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The Davis Inlet area is underlain by Archean gneisses and younger 

igneous rocks which range in composition from gabbroic to granitic. Two 

granites and a volcanic unit were sampled during the field season of 

1978. 

Detailed petrographic and geochemical studies indicate the non-

peralkaline nature of the clinopyroxene-fayalite granite and the peral-

kaline character of the arfvedsonite-riebeckite granite and its associ-

ated volcanics. Mineralogical characteristics such as the presence of 

Poikolitic aegirine-augite and arfvedsonite-riebeckite with needles of r 
riebeckite nucleating on grain boundaries, and extensive albitization 

reflect the peralkaline nature and intense volatile activity in the 

peralkaline granite. 

Chemical characteristics such as agpaitic indices (Molecular Na
2

0+ 

K20/Al20
3
l, normative acmite and sodium metasilicate and trace element 

behaviour can be used to separate the granitic suites according to their 

peralkaline and non-peralkaline natures. 

The enigma of the Nuiklavick volcanic suite has been dealt with 

primarily on the basis of trace (including RE) element data. Extreme 

enrichment of Zr, Nb, Y, Th, Zn, Ni and the REE along with severely 

depleted Ba, Sr, Ca, and Mg are a strong indication of a very peralkaline 

character. Trace element trends and concentrations observed in samples 

examined cannot be explained by conventional differentiation models. 

Systematic trace element enrichment patterns indicate a high degree of 

continuity between the peralkaline granite and volcanic samples reflecting 

transport of elements to the top of the magma chamber as cationic com-
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plexes in. a fluid/volatile phase. From the data observed in tt.'i s study 

and in others it is possible t~ suggest that over saturated peralkaline 

rocks reflect intense vola_tile activity_ wh1ch produces their character

istic petrography and ~eochemistry. 
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CHAPTER 1 

SCOPE AND PURPOSE OF STUDY 

The ma jor purpose of this study is to examine geochemi cal trends 

and their implications in an oversaturated alkaline/peralkaline environ-

ment. An attempt will be made to document on petrologic and geoc hemi ca l 

grounds, the significance of volatiles and/or metasomatic fluids in t he 

evolution of alkaline/peralkaline magmas. 

The genetic relationship of the Nuiklavick Volcanics to the 

associated a rfvedsonite-riebeckite granite will be defined by usLng rare 

earth element patt_erns to study mineralogical rel ationships. The ab s e nce of 

a direct genetic relationship between the arfvedsonite-riebeckite granite 

and the clinopyroxene-fayalite granite will be discussed. 

LOCATION AND ACCESS 

~1 
.1#1~ 

'· ~-
I' 

Davis Inlet is a small native community located on the Labrador 

f 
~· .•. ... 
j·~ ~ 

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

approximately 300 km north of Goose Bay and 80 km south of Nain. Acc ess 
/ 

to Davis Inlet LS by air (float plane) or by C.N. Ma"tine coastal boat . 
l•. which operates during the ice-fee season - late spring to ea r ly autumn. 

i. Samples were collected from areas 1, 2 and 3 (Fig. 1) by boat and helico--pter during the field season o f 1978. The areas samples were .mapped 

primarily by Hill during the f ield seasons of 1977 and 1978 assisted 

by the author in 1978 (Hill, ·L978a,b, 1979). 
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PHYSIOGRAPHY 

The physiography of the Davis Inlet area, as described by Hill 

(1978b) is afaracterized by a peneplain that ris~s gradually from 300 m 

near the cOast to 700 m inland with a maximum relief of 500 m. Deep 

erosional dissection by numerous streams and rivers has resulted in the 

formation of a series of rugged hills separated by drift and forest-

covered valleys. Outcrop is abundant but occurs only on the hill tops 

above the tree line which is at about 200m. 

PREVIOUS WORK 

The first published description of the geology of t~e 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, 1960, 1961). Subsequent work by Taylor (1972) 

included a description of the Davis Inlet. area as part of a large scale, 

helicopter-supported, reconnaissance mapping project in which the presence 
t 

of the quartz-feldspar porphyry was reported. Ryan (1974) mapped and 

J 
studied the metamorphic and structural relationships of the gneissic 

terranf near Flowers Bay in the Davis Inlet area but Collerson et al. 

(1974) were the first to recognize the alkaline nature of 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. 
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GEOLOGICAL SETTING 

The Davis Inlet area is underlain by undeformed igneous rocks of 

Helikian age which intrude Archean gneisses belonging to the Nain 

Structural Province of the Canadian Shield (~aylor, 1971). Geological 

descriptions and field relationships as reported by Hill (1978a,b, 1979, 

1980) are summarized below. 

Archean Gneiss 

Archean gneisses (unit 1, Table 1) occur bordering the younger 

igneous rocks to the east and north as well as formfng discrete screens 

between separate intrusions (Fig. 1). The gneisses have been divided 

into several subunits on the basis of metamorphic facies (amphibolite-

granulite), stages of deformation and composition. 

Gabbroic Rocks 

Gabbroic plutons of varying compositions occur in at least nine 

separate areas and as three distinct phases namely: anorthosite plutons, 

olivine-norite dykes cross cutting marginal zones of the anorthosite 

plutons and as older anorthosite xenoliths in chill zones of the younger 

anorthosite plutons (Unit 2, Table 1). All phases intrude the Archean 

gneisses and are themselves intruded by younger more felsic igneous 

rocks and occasionally occur as roof pendants overlying the younger 

igneous rocks. The plutons consist of fine-grained olivine gabbro 

border phases which grade into coarser-grained troctolitic and anortho-

sitic interiors commonly displaying rhythmic layering. Contact zones 

are often characterized by extensive brecciation and thermal aureoles 

reaching pyroxene hornfels metamorphic grade. 
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TABLE lA 

LEGEND FOR ALL MAPS 

(Modified after Hill, 1979) 

HELIKIAN 

5. 

4. 

Medium to coarse grained massive undivided granite composed of 
arfvedsonite-riebeckite, fayalite, clinopyroxene, hornblende, 
and biotite bear i ng varieties; minor associated pegmatite and 
aplite dikes. 

Massive quartz-f eldspar porphyry, flow banded felsite, lithic 
tuff and minor breccia and agglomerate. 

3. Syenite, monzonite and monzodiorite - olivine-pyroxene syenite, 
olivine-pyroxene monzonite and monzodiorite, foliated plagioclase 
cumulate with intercumu lus cl inopyroxe·ne, 

2. Gabbroic rocks - fine to medium ·grained olivine gabbro and leuco
gabbro, coarse to very coarse grained plagio·c1ase and plagioclase 
olivine clumulate, locally contains thin layers of olivine-oxide 
and plagioclase-apatite clumulates. 

ARCHEAN 

l. Banded biotite-feldspar quartz gneiss; plagioclase-amphibole, 
plagioclase-pyroxene and amphibole gneiss, locally mixed with 
granitoid gneiss ana 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 Yith younger 
unit indicated) ....•••......•.....•. , .. , . 

-. 
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TABLE 1 

STRATIGRAPHIC COLUMN OF ROCK UNITS IN THE DAVJ.S INLET AREA 

(Modified after Hill, 1978b, 1979) 

HELIKIAN 

6. 

5. Medium to coarse grained, massive undivided granite composed of 
arfvedsonite-riebeckite , aegirine, fayalite, clinopyroxene , horn
blende and biotite bearing varieties; minor amounts of .associated 
pegmatite and apl i te dykes . • 

4. Massive quartz-feldspar porphyry , flow-banded felsi te, lithic t uff, 
minor breccia and agglomerate. 

3. (a) Olivine -pyroxene syenite • 

(b) Olivine-pyroxene monzonite and monzodiorite 

(c) Fo 1 in ted p 1 ag iocl ase cumulate with intercumul us clinopyroxene. 

2 . (a) Fine to medium grained olivine gabbro and leucogabbro 

(b) Coarse to very coarse grained plagi oc lase and plagioc lase
olivine cumulate; locally contains thin layers of olivine
oxide cumulate and plagioclase-apatite cumulate. 

ARCHEAN 

1. (a) Banded biotite- feldpsar-quartz gneiss 

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

(c) Interlayered, banded tonalite, granodiorite and minor granite 
gneiss, local inclusions of lb 

(d) Co~rse 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-Sr age of 1325 ~ SS 

Ma (Char Lake Monzonite, Brooks, 1980) intrude the gabbro~c plutons 

and are themselves intruded by younger granitic rocks o(/ Unit S. Rela-

~ionships with the Nuiklavick Volcanics have not been determined to 

date. The homogeneous plutons are syenitic to monzodioritic in campo-

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

\ host rocks and chilled margins that may contain phenocryst! of plagioclase 

and/or orthopyroxene. The Char Lake pluton i s the largest of these and 
. 

is less homogeneous than most. It has chilled margins of monzodiorite 

with an interior composition whi-ch ranges from ,gabbro to granite. 

Felsic Volcanic Rocks - Nuiklavick Volcanics 

The Nuiklavick Volcanics (Bevan, 1954) occur in the highland areas 

south of Flowers River (Fig. 1) where relatively poor exposure prohibits 

identification of details in the volcanic stratigraphy. Th~ Nuiklavick 

Volcanics consist of quartz and quartz-feldspar porphyry , flow banded 

felsite/rhyolite, 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 ~bnsidered dac i t ic. The 

' 
dominant lithology is a massive quartz-feldspar porphyry which is 

accompanied by subordinate aphyric and porphyritic rhyolite (fe lsite ). 

The rhyoli'te may exhibit flow bandi ng with northerly strikes and gentle 

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

' -

< ., 
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Lithic tuff generally occurs topographically overlying the porphyry 

and may suggest a _stratigraphic sequence. Volcanic breccia and/or 

agglomerate contain bombs of quartz-feldspar porphyry that may reach 

40 em 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 plagioc l ase 

cumulate and one isolated xenolith of plagioclase cumulate occurs in 

porphyry. It is, however, older than the granite of Unit 5 (Table I ) 

which invariably cuts the volcanics when the two occur t ogether. Roof 

pendants of porphyry have been found overlying ~ranite bodies. 

( 
Granite 

Three varieties of coarse grained granitic r ocks {Uni t S, Table 1) 

form the dominant lithologies of the map area (Fig. 1 ) . Arfvedsonite-

riebeckite _granite occurs predominantly south of Sango Ray . 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~t ions, one ,, 
is on a small island in Merrifield Bay, the other is just ~outh of Sango 

Bay. 

The arfvedsonite-riebeckite granite appears to form relatively thin, 

flat-lying sheet-like bodies which are younger than the clinopyroxene-

fay_alite granite on the basis of intrusive relationships and Rb-Sr da t ing 
\ . 

(Clinopyroxene-fayal.ite 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 protiuct of release of gases during·. intrusion (Hill, 

1980). Associated pegmatite, miarolitic cavities and patchy coarse and 

fine grained areas provide further evidence of extens i ve vol a tile / gaseous, 

activity. 

NOMENCLATURE 

With one exciption, the rock and unit names used i n this study are 

those used by Hill (l978a,b, 1979, 1980) during mapping . The unit 

called Gabbroic Plutons has been changed to Gabbroic Rocks because the 
:'> 

unit includes three gabbroic phases not all of which are pl utons. The 

rock units are described in Table 1. 

Identific ations of microcline and orthoclase are based upon the 

presence or absence of cross-hatch twinning which lS characteristic of. 

microcline (Smith, 1974). 

The term peralkaline has been defined in var1ous ways by several 

different people. In this thesis, it 1s used to indicate any or one or 

combination of the following: 
' 

1. The presence of sodium-rich pyroxene ( aegiri~e-augite ) or 

amphibole (arfvedsonite- riebeckite) (Carmichael ~~·· 1974). 

2. An agpaitic index (molecular Na2 0+K2 0/Al 2 01 ) greater than one 

(Carmichael et ~-, 1974) • 

.. 3. The appearance o f acmite or sodium metasi l i~ate in the CIPW 

normative analyses (Bailey and Schairer, 1966). 
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4. High concentrations of a suite of trace e lements referred to as 

residual, agpaitic or lithophile elements whi ch include Zr, Nb, Be, Y, 

Zr, REE, Th (Tauson, 1967; Taylor ~ ~·, 1980). 

5 . Depletion of Mg, Ca, Ba, Sr. Eu (Cr and Ni - to be revised in 

Chapters 3 and 4) (Nichol ls and Carmichae l, 1969; Ferrara and Treu i l, 

1974). 

The term residual e l ement, as used here, refers to those trace 

elements listed above which are characteris-tically enriched i n pera lkal i ne 

melts. As defined here, residual element does not necessarily comply , 
with the strict definition whereby residual elements mus t obey Henry ' s 

Law and cannot readily ent er the crystal structures of t he common r ock 

forming minerals (Arth, 1976). In particular, zinc has been included as 

a residual element by a nlunber of people (Nicholls and Carmi chael , 1969 ; 

Bailey and MacDonald, 1976). Further proof of the resi dual nature of 

zinc will be provided · in a subsequent section of this work. 

£ce or Ce earths refer to La + Ce + Nd + Sm; tY or Y earths 

refers to Gd + Dy + Er + Yb + Y (Mineyev, 1966) . 

Pseudoper:thi te, as used in this thesis, ref ers to altered perthi te 

crystals which in thin section. have pale green ~ron-magnesium rich 

lamellae and hosts that are sericitized or recrystallized. I n the 

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

-

• 



CHAPTER 2 

PETROGRAPHY 

Approximately fifty samples of clinopyroxene-fayalite granite, 

arfvedsonite-riebeckite granite and Nuiklavick volcanics from the 

Davis Inlet area have been examined petrographically. Sample locations 

are presented as Figures 2-4 and individual sample descriptions are 

given in Appendix A. The purposes of the petrographic study are to: 

1. compare the two granites 

2. document hydrothermal activity associateqrwith the 

arfvedsonite-riebeckite granite 

3. attempt to separate the Nuiklavick Volcanics into sub-

volcanic and extru~ive subunits. 

CLINOPYROXENE-FAYALITE GRANITE 

Eight samples of clinopyroxene-fayalite granite were collected 

from a well exposed section of coastline, extending north from Daniel 

Rattle and south of Merrifield Bay (Fig. 2). In the field, it 1s often 

difficult to distinguish this granite from the syenite/monzonites of 

Unit 3 and arfvedsonite-riebeckite granite. It is quite melanocratic, 

with 5-10% mafic minerals, medium to coarse grained and inequigranular 

(Plate 1) with an average modal analysis of: 

25% 
5 -20% 

30 -65% 
0 -20% 
5 -10% 

quartz 
orthoclase 
perthite 
plagioclase 
mafic minerals. 

11. 
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Plate 1: Handspecimen of clinopyroxene-fayalite granite 
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In thin •section 4uartz occurs as int·erstitial grains between 

alkali feldspars which are the most CO!lljllon minerals. " 

Th~ alkali feldspars are predominantly mesoperthite accompanied by 

some orthoclase which may actually be perthite with ·sub-m.icroscopic 

lamellae (Smith, _1974). Plagioclase occurs only . as hydrothermally 

formed albite. I 
Optical identifications of mafic phases as ferrohastingsite, 

hedenbergite/ferrohedenbergitc and fay~lite 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 intergrown and their sequence of crystallizati~n 

is difficult to determine but it seems to be fayalite-+ hedenbergite-. 

ferrohastingsite (photomicrograph 1). Ferrohastingsite occurs as oiko-

crysts (photomicrograph 2). Occasiona·lly, biotite· or a blue-green 

amphibole, which may be arfvedson i tic, is found replacing ferrohasting-

site (photomicrc;>graph 3) (Deer ~ ~-, 1963). 

Cqnunon accessory minera l s ~nclude i.ron-titanium oxides, allanite , 

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

the accessory minerals. 
· ... Ll 

ARFVEDSONITE-RIEBECKITE GRANITE 

Seventeen samples of arfvedsonite- riebeckite granite were collected 

from Merrifield Mountain (Fig. 3) and examined petrog-raphically for the 

purpose of confirming their peralkaline nature and the petrographic-

petrochemical !elationships of the minerals in this rock unit. 

' 

··- -'- - ~..:-, .. . -... ........ ..__ .... . 
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T.I\BLE 2 

ELECTRON MICROPROBE ANAL'tSES O.F MAFIC. 

PHASES OF CLINOPYROXENE -FAYALITE GRANITE 
~ 

A B c 
Si02 

41.8 50.24 29.5 

A1
2

0 
3 

8.39 0.25 0.07 

FeO 26.69 22.66 64.68 

MgO 4.99 5.00 2.5 

CaO 9.97 20.21 0. OS 

Na2o l. 99 0.20 

K
2
0 l. 24 * 

Ti02 
1.89 0 0 1 

MnO 0.26 0 .53 1. 48 

TOTAL 97.23 99.19 98.29 

A- hastingsite (Na_ 3, K. 1) ca1_8 (Mg 1 _2 • Fe 3. 7) 

(Si
7 

Al. S o22) OH, F 

B- hedenbergite Ca_ 89 (Mg_ 3; Fe. 7) Si 206 

c- fayalite (Mg_ 1, Fe1.9) Si04 

*in all tables a dash means values were below limits 
of detection 

15 0 
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Photomicrograph 1: Association of mafic minerals in clinopyroxene
fayalite granite. Green mineral is ferrohasting
site, yellow tinged high relief mineral is fayalite 
and pale nearly colourless mineral in ferrohas
tingsite ~s hedenbergite. 

(40xl- all photomicrograpffiare in plane 
polarized light unless otherwise stated 

Photomicrograph 2: Oikocryst of ferrohastingsite (40 x) 



Photomicrograph 3: Blue-green amphibole that may be arfvedsonitic~ 
replacing ferrohastingsite along grain boundary 
(_125 .x)_ 

17. 
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The arfvedsonite-riebeckite granite 1s leucocracic (white-pink), 

medium to coarse grained and equigranular (Plate 2). In contact zones 

it tends to be fine grained and prophyritic with phenocrysts of quartz, 

feldspar and locally arfvedsonite-riebcckite (Plate 3) or it may develop 

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

moda;_jbmposition 1s: 

25-30% quartz 
65-70% perthitic alkali feldspar 

3-5 % mafic minerals 
up to 1% accessory minerals. 

In thin section, quartz commonly occurs as interstitial crystals 

or as vermicular or graphic intergrowths with feldspar. The bulk of the 

rock consists of microperthitic alkali feldspar _with microcline/orthoclase 

hosts and albitic lamellae. Several textural varieties of microperthite 

have been identified - rod, stringer, braided, and patch or rim albitiza-

tion (photomicrographs 4, 5) (Smith 1974; Taylor et; ~·· 1980). 

The mafic components are primarily sodic pyroxene (generally 

• 

aegirine-a,ugite), and sodic amphibole (arfvedsonice-riebeckite) accompani.ed 

by aenigmatite and astrophyllite which are usually present only 1n 

accessory amounts. 

Aegirine-~~Ugite is pleochroic in green with the following pleochroic 

scheme: a - deep green, ~- grass green, y - brownish green. Arfvedsonite-

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

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

dark green. The darkest colours reflect the most riebeckitic compositions 

0 
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Plate 2: Handspecimen of arfvedsonite-riebeckite granite 

Plate 3: Poikolitic arfvedsonite-riebeckite and aegirine-augite 
in fine grained groundmass. Sample from chilled margin 
near gneiss 

20. 
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Plate 4: Graphic intergrowth of quartz and feldspar. Sample from 
near chilled margin 
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Photomicrograph 4: Rim albitization in arfvedsonite-riebeckite 
granite (~0 A, crossed nicols) 

Photomicrograph 5: Alhitization With associated allanite and 
aegi±ine-augite (50 x, crossed nicols) 

22 . 
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and are much less common than arfvedsonitic compositions ) ) ~e mafi c . -
phases are intimately a;sociated, commonly with t~-mo:St · s~dium~ and 

iron-rich phases surrounding the less sodium- and h:~n-ri,ih cores' i.e. 
'-._/ 

aegirine-augite rimmed by a thin corona of arfvedsonite-riebeckite 
• 

(photomicrograph 6) or green arfvedsonitic amphibole rimmed by bluer 

more riebeckitic compositions. Electron microprobe analyses of aegirine-

augite and arfvedsonite-riebeckite confirm that the compositions vary 

from the core to rim becoming. increasingly sodium- and i'!:on-rich (Table 

3). 

Aenigmatic 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 sequence (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) - primarily pyroxene 

and amphibole (photomicrograph 9) 

3. secondary replacement .minerals especially along cleavage planes 

and as thin coronas (photomicrographs 6 and 10) 

4. as small acicular crystals or radiating clusters which nucleate 

on grain boundari es of earlie; formed crystals or peppering the felsic 

phases (photomicrographs 11, 12 and 13). 

... . . .. -· ··-···· . . 



Photomicrograph 6: Arfvedsonite-riebeckite (corona) replacing 
aegi:r;ine-augite (40 x) 

24. 

Photqmicrograph 7: Aenigmatite replacing arfvedsonite-riebeckite and 
and aegirine-augi~e. In lower left hand corner, 
arfvedsonite-riebeckite has a bluer riebeckite 
material on edge of grain (50 x) 



Photomicrograph 8: Arfvedsonite-riebeckite that crystallized 
magmatically and was subsequently corroded by 
a hydrothermal fluid phase (40 x) 

Photomicrograph 9: Oikocryst of arfvedsonite-riebeckite (40 x) 

25. 
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Photomicrograph 10: Blue riebeckitic material replacing arfvedsonite 
or aegirine-augite along grain boundaries. Also, 
riebeckite needles nucleating on grain boundaries 
and very dark coloured, nearly opaque aenigmatite 
(125 x) 

Photomicrograph 11: Riebeckitic crystals nucleating along grain boundary 
of arfvedsonite-riebeckite which is being replaced 
by riebeckitic material (125 x) 



Photomicrograph 12: Radiating cluster of astrophyllite needles 
nucleating on edge of arfvedsonite-riebeckite 
crystal (125 x) 

27 . 

Photomicrograph 13: Clusters of riebeckite needles in feldspar (125 x) 
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TABLE 3 

RESULTS OF ELECTRON MICROPROBE ANALYSES OF SOME PYROXENE$ , 

AMPHIBOLES AND ZIRCONS FROM THE ARFVEDSONITE-RIEBF.CKITE GRANITE 

A B c D E 
Sio

2 49 . 51 48.07 47 .96 48.75 25.35 

A1
2
0

3 . 18 .16 . 98 .64 23.12 

FeO 28.69 32.20 26 .82 35.11 34 .4 7 -· MgO .41 . 09 . 45 .20 1.13 

CaO 17.25 15.71 3.05 1.60 0. 10 

Na
2
o 2.55 4.15 5.83 10.02 0.04 

K
2
a .01 . 23 1.49 .02 2.1 3 

Ti0
2 . . 42 .47 . 95 .77 0 . 43 

MnO .51 0.21 

Y203 

Zr.02 

,_ Ce
2

o3 

zno 

TOTAL . 99.53 97 . 48 93. 45 89.36 36.98 

.. 
A -pyroxene centre (Na_ 1 , Ca. 7) (Fe.

94
, Mg.Ol) Si

2
o

6 
B - pyroxene rim (Na_ 2, Ca . 7) (Fel.O' Mg_

01
J Si

2
o

6 

F 

40.32 

.04 

G 

38.93 

. 01 . 03 

.11 . 02 

.02 

.02 

.03 .88 

58.50 49 .38 

.OS 

.16 . OS 

99.33 89 . 33 

28 . 

C - amphibole near contact with pyroxene Na2 _
9 

Fe
5

.
0 

AI _
2 

;si
8

_
4
o
22

) (OH,F) • . 

D amphibole ' rim Na3 _8 Fe
4

_
2 

Al_
1

. (Si
8

_ 
7
o

22
) (OH,F) 

E - alterati~?n material, pseudomorphic after mafi c phenocryst(?) 

F altered zircon 

G - unaltered zircon 
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A variety of ac~essory minerals have been identified inc luding 

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 bro~) core and a lighter yellow pleochroic rim -

a combination which probably reflects metamictization (photomi crograph 

14). 

Two generations of zircons occur and will be referred to here and 

subsequently as types one and two. Type one occurs as large crystals up 

to . 75 nun in diameter, that tend to be altered (possibly metamict) and 

corrod~d (photomicrograph 15). Type two form small (0.05 mrn) euhedral 

and colourless crystals (photomicrograph 16). 

Discussion of Hydrothermally R~ lated Petrographic Relationships 

Some of the petrographic relationships just documented reflect 

extensive hydrothermal activity which seems to play a major role in the 
.. 

development 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~~·, 1980). The association of small (acicular) 

crystals of aegirine-augite and/or arfvedsonit~-riebeckite in association 

with rim albitizatio'n suggests that the fluids may have been albitic-

acmitic . in composition as suggested by Bowden and Turner (19?4 ) (photo-

micrographs 5 and 17). However. the exact composition o! the fluid 

phase(s) in peralkaline environments is still. a matter of much speculat ion. 
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Photomicrograph 14: All~n~te which h~s a d~rk b~own opaque core and 
a lighter yello~ rim (J-25 ..x} • 

Photomicrograph 15: Type l zircon which is large, altered and corroded 



I 

Photomicrograph 16: TyPe 2 z~rcon which is small, . unaltered and 
w·e 11 formed (_12 5 _.x) 

Photomicrograph 17: Arfvedsonite-riebeckite in association with 
rim albitization (40 _.x, crossed nicols) 

31. 
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Many of the crystal forms and •••ocia~ of the 
/ 
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mafic minerals 

support the hypothesis that hydrothermal fluids played a major role in 

their crystallization. The crystallization sequence of the mafic phases 

is difficult to interpret optically but generally i~ seems to be aegirine-

augite -+ arfvedsonite-riebeckite +aenigmatite, followed by astrophyllite. 

allanite and other accessory minerals. 

It has been demonstrated that aegirine-augite is stable under 

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 

presence of riebeckite almost undoubtably reflects hydrothermal 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.:.! al., 1980). 

Compositional zoning observed ~ptically in aegirine-augite and 

arfvedsonite-riebe~kit~ ref l ects chemical zonation. In both over-and 

undersaturated peralkaline rocks, pyroxenes and aenigmatite tend to 
) 

• 

J 
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become enriched in Na, Ti, Fe and Mn from core to r1m (Neumann, 1976; 

Larsen, 1977; Ferguson, 1978; Grapes et al., 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; Ferguson, · 1978; Grapes 

~ 22:.:, 1979). It should be noted that in aenigmatite, total iron decreases 

from core to rim but Fez03 increases (Larsen, 1977; Grapes~ al., 1979) • 

It has been observed .that when aegirine-augite and arfvedsonite-riebeckite 

occur iP contact, elements such as Ca, Mg, Fe, Na, and Ti tend to be 

intermediate in concentration near the contact (Table 3). 

Ferguson (1978) suggested that the early crystallization of micro-

perthite results in a peralkaline residual, interstitial liquid rich 

1n Na, Fe, Ti, and Mn from which aegirine-augite may crystallize followed 

by more sodium-rich aegirine (2nd generation), arfvedsonite and aenigma-

tite. The crystallization sequence is strongly related to volat i le 

press·ure, composition, temperature and oKygen fugacity. In particular, 

the crys~allizatiGn of arfvedsonite is closely rela~ed to an increase 
I ., 

1n volatile pressure and. bulk composition whereby the substitut.~on of 

F for OH extends its stability to higher temperature ranges (Grapes 

!!.al., 1979). The dependence of the crystallization sequence on so 

many factors permi~s variation in the order of crystallization in 

various parts of the hody because all these factors are not constant 

throughout the whole of a large body of magma. 

/ 

p 

I 
I 
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Astrophyllite generally o~curs in ·the form of acicular needles 

or clusters which appear to be hydrothermal. Astrophyllite analyses of 

MacDonald and Saunders (1973) show high concentrations- of Zr, Zn, Nb, 

Rb, Cs and Ta, and ' REE. Assuming a hydrothermal origin, this indicates 
I 

that the fluids associated with peralkaline magmas were rich in these 

and probably other trace elements. It has been found as well that many 

of the trace element~ characteristic of peralkaline melts, especially 

34. 

Zr and Zn are especially concentrated in late crystallizing ferromagnesian 

minera~s (Nicholls and Carmichael, 1969; MacDonald and Saunders," 1973). 

The zircons described previously as types l and 2 have been t he 

subject of a somewhat cursory microprobe study with no conclusive 

results. I~ will b~ tentatively suggested that the alteted variety, type 

1, may be slightly enriched in Na2 0 and Zn with a slight depletion of 

Y (Table 3) and may represe~t an early magmatic phase. 

NUIKLAVICK VOLCANICS 
.:.· ... 

Petrographic examination of twenty-four samples of Nuiklavick 

volcanics (Fig. 4) !llow subdivision.of the unit into .subvolcanic • quartz-£ eldspar prophyry, extrusive rhyolite and tuff and volcanic 

breccia. 

Quartz-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 abundat'lt than quartz, usually euhedral, 'pink, white 

' 

. \ 

I 
' 
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Fig. 4 : Nuiklavick Volcanics Sample Map 
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Photomicrograph 18: Felsitic te~ture: a microcrystalline mosaic of 
quartz and feldspar l40 ~) 

Photomicrograph 19: Altered perthite (pseudoperthite which has a 
sericitized host and lamellae that are composed 
of an iron-rich alteration material (40 x) 



Photomicrograph 20: Relatively unaltered perthite phenocryst 
(~0 A, cros~ed nicols} 

37. 

Photomicrograph 21: Quartz phenocryst with lacy overgrowth in optical 
continuity (40 ~, c~ossed nicols) 
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· or stained green-black in colour and are up to 4. 5 mm in siZe (Plate 5). 

Green-black stained feldspar phenocrysts 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 resulting in patchy-mottled colouring (Plate 

6). Quartz phenocrysts are euhedral, colourless and generally about 

0.5 lliD in size. Angular xenoliths of volcanic ash are occasionally present 

1n a few of the samples ··examined (Plate 7). 

Thin section study reveals a groundmass with an average grain 

size of 0.1 DID c"bnsisting of a microcrystalline mosaic of quartz and 
·' 

feldspar with a felsitic texture (photomicrograph 18). 

4.511111 

with 

Phenocrysts of quartz and feldspar ranging in size from 0. 5mm to 

consis1?S of a microcryst'lllline mosaic of 

a felsiM texture (photomicrograph 18). 
\ . 

quartz and feldspar 

Pheno~rysts of quartz and feldspar ranging ~n siZe from 0. 5 ID1l • 

to 4.5 mm comprise up to 50% of the rock by volume. Euhedral-subhedral 

feldspar phenocrysts 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 ranges 

"'· ~. 
from virtually unaltered to v~ry sericitized or recrystallized (P'late 8, 

photomicrograph t9) whereas phenocrysts of perthite are relatively 

unaltered (photomicr~graph 20). Electron microprobe analyses of the 

green lamal.lae in pseudoperthites give ve'Fy low totals. They are 

depleted in silicon and sodium and enriched in aluminum, iron, magne sium, 

and titanium (Tabl e 4). 

;~ 
-~· 

•.: 

·~ 
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Plate 5: Pink euhedral feldspar phenocrysts in quartz-feldspar porphyry 

em. 

Plate 6: Patchy-mottled colouring due to leaching around feldspar 
phenocrysts in quartz-feldspar porphyry 
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Plate 7: Angular Aenol~th of volcanic ash in quartz-feldspar porphyry 

Plate 8: Pseudoperthite phenocrysts that are black to dark green in 
handspecimen 
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TABLE 4 

ELECTRON MICROPROBE ANALYSES OF CONSTITUENTS 

OF QUARTZ-FELDSPAR PORPHYRY 

A B c D E 

Si0
2 

60.96 65.78 47.93 25. 3s . 76.5 

Al 203 
19.48 21.42 34.11 23.12 7.6 

FeO 0.04 . 0.04 3.02 34.47 3.44 

MgO 0.03 0.19 1.13 0.13 

CaO 0.'06 0 . 11 0.10 J0.03 

.? Na2o 0.31 9.30 0.32 0.04 0 . 34 

K20 14.09 0.44 8.14 2 . 13 2.47 

Ti02 .01 0.13 0.43 0 . 06 

MnO 0.'06 0.21 0.02 

TOTAL 94.87 97. 08 93.81 86.98 90.57 

' ? A - unaltered feidsplir host (avera~e of 2) 

B - relatively unaltered teldspar lamallae (average of 2) 

Two possible reasons for low totals of which number 2 is 
considered most l ikely: 

1. concentration of tra~e elements that were not analyzed 

2.. po<h' calibration on electron microprobe 

' 3. the presence of ~olatiles for which there are no analyses 
I' 

41. 
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Quartz phenocrysts are euhedral-subhedral (may be embayed) dipyra-

midal pseudomorphs after beta' quartz and are characterized by inclusions, 

. . 
bubble trains and lacy overgrowths in optical contin~ity (photomicro-

graph 21). Electron microprobe analyses of the lacy overgrowths on the 

quartz crystals sho~ th{lt they are also quartz, 

Mafic phenocry$ts are absent in the samples examined, however, Hill 

(pers, CODIII,, 1980), has found a · riebeckitic crystal in one sample. In 

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

which may be pseudomorphs after mafic phenocrysts. Microprobe analyses 

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

t:itania and manganese but dept'eted ,in silica and sodium similar to the 

lamellae of (Table 4). 

Rhyolite and Lithic Tuff 

Rhyolite and. tuff samples re described together because of their 

extrusive nature and their petrog aphic similarities~ the only · major 

difference being the presence ~ absence of lithic fragments. They are , 
classified according tp the classification sche~e compiled in Table 5. 

The rhyolite and tuff samples qav~ a black grey or dark red 

aphanitic groundmass, with phenocrysts ot: 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 ~tretch~d and contorted anJ range in size 

from 1 to 9 em (Plate 9). Crystal fragments/phenocrysts in both the rhyolite 

I 
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Plate 9: Lithic fragments in tuff 

Plate lQ: Discontinuous flow banding in lithic tuff 
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Plate 11: Autobrecciated volcanic breccia 
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Fragment 
Size 

32 nun 

32 mm-4 DUD 

4 mm-.25 mm 

• 25 JJUD 

c 

TABLE 5 

CLASSIFICATION SCHEME MODIFIED AFTER 

WENTWORTH AND WILLIAMS (1932) AND· FISHE~ (1960) 

Fragment Indurated 
Type Ag$regate 

Bombs - plastic at time of eruption Agglomerate 

Blocks - previously solidifie<;l Volcanic Brecci 
yofcanic rocks of cognate 
origin, ,broken angular 
fonns 

Lapi lli - essential, ·accidenta't or Lapilli tuff 
accessory ejecta, may be G 

of any type of igneous, 
metamorphic or sedimentary 
rocks 

Coarse Ash: . Coarse tuff: 

Vi tric - 75% glass Vitric tuff 

Crystal - 75% ~rystals Crystal tuff 

Lithic - dominantly stony detritus Lithic tuff 
\ 

Fine ash : same types as above Fine tuff: 
as above 

; 

' ' . .. 
.. . 
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and tuff are predominantly quartz that has been broken and/or fractured. 

Subordinate perthite phenocrysts or crystal fragments occur in some 

samples. Crystal fragments/~henocrysts re~ch a maximum of 1 mm in size, 

but many are microcrystalline. 

In thin section, the groundmass is microcrystalline to cryptocrys-

talline (much less than 0.05 mm- maximum 0.1 mm) making identification 

of its components nearly impossible. Phenocrysts/crystal fragments 

account for a maximum of 10% of the rock by volume. Quartz phenocrysts/ 

crrstal fragments (contain bubble trains but few other inclusions' and 

have no lacy overgrowths) ar~ more common than feldspar phenocrysts or 

crystal fragments (photomicrograph 22). Feldspar phenocrysts/crystal 

fragments are intratelluric crystals of microperthi tc 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. Litftic fragments are of quartz-feldspar porphyry 

composition that often contain phenocrysts (photomicrograph.24) and of 

flow banded rhyolite. 

Intense devitrification and recrystallization are ubiquitous but 

some textural evidence of an original glassy nature has survived. Some 

textural · characteristics of extrusive rocks common to both the Nuiklavick 

volcanics and younger volcanics are listed be l ow and accompanied by 
. / . 

photomicrographs of each for comparison : 

.. 

·, 



Photomicrograph 22: Quartz phenocryst/crystal fragment in an 
extrusive rock (40 x, crossed nicols) 
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Photomicrograph 23: Broken and fractured phenocrysts/crystal fragments 
in an extrusive rock (40 x, crossed nicols) 
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Photomicrograph 24: Fragment of porphyry in tuff (40 x, crossed nicols) 
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1. rulites (photomicrographs 25 and 26) ) 
2. . axiti' struttu<e (photomicrognphs 27 and 28) (Martin, 1959) 

3. lenticular inclusions (Plate 9, photomicrographs 29 and 30) 

(Martin,' 1959) 

4. intratelluric crystals (photomicrograph~24) 

5. flow bandi~'.(Plate 10) 

6. autobrecciation (Plate 11) 

Volcanic Breccia 

Volcanic breccia aSiiiociated with the Nuiklavick volcanics is 

commonly light coloured (samples studied) with angular lit~ic fragments 

of porphyry, rhyolite or tuff that may !reach 40 em. in diameter (Hill, 

1979) (Plate 11). The volcani~ breccia samples studies are very rich 

in phenocrysts/crystal fragments without much groundmass (photomicrograph 
- ' 

31). They appear to have suffered autobrecciation, because upon careful 
·" 

• examination the fragments seem to fit together suggesting l ittle 

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 ~de to aeparate subvolosnic and extrusive rn.cko and to~ extent 

pyroclastic from non-pyroclastic rhyolites. 

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

grain size and lack of internal structures, combined with petrographic 

evidence suggest that some of the samples collected may be shallow 



Photomicrograph 25: Spherulites in tuff from Davis Inlet (50 x, 
crossed nicols) 

Photomicrograph 26: Spherulites in tuff from New Zealand (50 x, 
crossed nicols) 

6'0. 
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Photomicrograph 27: Eutaxitic structure in tuff from Davis Inlet (40 x) 

Photomicrograph 28: Eutaxitic structure in the Bishop Tuff (40 x) 



Photomicrograph 29: Lenticular inclusion, relict glass shard, in 
tuff from Davis inlet (40 x) 

52 . 

Photomicrograph 30: Lenticular inclusion, relict glass shard, in the 
Bishop Tuff (40 x) 
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Photomicrograph 31: Volcanic breccia (40 x) 
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intrusives. These samples occur topographically below those which 

have extrusive characteaistics . Although 'QO contacts have been found, 

at one location (Fig. 4) porphyry occurs imnediately below tuff, indicating 

an ab~pt change and possible contact (Hill pers. coiDDl., 1980). 

Table 6 is a list oi pertinent criteria used in this study to 

separate subvolcanic porphyry from extrusive volcanic rocks. Of the 

criteria used, the only one not appl!itable to the prophyry samples is 

~ 

the pre$ence of· a visibly granular groundmass . Although the groundmass 

in the porphyry is not visibly granular, those samples are distinctly 

more coarsely grained than the extrusive types. 

Table 7 pres'ents textural criteria suggestive of an extrusive 

nature plus useful evidence for distinguishing pyroclastic and non-

pyroclastic types . In thi s work the separation of the extrusive rocks 

into pyroclastic and non-pyroclastic varieties is considered less 

-important than separ~tion of subvolcanic and extrusive roc ks. The 

descriptions of individual s~mples in Appendix A provides ' a compilation of 

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

SUMMARY 

Petrographically the clinopyroxene-fayalite g r anite and the . 

arfvedsonite-riebeckite granite are quite different. The arfvedsonite-
.. 
j; riebeckite granite reflects a more sodium·- and less iron-rich environment 

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

----~---~---------------~--~-.,---
~ . 
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TABL.E 6 

CRITERIA FOR DISTINGUISHING BETWEEN RHYOLITIC 

FLOWS AND SUBVOLCANIC PORPHYRY COMPILED FROM 

MOOREHOUSE (1959) AND HATCH ET AL. (1972) 

Rhyolitic Flow 

1. Light coloured except 
where glassy 

2. may be porphyritic 

3. often flow' banded 

i.e. colour banded 
alternating glassy 
and stony stripes, 
sFreams of vesicles, 
crystal I i tes or 
phenocrysts. lines of 
spherulites 

4. the presence of~esicles 
or amydules 

5. perlitic fractures 

6. lithophysae 

Subvolcanic Porphyry 

1. Abundant phenocrysts 

' 
2. matrix visibly granular 

in handspec'iman and a 
microcrystalline mosaic 
of quartz and feldspar in 
thin section 

3. q~artz phenocrysts are 
less abundant and smaller 
than feldspar 

4 . . quartz phenocrysts are 
more corroded and ·. 
embayed than feldspar 

S. quartz phenocrysts are 
bipyrimidal, d~hexagona.I .. 

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

... 

ss. 

I 
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TABLE 7 

TEXTURAL VARIATIONS BETWEEN. PYROCLASTIC AND --NON-PYROCLASTIC EXTRUSIVE FELSIC VOLCANICS 

(Compiled from Martin, 1959; Ross and 

Smith, 1961; Hatchet al., 1972; ·-- .. 
Lillijequ_ist and Svensen, 1974) 

Textural Characteristic 

Non-pyroc 1 asti c 

Flow 

Pyroclastic Rock.s 

Tuff/Ignimbrite 

Flow Banding 
continuous 
discontinous 

Alternating and fine
grained bands representing 
vitreous and non-
vitreous layers 

Spherulites 

Autobrecciation 

Eutaxi tic 

Le:~i~lar Structures 

r \ I I . . 

+ X 

+ (91a) 

+ X 

+ X 

X 

+ X 

+ indicates tpe presence of the specific textural feature in non
pyroclastic . flow 

x· indicates its presence in ,pyroclastic rocks 

} 
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minerals as ~rfvedsonite-riebeckite and aegirine augite are evidence of 
~ 

the peralkalic affinity of the arfvedsonite-riebeckite granite. Some 

textural features are corrunon 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 var:tous 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 pre~ence 

and activity of fluids and volatiles that are considered instrumental in 

the evolutiQJl of peralkaline (alkaline) rocks in general. 

The Nuiklavick volcanics can be separated into subvol,canic 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 

granite as evidenced by the chemical composi-
,• 

tions of the alteration products in the porphyry/volcanics. Separation 

of the extrusive rocks into pyroc~astic and non-pyroclastic varieties is 

much more difficult because of post eruptive alteration and devitrifica-
, · 

tion. etc., but tentative classification of individual s~ples accompanies 

the descripti ons in Appendix 1. 

.! 
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CHAPTER 3 

GEOCHEMISTRY 
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Approximately fourty samples of clinopyroxene-fayalite granite 

(non-peralkaline), arfvedsonite-riebeckite granite (peralkaline) and 

Nuiklavick volcanics ha:ve been analyzed for major, minor and trace 

(including the rare earth) elements. Geoche~ical methods, results. and 

supplemental diagrams are loca.ted in. Appendices B, C and D. This 
'· . 
chapter will consist of a description of observ~d geochemical trends 

and a comparison of trends between the various rock types. 

CLINOPYROXENE-FAYALITE GRANITE 

Major Element Geochemistry 

The clinopyroxene-fayalite granite is ~lightly 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, sodium, titanium, iron and manganese and sli~htly depleted Ln 

aluminum and magnesium (Fig. 5). 

CIPW normative analyses (Append~x C) , show a slightly alkaline but 

not peralkaline nature, i.e. they have n.~ normative acmite or sodium 

metasilicate and have agpaitic indices .significantly less than one 

(.~8- .84). On a Q-AB-Or normative diagram al~ except two samples fall 

between the liquidus minimum a t PH20.• 1000 Kg/cM
3 

for the system Si~2 
NaA1Si

3
o

8 
- KA1Si30~ and liquidus minima representing the addition of 

t 
j 

.. 
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Fig. 5 and 15 - Major and trace element enrichment factors for 
clinopyrcxene-fayali te granite and arfvedsoni te
riebeckite, granite relative to an average granite 
composite. On this and a'll subsequent- diagrams an 
average of 5 clinopyroxene-fayalite ~ranite analyses 
and 14 arfvedsonite-riebeckite granite analyses we5e 
used. The average granite composition ·was taken 
from Roslor and Lange (1972) - major elements; and 
Kra,uskopf (1967) - trace elements. 

Clinopyroxene-fayalite. g-rinite (---) 
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a 

A b Or 

Fig. 6: Q-Ab-Or Norma tive Diagram . Com~o s ite diagram 
s howing the isobaric projections of the thermal 
v al leys , their intersections with the quart z 
f elds par field boundaries, and the composition 
of the liquidus minimum for ( A) the system 
NaAlSi 3o8 -KAlSi3o8 -Si02-H20; (B ) the 4. 5~~ ac 

·" • 5~~ n s p lane ; ( C) the 8 . 3~~ a c 8. 3~~ ns p lane 
( Carmichael~ and hlacKenzie, 1963). 

Sy;nbols: T 15 analyzed pante lleri tes from 
Pantellera (Carmichaels and 
MacKenzie, 1963) 

• c linopyroxene-faya l ite granite 

e arfvedsonite-riebeckite granite 
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~ 

Figs. 7-14. Harker diagrams for the arfvedsonite-riebeckite 
. ~. granite and the clinopyroxene-fayalite granite . 

• - Clinopyroxene-fayalite granite 

•- Arfvedsonite-riebeckite granite 



FeO 

Fep3 

Atp
3 

• 
8 

6 • 
• 

• 
4 • 

• • .. • •• 2 • •• • 
f 

3 • 

• 2 •• • • • • • • • • 1 
• • • 

13 • • • 
12 • • • •• • • • 11 • • •• • • 
10 

65 70 
Si02 

Figs.?- 9: Harker diagrams for c l inopyrox ene-fayalite granite 
and a r f v edsonite-riebecki t e granite . 

• • 
• 

• • • 

•• 

75 



64. 

1.5 

• • 1.0 • • • Ti0
2 .. • - - • ,5 

S i0 2 

• 
Na

2
0 

5 

• • • • • • 4 • • • •• • • 
• • • 

S i0
2 

• r, , 
• • 

5 

fl' • • 
• • K

2
0 4 • 

• • 3 • 

S i0 2 

4 • 
• 
• 3 

• CaO 
• 2 • 

• " el .. • 1 

• 
Si0

2 

2 • 
Mgo • 

• 
1 

• 
Si~ • • .. .. • •• • .. • 75 

1 ...l 

70 65 



i 

f 
l ----

65. 

4.51 acmite and 4.5% sodium metasilicate (Charmichael and MacKenzie, 

1963). Two samples 064b and 

Because only a small number 

057 fall on the liquidus minimum for 

- KA1Si 3o8 , 064~s ~y ~ear the eutectic. 

of samples were(collected, there are not 

sufficient data to display any weil developed trend~. 

Harker diagrams (Fig. 7-14) are used to display trends of major/ 

m1nor elements using silica as a differe~tiation index. The trends are 

quite normal and are unlike those of the peralkaline arfvedsonite-

riebeckite granite. 

Trace Eleme~t Geochemistry 

Trace element trends for the clinopytoxene-fayalite granite are 

not well developed because of the small number of analyses but some 

observations can be made .• The clinopyroxene-fayalite granite "is 

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' 

Harker type correlation diagrams comparing those residual elements 

characteristic of peraikaline rocks, tl:ie clinopyroxene-fayalice granite 

defines its own field and trends unrelated to the arfvedsonite-

riebecki!fe granite. The clinopyroxene-fayalite granite trends with Zr, 

Zn, Nb, Y, Th and Pb tend to have rather flaL or neg~ti~e slopes~nlike 

the arfvedsonite-reibeckite granite which generally has positave, steep 

slopea (Figs. 15- 18). K/Rb ratios f or the c~inopyroxene-fayalite granite 

are m;ch higher· tnan the peralkaline granite and fall near the normal 

field fo r granites (Shaw, 1968; Fig. 19). 
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Fig. 19. K/Rb vs Nb for the c linopyroxene-fayali te grani ta 
and the arfvedsoni te - riebecki te granite 

Fig; 18. 

··, 

Nb . vs Zn for the clinopyroxene..:fayalite· granite and 
the arfvedsonite"riebeckite granite --
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Rare Earth Element Geochemistry 

Rare earth element concentrations for the clinopyroxene-fayali t e 

granite are similar to those generally found in ·granitic rocks wi th 

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 !.!_., 1976; Fig. 21). 

ARFVEDSONITE-RIEBECKITE, GRANITE 

Major Element Geochemistry 

The peralkalinity of the arfvedsonite-riebeckite granite, 

mented on the basis of petrography, is substantiated by major, minor 

and trace (including REE) element geochemical evidence. The arfvedsonite-

riebeckite granite is slightly enriched in silica. sodium, potassium and 

depleted in aluminum, magnesium, i ron and calcium relative t o an average 

granitic composition or the cli nopyroxene-fayalite granite (Fi g. 5 and 

22). 
~ 

CIPW normative analyses (A~pendix 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 acmi te or sodium metasilicate have agpaitic indi ces of .98 

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

. ·• 
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Fig. 21. REE patterns for an average crustal compositien-·(Shaw 
et al., 1976), a peralkaline granite from New England-0 
(Buiiia et al., 1971). a come11di te from the western U. S:-e 
(Noble-etial., 1980}. and a pantellerite from the 
western U.S-:-v(Nob1e et !.!.:, 1980). 
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Fig. 22. Major and trace · ~le•ent enrichment factors for t he 
·arfvedsonite-rie~eckite granite relative to the 
clinopyroxene-fayalite granite. 
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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 fol l ows: 

• arfvedsonite-riebeckite granite 

0 group i of Nuiklavick- Volcanics 

A group 2 of Nuiklavick Volcanics 

' " 3 of Nuiklavick Volcanics group 
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-1'-
0n a Q-Ab-Or normative diagram (Fig. 6) the arfvedsonite-riebeckite 

granite samples define a trend parallel to that of a suite of pantel-
0 

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

The arfvedsoni te-riebecki te granite trend falls between the experimen-

tally determined liquidus surfaces for !he planes containing 8.3 and . 
4.3% acmite plus sodium metasi l icate (Carmichael and MacKenzie, 1963) . 

Again, flarker diagrams have been used to illustrate possible 

differentiation trends of maj or/minor elements relative ' to silica. The 

arfvedsonite-riebeckite granite has been plotted with the cqnopyrpxene-

fayalite granite (Figs. 7-14) and with the Nuiklavick vol canics (Figs . 

23-30) for ease of comparison. With the exceptions of sodium and 

potassium (Figs. 28 and 29), trends are generally similar to those 

normally found in over-saturated peralkaline rocks (Viliari, 1974; 

MacDonald, 1974), i.e. Al 2 o
3

, MgO, CaO, FeD decrease, Ti0
2 

is consta nt 

and Fe2o3 increases slightly with increasing Si0
2

. Sodium and potassium 

generally incrMse with increasing silica for the granite samples. 

Trace Element Geochemist~y 

With the exception of nickel and to some extent lead, trace element 

concentrations in the arfvedsoni te-riebeckite granite are simi lar to 

those normally observed in .over-saturat ed peralkal ine rocks (e. g. 

Nicholls and Carmich,ae+, 1969; - Ferrara and Treuil, 1974). Relative to 
I 

an average granitic composition and the clinopyroxene- fayali te granite , 

the arfvedsonite-riebecki te granite is enriched in Nb, Zr , Cr, Zn, N'i 

and R~E, slightly enriched in Tli. Rb, Ga and Pb and depleted in Sr, Cu 

and Ba (Fig. 22). 

-
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In most other studies of peralka1ine rocks, nicke 1, lead and 

chro111ium are characte,ristically-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 ni ckel enrichment in peral-

kaline rocks have been documented (Hussey, 1969 ; Taylor~~-, 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 character ize - geochemical processes 

has gained wi<J:spread acceptance and favour. ln this study, these 

diagrams are used extensively to show rela~ionships · between ratios or 

pairs of elements. On correlation diagrams of the residual elements 

characteristic of peralkalini ty, the arfvedsonite-riebecki te granite 

samples separate into two distinct groups which together define general l y 

l i near trends with little scatter (Figs. 16-19, Appendix D) . K/Rb 

ratio s decrease with increasing concentrations of residual e lements 

developing a negative trend when only the peralka l ine granite is plot t ed 

and a curve when plotted with the clinopyroxene-fayalite granite (Fig. 

19, Appendix D). 

Diagrams of Zr vs the residual e lements al l have similar trends 

with the exceptions of Zn and Pb (Fig. 16, Ap;Jend i x D). Zr pl ots are 

generally linear wi th a tendancy to level off at high concentrations. 

Plots with Y 1 Nb 1 Th vs the residual e lements produce similar trends but 

do not usually level off at h igher concentrations (Figs. 16 and 17, 
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Appendix D). Zn tends to produce a distinctly curved trend when plotted 

_against the residual elements (Fig. 18, Appendix D). The similarities 
~ 

in the trends of various residual ~lements plotted against each other 

indicates positive correlations among those inclu<fed in this group. 
·- .... __ " 

Lead and nickel are enriched in the peralkaline granite but no 

82. 

sulphides have been observed. Plots of "lead and nickel vs the residual 

elements produce trends similar to those described above suggesting that 
I 

these elem.ents are positively correlated (Figs, 31, 32~ 33, 34 and 35). 

Chromium is somewhat enriched but does not have a positive correlation 

and whereas the .residual ~lements tend to become systematically enriched 

chromium becomes increasingly depleted (Appendix D). 

'Rare Earth Element Geochemistry 

The arfvedsonite-riebeckite granite, like other peralkaline granites, 

LS strongly enriched in rare earth elements (Figs. 20 and 21 and Buma et 
. ., 

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

heavy rare earths (Gd-Lu), however, the ratio l:Ce: r.Y is low c ompared 

to non-peralkaline granites (Baslashov, 1962; Buma · !£~·· 1971). The rare 

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

level off on the heavy rare earth end, Eu is strongly depleted (Fig. 20). 

If the rare earth elements are plotted against a residual element 

such as Z'r, there is a difference in the behaviour of a light rare earth 

element such as La or Ce and a heavy rare earth element such as Er 
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Fig. 34. 

I 

·' 

Ni vs Zn for the cl inopyroxene-fayali te grani~.te and the 
arfvedsonite-riebeckite granite 

Fig. 3,3 . · Ni vs Zr for the clinopyroxene-fayali te granite and .the 
arfvedsonite-riebeckite granite 
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(Figs. 54-55). The trends of Zr vs La or Ce have a considerable amount 

of scatter an~ are not well developed. The trend of Zr VS Er is similar 

to those desc-ribed above for Zr vs other residual elements such as Nb or 

Th (Figs. 16and54). 

NUTKLAVItK VOLCANICS 

Major Element Geochemistry 

The Nuiklavick volcanics cannot be defined as peralkaline on the 

basis of petrography or major/minor element geochemistry. Their average 

is very slightly enriched in silica and potassiwy' relative to an average 

granitic composition {Fig. 36). It should be ~oted, however, that 

although the average of the volcanics indicates potassium enrichment 

.this reflects the high concentrations in the quartz-feldspar porphyry 

whereas the rhyolites/tuffs are somewhat_. depleted in potassium. In the 

average volcanic sample, sodium, rnagneJium, and calcium are strongly 
,· / 

depleted, aluminum and titanium are .less so. 

CIPW normative analyses are ~aningle.ss because of sodiwn depletion . 

Element trends on Harker diagrallls (Figs. 23-30), with the exceptions of 

sodium and potassium follow t;ends similar to•those of the arfvedsonite-

riebeckite granite. 
I 

In ge~eral, AI 2o3, MgO, CaO and FeO decrease with 
i 

I 

increasing Si02 , Fe2o3 b~_comes slightly enriched and Ti0
2 

remains 

constant . In the gran~te Na2o and K2o increase with increasing Si0
2 

but 

in the vplcanics they/ tend to decrease in concentration. 

: 
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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. 

On all subsequent diagrams an average of 9 analysis was 
used for group l and an ' average of- 10 analyses was for 

.&roup 3. ·~ -.... --

·"'-. 
Group l - quartz - feldspar porphyry plus 2 

samples (- - - ) 
vo 1 canic brec...cia 

"' Group . 3 - rhyolite and tuff {-) 

-~ ··----- ....... ,.q, .... ; ... :: . ... .... ~ .................... -•• . --~--~-- ------·- ·------

.~ 



89. 

3.0 -

2.0 -

• 
1.0 -

I I 
I I 

I 
0.5 - I 

I 
I 
I 

0 .1- I 

Si02 AIO FeO MgO c!o Na20 K20 Ti 0 2 MnO 

I 

5.0- I I 
I I 

4.0-

3.0 -

2.0-

1.0-

I I I I I I 
I I I I 
I I I I I 

I I 
I I I I 

I I I I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I ! I 
I I I I j_ j_ _l _l I I I 

o.s -

I I I 
I I 

I 
I 

0.1-

Rb Ba Sr Cu Pb Ni Zn Cr Go La Er Y Nb Th Zr 



.. 
• r 

• 
90 . 

r 

• 

Fig. 37. Major and trace element enrichment factors for the 
group 3 relative to group 1 of the Nuiklavick . Vol canics . 
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On the basis of vari.a~ions in chemistry, the Nuiklavick volcani,cs· 
··r 

can be divided into thre~ geochemical groups: 

Group 1: 

Group 2: 

Group 3: 

... 
quartz-feldsp'ar porphyry-s.ubvolcanic plus 2 volcan·i c 

I : 

breccia· sample's . 

O~lA, 091B quartz-feldspar prophyry, 090 tuff-rhyolite, 

100 volcanic breccia, all of which fali between Groups 

1 and 3 arid appear to be transitional between the 

extremes 

rhyolite and tuff-extrusive. 

Group 3 is enriched in iron ~nd deplet.ed in aluminum, calcium 

magnesium, sodium and potassium relative to Group 1 (Fig. 37). The 

transitional group, Gr~up 2, follows the same trends but has lower 

enrichment factors. 

Trace Element Geochemistry 
0 

Altho~ as noted p:eviously~ a p~ralkaline · nature cannot be 

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

trace and rare earth element data provides enough evidence to show 

the peralkaline affinity of the volcanics and their rela tionship with 

the arfvedso·nite-riebeckite granite . Trace element trends for the 

Nuiklavick volcanic s are similar to those generally found in peralkaline 

volcanics with their extreme enrichment of the residual e l ements charac-
• 

teristic 'of peralka~inity and :.~e'ple:tion of Ba and Sr (Nicholls and 

Carmichael, 1969; Ferrara and .Treuil, 1974; Bail ey and .MacDonald, 1975). . ' ,. . 
• • 0 

The Nuiklavic~ volcanics do not form a particularly·c~herent 

./ 
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group as there is a wide range of concentrations and most elements, 

especially Zr, -have a tendency to separate them into t he groups des-

ribed above ( Figs. 38 and 39, Appendix D). 

Grour 1, the quartz-feldspar porphyry has sli'ghtl y higher. concen-

trations of residual elements than the arfvedsoni te-riebeckite granite 

but together the two p lot as a coherent -group on most ~ia'grams (Figs. 

-- 38, 39, and 40, Appendix D). Groups 2 and 3 have signific"-ntly higher 
• 

concentrations and 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-riebecki te granite or cause an inflcc -

tion centred on Group 2 (Figs. 39, 40 and 41, Appendix D) . All of the 

residual elements - Zr, Nb, Y, Th - which are ch"lract eristic of p eralkaliue 

rocks.have similar trends when plotted a g ain s t each other (Figs. 40, 41, 

and 44). Trends of pairs of residual elements tend to be I inear but 

regression lines do not pass through zero (Figs. 40 and 41). Plot s 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 (F i g. 44, Appendix D). Plots uf lead 

· and ni( kel vs the residual elements produce characteristic trends indi-

eating a positive correlation and a seemingly residual nature (Figs. 41-

43 and 45-47, Appendix D). 

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

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

ob-served for the residual elements (Figs. 48-SO, 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 ) . 

.::; 
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Fig. 38. Th vs Zr and Nb vs Zr for the arfvedsonite-riebeckite 
granHe and the Nuiklavick volcanics. 
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Fig. 39 . Major and trace element enrichment factors for the groups 
1 and 3 of the Nuiklavick Volcanics re lative to the 
arfvedsonite-riebeckite . granite. 
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Fig. 40. Y vs Nb for the arfvedsonite-riebeckite granite 
and the Nuiklavick volcan i cs 

Fis 41. Zn vs Zr for the arfvedsonite-riebeckite granite 
and the Nuiklayick volcanics 
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Fig. 42. Pb vs Zr for t he arfvedsonite- r i ebeckite gran i t e and the 
Nuiklavick volcanics 

Fig. 43. Pb vs Zn for the arfvedsonite- riebeckite granite and 
the Nuiklavick volcanics 
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Fig. 44. K/Rb vs Zr for the arfvedsonite-riebeckite granite and 
the Nuiklavick volcanics 

Fig! 45. Ni vs Zr for the arfvedsonite-riebeckite granite and the 
Nuiklavick volcanics 
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· Fig. 46. Ni vs Zn for the arfvedsonite-tiebeckite granite and 
the Nuiklavick volcanics 
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Fig. 47. Ni vs K/Rb for the arfvedsonite- riebeckite granite 
and the Nuiklavick volcanics 
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Fig. 48. AI vs Zr for the arfvedsonite-riebeckite granite and the 
Nuiklavick Volcanics 

Fig. 49. Ga vs Zr for the arfvedsonite.:.riebeckite granite and the 
Nuiklavick volcaniss 

<' 

..:·~,..;:·~:.k&tl ... ~:oilllil ... ______________________________________ ~liiii 

I ' 

' .; 

.. .... 



70000 

60000 

50000 

AI 
ppm 

40000 

30000 

40 

Ga 
ppm 30 

•• • .. 
':.I 

• . o 
I • :. 0 
0 

• 0 • 
0 

0 

0 

• • 
0 

• ~ 

••• • 
• •• 
• 
• 

• 

0 

0 0 

••• 
• 

20 • 00 

1000 

107 . 

0 

\1 

\1 

v" .... .. .... 

2000 3000 4000 5000 6000 

Zr 



108. 

I 

Fig . SO. Al vs Zn for the arfvedsonite- r iebeckite granite and the 
Nuikl avick vol canics 

I 

• Fig . 51. Ga vs Zn for the arfvedsonite-riebeckite granite and the 
Nuiklavick volcanics 
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Rare Earth Element Geochemistry \·. 
"The rare ear-th element patterns for geochemical Groups 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. Eu is. strongly depleted especially in 

Group 2. The total rare earth content of each group is . greater than 

that of ei'ther the arfvedsoni te-riebeckite granite or ~e clinopyroxene-

fayalite granite. 

Rare earth element trends of the Nuiklavick volcanics (especially 

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

Comparisons of the rare earth element patterns, EREE and the ratios ~Ce 

l:Y are particularly useful for de100nstrating the similarity of the .... 

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

Two samples of the peralkaline granite, 073 ~p.d 079, were selected 

for rare earth element analyses of their mafic and felsic fractions, 

and zircons in order to determine approximate partition coefficients. 

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. 

True partition coefficients cannot be determined .from granitic . 

rocks but approximations can be derived from the ratio of concentrttions 

in mineral separate to concentration in whole rock (Burna !!:_ al., 1971). 

· Rare earth element patt~rns for approximate partition coefficients are 
\ 



111. 

·' 
TABLE 8 

l-
AVEREGED l:Ce: l:Y RATIOS AND l:REE FOR THE ARFVEDSONITE-

RIEBECKITE GRANITE AND GROUPS 1-3 OF THE NUIKLAVICK VOLCANICS 

l:Ce: l:Y l:REE* 

Arfvedsonite-riebeckeite granite · 13.9 668 Ave . n 

Group 1 13.5 781 Av.e. 9 

Group 2 4.2 .. 1060 Ave. 4 

Group 3 7.0 ol578 Ave. 10 

' *l:REE '"' La + Ce + Nd + 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 regards to concentration 
: ~ 

i.e. the mafic fraction is enriched ten times over the felsic fraction . 

The heavy rare earths are si-ghtly enriched relative to the light rare 

earths wit-h ~Ce:~Y less than one. Eu is depleted and both 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 happen i ng. 

Very little effort has been extended towards determination of 

partition coefficients i n peralkaline rocks so it is difficult to make 

comparisons. Approximate partition coefficients have been determined 

for pyroxene, amphibole and feldspar £or the Quincy granite in New 

England (Burna~~·· 1971) but the resultant rare earth element patterns 

d<Y-not agree" with those found in this study. Burna et al. (1977) did not 

find Eu depletion in the 'mafic minerals which had flat, negat i ve 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 present in the analyzed sample. 

Zircons contain very high concentrations of RE~ with the heavy rare 

ear'ths enriched relative to the light rare earths but have ro strong lit 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 alkaline environment (Burna~~· · 1971 , Fig . 

53) ~ut both are different from those found iri non-alkaline environments 

(Nagasawa, 1970, Fig. 53). The heavy rare earth enrichment observed in 
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Fig. 52. REE for the mafic and felsic minual fractions each nonnalized 
to the whole rock. 

•- mafic fraction/whole rock 

0- felsic fraction (x 10)/whole rock 
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,_ 

Fig ... 53. REE patterns for the zircon fraction normalized to the 
whole rock. 

~ peralkaline granite - Davis Inlet 

a alkaline granite -New England (Burna et al., 197l) 
(concentrations multiplied by 10) 

ocalc-alkaline granite (Nagasawa, 1970) 
(concentrations mult~plied by 100) 
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zircons d~es 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 increasing concentrations 

between La and Sm are more gradual. In all three environments, Eu is 

strongly depleted in both the zircons and the host rock (Buma et ~·· 

197l; 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 environments (Fig. 53). 

Synthetic zircons that crystallized in a peralkaline 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 bear a strong 

resemblance to a peralkaline. granite - Quincy .granite in New England 
I 

(Buma et al., 1971) and pantellerite and comendite from Nevada (Nobel 

117. 

et al., 1979) (Fig. 21). Group 3 of the Nuiklavick volcanics has concen

trations very similar to those of th~ 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 fr~a, 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 . 

;'i 
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Fig. 54. Er vs Zr for the arfvedsonite-rieb~ckite granite and 
the ~uiklavick volcanics 

r 
Fig. 55. La . vs· Zr for the arfv:edsoni te-rieb~cki te granite and the 

Nuiklavick. volcanics 
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Fig . 56. 

v 
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• 
Ce vs Zr for the arfvedsonite- ri.ebeckite granite and 
the Nuiklavick Volcanics 
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' 
Like the arfvedsoni te-riebecki te granite, there is a strong 

correlation between the heavy rare earths and residual elements such 

as Zr (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 clinopyroxene-faya.lite 

granite are consi.derably different from those of tf"!e arfvedsonite-

riebecki te granite or the Nuiklavick volcan~cs. Rare earth and other 

trace elements trends and in many cases concentrations are signifi.cantly 

different. Trends observed for the clinopyroxene-f~yalite granite are 

often the complete opposite of those observed in arfvedson i te-riebecki te 
.· 

granite. A goo~ example is the behaviour of Ba which is enriched in the 

clinopyroxene-fayalite granite but very depleted in the arfvedsortite-

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

different, bearing almost no resemblance to each other. 

The similarity of the arfvedsoni te-riebecki te granite to the 

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

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

is especially similar to the arfvedsonite-riebeckite granite indicating a 

direct petrog13netic relationship. Table 9 is a chart showing the simi-

larities in behaviour of i ndividual elements in the peralkaline suite . 

The most notable observations include the characteristic patterns produced 

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

.&,: ...... ·-_, ..,-·. · ·-•... ; ....... -•• --~-............. ;- -· ·· --· .. . --.... ..... -~·-· ·---~----· ~ 
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TABLE 9 

SIM-IARV OF TRACE ELEMENT TRENDS ON CORRELATION DIAGRAMS 

Plots of any combination of: 

Zr, Y, Nb, Th, Ni 

are essentially linear but may vary slightly for the hi ghest 
values. 

Plots of Zn or Pb vs 

Zr, Y, Nb, Th, ~i · 

are curved with Zn and Pb increasing in concentrat i on wi th 
increasing Zr, Y, Nb, Th, Ni. 

Plots of "'Rb ratios vs 
· ~:- · 

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

curves, K/Rb decreases 
Zr, Y, Nb, Th, Ni, Zn, 

Plots of Ga 

with increasing concen~ations of 
Pb. 

, .. 
'-· 

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, (::r, 

Cu cannot be included in this group but Ba and Sr do have a type of 

behaviour which is characteristic of peralkal ini ty, i.e. extreme deple-

tion. The behaviour of Ga is quite compatible with that of Al. Cr is 
0 

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

granite composition . The residual elements characteristic of peralka-

line rocks increase with incr.easing peralkalinity (alkalinity) but Cr 

does not, it decreases in concentration as expected. 

\ 
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CHAPTER 4 

DISCUSSION 

The major components in felsic igneous rocks are silica, alwnina· 

• and the alkalies. The alkalies are very susceptible to alteration which 

impedes the interpretation of major element chemistry. The granites at 

Davis Inlet can be classified on the basis of major elements as peralka-

line (arfve.dsonite-riebeckite granite) and non-peralkaline (clinopyroxene-

fayalite granite) . The Nuiklavick volcanics are severely depleted in 

sodium making ' interpretations based on major elements unrealistic. 

Therefore, loss of alkalies (predominantly sodium) from the. Nuiklavick 

volcanits will be the only feature of major element chemistry to be 

discussed in detail. 

SODIUM DEPLETION 

Sodiwn loss from peralkaline volcanics is not unusual nor unex-

pected. In t he Nuiklavick volcanics sodium losses are as nigh as 100%, 

much greater than any reported in the recent literature (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 lost preferentially from the groundmasli and altered 

feldspar phenocrysts. ,Unaltered feldspar 'phenocrysts have normal 

albitic lamellae. 

Sodium depletlon in peralkaline rocks has been att r ibuted to gro11nd-

water rock interaction (Noble, 1967; Scott, 1971; Koc~aar ; 1977 ) and 

a lkali i on exchange between the magma and an accompanying aqueous phase 

i 

i 
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and/or the expulsion of sodium rich vapours or fluids during the last 

stages of crystallization (Noble, 1970; Baker and llenage, 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 

phenocrysts. These processes can also account for potassium depletion 

from the extrusi¥e rocks. However, the extreme sodium losses encountered 

suggest that much of the sodium may have be~n lost through the expulsion 

of an alkali-rich volatile phase during the final stages of emplacement. 

The genetic relationship between the Nuiklavick volcanics a:nd 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; Baker and Henage, 

1977). Therefore, it is possible that the extreme sodium depletion of 

the Nuiklavick volcanics may reflect the extremely peralkaline nature of 

the original melt. 

TRACE ELEMENT RELATIONSHIPS 

Trace elements have been used to describe the relationship of the 

two -granites and the volcanics. The clinopyro~ene~fayalite grani te does 

not appear to be directly related to the peralkaline arfvedsonite-

riebeckite ·granite. Geochemical trends on correlation diagrams (Figs. 

···- .. ; ..... . ~--" -- -·-· · ····- ...... . ~-.-- -- .... - ... , . I 
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16-19) give no indication of arty genetic rel~tionship. between the two 

granites. Both the non-peralkaline and the peralkali~e granites were 

compared with an average granite composition (Fig. 15). Enrichment 

trends ~f some elements such as Zn, Ni, Er, Y, Nb, and Zr are similar 

but the relative amounts differ (Fig. 22). Other elements, such as Rb, 

Ba, Cu , Pb, Cr, La and T.ft show divergent behaviour (Fig. 22). 

The trace element characterist.ics of the arfvedsonite.,.r1ebe~ki te 

granite, like the Nuiklavick volcanics, are similar to those normally 

found in oversaturated.peralkaline rocks and are summarized in Table 10. 

Both correlation and enrichment diagrams (Figs. 22, 38-51, Appendix D) 

demonstrate the similarity of trace element behaviour between the 

peralkaline granite and the Nuiklavick volcanics, especially the quartz

feldspar porphyry. Zinc is characteristically enriched in pe'ralkaline 

rocks (Nicholls and Carmichael, 1969; Bowden and Kinnaird, 1978) and 

some cases of possible nickel enrichment have been reported {Hussey, 

1979; Taylor et !.!_., 1980). Occasionally lead is enriched in peralkal i ne 

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 

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

exhibit especially dist~nctive behaviours, i.e. where these are plotted 

against the other trace elements characteristic patterns are produced. 

' The correlation of Ni and Pb with the "residual e ·lements" characteristi c 

of peralkaline rocks suggests that they should be included in this 

group . 

... 

1 • 
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TABLE 10 

SO~ CHEMI'CAL CHARACTERISTICS OF PERALKALINE , ROCKS 

(Compiled from Nicholls and Carmichael, 1969) 
and Ferrara and Treuil, 1974) · 

Enriched 

• 
Alkalies, iron 

REE (except Eu) 

Zn, Be 

Halogens F, Cl 

. Highly charged elements: 
Zr, Hf, Nb, Ta, Mo, W, U, 
Th 

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

a. 

b. 

c . 

d. 

Deple ted 

Alk~line earths especially Ba, Sr 

~jority of transition e l ements 
belonging to the 3rd series 
particularly S, U, Cr*, Co, Ni*, Ca 

Eu 

Al, Mg, Ca 

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

I, 
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· Experimental studies of zirconium solubility show marked contrasts 

in peralkaline and ndn-peralkaline environments (Deitrich, 1968; Watson, 

1979, 1980). In the Si02:Al 203-Na20-K20 system, the saturation of Zr is 

governed by the agpaitic index of the melt but remains remarkably 

insensitive to temperature, silica concentration or the Na20/K2o ratio 

(Deitrich, 1968; Watson, 1979, 1980). In non-peralkaline melts, con-

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

crystallizat1on but in a peralkaline melt, saturation levels are con-

siderably higher (Watson, 1979). Zirconium in a peralkaline environment 
.... 

is retained in solution probably because it exists in the form of 

complexes with the alkalies which cause its increased solubility (Bala

shov, 1966; Watson, 1979). Because .of the increased solubility of 

zirconium in peralkaline melts, zircons do not crystallize at. an early 

stage as in other granitic melts. This explains how zirconium can be 

present in high concentrations ( 500. ppm) but with few if any zircons 

being present, as well as the different morphology of zircons in peral-

kaline granites (Watson, 1979; Pupin, 1980). 

Like zirconium, zinc enrichment has come to be considered a charac-

teristic of peralkalifi'e rocks (Bowden and Kinnaird, 1978; Taylor et ~·, 

1980). Under normal conditions zinc is chalcophile and thus concentrated 

in sulphides or more rarely in Fe-Mg silicates (Goldschmidt, 1954). In 
. 2+ 

peralkaline roCks zinc is ,most conunonly found replacing Fe in sodic 

pyroxene, sodic amphibole., aenigmatite and astrophyllite (MacDonald and 

Saunders, 1973; Bailey and MacDonald, 1975; Novak and Rankin, 1980). 



'; 
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During differentiation of a magma, the Jiehaviour of zinc is geryerally 

governed by the basicity which is analogous to the concentration and 
. 2+ 

behaviour of Fe ,. Mg and Mn such that 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 ferroma~nesian elements (:Zlobin and Gorshkova, 

1961). This e~plains the presence of zinc in ferromagnesian minerals 

where Fe
2
+:Zn ratios do not reflect any differentiati~n (Zlobin and 

Gorshkova, · I961) . 

2+ The. relationship between Fe and Zn reflects the increased solu-

bility of zinc in peralkaline melts, hence its enrichment. Experimental 

studies have shown that zinc solubpity in aqueous solutions with NaOH 

is directly related to Na concentration and temperature (Khodakovskiy 

and Yelkin, l975). These studies suggest that zinc is present in the 

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

"\ aqueous solutions. \ 

The behaviour of lead resembles zinc in alkaline melts and, hydro-

thermal systems (Zlobin anct-Gorshkova, 1961; Gavrilin and Pevtsova, 

197S). The behaviour of Lead is generally governed by the alkalinity of 

· the melt (primarily K)'ps it -substitute for I< in silicate minerals 

during crystallization (Zlobin and Gor.shkova, 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 influence~ by other -processes du~ng 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 a l ., 1980). 
I 

Generally the K/Rb ratio is regarded as a sensitive measure of hydro-

' . 
thermal activity (Shaw, 1968). It has been shown that K/Rb ratios 1n 

pegmatites and metasomatized granitic rocks are considerably lower than 

those normally found ·in granites (Shaw, 1968). Low K/Rb ratios in over-

saturated peralkal:i.ne rocks reflect an increase in Rb and not a decrea'se 

in K. The relationships of Rb to both major and trace elements cannot 

reflect a fractionation s.equeoce and the system is open to Rb (Nicholls 

and Carmichael, 1969; Bailey and MacDonald, 1975; Taylor et ~-, 1980). 

,The. correlation between the behaviour of Rb and the other trace elements 

such as Zr, Nb, Th, Zn and others sugge~ts that the system must be open 

to these other trace elements as well. 

The peralkaline rocks at Davis Inlet exhibit strong enrichment of 

' 
the highly charged cations (Nb, Th, · Zr, Y) as well as Zn, Ni and Pb and 

' . 
extreme depletion of Ca, Mg, Ba and Sr with progressive 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 r~cks. 

· 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; Bailey and ~cDonald, 1975), and the Topsails 
# 

....,........,..-'G-.~~· ---~····------

0 
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Col)lplex of central Newfoundland (Taylor et al., 1980). The Davis Inlet 

Suite is more highly evolved than other examples wi~r abundances , 

of elements such as Zr, Zn. Ni (Table 11). Study of the peralkaline 

rocks at Davis Inlet provides convincing evidence of a di rect correlation 

between increasing nickel concentration and incr.easing peralkalinity 

which has been -intimated by others (Hussey. 1979; Taylor~ ~.~1980) . 

This behaviour i_s the converse of -that expected for nickel. which 

suggests that in peralkaline environments nickel. like zinc and lead. is 

governed by processes osher than normal crystal-silicate liquid 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 concentrati on. 

Experimental and empi rjcal evidence indicate that zirconium and zinc 

exis~ as complexes in peralkaline melts. The correlations between the· 

behaviour of Zr, Zn and the oth~r residual trace elements suggests that 

they too exist in the form of complexes. The highly charged cations 

form complexes more readily t han z in~, nickel, lead and r ubidi um. 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) t~e · peralkaline nature ~the 

Nuiklavick volcanics (Fig. 21, Table 8); (2) ·the absence of a di rect 

genetic relaTionship between the peralkaline and.non~peralkaline granites ; 

and (3) the consanguinity of the peralka line grani t e ~Jnd the Nui klavick 

volc~nics. 

----------·--· ·--- ~--·---
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,_. Table 11 1.·· 
(; 

Comparison of average ~ompositions for peralkaline granite, quartz, feldspar, 
porphyry and volcanics from the Davis Inlet area and from the Topsails Complex 

of Centrai Newfoundland (Taylor~ al, 1980; Ta~lor pers. comm. 1980) 

Davis Inlet T92§ails Com2lex 
Per alkaline Quartz-feldspar Rhyolite/ Per alkaline Quartz-feldspar . Volcanics 
· Granite Porphyry Tuff Group Granite Porphyry 

Si0
2 72-.37 76.67 78.04 75.88 74.77 75.47 

A1
2
o

3 ll.51 10.92 8.46 12.16 
. ~ 

11.93 10.60 
Fe

2
o

3 1.58 0. 77 1.80 1.10 2.01 2.32 
FeO 2.47 2.07 3.47 1.08 1.9 1.02 
MgO 0.0~5 0.09 0.03 0.08 0.18 0.09 
CaO 0.68 0.42 0.18 0.25 O.;l4 0.14 

.. Na2o 4.62 0. 71 0.11 4.11 4.10 4.39 ,_, 
K

2
0 4.72 4.73 3.19 4.03 4.55 4.50 

Ti02 0.40 0.35 0. 36. 0.23 0.18 0.20 
MnO 0.09 0.10 0.10 0.06 0.06 0.05 l 
P205 0.02 0.006 0.01 0.10 0.003 
LOI 0. 76 1. 79 1.40 0.38 0. 77 0.63 
Nb 78 112 375 25 43 
Th 22 28 241 15 33 
Zr 851 1000 4805 570 509 1466 
y 106 125 492 307 78 190 
Sr 15 14 8 14 14 5 
Rb 189 " 270 387 125 92 206 
Pb 28 51 86 20 18 34 
Cr . 13 7 

,\ 
4 7 1 1 

Ga 35 27 27 27 18 28 
Zn 135 108 597 101 95 • 217 
Ca 7 7 6 r5 , 11 18 
Ni 32 39 11~ ll 6 33 ;J 
Ba J 

97 186· 22 '375 418 2 1 
·'i 

I 
; 

• ' 

J ' ~· ' :; 
,_,. 

f c 
~~ 

.. -~ 

1 
f • 

; 
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Systematic increases in REE and decr~ases in Ce: Y f~om the 
.. 

·, 
intrusive to extrusive rocks corresponds to trace element enrichment 

patterns. This suggests that there is a strong corre)ation between REE~ · -..;;~· " 

(especiflly HREE) and the residual elements charact~ristic of peralkalinl -
• l·ft . . 

rocks (Figs.. 39, 54, and 55, Appendix D). Figure 5& shows trace and 

rare earth element distributions of the rhyolite-tuff group normalized 

~the peralkaJlne grande. 

. ~:h·e enrichme'nt trends of the 

This tyPe of diagram effectively demonstrates · 

lanthanides and the residual elements 

characteristic of peralkaline rocks for the Davis ' IQlet suite. 

Fur_ther evidence of· a correlation .between the HREE and the residual 

trace elements characteristic of _peralkaline rocks is demonstrated by 

plotting the REE against Zr _(Figs. 54 and 55). The correlation between 

Er and Zr is much stronger than that of.La or Ce and .zr. The trend for 

Er vs Zr is very similar to those of Th.,- ,Nb o.r Ni' vs Zr (Figs . 38, 40, 

45, and 54, Appendix D) .. ~ suggesting that both. the HREE and the trace 

elements W'ere a ffect~ct· by the same mechanisms. 

REE RELATIONSHIPS 

Data on REE abundances and trends in peralkaline environments is 
;/ -

. .. . t . ' 

linli ted but the avai'lable data iltdi~ates variations in their behaviour ' 

not pnly betwe~n peralkaline and non-peralkaline environments ~ut between 

over-saturated pnd under-saturated melts. Some of these differences are . . -~ ~ 

-vi.tal to the -in~erpretation of the rocks in this study. Thus, some of 

the properties and characteristics of REE in peralkaline environments 

will be discussed briefly. 

, . . 

J
'jt 

. 
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~ The rare earth elements generally qehave as a group but they 

. 
exhibit two contrasting, variable properties: (l) ionic radius; and (2) 

degree of basicity, which gives rise to two schools of thought on their 

behaviour (Mineyev, 1963) • . On~ sugges.ts that REE fractionation is 

explicable in terms of crystal chemistry alone, i.e. fractionation 

according to ionic radii (Mineyev, 1963). Others suggest that the REE 

are fr~ctionated a~cording to their degree of basicity, i.'~. geochemical 

d:P.fferences within the group account for differentiation trends (Mineyev, 

1963~. . The latter, has become incr.easingly accepted especially for 

explaining such phenomena as REE complexing in alkaline/peralkaline 

melts. Various physicochemical parameters ·such as acidity and the ease 

with which elements fo:rlll complexes play major roles in REE differentia

tion. migration and concentration in solution (Mineyev. 1963). T~se 
/ 

factors (and probablt-l)lthers) account for the ~haraC'teristics of ~E-f· and 

their complexes which are sunnarized in 

The complexf?s th,ought to be formed 

Tables 12. and 13. 

b~ !race and rare earth · elements 

take vari~us forms ranging from simple ones 11-ke ~aYF 
4 

or Na
5
ce

3
F

14 
to 

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

~ The characteristics of REE in Table 13 suggest that their concentration 

in peralkalin~ rocks is directly related to their greater ease of complex 

formation within highly sodic and/or hydrothermal st,stems. The ability 

of REE to form ionic complexes with volatiles results in increased 

s ~abi 1i ty and mobility which allows them to become · con cent rated by 

geochemical processes involving volatile activity such as in a discrete 

vo1atili phase 6r volatile migratiorts (Mineyev, 1963). 
I 

.• . 

.j 
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TABLE 12 

A SUMMARY OF REE CHARACTERISTICS OF OVERSATURATED PERALKALINE R<?CKS 

(compiled ' from Balashov (1962, 1963, 1966), Mineyev (1963)) 

I 

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

"- tce:iv is lower: in oversaturated peralkaline rocks than in non
peralkaline or undersaturated peralkaline rocks 

- REE increase in a manner directly proportional to the agpaitic 
index or the degree of peranalini ty 

- 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 

.. . 

136. ' 
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TABLE 13 

A SUMMARY OF TiiE CHARA~TERISTICS OF REE 

COMPLEXES IN OVERSATIJRATED PERALKALINE ROCKS 

137. 

1. The stability ·of complexes increases from La-Yb favouring 
longer retention of the basic HREE in the melt and a 
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 under hydrothermal aud supercritical 
conditions 

4. REE are often paragenetically associated· with typical complex 
forming elements tAl~ Be, Fe, Zr, Sn, etc.) and ligands 
(F-, Cl-, co/-, Po

4
- etc.) 

5. High concentrations of HREE in agpaitic melts are due. to their 
tendency to form cotnplexes which increases their stability in ·. 

1· agpaitic melts with high concentrations of alkalies and 
volatiles.- r~lative stability of complexes is directly related 
t6 the acidity of the solutions 

__ .,......,._ ........ ~;,~< · ...-.-. ......... ·~---------...;..----------------.... ...._~MOI.,..,.;r.v~··- · ·---·-
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The most effe'ctive complexing agents are carbonates, fluorides, 

hydroxides and chlorides lin order of decreasing efficiency) and some- · 

what less conunonly phosphates (Balashov and Krigman, 197.5). The lower 

stability . constants of chloride complexes makes them less efficient 

complexing _agents than the others . (Balashov and Krigman, 1975), but 

there is some evidence that ~hey may be instrumental in the concentra-

tion of the light and intermediate ~EE in oome· cases (Flynn and Burnh{ 

1977; Taylor and Fryer, 1980). The HREE show a much stronger tendency 

to b~ transported and concentrated by carbonate and/or fluoride complexe 

(Kapustin, 1961; Balashov and K'rigman, 1975; Wendlant and Harrison, 

1979). Studies have shown that the REE are s,tabl~· n the j<>rn of carbo

nate complexes in very alkaline and oxidizing con itions and under bot h . 
high and low pressures (Wendlant and Harrison, 1979). He'nce, REE carbonate 

complexes are stable in carbonate-rich fluids under both mantle and . ' 

crustal conditions . (Wendlant and Harrison, / 1979). 

In the Davis Inlet peral~aline s~ite, systematic variations in REE 

concentrations seem to ,be related~ing peralkalini t.y, al teration· 

and t.he intrusive to extrusive ;equence which reflects·,an increase in . 
volatile activity similar to those documented by Taylor et al. (1980) 

for the Topsails Complex . 

These systematic increases cannot be explained by crystal fractiona -

tion. Using the approximate partition coefficients from Chapter 3, 10% 
I' 

of the fe l s i'c fract i on and IO%yo~ the mafic fraction wer,e fractionated ,..-

~from the average compos~tion of the arfvecisonite-riebeck.ite grani te, i n 

' 

·.! 
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an ·attempt to reproduce the REE pattern 6F the rhyolite-tuff group (Fig. 

57). The resultant pattern does not resemQle the observed rhyolite-tuff 

pattert1. Similar attempts were made by Ne~ann ~ al. (19-77) who tried 

to produce the REE of an -ekerite , (peralkaline granite) by fractionation 

fr<?m several • po_ssible parent mate;rials. He found that t his was impossibl e 

with the available data. Analyses of the Davis Inlet peralkaline suite 

provide a good example of REE differentiation that was governed by 

geochemical variations among the REE ·and not crystal chemist~y or ionic 

radii alone (Mineyev, 1963) . The lack of similarity between the patterns 

produced in the mafic and felsic fractions a~ Davis Inlet and those 

normally 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 earth elements have been 

documented for the peralkaline suite in the Davis Inlet area in Chapter . 
3. The enrichment/depletion patterns are similar to those described by 

Hildreth (1980) and Smith (1980) for zoned inagmil. chambers related to 

ash-flpw tuffs located in the wes terh United States·. The geocherni cal 

' characteristics commonly found in zoned magma chambers such as the 

Bishop Tuff have been sUMmarized and compared with the Davis Inlet sui te 

in Table 14. The Dav:M ·rnlet peralkal1ne suite varies slightly .. rom the 

Bishop Tuff in tbat: 

~~~ICLi<w""""lW'tt..OalloO<ii' IOIII·o;oi· "·--··-.... .......... ............ ,_t~·---------------:----------:-------~ 
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• 

'Fig. 57. A compa:dson of REE .. patterns for: 

(a) fractionation of- 70% felsic phase and 10% mafic 
phase from the average arfvedsonite-riebeckite 
composition-• 

(b) the observed pattern for the Nuiklavick Volcanics 
(group 3)-

, 
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(I) directions of trends are reversed fo-r- Fe, Mn, Na, Ni, Zn, Cr, 

LREE and Zr (Fig. 58}; 
\ 

(2) enrichment factors are higher at Davis Inlet; Hhese variations -
' .IJ 

are due primarily to the petalkaline nature of the rocks of the Davis 

Inlet area. Hildreth (1980) noted that enrichment factors have a ten-

dency to be higher in alkaline suj tes and that trend reversals may occur 

in peralkaline magmas. 
I 

J\ny differenti~tion model for the peralkalirie suite at Davis Inlet 

.must account for all of the geochemical trends summarized in Table 14. 

A brief discussion of why various differentiation models cannot produce 

the observed patterns in both. the Bishop Tuff and the Davis Inlet area 

will be presented. For a more detailed discussion of this problem, 

especially in reference 
0
to t!Je Bishop Tuff, see Hildreth (1980). 

Petrogenetic models such as crystal fractionation, assimilation of 

country rock. basaltic underplating, liquid immiscibility, or progressive 

partial melting cannot satisfy all of the enrichment trends in a zoned 

magma chamber such as t_he Bishop 'Tuff (Hildreth, 1980). Because enrich-
I 

ment factors are even greater in the Davis Inlet rocks, it ~s even more 

difficult to ascribe one or mOre of theje processes . to their evoltition~ 

Some specific geochemical features that cannot be' produced by these 

various models have been sumniari zed from .Hildreth (198Q) in Table 15. 

Hildreth (19801 suggests that the compositional zoning in the 

Bishop Tuff devQoped in an essentially liquid ' state by convection-driven 

chemi.cal dif'fusion ~ Briefly, he says that in rhyolitic liquids, the 
' 

j , · 

. ~ . 
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Fig. 58. 
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A comparison of the trace (including t e RE) elements fo r: 
I 

(a) the Nuiklavick volcanics normaliied to the arfvedsonite-
riebeckite granite · -' I 

(b) the Bishop Tuff early phase no~lized to the late phase 
(Hildreth,, 1980) 0 I · 
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TABLE 14 

COMPARISON OF E~HMENT /DEPtET.ION TRENDS OBSERVED IN 1f!E 
~· 

BISHOP TUFF (HILDRETH, 1980) AND THE DAVIS INLET PERALKALINE SUITE 

BISHOl' TUFF 

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

2. sysmetatic enrichment pattern 
•. of the trivalent lanthanides 

in a roofward direction 
. . 

3. extreme roofward depletion of 
Mg, Sr, Ba, Eu and Ca (lesser 
degree for Ca) 

4. progressive enrichment of 
Rb, ·and Cs roofward and K 
downward 

DAVIS INLET 

1. large enrichments of small, 
highly charged cations 
Nb, Jh• Zr (Sb, Mo, Ta, W, 
U, rio analyses) in extrusive 
relative to intrusive rocks 

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

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

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

, 
... 
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TABLE 15 

VARIOUS POSSIBLE MODELS FOR ~ENERATION .OF THE BISHOP TUFF ACCOMPANIED 

BY REASONS WHY THEY ARE UNFEASIBLE AS SUMMARIZED . FROM HILDRETH (1980) 
i 
I 

Crystal settling, fractionatioJI("'- incompatible with phenocryst compositions 
~- and behaviour 

/ 

(1 

Assimilation of country rock 

. Basal tic underplating 

•' . 

Liquid immis7ibility 
0 

' .. ,..- -.............. _ . ..,.._ __ .. __ _ 

Sr, 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 
enri~hmerit in the ·roof zone 

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

- extreme trace element gradients are not 
compatable with modest major element 
gradients 

U, Th, Ta concentrations in volcanics 
relatively unaffected by granitic 
country rocks 

REE patterns cannot be generated from 
associated granitic country rocks' 

~ 

: 

- enhanced Ba, LREE in lower magmatic levels 

- Sc and Mn should decrease in a roofward 
direction 

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

- small degree of change among major elements 
and virtual continuity of all compositi«?~~· 
parameters from base to roof of magmati c 
chamber 

- separation of a silicic melt from ·an under
lying basaltic magma should cause basal 
enrichment of Ti, Mn, Au, REE, not Ba or Sr 

l. 



TABLE 15 (continued) 

Progressive partial melting 

-~ . 

\ 
\ 

. 14'7 . 

- thermal grad~ents and physical 
properties of the magma and its 
chamber would make convection and 

,mixing ·a cert ainty 
t 

gradients such as Ba and Sr could 
not be reproduced by partial melt i ng 
using various modeling schemes 
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diffusion rates of H
2
o, let alone most cations, is too slow to permit 

r 
the observed chemical separations within a reasonable-time framework in 

a static magma chamber. But, observed isotope and water concentration 

gradients attest to large scale mass transport while the magma was in a . 
liquid state. He i~vokes a thennogravitatiunal -convection-driven model 

based on the little known Soret~effect. ~riefly, the Soret effect is 

active in a multi-component liquid and gas system which is characterized 

by a temperature gradient. In this system a temperature gradient is 

accompanied by a compositional gradient which builds up until a steady-

sta~e distribution ~ttained (Hildreth, 1980). Thereafter, throughout 
I 

time, invarient compositional gradients will exist until the thermal 

gradient decays. Hildreth suggested that in essence el~ment migration 

was related to the formation of cationic complexes involving volatiles 

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. 

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

:;uggested that the development of compositional zoning was the result of 

migration o~ fluids along a pressure gradient. Further. the composi-

tiona! zoning reflects increasing peralkalini ty 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 peralkaiine nature of 

the mag~a. 

.. 



\ 

i 
1 

'-

149. 

THE ROLE OF FLUIDS 

I~ the Davis Inlet area there is both field and petrographi c 

evidence 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). Extensive albitization, 

alteration of feldspar (and mafic) phenocrysts, corroded and altered 

zircons, devi trification and hydrothermally formed mafic minerals cop-

stitute petrographic evidence of volatile or fluid activitY: Peralkaline . 

granite and associated volcanics in the Topsails Complex .~re very similar 

both petrographically and chemically to the Davis Inlet su i te except 

that the volcanics are more severely ~1 tered at Davis Inlet (Taylor~ 

!1_., 1980; Taylor, pers. couun., 1979). The presence of a fluid phase is 

certain but its composition is almost impossible to discern. There is 

some evidence from mic~oprol>e studies to indicate that fluids associated 

• -with peralkaline melts are enriched in Fe, Na, Ti and Mn (e.g. Ferguson, 

1978; Grape_s et ~· , 1979; this work Chapter 2) . High concentratidns of 

Zr. Zn, REE and &ther trace elements have been ··reported in various late 

stage minerals' of peraikaline rocks suggesting that tbese elements were ' 
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cru5tal upwarpiog or rifting. Rifting is accompanied 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 co2 , F and Cl (Bailey and MacDonald, 1975; Bailey,.l978, 1980) . 

Usually Sr initial ratios are high in peralkaline rocks but at 

least two cases Evisa, Corsica (Bonin et !!_., 1978) and the Topsails 

Complex (Taylor et ~-, 1980) have very low initial ratios. Both of 

these suites show good evidence that the peralkaline nature may ~ave 

been strongly influenced by (C0
2 

rich?) mantle derived fluids. 

The major roles of a fluid phase associated with a peralka~ine melt 

are to provide a medium for element transport and to suppl y complexing 

agents which hold . certain cations in solution. Cations such as Na, Zr, 

~. Y, Zn, Ni Pb and HREE are maintained in solution in the form of 

ionic compl~xes because of their increased_ solubility resulti_ng in 

increased conceitrations which is essentially what makes the melt . 

peralka~ine .. It has been shown tha:t ·in high.ly alkaline mel.ts, co
2

, is 

bound 110re stably in the liquid Structure a,nd has a higher activlty than 

H20. Thus, H2o is relegated to a. subordinate level durin~ the evol ution. 

of alkaline •agJJaS . Very vreliminary studies of fluid i..nclus ions i n'dicate 

- . 
that there .are two sets of inclusions in the peralkaline granite of the 

Davis Inlet area. one of whic~ is co
2 

.~i 'ch (Kay, pers. t omm , , 1980). 

Hildreth (1980) suggests t~t the _'d_iffusi~>n r ate of H
2
o. ~n rhyolitic . 

melts is too slow to permit the oh~~ved chemical ·separations within a 

feas i ble t i ae framework. However, volatiles sucbas F'andco
2 

have . 
. • 
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gre~ter diffusion rates and therefore are more capable of being respon-

sible for element distributio,n (Fyfe .!!_ .!!_., 1979). Volatiles tend to 

move down a pressut:e gradient which, in a magtna chamber, is toward the 

roof :l.On.e. 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 imd residual trace . 
elements, .,nich are characteristic of.peralkaline rocks ~Bailey, 1974a,b) 

resulting in the enormous concentrations of these elements in the volatile:-

charged extrusive rocks and 1.n the autometasomatized intrusive rocks. 

SUMMARY 

During the course of this .work, it has been possible to de1110nstrate 

that the clinopyroxene:-fayalite granite is not genetically related to 

the associated peralkaline rocks by any kind of differentiation scheme. 

The peralkal'ine rock suite consists of the art:vedsonite-riebeckite granite 

aiid the Nuiklavick volcanics •. Th.e peralkaline nature of the Nuiklavick . 

volcanics was established primarily on the basis of trace (including- RE) 
I ' \ 

element data. The consanguinicy of the peralkaline granite and volcanics 

i.s ·suggested by trace (including RE) element trends and the spatial relation-

ship b~tween 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. Expulsion of this phase during 

.,1 . . 
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volcanism was probably responsible for a large part of the loss of 

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

tuff. potassium) was lost by groundwater activity and low te111perature 

hydrothermal/deuteric ·effects. 
I 

The volcanics are presumed to represent the upper levels of a mag111a 

chamber. The rhyolite/tuff represents the top of the magllfa chamber 

which was explosively erupted after the (yolatile?) pressure reached its 

critical point. The quartz-feldspar porphyry represents a lower level 

which was not erupted and the grani.t.e repkesents the lowest levels which 

intruded its own volcanic pile during emplacement. Trace element 

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

sentative of a zoned magma chamber. 

, ·, 
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CHAPTER 5 ·---CONCLUSIONS , 

153. 

The origin of peralkaline rocks has been,enigmatic and a ~opic of . 
dissention among igneous petrologists for sometime. The first and most 

traditional mechanism for generation of peralkaline magmas was extreme 

crystal fractionation and the "plagioclase effect" (Bowen, 1937, 1945 ) 

which was subsequently challenged by Bailey (1964; Bailey and Schairer, · 

1964, 1966) who advocated partial melting and th.e "orthoclase effect" . 

Despite the growing mass of evidence against fractionation, there are 

still those who believe in it, often ac1,1q111panied by vadous modifica

tions, i.e. volati1e phases, gaseous transfer, to explain the evolution 

of peralkaline suites (E~art et !.!_. ,1968; Nichqlls and Carmichael, 1969; 

Weaver et ~.; 1972; Noble, 1968, 1970; Noble et .al., 1969; Noble et 

~-; 1979). 

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

emphasis on the role of autometasomatic or hydrothermal fluids in the 

generation of alkaline, peralkaline magmas (e . g. Balashov~ 1962, 1963, 
. 

1966; Mineyev, 1963; Balashov and l<rigman, 1975; Wendlant and Harrison, 

1979). Recently; ,the role of fluids. and volatiles in the generation of 

peralkaline magmas has been recognized by other geologists such as 

Bailey (1970, 1974a, 1974b, 1978) who advocated deep crustal or mantle 

metasomati.sm 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 

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 peralk~line 

rocks without associated basic or.intermediate rocks. Because of the 

highly evolved nature of this suite, it is impossible, with the data 

available, to speculate on possible 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. 

FURTHER WORK 

The study- of peralkaline rocks and their moae of origin have come 

a long way since Bowen (1937) first published his paper on Petrogeny'' s 

Resid~a System or the plagioclase effect. However. there is still a 

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

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

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

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. 

Both empirical and experimental studies should be directed towards 

investigation of the role of complexing during the evolution of peralka-

- ·~r----· ···-· · 
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lin.e rocks. As well trace element. especially the R~E. behaviour in 

peralkaline .environment's should be do'cumented ·more thoroughly. ·Studi es 

of fluid inclusions both in peralkaline roc~s and in associated pegma-

tites or veins will contribU.te largely to our knowledge of fluid compo-

sition and ~ctivity. Similarly study of oxygen and hydrogen isotopes 

will provide evidence to suggest a mantle or crustal source for the 

\ fluids which are present. 

In sununary. it is felt that extensive efforts should be expended 

predominantly in the area of documentation of trace (especially t~e RE) 

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

more comprehensive understanding of the origin of peralkaline rocks. 
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CLINOPYROXENE FAYALITE GRANITE 

Sup. q p 0 alb 

05·7 -22\ 65\ S\ S\ 

060 30\ 60\ 5\ 2\ 

061 30\ 60\ 5\ 2\ 

062a 25\ SO\ 10\ 10\ 

06Zb 15\ SO\ 15\ 15\ 

062c 15\ 45\ 15\ 20\ 

064a 25\ lO\ lO\ ~ 20\ 

064b 30\ 40\ lS\ 10\ 

Explanation of symbols: 

q - quartz. 

"P ... -perthi ~e 

o - orthoclase 
.•.. 

alb :-· ablite/albithation · 

fa - fayari te -
- "' 

has - hasting~ite 

bed - · hedenbergi t'e 

z - zircon 

fl flourite 

ap apat~te 

sp - sphene 

opq - opaques 

R - rutile 

x - _present b~t less than 1\ 

fa - has hed z 

1\ 2\ 19\ X 

1\ 5\ 10\ X 

.I\ 5\ 2\ X 

5\ X 

2\ 1\ 4\ X 

3\ 1\ 4\ X 

1\ n 3\ X 

2\ I\ 3\ X 

:{: 
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. . • tj 

164. ..t , .. 
. 1~ 
~iJ 
;;:;; 
! •' 

.:.::i 

fl ~ -ap sp opq R -~ 
.,,~_ 

X X X X X {: 

X X X 
'j. .. ., 
:•:. .... ~ 

X X X X -· '!:~ 

~~-
X X _;\:-~~ 

,~ 

X X X :::r 
·-

X ·x •X 

X X X X 

X X X 

.. 
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Additional notes: 
j 

057 coarse grfined equigranular 

'060 coarse grained, oikocrystic mafics, equigranular 

very small amounts of arfvedsonite on rims of hast i ngsi te 

061 coarse grained, equigra.nular,· some oikocrysts of hastingsite, 
some alterin~ to biotite 

062a - coa-i-se grained, equigr'!-nular, 
more altered than most 

some feldSpar ~henoc:'frstic, 
~· 

165. 

062b -medium grained, equigranular, hastingsite · aliering to biotite, 
arfvedsonite on rims of some crystals 

062c vermic~lar quartz, ·some arfvedsonite riB~ing hastingsite 

064a - some arfvedsonite rimming hastings ite 

064b - some ~rfvedsoni te r:i,111111ing hastingsi te 
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Arfvedsonite-riebeckite Granite 

Sample .1 .E. a-r ~ alb aen aln as t f1 .!2. .!. .2ti !S._ .a!_ oik ~ 

066C 25% 70% 

067 25% 70% 

068 25% 70% 

069A 25% 70% 

1% 

2% 

2% 

3% 

41. X 

2% X 

1% X 

1% - X 

069 

071 

072 

073 

074 

075 

0(8 

079 

080 

081 

082 

083 

25% 60% 5% 2% X 

25% - 70% 2% 

25% 707. 3% 

25% 70% 1% 

25% 70% .3% 

25% 70% 1% 

25% 70% 3% 

25% 70% 2% 

30%.65% 2% 
. 25% 70% 2% 

25% 70% 3% 

25% 70% _2% 

X 

2% 

1% 

X 

X 

X 

1% 

1% 

X 

X 

X 

X 

X 

X 

X 

X 

Explanation of symbols: 

X 

X 

X 

X 

1% 

X 

1% 

X 

X 

·u 
1% 

1% 

1% 

X 

X 

X 

X 

x · 

X 

X 

X 

X 

X X c X X 

X X X X X c X 

X X X X c X 

X X X X X X c X 

X X X X X X m X 

X X X X C X 

X X X X m X X 

X X X C X X 

X X X m X ,X 

X X x m-,.c x 

X X X X x m-e x 

X X X ,X x m-e 

X X X X X C X X 

X X X C X 

X X X X, C X 

x_ x X C X 

q--quartz p--pert~ite a-r--arfvedsonite-riebeckite aeg--aegirien-augite 

alb--albite aen--aeni~atite aln--allanite ast--astrophyllite fl--fluorite 

ap--apatite z-zircon opq--opaques eq--equigranular gs--grain size 

oik--oikocrysts grph--graphic intergrowths of quartz and feldspar 

_ x--present but less than 1% 

.. · \,.. 

,·_-.. 

• 
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Additional notes: 

066c - graphic granite 
o. 

167 , 

070a- fine graine'd, poikolitic, sample taken near contact with gneiss 

079 sample taken .4 m east of contact with monzonite 

: 
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I Explanation of s:ymbols used. in petrogr~phic description of Nuiklavick 
Volcanics: 

\p - ·\ phenocrysts 

q - quartz phenocrysts 

fs - feldspar phenocrysts 
,. 

q fs - t quartz phenocrysts \ feldspar ph~nocrysts 

af - altered feldspar (pseudoperthite) phenocrysts 

ms - matrix size (mm units) 

z zircon 

fr fragments 

fb flow banding 

s . sulphides (pyrite) ) 
( 

sp - spherulites 

fe - felsitic texture 

e eutaxitic . ~ 

Qg - lacy overgrowths on qua.rtz phenocrysts 
'· 

1. lenticular structures, possible pumice fragme(!.ts, 1 :lthophysae 

opq - opaques 

ps : phenocryst size (mm units) 

.. 
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Sample 

084 · P 

085 p 

086A y 

086B . p 

087 t 

088 t 

089 p 

090 t 

091A p 

091B 

092 

93A 

0938 

094 

t 

p -

t : 

t 

t 

095 t 

. 097A, t 

097B 

097C 

098 

099 

100.· 

_).01 

~02 

I. 

r 

r 

r 

P. 

b 

b 

b 

' /' 
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.'· 
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Nuiklavick Volcanics 

!2_ .9. fs · .!31i ~ af/ ms . !:._ - fr fb ·· s ~ ~ fe · .£& 1 .££!1 ~ 

50 

50 

50 

so· 
1 

5 

70 

1 

5 

50 

5 

1 

5 

5 

5 

30 

40 

3 

75 

X X 

X X 

x ·- x 

X X 

X .. , .. X 

X X 

X 

X X 

X X 

X .x 

X 

. X 

X 

X X 

X 

X X 

X • X 

x, x . 

X X 

. X 

, .. -_ 

X 

X 

X 

X 

.25 

.1 X 

.1/.2 X 

o1/.2 - X 

.OS 

.OS 

.1 

•. 05 

.1 

.1 

.1/.25 

, \'_os 
~5 

.05 

.05 

.05 

.05 

.05 

.05 

.... 1 

X 

X 

.1 -

.05/.2 -

.05 

-, . 

X X X 

X • ·X X X 

X X 

X X 

X 

X X X 

X X X X 

X X X X X 

X X X X .<~X . 

x· · '· 
·' X X 

' I 
X X 

X , X X X 

X 

:x ·, - ,. ... 

·-
.·, 

X X 

X X 

X 

X X 

X 

X X 

X 

' X · X 

X · 

X 

X 

. .,. ~.X •a 

X X 

-·· 

• 

-. 

/-

· .. 

x_ 

.5-3 

.5-4.5 

.. 5-3.5 

. . 5-3.5 

• 5-1. 75 

.25-2 

.2-4 

.25-1 

.5-1.? 

.S-1.5 

.1•4.75 

.1-1 

.2-2 

.5 

. 5-1 

.5-2.75 

.~4-1. 5 

~25-2 .5 

\ 
(if 

'1:\-_: 
.. 
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Additional Notes : 

084 - pink, aphanitic, xenolith of blac~, aphanitic material, appears 
to be ash, secondary quartz· vein~i : . 

086b - accessory fluorite 

081 - dark red to black ·aphanitic with quartz and feldspar phenocrysts, 
fragments look stretched as by flowage, strin~rs of black al t era
tion material . in thin section d.ark laminations representative of 
flowage, fragments are porphyritic rhyolite or rhyolite porphyry 

<. • • I 

088 - red aphanitic groundmass with yellow patches stringers of black 
alteration materials; thin section shows flow banding, possible 

.. devitrified pumice fragment 

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

092. in thi n section, patches or layers of fine and coarser grained 
quartz-feldspar mosaics 

093a - grey-green aphanitic fragments of porphyry, stringers of black 
alteration material; in thin section, fragment of d~vit :dfied 
material possibly pUillice 

093b - possible pumice f~agment (devi trified) ~n th.in sectioh 

094 -: quartz vein lets. autobrecciated . 

095 - autobrecciated, possible perlitic fracture~, l'elic pumice fr;igment s : 
'- lun~te, ' cuspat~ in form ·, slightly folded, brown r~ms 

097c relict mafic phen~crysts in 'thin section; faint · flowbanding 
similar· to 97b, 97a 

. 098 ·- relict mafic phenocrysts, po$sibl~ Uthophysa~ . • · · 
\ 

099 - black, apharli tic wi~h· phenocryst~ of quartz ' and 'f'elcispin·, col our 
leached around phenocrysts,· some feldspar -phenocrysts st aihed 
yellowish green ., , · .' 

· 100 - fragtnent s lima- 1 OCIII 

. .. . 

' • 

101 ·pink, brecciated . (autotirecciat~d), fragments of aphyri c and· por- ( 
· I phyritic rhyolite ; largest fra'gments. 3 . S. cm, .:;;stringe ts ' or. . • 

veinlets of black alteration material;. in· thin section, · some ;· 
r e lict mafic material, alter a tion· produc t unidentifiable1 .; 
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ANALYTICAL TECHNIQUES 
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SAMPLE PREPARATION 

Surface weathering was sawn off and samples were scrubbed and 

washed before crushing. Samples were crushed to l-2 c~ chips using an 

eight POWld sledge hammer and steel plate and 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 

Analysis of the major and minor elements Si02, Al
2
0

3
, Fe

2
o

3 
(total), 

CaO, K2o, MnO and P2o5 were done using a Phillips 1450 automatic X-ray 

fluorescence spectrometer with an Ag tube. Na
2
o, MgO were done by 

atomic absorption on 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 previously 

dried and weighed platinum crucible which was~en heated on a Claisse 

Fluxer until melted. The melt was poured into a platinum mold until 

cooled then returned to the crucible and reweighed. 
~ 

(2) 4 _:: .2 g of lithium tetrabora\e, .5 .:_ .019 g rock po~der and .S 

~ .019 g of La2o3 were weighed into a previously drie~ and weighed· 

platinUII crucible / 

(3) the c~cible was heated on a Calisse Fluxer until the •ixture 

was completely melted 
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(4) the melt was poured into platinum molds . . and cooled then 

returned tQ the c.rucible and reweighed. 'Ipe weights of the fu~ed 

173 . 

pellets for the sample and the tetraborate were used to determine a 

dilution factor which ~as used to calculate the percent of oxides in 

each sample. The dilution factor was calculated by the following 

equation: 

(wt. of fused pellet - wt. of crucible)/(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 determine the Loss on 

Ignition of tbe sample. 

The fused pellets were· then analyzed b.y _x-ray fluorescence on a 

Phillips 1450 automatic XRF using a silver tube. 
"" 

Samples were prepared for sodiua ·an.alyses by the following procedure: 

(1) .2 g of rock powder was weighed into a polyethylene digestion · 

bottle 

:" . 
(2) 5 ~1 of concentrated HF was added USing an automatic pipette 

then the bott_le was placed on a st.eam bath- fat 30 min . 

. •· 
(3) the sample was cooled and so ml oj saturated borie acid was 

added 

(4) after cooling the solution was made up to a 200 ml volume . by 

addition, of 4istill&d water 

Analyses' for MgO .we're carried out using _the ' ';arne soltitio~ to which 
., . 

10 ml of La2o3 wer~ added followed by further dilQtion'with distil l ed . 

·water . - ~ 
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Ferrous Iron Analysis 
.I 

... 

\ 

Ferrous iron/FeO was determined by potentiometric titration, 

following hot acid decomposition of the sample by the modified 

Pratt method . .- Fe
2
o

3 
was recalculated by the following equation: 

Fe203 = Fe203 (Total) - 1.11 x FeO. 
·. 

' .. 
Loss on Ignition .. 

174. 

Loss op ignition analyses were conducted by observing the weight , ·. 
loss after he~ting a sample for two • hours at 10S0°c'. 

. ' 
Trace Element Analyses 

:.• 
A total of 13 non-lanthanide trace element abundances were obtained 

for each ~~ple. Pressed pellets that were used for analyses were made 

by the following method: 

(I) J.j,. _:: .1 g of rock powder was weighed into a clean bottle 

(2) 1.4-1.5 g of phenyl formaldehyde binder (a heat setting plastic) 

was added to each bottle which was then shaken in a Spex-Mill shaker to 

completely ho~genize the powder 

(3) the powder was then placed in a Herzog hydraulic pellet press 

for 1 min . 

(4) ~~e pellets ·were removed from the press and placed in an oven 

for 10 min. at 200°C . 
~ 

The y e llets were analy.z.ed by ~-ray flourescence on a Phillips 

)1450 XRF using a Rh tube. 
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• Rare Earth Element Analyses 
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Rare earth element abundances were determined by the thin film xr 

ray fluorescence method of Fryer (1977) • . sample weights varied accoring 

to rock type as follows: .7 g clinopyro~ene-fayalite granite, .5 g 

arfvedsonite-riebeckite granite and group 1 of the Nuiklavick volcanics, 

and .2 g of groups 2 and 3 of the Nuiklavick volcanics. · A generalized 

method is given below: 

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

de.inineralized water and treated w_ith a drop of 2 N UCl to dissolve any 

carbonate. 

(2) 5 al of aT. Spike was added with 2 ml of HCL04 and then the 

sample was treated with lS .al of HF and heated until dry 
. . 

(3) 10 al of HF was added and heated again until dry at which time 

10 al of 2 N HCI and 2 ml of HCL04 were added and again heated until dry 

(4) 10 ml of 2 N HCl and 1-2 al H2o were add~d to redissolve the 

solid 

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

pH balanced on exchange. colUID'tS filled with 100-200 Hsh Allberlite resin 

CC-120 Na Type 1 

(6) 
'-the colu.ns were eluted with 85 ml of 2 N HCl which removed 

all the elements except the REE, .Ba, Hf, Zr, Y and Sc 
r 

(7) the REE, Y, Sc and Sa were collected in teflon beakers by 

eluting the coiumns with 100 al of 6 N HCl. This solution was heated to 

dryness and subsequently dissolved in 25 ml of H2o ~ 
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(8) 2 drops of H2so4 were added to precipitate out the Ba as BaSO 
4 

which was filtered off. Then the s ample was again heated until dry . 

(9) 5 ml of 6 NHCl was added to dissolve the sample which was again 

heated until dry then redissolved, with 5 ml of demineralized H
2
0 

t I 4 

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

the sample were added to the so l ution which was allowed to 

equilibr a t hours 

papers drie d uryder an i nfra-

red heat lamp 

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

using a Rh tube 

MINERAL SEPARATION METHOD 

Each sampl e 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 arid bromoform, a 'clean felsic fraction 

was obtained. The keavy frac tion was again separated by· heavy liquid 

using methyl iodide . This resulted in a zi rcon fraction and a heavy 

mineral fraction which was predominant ly a mafic fraction. The mafi c 

fraction was then pulverized in an agate mortar and pestal. Th·is was 

... 
subjected to numerous runs through a Franz magnetic separator to obt ain 

a clean mafic fraction. Each fraction, mafic, felsi c and zi-rcon 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 (8s the whole rock samples. The zircon fr~ction was 

dissolved and run through the ion exchange columns using the technique 

described under the REE Analyses Section . . The zircons were dissolved 

by: 

(1) weighing . 002 g of sample w,hich was placed in a Parr Teflon 
. . 

Lined Pigestion Bomb with 2. 5 ml of mi xed hydrofluoric and nitri c acid 

. (2) the bombs were placed in an oven a nd heated for 36 hours a·t 

which time they were removed and the sampl e put on the ion- exchange 

columns . . " 

·o· 
'\ 

c--
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C1inopFoxe~e-f aya.1i te Crani te 
~ . \j 

Sam111e Number 0~4 060 ··a 062c 064b 

, Si0
2 

66.02 ~.36 62.83 66.15 

• -~ 
, At2o3 

11.97 ~.09 13.31 13.09 11.94 

Fe 2o3 
- 1.27 • 4,.? 1. 84 o. 71 1.88 

FeO 6 . 30 4.81 3.92 8. 71 5.61 

MgO 1.51 0. J7 ' .0.22 1. 81 0.33 , ; 

CaO '3 .59 ·2 .62 2.37 4.04 2.99 
' 

3.97) 

,, 
K

2
0 2.90 4.09 3.12 3.15 ·l 

Na
2
o . 3. 58 3.56 3.18 3.32 3.43 

Ti0
2 

1.03 0.75 0.69 1.17 0.86 

MnO 0.11 0.11 ' 0.09 . 0.10 0.10 • 

P205 0. 24 0 . 14 0.12 0.28 0.18 

LOI 1. 53 1.38 "1. 50 0.94 1.34 

i Total 100.05 98.61 98.72 98.64 97.99 

t 
;; ··~ 

Nb 31 29 30 37 • 16 1 
Th 5 • 13 15 4 4 l 

\ 

~ 
·522 468 553 648 597 

59 70 64 65 49 

• 307 170 173 253 204 

Rb 55 87 98 53 44 

Pb 16 25 27 16 18 

Cr 11 10 ,_ 10. 11 12 

Ga 21 22 22 22 20 

Zn. 147 126 123 173 '140 

l Cu 13 10 4 19 14 

Ni 18 21 15 20 14. 

Ba 1604 1787 1656 2229 1984 

.A 

. . ' 



Sample Number 

Si0
2 

Al
2
o

3 
Fe

2
o

3 
FeO 

MgO 

CaO 

K
2
0 

Na
2
o 

Ti0
2 

MnO 

p 2°5 
LOI 

Total 

Nb 

Th 

Zr 

y 

Sr 

Rb 

Pb 

Cr 

Ga 

Zn 

Cu 

Ni 

Ba 

068 

70.24 

12.86 

0.90 

2.92 

0.08 

0.78 

4.92 

4.44 

0.39 

0.10 

0.03 

0.50 

95.26 

47 

11 

306 

67 

8 

175 

22 

24 

38 

115 

6 

25 

81 

Arfv dson~t -r~ b ckit Grnn~t 

069A 069 071 072 073 074 075 078 079 080 081 082 083 

71.64 68.43 74.96 74.79 73.74 72.80 72.71 71.71 73.02 73.04 71.87 71.82 72.95 

12.25 12.36 11.31 11.12 11.42 10.45 11.03 11.61 11.99 11.25 10.87 11.06 10.94 

0.70 1.42 1.52 1.31 1.47 2.15 1.56 1.68 1.35 1.97 2.68 1.87 1.15 

3.04 3.42 1.04 2.29 1.81 1.95 2.28 2.51 1.84 2.28 1.61 2.53 2.67 

n.d. 0.18 0.10 0.07 n.d. 0.22 0.04 0.16 0.02 0.02 0.22 0.05 0.02 

0.78 1.81 0.31 0.64 0.47 0.57 0.61 0.57 0.52 0.69 0.43 0.59 0.62 

4.88 4.28 4.79 4.63 4.72 4.65 4.58 4.77 4.92 4.88 4.69 4.64 4.62 

4.30 5.18 3.60 3.71 3.84 3.82 4.74 4.23 4.21 4.20 4.26 3.99 4.14 

0.44 0.58 0.26 0.35 0.34 0.40 0.40 0.42 0.39 0.43 0.41 0.39 0.40 

0.08 0.11 0.08 0.11 0.08 0.09 0.09 0.09 0.10 0.08 0.11 0.09 0.09 

0.01 0.12 n.d. n.d. 0.02 n.d. n.d. n.d. 0.01 0.02 n.d. n.d. n.d. 

0.44 0.61 0.50 0.64 0.61 0.79 0.19 0.96 0.65 0.53 2.94 0.67 0.61 

98.56 98.50 98.47 99.66 98.52 98.29 98.23 98.71 99.02 99.09 100.09 95.80 98.21 

79 

15 

552 

97 

10 

168 

24 

9 

38 

124 

9 

30 

70 

52 

10 

643 

104 

66 

144 

17 

11 

29 

139 

4 

12 

416 

62 64 

16 33 

738 649 

50 193 

7 15 

183 165 

14 40 

14 24 

31 32 

97 213 

7 4 

18 

57 

48 

89 

61 101 

17 28 

660 1090 

64 140 

10 10 

167 211 

24 27 

10 5 

36 35 

84 131 

6 8 

22 

42 

41 

43 

89 102 

24 28 

983 1156 

114 133 

13 ~ 

210 212 

37 41 

36 8 

34 34 

146 145 

9 7 

34 36 

92 96 

62 

14 

561 

58 

10 

187 

20 

8 

38 

101 

7 

20 

64 

59 107 

13 31 

527 1256 

100 121 

10 10 

140 236 

20 24 

5 5 

34 36 

111 197 

7 6 

29 38 

57 61 

106 96 

32 29 

1363 1431 

122 114 

11 12 

239 208 

54 33 

14 10 

35 35 

140 144 

8 8 

38 33 

83 104 



I' 
I 

) r 

Sample Number 

Si02 
A1

2
o

5 
Fe

2
o

3 
FeO 

MgO 

CaO 

K
2

0 

Na
2
o· 

Ti02 
MnO 

P205 

LOI 

Tof#l 

Nb 

Th 

Zr 

y 

Sr 

Rb 

Pb 

Cr 
Ga 

Zr 

Ca 

Ni 

Ba 

084 

78.33 

10.06 

-1.11 

1. 78 

0 .15 

0.20 

4.53 

0.43 

0 . 35 

0.08 

n.d .• 

lr57 

98.59 

73 

28 

761 

92 
18 

216 

35 

7 

23 

87, 

7 

29 

192 

085 

78.11 

10.21 

0.65 

1. 79 

0.07 

1.07 

5.47 

0.41 

0.32 
0.08 

0.02 

1.42 

98.72 

79 

-29 

819 

103 

21 

255 

37 

7 

20 

55 

3 

33 

22 3 

,. 

Nuiklavick Volcanics - Group 1 

086A 

78. 76 
10.56 

1. 02. 

1.61 

. 0;07 

0.15 

4. 71 

0.05 

0.32 

0.08 

n.d. 

1.88 

99.08 

70 

24 

742 

90 

13 

242 

17 

6 

23 

'47 

8 

30 

218 

086B 

84.22 
8.48 

0.68 

0.55 

0.04 

0.16 

2.50 

n.d. 

0.29 

0.08 

n.d. 

1. 4.7 

98.47 

63 

22 

690 

86 

5 

145 

9 

9-

24 

43 

10 

23 

99 

089 

73.82 
11.84 

0.90 

2.38 

0.37 

0.41 

5.86 

0.50 

0.36 

0 . 08 

n.d. 

1.92 

98.44 

109 

27 

1236 

129 

19 

435 

37 

7 

23 

56 

12 

49 

188 

n,d. 

3.83 

n.d. 

0.17 

3.21 

.o .04 

0.11 

0 . 08 

n.d. 

2.59 

99.97 

107 

26 

1221 

121 

6 

156 

45 

n.a. 
. 36 

104 

7 

33 

63 

.. 

099 

77.74 

10 .71 

0. 78 

1. 96 

0.05 

-0.16 

5.91 

0.27 

0.34 

0.09 

0.01 

2.31. 

100.33 

75 

- 25 

792 

86 
15 

368• 

34 

8 

20 

190 
,.5 

36 

224 

:; ..... . · 

101 

71.38 

12.45 

0.05 

2 .88 

0.02 

0. 75 

5.05 

3.22 

ojB 
0.10 

n.d. 

1.60 

97.81 

207 

30 

1339 

172 

16 

286 

176 

7 

39 

260 

7 

50 

314 
_/ 

102 

71.71 

11.75 

1.55 

1.85 

0.02 

0.62 

'\ 5 . 32 

3.73 

0.32 

0.09 

n.d. 

1. 35 

98.31 

222 

.41 

1399 

233 

14 

330 

65 

8 

. 37 

128 .... 
Oo 

4 ~ 

67 

149 

• 
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Nuik1avick ,Volcanics - Group 2 
1:: ~\ 

;::· 

Sample Number 090 .091A 091B 100 - 75~,/ Si-o
2 

7?. .99 75.90 78.16 

A120
3 10.10 10.23 10.60 8.53 

Fe
2
o

3 '1 1. 24 2.64 0.97 1.05 

• FeO 2.02 2.73 4.06 3.Z2 

MgO 0.02 0.02 0.02 0.08 

CaO 0.19 0.02 0.02 o:l7 · ~· 

4 
K

2
0 6.31 4.78 3.82 4.15 

' 
Na

2
o 0.47 2.49 1.00 0.05 

Ti02 0.34 0. 33 0.35 0.36 

MnO 10:09 0.09 0.08 0.09 

P205 n.d. n.d. n.d. n.d. 

LOI 1.36 1. 34 1.1.1 1.80 

Total 97.71 98.17 98.35 97.66 

' 
. 

Nb 299 252 280 231 ~ 
\ 

' Th 76 58 69 75 

( 
{r 3317 2742 3108 '3465 

y 366 291 33.5 286 
''> 

Sr 9 6 7 12 
J 

Rb 460 367 464 286 

Pb 184 17 19 12\ 
Cr 2 1 /"'S 7 

~ Ga 29 33 34 29 r Zn- 772 76 46 248 ,, 
t 

Cu n.d. n.d. n.d. 7 -Ni . ~· 90 75 88 72 

Ba 10 20 . 9 34 

I 
I ' / ' ., 

~:-~:· 

. .... I 
-~ - $"( . "3 ·, ~--.~-'1eitrbMi ·--· 

1" . .... . . . tt ~ t ~· .p .-·r< ·-~ ........... 
*~.,.tr~ ... '(i:~· ··· .c · J) . , ~~ ....._ .... ,_. 

r ~ 
.. 

' ' 
.. 

/ \ ' ·' 



~· · , 

.. , 

Sample Number 

5102 

Al 2o
3 

Fe
2
o

3 
FeO 

MgO 

CaO 

K
2

0 

Na
2
o 

Ti02 
MnO 

P205 
LOI 

Total· 

Nb 

Th 

Zr 

y 

Sr 

Rb 

Pb 

Cr 

Ga 

Zn 

Cu 

Ni 

Ba 

·\'--..,) 

·. 

; 

\ 
' , 

·"' .. Nuik1avick Volcanics Group 3 

087 088 

81.68 84.63 

7 . 61 6.04 

1. 40 1. 08 

·3 . 49 1.93 

0.02 0. 02 

0.10 0.16 

1.73 1.69 

.n.d . n . d. 

0.-39 0.39 

0.11 0.08 

n.d . n.d. 

2.10 1.73 

093A 

78.33 

10.19 . 

0.65 

3.63 

0.01 

0 .11 

2.19 

0.15 

0 .32 

0.10 

n.d. 

1.54 

·~ 

093B 094 095 

75.58 75.31 79.63 

10.74 9.61 8.70 

0.78 2.24 2.74 

3.99 4.68 2 .11 

n.d. 0.02 0 . 04 

0.17 0 . 34 0 . 18 

2.32 3.91 3.00 

0.13 n.d. ~.d. 

~.30 0 . 35 0 .28 

0 . 09 0.10 0.10 

n.d. n.d. 

3 . 40 2.34 

n.d. 

2.3~ 

097~ 

76.65 

9.11 

1.37 

4.54 

0.02 

0.18 

4.82 

0.10 

0.43 

0.09 

n.d. 

1.59 

. 097b 

77.58 

8.98 

3.80. 

2.45 

0..07 

0 .17 

' « 

184 .· 

097c 098 

74.7'3 76:21 

8.96 9 . 18 

2.89 1.04 

3.31 4.59 

0 .04 0 ;04 

0.18 0.19 
I 

5 . 71' 5.'51 5.05 

0 .32 0 . 27 0.13 

0.42 . 0.41 0.43 

0. 09 0.10 0.11 

n.d. n.d. ri..d. 

1.33 1.62 1.33 

98.63 97.75 -~ 97.50 98.90 99.12 99.01 100.92 98.02 98.36 

4t 

574 

4 

145 

21 

3 

28 

125 

n . d. 

119 

35 

288 4 72 

93 122 . _.:.:/ 
257 ~52~5 

401 588 

4 6 

185 . 271 

27 149 

n.d. 

33 

475 

\ 481 

I\ n8 
\. ~075 
---~ 

7 

335 

100 

n.d. 

39 

s1s 

9 

16 

17 

n.d. n.d. 2 

83 

. 20 

29 131 

23 • 13 

507 

127 

5495 

597 

9 

/( 583 
\ 

53 

n.d. 

27 

749 

n.d. 

152 

17 

450 

. 113 

4885 

529 

6 

463 

47 

n.d. 

29 

1538 

57 

57 

121 

. 315 

98 

47'27 . 

461 

9 

502 

98 

n.d·. 

28 

579 

n.d. 

113 

17 

309 

98 

4692 

161 

11 

419 

104 

1 

19 

552 

n.d. 

93 

28 

306 

99 

4510 

442 

10 

48Z 
. 125 

n.d. 

25 

790 

9 

114 

25 

312 

•100 

4625 

424 

10 

482. 

(11.35 · 
I' 

n .d : 

,:8 
f\.d. 

108 

31 

. 1 

l 

l .. 
1 . 
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. t 

, Sample N11111ber 

Q 

Or· 

Ab 

An 

Di ) 
·\ 

Hy 

Mt 

• 'I L 

Ap 

Agpaitic 
Index 

" . ' · 

. , · 

. 
CIPW Normative Analyse~ (In Mole %) 

~linopyroxene-fayalite granite 

057 060 061 .Qg£ 

55.66 • 58 .83 61.78 45.32 

9.19 12. 38 12.32 11.21 

17.25 16 . 88 14.56 18.12 

4.31 2.79 5.08 7.05 

4.64 . 3.81 .. 0.70 4. 35 

5 .• 58 2.44 2.56 10.38 

1.19. L33 1.63 0. 75 

1. 92 1.38 1. 23 2.48 

0 . 25 0.14 0.12 0.33 

.754 .840 .726 . 675 

i\ 

. I 

• 

064b - · -. -

60.78 

9.59 

" 15.87 

4.06 

3 . 22 

3 . 06 

1. 69 

1.54 

0.18 

.758 

l 85 . 

~ 

.i 
r . 

. . 
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.. REE Analyses 

Nuiklavick Volcanics - GrouE 1 
..... 

I • . ·, ... .., .. 

Sam2le Number . 084 085 086A 086B 089 092 099 !Ql lQl 

La 98 140 139 147 307 395 148 152 246 , . 

~ Ce 210 294 277 288 649 660 318 267 525 

Pr . 21 33 32 28 66 88 .. 28 32 57 

Nd 80 - .. 106 106 . 102 220 256 102 116 190 , 
Sm 13 19 18 17 34 34 16 26 35 

Eu n.d . 0 . 3 0.4 1 2 
' 

n.d. 2 1 1 .,. 

Gd 14 17 14 15 27 25 13 25 34 t 
Du 14 17 16 15 23 21 14 30 39 

Er 9 11 10 9 15 15 10 19 24 .. 
, ,,. --

Nuik1avick Volcanics - Group 2 

\. 

S~mple Number . 090 091A 091B 100 

La 219 238 2,71 129 

Ce • 499 523 596 303 ' 

Pr· · 61 56 63 34 

Nd . 212 202 .225 145 

Sm 47 . . . 40 b 46 28 
- ... , • 

· Eu . n .d, n.d . 1 n.d. 

Gd 48 43 45 32 

Du 58 48 53 49 

;J Er 36 33 . 34 33 
... 

1-<' 
00 

:------ ()Q 

\ 
4 

~ 
\.-... 

~ . - 0.:1 - ·-- . · : -. .: · ... .. · }, ~-- (~ . .1- -~·' . 
;.~h ·' · ~ 

~ 'f\ .. .,. .. ·. 
I 
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/ 
REE Analyses 

Nuiklavick Volcanics - Group 3 ,. 
. 09~ 0971 \ sample Number 087 : 088 093A 093B 094 095 097C 098 

I 
}, 

\ ' 
~·. 

4240 38 La 381 . 86 319 342 347 365 403 360 ., 
1 

Ce 569 240 721 769 777 815 ·a531 544 849 784 ~ 
' 87 , 24 79 86 90 89 93 61 96 88 
'-- Pr 

"fur 339 110 283 304 315 323 346 235 355 11.7 

Sm • 73 41 64 68 69 68 67 54 69 .. 62 

Eu 2 1 n.d. 2 1 3 6 1 4 ' 1 I 

Gd 71 48 67 68 75 72 68 s·s 67 \ 60 
J 
I 

Du 82 66 86 88 93 82 76 63 77 74 / 
Er 51 42 62 59 67 57 52 41 48 48 

-4 

•• 

__ ! 



• ¥' 

~ 
I 

~ ~~mple Number 073 079 
,..elsie Fraction Mafic fractipn 

La 97 

Ce 141 .-1.827 

Pr 12 199 

Nd ~4 706 

Sm 8 124 

\ ' 
Eu n.d. 2 

'\ 
5 104 

Py 4 89 

4 59 

'I 

' : 

I • 

073 
·Zircons 

8249 

1647 

1893 

6829 

1434 

n.d. 

3512 

)12310 

. 19064 

190. 

) 
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This Appendix consists of supplementary Harker type correlation 

diagrams on all diagrams, concentrations are in ppm and symbols , 
.represent: 

Q . arfvedsoni te-riebecki te granite 
. 

Nui klavick ~olcanics - group ~ 

+ Nuiklavick volcanics - group 2 
• 

e Nuiklavick voicanjcs - group 3 

'--......__ 

192. 

i 
·; 

j
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