ‘




Ferrous Iron Analysis
b ‘

Ferrous iron/Fe0 was determined by potentiometric titration,
following hot acid decomposition of the sample by the modified
Pratt method.’ Fezﬂ3 was recalculated by the following equation:

Fe?o3 = Fe203 (Total) - 1.11 x Fe0.

-

Loss on Ignition

.

Loss od ignition analyses were conducted by observing the weight

.
-«

loss after heating a sample for two-hours at 1050°C’,

Trace Element Analysés
o

A total of 13 non-lanthanlde trace element abundances were obtained

fbr each sample Pressed pellets that were ‘used for analyses were made

-

-

by the follpwing method: T

v

(1) %gdi .1 g of rock poﬁder was weighed into . a clean bottle

(2) 1.4-1.5 g of phenyl formaldehyde binder (a heat setting plast1c)
was added to each bottle which was then shaken in a Spex-Mill shaker to
completely‘honoggnize the powder V

(3) the powder wad then placed in a ﬁerzog hydraulic pellet press

-

-~
, for 1 min.

(4) the pellets were removed from the press and placed in an oven
for 10 min. at 200°C. :
. .

The pellets were analyzed by X-ray flourescence on a Phillips

31450 XRF using a Rh tube.
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Rare Earth Element Analyses
A

Rare earth element abundances were determined by the thin film x- -

ray fluorescence ;ethod of Fryer (1977).  Sample weights varied accéring
to rock type'as follows: .7 g clinopyrogene-fayaliﬁe granite, .5 g
arfvedsonite-riebeck;te granite and group 1 of the Nuiklavick volcanics,
and .2 g of groups 2 and 3 of the Nuiklavick volcaqics. " A generalized

method is given below:

(1) samples were weighed into a 100 ml teflon beaker, wetted with -

" deiineralized water and treated with a drop of 2 N HCl to dissolve any

carbonate.

{2) 5 ml of a Tm Spike was added with 2 ml of HELo4 and then the
sample was treated with 15 ml of HF and heated until dry

(3) 10 m1 of HF was added and heated again unt11 dry at which time
10 m1 of 2 N HC1 and 2 nl of HCLO, were added and again heated until dry

(4) 10 ml of 2 N HCl and 1-2 ml H,0 were added to redissolve the

solid -

(5) the solutions were then transferred to previously cleaned and
3

pH balanced on exchange columns filled with 100-200 mesh Amberlite resin

CG-120 Na Type 1

(6) the colunn;‘;sre elute¢ with 85 ml of 2 N Hlewhich removed
all the elements exﬁept the REE, Ba, Hf, Zr, Y and Sc

(7) the REE, Y, Sc and Ba were cglleFted‘in teflon beakers by

eluting the columns with 100 ml of 6 N HC1. This solution was heated to

. dryness and subsequently dissolved in 25 ml of H207

¢
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. ) (8) 2 drops of H2504 were added to precipitate out the Ba as BaS0
which was filtered off. Then the 'sample was again heated until dry.
¢ - . . v . . i
. (9) 5 ml of 6 NHC1 was added to dissolve the sample which was again

heated until dry then redissolved, with 5 ml of demineralized H20
T ‘ )

(10) SA-2 ion exchange resin loaded papers, previously cut to fit

the sample

ders were added to the solution which was allowed to

equilibrate| for 24 hours \/~\

(11} the\on-exchange papers were gradually dried under an infra-
I
red heat lamp

D

‘ (12) both sides the ion-exchange papers were then run on the XRF

using a Rh tube ~

MINERAL SEPARATION METHOD

Each sample was ground and seived to -320 mesh. The =230 mesh

, fraction was then separated into two fractions by a heavy liquid'separa-
tion. Using a separatory funnel and bromoform, a ‘clean felsic fraction
was obtained. The heavy fraction was again separated by heavy liquid
using met‘hyl iodide. This resulted in a zircon fraction and a heavy
miﬁeral fraction which was predominantly a mafic fraction. The mafic
fraction was then pulverized in an agate mortar and pestal. This was
subjected to numerous runs through a Franz magnetic separﬁtor to obtain
a clean mafic fraction. Each fraction, mafic, felsic and zircon was

examined optically to determine the amount of contamination.
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- The mafic and felsic fractions were prepared for REE analyses by

the same method %as the whole rock samples. The zircon fraction was

N —
~ ~ -~

dissolved and run through the ion exchange columns using the techniq:e
described under the REE Analyses Section.. The zircons were dissolved

by:
(1) weighing .002 g of sample which was placed in a Parr Teflon

Lined Digestjon Bomb with 2.5 ml of mixed hydrofluoric and nitric acid

. (2) the bombs were placed in an oven and heated for 36 hours at
£
which time they were removed and the sample put on the ion-exchange

columns. ..
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.0On the following tables,\l] silicate analyses ate in oxide
§
. . . . A G
! ’ percent, trace and rare earth element concews are in ppm., . : I
: and n.d. represents none detected. : . T v ) ,
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‘ _Cllnopyfoiéﬁe-fayalite"annite ‘

. ,
Sample Number

.8102

-ALy04
FeZO3

FeO
MgO
Ca0
KZO
NaZO.

5

PZOS







Nuiklavick Volcanics - Group 1 —

i \
t Sax;lzle Number - 084 0_8_5_ ) 0868 0868 089 2
8 510, 78.33 78.11 . 78.76 84.22 73.82 N
f AL,05 10.06 . 10.21 10.56 8.48 11.84 1212
’ Fe,0, -1.11 0.65 1,02 0.68 0.90 n,d.
FeO 1.78 1.79 1.61 0.55 2.38 3.83
Mg0 0.15 0.07 L 0:07 0.04 0.37 n.d.
Ca0 0.20 1.07 T 0.15 0.16 0.41 0.17
P oxo 4.53 5.47 G 2.50 5.8 3.21
uazo‘ 0.43 0.41 - 0.05 n.d. 0.50 0.04
Ti0, 0.35° 0.32 0.32 0.29 0.36 0.11
Mno 0.08 0.08 °  0.08 0.08 0.08 0.08
11'205 : i n.d., 0.02 n.d. n.d. ~ mn.d. - n.d.
101 © 157 1.42 * 1,88 1.47 1.92 2.59
f Totgl 98.59 98.72 99.08 98.47 98.44 - 99.97
. Nb , 73 .79 70 63 109 107
Th 28 29 24 22 27 _ 26
Zr ' 761 819 742 690 1236 1221
Y 92 103 © 90 86 129 121
. sr 18 21 13 5 19 '- 6
Rb A 216 255 242 145 435 156
- JC 35 37 . 17 9 37 o
o Cr 7 7 6 9. -7 © n.a.
Ca S 23 T 23 24 23 ° - 36
zr 87, 55 47 43 56 104
‘ ca : 7 3 v 8 10 Co12 7
) Ni : 29 . 13 © 30 23 49 33
£

( Ba 192 223 - 28 99 188 63

e v
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L ~ . ‘ Nuiklavick ,Volcanics - Gro{lp 2
A
- Sample Number 090 091A 0918 pee]
s10, 75,52~ 72.99 75.90 78.16 | :
AL,0, 10.10 10.23 10.60  8.53 - ;
, Fe,0, 4 1.26 - 2.64 0.97 1.05 .
» FeO - 2.02 2.73 4.06 3.22 -
! MgO 0.02 0.02 0.02 © 0.08 :
Ca0 0.19. 0.02 0.02 . 0.17 ;
K,0 6.31 4.78 3.82 4.15 .
' Na,0 0.47 . 2.49 1.00 0.05
R Ti0, 0.34 0.33 0.35 v 0.36
MnO . 10:09 0.09 - 0.08 0.09
P,0, n.d. a.d. - ' n.d., n.d. ' ‘
101 . 1.36 1.3 1.11 1.80 “
- Total 97.71 9817 98.135 97.66 " !
@ b 299 252 280 231 y
‘ Th 76 . 58 : 69 75 ﬂ
fr - 3317 2742 3108 3465
Cj Y ) 366 291 335 286
- Sr 9 6 7 12 /
R . 460 367 464 286
_ 12 S 184 17 19 2y
4 or 2 1 5 7
: Ga : 29 33 T o3 29
1 Zm 772 76 46 248
Cu a n.d. n.d. n.d. 7
Ni 5 90 75 88 2
Ba - 10 20 - 9 . 3%
,
/
, .
| ‘ ;
, {
-
s AR AR 25 45155 . — : pas =“'?‘ e




N . .
- Nulklavick Volcanics - Group 3
!M

Sample Number

5102

A1203
FeZO3
FeO

MgO
‘Ca0
K,.O

2

NaZO

TiO2
MnO

P50s

087
81.68
7.61
1.40
3.49
.02
.10
.73
.d.
.39

088

84.63
6.04
1.08
1.93
0.02
0.16
1.69
n.d.
0.39
0.08
n.d.
1.73

0934
78.33
10.19

0.65

3.63

0.01

0.11

2,19

0.15

0.32
0.10
n.d.
1.54

97.75 .~97.22
L

288
- 93

L

257

472
122

\5255
" 588

6

271

149
n.d.
33

n.d.
29
23

093B
75.58
10.74
0.78
3.99
n.d.
0.17
2.32
0.13
8.10
0.09

n.d.

T 3.40

535
2
131
13

094
75.31
9.61
2.2k
4.68
0.02
0.34
3.91
n.d.
0.35
0.10
n.d.
2.34
98.90

507
127
5495
597
9
fsgs
53
n.d.
27
749
n.d.
152
17 .
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f . - CIPW Normative Analyses (In Mole Z)'
3 . Clinopyroxene-fayalite granite
3 R . Vi
Y
Sample Number 057 060 . 061 062c 064b
! T Q _ 55.66 ¢ 58.83  61.78 45.32 60.78 ' -
¢ . .- S ) -
’ or. 9.19 12.38 12.32 11.21 9.59
Il N . . . ) 5
Ab . 17.25 16.88  14.56 18.12 15.87
An 4.31 2.79 5.08 7.05 4.06
bt | - 4.64°  3.81°  0.70 . 4.35 3.22 2
“Hy - 5.58 2.44 2.5  10.38 3.06 : o ﬁ
Mt ’ 1.19. 133 1.63 . 0.75 1.69
. TL 1.92 1.38 1.23 2.48 1.54 o '
4 . 4 . : N 3
. , . Ap - 0.25 0.14 0.12 0.33 ~0.18
’ Agpaitic . . ‘ -
| Index 754,840 .726 .675 .758 ?
2
; ;
Ji:.
3
1




. : EAED
: . N N . e s : :
oz i - -y e BB S cene ¢ e e st g et < g e . T
. - hd

\\’- ‘, ‘

“" ] - S . . - -
Arfvedsonite-riebeckite granit C ’ -

e
v

3 a . .
}  Sample Number . 068  069A 069 071 072 073 074 075 078 . 079 080 08l 082 083 .
O 5711 60.34 50.06 70.94 69.20 68.28 67.97 63.92 62.61 64.20 54.33 64.89 65.44 65.73
or 15.82 14,90 14.89 12.43 12.19 12.80 12.67 13.07 14.07 14.14 13.86 13.38 13.21 13.00 K
Ab 21.70  19.66 26.83 '14.20 14.85 15.81 13.64 16.01 17.57 17.69 15.66 15.28 15.88 IS.4d .
. an 0:3  0.00 0.00 0.24 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
Ns | ‘ " ©0.96 0.00 0.00 0.00 0.00 0.00 0.8
Di 1.63 1.88 - 4.86 0.52 1.26 0.95 1.19 1.37 l‘.31 ]_..ll T A4 0.89 1.27 135
by 172 1.56 1.28 0.06 0.58 0.35 0.46 1.26 1,40 0.57 - t.94 0.86 1.12 1.58 - . -
. ‘ | ‘
Ac 0.00  0.30 2.55 0.00 0.00 0.0L 2.18 2.63  1.46  0.69 %.47 320 1.38 1.91
Mt 0.85 0.48 0.18 1.16 1.02 1.17 0.64 0.00 0.74 o.'scs V.'azr 0.66 0.88 0.00
(0 1 0.74. 0.79 1.19 0.00 0.56 0.54 0.64 0.67 0.73 06 0.72 0.69 -0.65 0.66
© Ap © 0.03 (0.0l 0.1+ 0.00 0.00 0.02  0.00 0.00 0,00 0.01 .02+ 0.00 0,00 - 0.00 .
Agpaitic . . , e - - . '
Index .982 1.008 1.064 .982 .999 1.000 . 1.083 1.156 1,045 1.022 1.083 1.112 1.047 1.079
t 8
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REE Analyses . .-"l

Clinopyroxene-fayalite Granite

»

' Sample 057 0607 061  062C  064B
L ' ia 60 70 64 51 34
i Ce 164 167 148 l28 89 N |
Pr B ¥ 19 18, 16 12 . , . ‘
N . 7 82 ji . 53 R | *
' sm ‘ 14 15 14 13 0 1L - o -
‘Fu 3 30 T3 R _ _ .
cd 12 14 12 13 10 . | '
Du o 11 12 11 12 10
Er = S 7. 6 7 4
. Arfvedsonite-riebeckite Granite ) ;
* samle 068 0esA 068 O/ 072 073 04 075 079 . 080 8L 082 083 .
La 59 a1 85 36 . 244 160 180 211 - 120 . 145 180 207 189 e
) . Ce . . 126 428 ' 224 93 533 321 340 © 433 208 303 390 421 392
o 3 18 a2 27 9 56 32 42 45 25 36 35 44 42
: Na . - 60 153 100 28 206 109 . 135 157 89 124 121 148 144
; sm 10 24 19 b 3% - 16 23 2 T4 20 20 25 24"
Eu n.d. 2 1 nd. 2 1 0.1 4 1 1 1 1 i .
cd* 10 18 18 5 31, 13 23 22, 10 18 16 20 21
; Du _ 11 19 16 6 31 11 21 20 10 21 19 22 18
Er 8 10 9 6 17, 5 15 15 12 5 w9 - 12 13
5
. .
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~ ‘ A ‘ _ REE Analyses

Nuiklavick Volcanics — Group 1

Sample Number . 08¢ 085  O086A (086B 089 092 099 1ol 102 . .
 la 98 140 139 147 307 395 148 152 246 T o
, v Ce ' 210 294 277 288 649 660 318 267 525 |
A £ 21 33 32 28 - 66 88, 28 32 57 ,
: M 80 - 106 106 ¢ 102 220 25 102 116 190 _
. sa . 13 19 8 17 34 3% 16 26 35 ) _ |
" Eu nd. 0.3 0.4 1 2 | n.d. 2 1 1 ‘ f
5 T w17 w15 27 25 13 25 34 v ‘
., Du - , 14 17~ 16 - 15 23 21 14 30 39 V
Be 9 11 o 9 15 15 10 - 19 24 o |
. v O . - ' - '
[ " : Nuiklavick Volcanice - Group 2 : ) ‘ ) J : S
! Sample Number - 090 091A 091B 100
» - La . 219 . 238 271 129 : -
Ce . ' 499 523 596 303" - § ) - .
Pr 61 56 63 34 " ' _ ’ ' |
N . 212 202 225 145 o R )
. sm 47-, " 40 w46 28 -, K :
; " Eu “n.de n.d. 1 nd. _— i ’
ga 48 . 43 45 2 - i
B S 58 48 53 49 .
5 B 38 33 - 3% 33 s - I o
I} : 4 'y .
- . - j . - Lo .




REE Analyses

Nuiklavick Volcanics - Group 3

088  093A 0938 09 095  097Aw 0978
g6 319 362 347 365 1.242‘5233
20 721 760 777 B15 ‘853 544
A 79 86 90 89 93 61
110 283 304 323 346 235
41 64 . 68 69 68 67 = 54
1 nd. 2 1 3 6 1
48 67 68 75 72 68 55
66 86 88 93 82 76 63
42 62 59 67 . S7 s2 41

. -
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)Sample Number 073 079 : . 073
’ ¥elsic Fraction Mafic fractipn -Zircons
La o 97 910 © 8249
b Ce 141 as27 1647
i 'v
§ Pr o 12 199 1893
: v
Nd 54 706 6829
: ¢ _ ) 8 : 124 1434
n.d. 2 n.d.
A
‘ 5 104 3512
D4 8 )12310 .

4 ' 59 ° . 19064
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192.

This Appendix consists of supplementary Harker type correlation
diagrams on all diagrams, concentrations are in ppm and symbols
!

.represent:

0. arfvedsonite-riebeckite granite

N

4 Nuiklavick wolcanics - group.\l
+ Nuiklavick volcanics - group 2

® Nuiklavick voicanics - group 3
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