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SCOPE AND CONTEWrs : 

This study was planned as a combination of detailed field 

mapping, thin section petrography, whole rock geochemistry and 

amphibole chemistry of the rocks of the Port Coldwell intrusion. 

It was hoped that the results of the detailed field 

mapping would give a clearer picture of the stratigraphy and 

structure of the intrusion. It was hoped to define the mineralogy 

and textures of the various phases of the Port Coldwell intrusion 

enabling a postulation of possible physical conditions under which 

crystallization occurred. 

Through whole rock chemical analysis it was hoped to 

correlate the petrochemistry with the stratigraphy, and so to 

provide a chemical explanation of the differentiation process. 

Furthermore, it was hoped to classify the gabbros and through 

differentiation trends provided by the plots of the analyses, to 

determine whether the gabbro could be a feasible parent of tlH2~ 

other phases of the intrusion. 
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The amphibole found in each phase of the intrusion was to 

be determined in order to discover elemental trends and to provide 

corroborating evidence of a differentiation sequence suggested 

by other sources. 
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ABSTRACT 

The Port Coldwell intrusion is an alkaline intrusion of 

the miaskitic type located near the reported triple junction of 

three gravity-magnetic highs~ The complex probably is the result 

The classical differentiation sequence was from a. parental alkali 

gabbro, r ... rhich separated ilmcnomagnctite and Fe-Mg pyrox2ne g:Lv·ino ~ _, 

rise to a syenitic magma that differentiated to produce nepheline 

syeni tr:!S by a trend towards undersaturation ~ The same syeni tic 

magma may have assimilated some silica-rich country rocks causing 

the magma al3o to have an oversatura.tion trend producing quartz 

syenites and granites. 

The lamprophyre dykes, strati.graphically the youngest, 

may have been derived from a primitive magma late in the differen-

tiation sequence. The field occurrence of carbonate ocelli in 

the lamprophyre dykes of the Port Coldwell intrusion can best be 

explained using a liquid immiscibility model. 

The fine-grained gabbros located north of Neys Provincial 

Park, which were previously interpreted as a metavolcanic roof 

pendant, is re-interpreted as a phase of the Port Coldwell 

intrusive, related to the coarser~grained alkali gabbro. This 

fine-grained gabbro may have differentiated higher in the crust 

as a later differentiate of the alkali gabbro after the separation 

of ilmenoma.gnetite. The greater volume of syenitic rocks relative 
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to the parental gabbro may be due to the previous interpretation 

of substantial volumes of fine-grained gabbros as metavolcanic 

roof pendants. 

Locally high oxygen fugacities existed in the alkali 

gabbros. A relatively high fluorine fugacity existed in the 

syenitcs while a high co2 fugacity prevailed in the nepheline 

syenites and lamprophyre dykes. Water pressures of approximately 

4000 kg/cm2 prevailed in the granitic phase of the Port Coldwell 

intrusive. 

The amphiboles of the Port Coldwell intrusion show a 

definite increase in Fe with increasing Niggli mg values. The 

increase in values of Niggli mg in the amphiboles from those in 

the granite to those in the quartz syenite to nepheline syenite 

to syenites and lamprophyre dykes, correlates with the decreasing 

basicity of the host rocks~ With decreasing values of Niggli mg, 

there is a decrease in Mg, Al and Ca in the amphiboles. Na and Si 

values are relatively constant except for a sharp increase within 

the amphiboles of the granitic phase. 

The amphibole within the syenitic phase is a kaersutite 

that sometimes possesses characteristics intermediate with 

barkevekite. The arnphiboles in the nepheline syenite and quartz 

syenite phases are barkevekites, while those in the granites are 

arfvedsonites. These amphiboles, which represent a solid 

solution series, suggest a differentiation sequence of cogenetic 

host rocks. 
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CHAPTER 1 

FIELD RELATIONS 

Introduction 

The Port Coldwell intrusive is located on the north shore 

of Lake Superior (see Figure 1) within the eugeosynclinal portion 

of an Archean volcanic-sedimentary belt (Puskas, 1970). These 

volcanics and sediments of the Superior province have been 

tightly folded in a north 70° east trend and also folded along 

another axis in a more northerly trend (Puskas, 1970}. Along the 

western contact of the intrusion, well-bedded proximal turbidites 

with a high proportion of sandy beds predominate. Emplacement of 

the intrusion was accomplished by doming and stoping creating a 

thermal aureole within the pyroxene-hornfels facies (Puskas, 1970). 

The contacts between country rock and gabbro are sharp and often 

are intruded by pegmatites while contacts between cou.ntry rock 

and syeni te are of ten brecciated and some assimilaticm com:mon.ly 

has taken place to produce a hybrid syenite~ 

The Port Coldwell complex is a roughly circular intrusion, 

with an outer rim of gabbro enclosing syenites, nepheline syenites, 

and granitic rocks (see Figure 2) ~ The relative stratigraphic 

sequence (increasing age downwards) of intrusions is as follcws 

(Puskas, 1967) : 
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Precambrian: 

Port Coldwell I9neous Complex 

Little Pie River Granite 

{I.C.) 

Lamprophyre Dykes 

(I.C.) 

Nepheline Syenite 

(I.C.) 

Quartz Syenite (Nordmarkite) 

{G.C.} 

Syenodiorite 

(G.C .. ) 

Syenite (Laurvikite} 

(Conformable, partly G.C.) 

Gabbro 

(I.C.) 

Country Rocks and Roof Pendants: 

f!.c. 
lsc. 

Archean mafic and felsic metavolcanics 

and metasedirnents 

intrusive contact 

gradational contact 

2 

Structural features of the intrusion, such as igneous 

layering and faults have never been mapped. Fine- to medi~rn-grained 

xenoliths of mafic rock occur randomly throu9h the complex, and 

although mapped as country rocks by previous workers, may be 
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genetically related to the outer rim gabbros (see Figure 2) • The 

relationship of the granite to other phases is uncertain. 

Detailed mapping was carried out using as a guide the 

large-scale reconnaissance map prepared by F.P. Puskas for the 

Ontario Department of MinE~s (see Figure 2).. In the summer of 1972, 

over one month was spent doing detailed geological mapping with a 

field assistant. This area for detailed mapping was chosen since 

all rock types were present, access was good and the rocks were 

well-exposed. The base maps and air photos used were obtained 

from the Ontario Department of Natural Resources. An aeromagnetic 

map was used to correlate structural features. 

Age and Location Relative to Major Tectcnism 

Paleomagnetism and geochronology suggest only one period 

of emplacement, 1050 million years ago (Watkinson, Maim·rnring and 

Lum, 1972). Potassium argon ages of 1005 million years (±1 m .. y.,) 

have been determined from biotites from the nepheline syenites of 

the western lobe of the Port Coldwell intrusion (Currie, pers. 

comm., 1972)~ These ages are similar to those cf the Keeweenawa.n 

intrusives located along the Mid Continent gravity magnetic high 

(1000 m.y. ±1 m.y.) and to the alkaline intrusives located along 

the Kapuskasing gravity magnetic high. No intrusives are known 

to occur along the Michigan gravity magnetic high. The Port 
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Coldwell intrusive is located near the triple junction of these 

three gravity magnetic highs (se~ Figure 1}. 

Hans Cloos, by experimenting with balloons under clay, 

has shown that a triple point occurs directly under the swelling 

balloon. The triple point near which the Port Coldwell intrusive 

occurs may be the previous site of an upwelling mantle plume 

(K. Burke, pers. comm., 1973). 

Alkali Gabbro 

Although the features to be described apply specifically 

to the area mapped in detail (see Figure 3) 1 they appear, on the 

basis of cursory examination, to apply generally to the intrusion 

as a whole. 

The alkali group is rl"¥throically layered with alternating 

mafic (pyroxene, ilmenomagnetite and biotite) and plagioclase-rich 

bands (see Plate 1). The dips of the layers in this coarse-grained 

rock. are towards the centre of the intr~sion and va.ry between 5° 

near the contact with the country rocks, and 70° in other parts 

(see Figure 3),, 'l"'he strike of this layering is parallel to the 

strike of the contact between. the gabbro and country rocks. l~long 

the contact of the alkali gabbro and laurvikite,rh¥thmic layering 

is thin (1-2 rroo) and the rock is fine-grained. This fine-grained 

gabbro is sometimes brecciated by the laurvikite (see Plate 27). 
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Ilmenomagnetite-rich layers occur as lensoid conformable 

segregations within the coarse-grained layered gabbros (see 

Figure 3). Sulfides occur along the contact of the coarse-grained 

layered gabbro and country rock. Chalcopyrite, pyrrhotite and 

malachite comprise up to 5% of the ga.bbro. This location at the 

to the periphery of the original magma chamber. The gabbro 

contacts are offset by a fault (see Figure 3)., •rhe fault shmrn 

as an air photo lineation and an aeromagnetic map correlates 

favourably with the existence of a. fault~ Epidote-coated slickan

sides plunging steeply south; are common along the length of the 

fault. 

The coarse-grained layered gabbro appears to form a 

partial ring around the intrusion (see Figure 2). In the area 

mapped in detail, the ring is cut on the north by the laurvikites 

and disappears under the waters of Lake Superior to the south. 

Neys Park Fine-Gra.ined G.3bbro 

This.supposed xenolith, located north of Neys -Provincial 

Park, is enclosed by laurvikites (see Figure 3). The rock is 

fine- to medium-grained and closely resembles the fine-grained 

gabbro occurring in the outer margin of the alkali gabbro where 

it contacts the laurvikites. 'l"he 0 xe:nolith" may be brecciated 
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by the laurvikite. Layering was measured and its strike is the 

same as the strike of layering in the coarse-grained alkali gabbro, 

but dips west rather than east, as in the outer rim. 

The "xenolith" was previously mapped as country rock, yet 

bears a striking rcserililance to the layered gabbros. The meta

volcanics outside the intrusion are tightly folded, but there is 

no evidence of folding of the layering in the rocks within the 

11 xenolith 11
• 

To the north and north-east of the Neys Park, within the 

granites and laurvikites, fine- to medium-·grained blocks of gabbro 

may comprise up to 40% of the host rock. This breccia is probably 

related to the Neys Park "xenolith". Some of the blocks are 

coarse-grained and have stron9 rhythmic layering similar to that 

which occurs in the gabbro recognized as being part of the Port 

Coldwell intrusive.. These striking similarities suggest that 

the Neys Park "xenolith" and the inclusions within the rocks 

surrounding the "xenolith" are genetically related to the gabbros 

of Port Coldwell and are not in fact blocks of country rock as 

previously interpreted. 

Syenites (laurvikites) 

There are two types of syenites - 9egmatite sills which 

cut the alkali gabbro and rhythmically la.ye red lc!urviki te (see 
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Figure 3). Laurvikites are syenites in which the feldspar is a 

perthite that usually constitutes more than 80% of the rock. 

The pegmatites are low in mafic content and extremely 

coarse-grained (see Plate 1, Table 1). These pegmatites form 

sills that are very irreqular in width and may pinch out at pl.aces. 

Many smaller ones have n0t been mapped. Meqascopic colour zoning 

is common in the alkali feldspars of the pegmatitic variety (see 

Plate 5) and it is manifest as alternating red and black zones~ 

The same phenomena has been recognized in Norwegian rocks. 

Using the electron microscope, it was determined that the red 

colour was due to exsolution of hematite oriented as a fibrous 

felt in planes parallel to 010 (Rosenquist, 1965). The black 

varieties lack this exsolution. 

Large-scale red and black rhythmic layering occurs in 

the laurvikites. It is probably due to alternating colouration 

in the alkali feldspars which compose up to 90% of the reek {si::e 

Table 1). Varying oxygen fugacity may cause this alternation 

by its affect on the feldspars. The black layers are not always 

black, but may be grey-green (see Plates 2,3). Contacts between 

layers are gradational and difficult to photographe Lineations 

trending parallel to the large-scale rhythmic layering arc defined 

by parallel alignment of perthite crystals {see Plates 2,3). 
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Nepheline Syen~tes 

Two varieties are present - a leucocratic, pegmatitic 

variety occurring as a sill in the alkali gabbro (see Figure 3) , 

and a melanocratic, mediu .. rn-grained variety also occurring in 

sills (see Platas 6,7). Both varieties brecciate the qabbro. 

Nepheline, on weathered surface, is easily identified 

since it alters readily to an orange-brown hydronephelite (see 

Plate 7). In melanocratic varieties, nephcline-rich clots appear 

commonly (see Plate 7) • rrhey may be nucleation centres. Rhythmic 

layering, although not always present, is defined by amphibole

rich layers and feldspar-rich ones (see Plate 6). Rhythmic 

layering in the nepheline syeni tes, when present, has the :;a.me 

strike as the layering in the laurvikites and alkali gabbros. 

Camptonite Dykes 

These fine-grained dykes probably follow the dominant 

joint directions within the intrusion (see Figure 3)~ The dykes 

are often columnar jointed and contacts with adjacent rocks 

are commonly sharp (see Plate 9). Carbonate segregations may 

occur on the sides of the dykes and off-shoots of these segrega

tions may ernenate as veins from the side of the dykes (see 

Plate 10). 

Plagioclase phenocrysts with their long dimension parallel 
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Figure 4. Stability field of sodalite as limited by high 

ratios of fluorine to chlorine at 1200°K. If 

a feldspar containing more than 10 mole percent 

anorthite coexists with sodalite, fluorite plus 

nepheline will take the place of sodalite with 

the ratio of fluorine to chlorine falling with 

increasing anorthite (Stormer and Carmichael, 

19 71) • 
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to the strike of the dyke may define a trachytic texture. 

Ellipsoidal carbonate ocelli often define a trend with their long 

direction parallel to the strike of the dyke (see Plate 9). 

Carbonate-rich layers abundant in ocelli commonly alternate with 

layers poor in ocelli defining a layering which is also parallel 

to the strike of the dyke (see Plate 8). On the ·weatherE~d surface! 

the carbonate is of ten weathered out leaving holes where the 

ocelli used to occur (see Plate 8). 

Origin of Carbon~te Ocelli 

The carbonate ocalli present in larnprophyre dykes of 

other studies have been pn~viously interp:reted as amygdules, 

nucleation centres and as immiscible liquid droplets. Melting 

experiments done on an olivine kaersutite lamprophyre dyke, 

bearing carbonate ocelli, showed that the rock melted to a homo~ 

geneous silicate liquid and an immiscible co2-rich liquid phase 

(Ferguson and Currie, 1970). This suggests that the carbonate 

ocelli are immiscible liquid droplets frozen into the silicate 

phase. It w?uld be expected that complete segregation of the 

inuniscible carbonate liquid fraction would e>ccu.r with slower 

cooling. 

The liquid immiscibility model for explaining the 

carbonate ocelli may not contradict the arnygdule idea, but may 

explain the formation of amygdules. Amygdules may be liquid 
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droplets themselves. Escape of the gaseous phase from the 

amygdule may lead to the formation of a vesicle. Amygdules are 

usually explained as late-stage fillings of some existing pore 

space, possibly by groundwater solutions. This theory has the 

flaw that the pore spaces in igneous rocks are rarely connected 

to allow any passage of fluids into the vesicle which the 

carbonate-rich fluid is proposed to fill. 

The liquid immiscibility model fits the field observations 

on the occurrence of carbonate ocelli in the lamprophyre dykes 

of Port Coldwell. In dykes which have columnar jointing, 

indicating rapid cooling, the carbonate ocelli are abundant. 

This may correspond to the separation of a lighter, immiscible 

fraction into droplets which begin to rise through the denser 

silicate phase (see Figure 5 and Plate 9). In dykes without 

columnar jointing, a carbonate-rich fraction may occur at the 

margin of the dyke (see Plate 10). If the dyke intrudes vertically, 

carbonate segregations may occur on both sides of the dyke. In 

dykes having these segregations, the main part of the dY'ke may 

have fewer carbonate ocelli. According to the liquid immiscibility 

model, this segregation would be explained as a collection of 

the lighter carbonate phase at the tope of the dyke in response 

to a density difference with the silicate phase. 
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Quartz Syenite-Granite 

The quartz syenite, described locally as nordmarkite, 

because the feldspars are perthites, appears to grade impercep

tively into granite with increasing quartz content. This 

leucocratic, coarse-grained unit is very similar in appearance 

to the red laurvikites of the intrusion. The quartz is extremely 

difficult to see in the fresh surface. The wiit weathers to a 

low relief and shows up well on the air photos as a somewhat low 

area relative to the surroundings, with a dense~ tree cover. 

Contacts with other units are often obscured by vegetatlon. 

This distinct rock unit is not layered and unlike the 

laurvikites, has no lineations. A considerable volume of gabbro 

is present (up to 40%) as inclusions {see Pigure 3). Distin.ct 

layering, similar to that observed in the alkali gabbro, is 

present in some of the blocks. This suggests that these 

inclusions may be an earlier phase of the Port Coldwell intrusion 

related to the alkali gabbros. 
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CHAPTER 2 

THIN SECTION PETROGRAPHY 

Introduction 

The amphiboles in the syenite and nephelinc syenite 

phases of the Port Coldwell intrusive have been optically inter-

preted as barkevekites (Puskas, 1967). Optical identification 

within the kaersutite-barkcvekite series is impossible, since 

these calcic amphiboles have similar ranges of refractive 

indices, extinction angles, absorption colours and optic angles 

(Wilkinson, 1961; Bose, 1963). Birefringence in these amphiboles 

is almost impossible to determine due to high absorption in 

thin section. Data on the optical properties of arfvedsonite 

found in the granites (see Chapter 4, Amphibole Chemistry) is 

not well-defined (Deer, Howie and Zussman, 1965), but has 

optical properties similar to kaersutite and barkevekite with 

whom it may form a continuous solid solution series (Frisch, 1970} ~ 

Pr:tr~graphic Methods 

Approximately 100 thin sections from the detailed map 

area and other parts of the intrusion were studied using a Zeiss 

polarizing microscope. Modal analyses were made with the use of 



a Swift automatic point count.er. Mineral proportions of the 

first 800 points were converted to percentages. 
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Rocks thought to contain nepheline were stained with 

malachite green to impart a bright green to the nepheline which 

otherwise was difficult to distinguish from the alkali feldsparsq 

These alkali f~ldspars w~re often stained yellow by Na cobalti-

nitrite stain which also aided the distinction. Where the 

alten1t ion of. either mineral \\1 a~~ extensive, the stains Wt~rc 

unsuccessful. Alizarine red stain was u::;ed on t.hc carbonate 

ocelli of the lamprophyre dvkes in order to determine whether 

the carbonate was calcite or dolomite. 

Refractive indices of a scapolite and a biotite (Nz 

only) were determined using Schillabers refractive index oils. 

Separation of minerals was accomplished by dry sieving the rock 

powder to 100-150 mesh, wet sieving, then separation by a Franz 

magnetic separator. 

Numerous photomicrographs were taken using an Asahi 

Pentax with a microscope adaptor on a Zeiss polarizing microscope. 

Kodak Photomicrography colour film (Estar base) S0-456, 35 mm 

was used to obtain superior fine-grained results. The film speed 

is ASA 20 when used with a 90A blue filter to convert the 

tungsten source to a daylight source. 
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Alkali Gabbro 

Fresh plagioclase (labradorite) is the main constituent 

of the alkali gabbro (see Table 1). Parallel alignment of 

labradorite laths often define a lineation (see Plate 11). 

R.hythmic layerinq i~ de fined by pla.gioclase-ri ch layers altc?rnn-

ting with mafic layers. The plagioclase may have strong normal 

zoning f:r:om labradori te to andesine. 

Augite is the next most abundant mineral (see 'Iablt..1 1). 

Along with ilmenomagnetite, amphibole and biotite, it constitutes 

the mafic layers of the alkali gabbro. Hourglass zoning and 

twinning in the augites is common (see Plates 13,14). Schiller 

inclusions of a late exsolved, Ti-rich mineral po£;sibly rutile, 

suggests a high Ti contt~nt (see Plate 15). These pyroxe.nes are 

usually a non-pleochroic grey-green, but in ilmenomagnetite-rich 

layers are often anomalous pink suggesting a. high 'l'i content~ 

A brown to green pleochroic amphibole sometimes occur~> as a 

uralitic rim on pyroxene. The pleochroic scheme is variable with 

X - pale brown, Y - violet-grey, z - dark brown with 2V = 70°+. 

The pleochroic schemes of biotite vary, Csg. X - light 

yellow or light brown, Y - deep brown or red-,brown and z - dark. 

brown or deep red-brown. The biotites are spatially related to 

ilmenomagnetite and augite around which they may form a rim. 

Determination of the refractive index (Z = 1.65) indicated a 

27% Fe0+2(Fe2o3+T.io2 ) content (Deer, Howie and Zu.ssman, 1965). 
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The reddish-brown colour of the biotites indicates a high titanium 

content (Deer, Howie and Zussman, 1965). B.iotite is more 

abundant in the gabbros of the eastern rim of the intrusion. 

This suggests that a higher water pressure may have prevailed 

in the eastern rim (see Figure 3) • 

occurs in minor amounts in the coarse-grained gabbro. One 

sulfide-rich layer in the detailed map area seemed to have a 

higher olivine content than most of the rocks that were examined. 

Modal analysis of this layer of the alkali gabbio is as follows: 

plagioclase (labradorite) 70%: olivine 13i; opaques (chalcopyrite, 

pyrrhotite) 14%; apatite 3\; biotite 2%1 augite l\. 

Fine-scale (1-3 mm) layering in the gabbro at the alkali 

gabbro contact with the laurvikites is similar in mineralogy to 

that of the coarser-grained variety, although intercumulus phases 

form a lower volume in the finer-grained. phase.. In t!"li.s contact 

phase, two generations of pyroxene may be present creating a 

porphyritic texture. Larger, zoned augites may sit in a matrix 

of smaller plagioclase and pyroxene crystals. This contact phase 

commonly has an ophitic texture (see Plate 28). Its posit.ion 

along a contact and its similarity to the coarcer-grained gabbro 

suggest that it may be a chilled phase of the alkali gabbro. 
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Neys Park Fine-Grained Gabbro 

These rocks, previously interpreted as metavolcanics, 

are ophitic textured with fine-scale layering (1-3 mm) parallel 

to the strike of other layering in the area.. ri•hese rocks are 

identical texturally and mineralogically to the contact phase 

of the alkali gabbro (compare Plates 27 to 29). This suggests 

that the rocks are a fine-grained gabbro of the Port Coldwell 

intrusive occurrinq as a xenolith in a later phase of the 

intrusion. 

These laurvikites are composed mainly of perthitic 

feldspars which form a strong lineation (see Plates 2,3). The 

strongly coloured amphiboles have birefringences ranging from 

0. 02 to 0. 0 3 and variable pleochroic schemes, e.g. X - muddy-·brown 

or straw-yellow; Y - dark green to red-brown; Z - olive or 

muddy green, and a high optic angle. These amphibol.es may form 

uralitic rims on pyroxene (see Plate 17). The pale grey-green, 

non-pleochroic, often zoned pyroxene is a hedenbergite with 

2-3% Eu (P. Mainwaring, pers.comm., 1973). 

Hybridized laurvikite at the country rock contact of 

the western margin of the Port Coldwell intrusive (see Figure 3) 

exhibits some evidence of shearing and assimilation. The feldspars 



Table 1. Modal averag:e for common rock types representin9 ~ 25 thin sections for 
each phase 

---------------------··-----------

Perthite 

Plagioclase 

Pyroxene 

ll.J.""nphibole 

Biotite 

Quartz 

Nepheline 

Olivine 

Ilmenomagnetite 

Apatite 

Fluorite 

Calcite 

Zircon 

Reibeckite 

Scapolite 

Alkali Gabbro 

Jwerage 
Mode 

so 

26 

10 

4 

1 

3 

tr 

tr 

Range 

5-85 

5-70 

0-70 

0-12 

0-12 

0-15 

Syenite 

Average 
Node 

83 

tr 

3 

15 

1 

t:r 

tr 

tr 

tr 

tr 

tr 

tr 

Range 

63-98 

0-15 

0-33 

0-8 

Nepheline 
Syenite 

Aver.&ge 
Mode 

78 

t.r 

1 

7 

tr 

13 

tr 

tr 

tr 

tr 

Rang-e 

60-90 

0-10 

1-20 

2-37 

Quartz syenite 
granite 

A'.2'erage 
Mode 

78 

7 

13 

tr 

tr 

Range 

38-90 

1-15 

2-48 

Camptonite 
dykes 

Average 
Mode 

75 

4 

10 

3 

tr 

tr 

tr 

tr 

4 

tr 

Range 

50-95 

1-10 

1-50 

1-8 

1-10 
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all have crenulated margins and there appears to be two generations 

of feldspars, a smaller twinned variety and a larger zoned, 

untwinned type. 

Purple fluorite is a common accessory (see Plate 16) of 

the laurvikite. It has been reported that the colouration in 

these may be due to the rare earths Eu+2 and Gd+3 (Bill, Sierro 

and Lacroix, 1967). The presence of fluorite may indicate con

ditions under which the rock formed. Nepheline and fluorite are 

stable, if the rocks have sufficient calcium to form feldspar 

with greater than 10 mole percent anorthite, and a partial pressure 

ratio of chlorine relative to fluorine of less than 10 8 (see 

Figure 4). If these conditions are not met, sodalite may form 

possibly according to a reaction such as: 

2 sodalite + anorthite + F2 = · fluorite + 8 nepheline + Cl2 

These relationships remain essentially the same over a temperature 

range 1000°K - 1400•K (Stormer and Carmichael, 1971). 

Within the laurvikite phase, calcit~ zircon and biotite 

are also common accessories. The biotite often occurs as a 

reaction rim around pyroxene. 

Nepheline Syenites 

The coarse perthite (see Table 1), as in the laurvikites, 
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forms a lineation (see Plate 18) • Nepheline often is altered to 

hydronephelite, which is a mixture of many minerals notably 

natroli te, muscovite, various feldspathoids and alumina minerah1 

(Edgar, 1965). This alteration is most common when nepheline 

percentage is small. 

Texturally the nepheline syenites are similar to the 

laurvikites and appear to grade imperceptibly into a syenitic com

position with decreasing nepheline content. The amphiboles, which 

are the dominant mafic (see 'rable 1) have varial?le pleochro.ic 

formulae, e.g. X - straw yellow, yellow-g~een or olive green; 

Y - brown to black. The amphibole may be twinned (see Plate 19) 

and may form a uralitic rim on pyroxene. The minor pyroxene, 

hedenbergi te {P. Mainwaring, pers. comm., 197 3) of:b~n wU:.h re\'.';,rn.lar 

zoning, is the same pale grey-green pyroxene found in the syenites. 

Biotite is strongly pleochroic, e.g. X - pale yellow; Y - green 

brown; z - brown to opaque. 

Camptonite Dykes 

The plagioclase (labradorite An 68) is often deuterically 

altered and often defines a trachytic texture (see Plate 25). 

Calcite occurs mainly in ellipsoidal ocelli whose longest 

dimension parallels the probable flow direction defined by the 

plagi.oclase crystals. Calcite only rarely occurs as an interstitial 



25 

mineral. The carbonate was stained using alizarine red in order 

to determine that no dolomite was present. The presence of 

calcite in high amounts (see Table 1) may indicate a high co2 

fugacity. 

The carbonate ocelli are mainly composed of calcite, but 

in enc: dyke, the occ.lli were composed of a mix»::.ure of calcite and 

scapolite (see Plate 24) • The scapolite was a mizzonite with 

76±7% meonite content. A reaction between the calcite and plagio

clase may have occurred to prod\1ce this calciwn-rich scapolite. 

In some of the ocelli the assemblage may contairi all of the three 

phases of the possible reaction. Scapolite forms in environments 

rich in volatiles and a high co2 fugacity favours the stability of 

the calcium-rich end member (Haughton, 196 7) • Mizzoni tc~ ha.s be.en 

found as a primary mineral in eclogites (Mathias, Siebert and 

Ringwood, 1970). 

Kaersutite (see Amphibole Chemistry, Chapter 4) occurs as 

an accessory. It has a variable birefringence and a pleochroic 

scheme as follows: X pale yellow; Y - pale green; z - yellow-

green. Augite occurs rarely as phenocrysts giving the rock a 

porphyritic texture. 

Quartz phenocrysts occur rarely in subhedral shapes only 

in dykes that contain no calcite. 
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The main constituent of the quartz syenites is perthite 

(see Table 1) which, unlike the perthites of the syenites 

(laurvikites) has no preferred orientation (see Plate 22). 

Zoning within a single feldspar crystal from an initially homo-

geneous alkali feldspar to an outer perthitic rim (see Plate 20) 

may reflect rapid change in water pressure within the quartz 

syenite magma, rather than falling temperature. A rise in water 

pressure may have caused the partial unmixing of the alkali 

feldspar solid solution~ An excess of water may have caused a 

complete unmixing of the feldspar solid solution, producing two 

separate feldspars {see Figure 6). With an increase in quartz 

content in the granites of Port Coldwell, a two feldspar system 

appears. Above a modal percentage of 20% quartz, a twinned, 

slightly altered orthoclase coexists with an interstitial Carlsbad

twinned albite. With quartz modes between 10-20%f perthite is 

the common feldspar. This phenomenon may possibly be explained 

as follows (see Figure 6):at water pressures less than 4000 kg/cm2 , 

complete solid solution exists, but at higher pressure there are 

unique fields of albite solid solution and orthoclase solid 

solution and a true eutectic. The existence of the two feldspars 

at higher quartz mod~ in the granites may reflect_a greater 

water solubility in the·more silica-rich magma with increasing 

differentiation. 

;; .. 



Figure 6. Stability fields at the liquidus in the system 

NaA1Si 3o
8 

- KA1Si 3o8 - Sio2 - H20 for water 

pressures approximating crystallization 

conditions of the granitic phase of the Port 

Coldwell intrusive (Bowen and Tuttle, 1958) 

27 
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Amphiboles, constituting a low modal abundance (see Table 1), 

are the main mafic mineral. In the quartz syenites (nordmarkite 

of some authors) , which grade with increasing quartz content into 

granites (more than 10% quartz), the amphibole has a pleochroic 

scheme as follows: X - grey-green: Y - lime-green: z - dark green, 

darl~ brov~Ti or opt;1que. In the grard.tes, the amphibolcs arc paler 

green lacking the deep browns, and marked pleochroism common to 

the aJrphiboles of the other phase of the Port Coldwell intru~;;ion. 
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CHAPTER 3 

WHOLE ROCK GEOCHEMISTRY 

Introduction 

Whole rock wet chemical analyses were done on samples 

selected as type examples from various pha.ses of the intrusion 

(see 'I'able 2). It was hoped tha.t the relationship of the Ncys 

Park xenolith gabbro (sample 77) to the rest of the layered gabbros 

would be determined. By the use of variation diagrams, ternary 

plots and the calculation of agpai tic indices, certain differen-

tiation trend~ and cogenetic relationships were expected to be 

established. Also the layerc!d gabbros and N(~ys Park >:(:!noli. th 

gabbros were to be chemically classified and characterized. 

The elements Mn, Mg, Ca, Na ~'1d K were analyzed using a 

Perkin-Elmer Model 303 l\tomic Absorption Spectrometer, with an 

acetylene flame. Readings were automatically taken and printed 

by a DCR-1 (digital counter readout). Samples were read at least 

six times in succession, using a motor-controlled, rotating 

sampling table. Each sample was aspirated for 5 seconds followed 

by a 15 second aspiration of air before the next sample. After 
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Table 2. Modes c.r J,,_ chemically analyzed rocks (800 points for each) 

--. _,--··-· 

Gabbro 
I . Nepheline Quo.rtz 
, ___ syenite syenite syenite 

77 35 28 13!:. 13B 

1

7150 3:3 7A !A 7142 l5E 131 llB 7141 4 

l 
Perthite 83 63 66 79 63 76 64 74 S2 77 

Nepheline 2 tr 37 7 17 

Quartz tr 9 7 9 

Plagioclase 45 76 17 52 52 tr tr 

Olivine tr 8 tr 

Clinopyroxene 30 5 70 23 30 12 1 4 

Amphibole 13 1 tr tr 14 33 11 16 tr 12 20 15 6 8 

Biotite 9 tr tr 12 11 tr 8 2 1 

Magnetite 3 9 15 11 6 tr tr 3 3 tr 2 tr tr tr 4 

Fluorite 2 tr 1 tr 

Calci~e tr tr 2 tr 

Apatite tr tr 1 2 tr 

Zircon tr 

Sphene tr tr tr 



FeO 

MgO 

cao 

Na2o 
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Ti02 
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H
2
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_______________ .. ___ " ---------------··---------------------.---£-,J-::-e-·p-,_h-e.Ilne 
Gabbro Svenite 

i 
... Syenite 

-- ·--------~-----------
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77 35 28 3B l3A 13B \7150 7A lA 
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17142 16E 
-----r· ----· j 

49.51 35.07 43.80 42.42 48~60 1 60.06 58.41 52.29 58.19jS7.67 61.10 

14.98 6.32 15.43 15 .. JO HL83 13.79 

2.90 6 .. 34 4.42 3 .. ) j 
• J ..L 2.69 2.87 

7.69 30.96 10.32 9.81 6.75; 2·.32 7.60 

15 .. 08 

2.53 

s.01 

I 
I 

13.76121.88 

2.59j 2.00 

8.891 1.74 

19.37 

1.31 

l.C8 

7.25 5.55 4.54 5.56 5.83 1 0~63 0.26 3.17 0.31 0.02 0.16 

11.11 

2.75 

1.13 

0.66 

0.18 

0.91 

0,. 71 

o.oo 

'0.33 

9.26 11.79 10.25 10.61 0.13 

0.84 3.07 3.09 3.46 5.39 

0.49 0.60 1.19 1~30 6.43 

5.45 2.77 2.21 1.19 0.36 

0.88 0.21 0.24 0.22 0.13 

0.45 0.45 1.31 1.07 1.19 

0.06 o.65 o.46 o .. s1 ·a.s4 

0.00 0.00 D.66 0.09 0.05 

0.67 1.68 2.04 1.12 0.07 

2.96 5.48 

5.58 4.81 

4.85 3 .. 91 

0.58 1.03 

0.37 0.23 

1.00 1.16 

0.18 0 .. 19 

0.26 0.34 

0.07 0.71 

"LlO I 
l 

I 
5.071 

4.761 
I 

o. 79 I 
l 

0.331 
0.331 

l 
0 .. 32 I 

I 

0. 071 
I 

0 .141 

0.59 

9.53 

4~79 

0.03 

0.10 

1.10 

0.19 

0.04 

o.oo 

1.34 

6.40 

6.66 

0.09 

o.oa 

1.14 

0.46 

0.15 

0.02 

I 
I 

1 
Quartz syenite 

l 
I 

131 I llB 7141 4 

5 4. 9 2 l 6 2 .18 6 4 .-2-6_6_1 ___ 7_4_ 

I 
21.02 16.67 15.42 16.21 

, g~ 

.J." I I 

2.121 
l 

0.741 
! 

i l .. 90j 
! 
I 

7.lOj 
I 

7. 061 
0 .. 36 i 

I 

0.11 

0.95 

2.12 

3.40 

0.63 

1 .. 64 

5.67 

5.18 

0.65 

0.14 

0.77 

1.64 4.25 

3.60 1 .. 65 

0.24 0.20 

1. 77 L.92 

5 .. 85 6.00 

.5 .. 4 3 4 .. 77 

0 .. 38 0.86 

0.15 0.09 

0.32 0.73 

0.51 ! 0 .. 38 0 .. 36 0.23 

0.02 0.03 0.04 0~67 

0.15 0.12 0.05 0.24 

Samples 28, 77, 35 a:-ialysed by John Muysson; Sample 77 - Neys Park xenolith 
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consulting previous analyses, high, low and medium standards were 

chosen and run with each element.. The nurober of cycles that the 

sampling table made depended on the quality of the numbers that 

were printed out. The better the readings, the fewer the number 

of cycles required. 

The raw du la. vias then punched on to cmaput.er c.:::.rds.. The 

programme was designed to reject any value that was qreater than 

5% from the menn. Any such value would then be replaced by the 

mean. The three drift components, sensitivity, blank and 

undulatory drift were computed and thf~ readings corrected.. l'hE! 

system is designed on the basis of 0.5 g sample weights. 

Agpaitic Index 

The agpaitic index for alkaline rocks is defined as 

Na2o + K2o I Al2o3 {as molecular proportions). Rocks with an 

agpaitic index greater than one are defined as agpaitic 

(peralkaline) and those with a lower value as miaskitic (sub-

alkaline) (Gerasimovsky, 1956) • 

The Port Coldwell layered gabbros have values of the 

agpaitic index ranging from 0.31 - 0.47. The Neys Park fine

gr.ained gabbro lies within this same range. The syenitcs vary 

between 0.60 and 0.97 overlapping values of the nepheline syenites 

(0.70 - 0.95) and quartz syenites. Thus, the rocks of the Port 
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Coldwell intrusion are miaskitic. 

The results of experiments under different oxygen pressure 

conditions suggest that in initially undersaturated magmas, low 

oxygen pressure conditions favour a differentiation trend towards 

miaskitic rocks (Sood and Edgar, 1970). In early stages of 

crystallization under low oxygen pressure conditions, rocks may 

be miaskitic, but with increasing differentiation with increasing 

oxygen pressures, they may become agpaitic (Sood and Edgar, 1970). 

Agpaitic rocks of ten have high proportions of volatiles 

such as c12 , F2 and n2o causing them to have higher melting 

intervals (Sood and Edgar, 1970). The presence of such volatiles 

may result in the formation of minerals like sodalit.e.. The lower 

initial alkali, in compariscn to alumina in miaskit:Lc :.coGks of 

the Port Coldwell, make this less likely to occur and this is, in 

fact, reflected in the absence of sodalite in the intrusion. 

Chemical Classification of Gabbro 

Two norms were computed using a progra.:mme for CIP~\I norms. 

In one it was assumed that all the Fe occurred as ferrous iront 

while the other considered the two (ferrous and ferric) valencies 

separately. The norms were plotted within the system nepheline-

forsterite-quartz, on which igneous rock averages for various 

types of gabbros are commonly plotted {see Figure 7). The Port 
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Coldwell layered,· coars<-:?-grained gabbros plot near the normal 

alkali basalt average and the Neys Park fine-grained gabbro 

(sample 77) is also close enough to be classified as an alkali 

gabbro. 

The diagram weight percent silica against alkali oxides 

(see Figure 10). The layered, coarse-grained gabbros plot in 

the alkaline field, but the Neys P<1rk fine-grained g.:tbbro fallr·~ 

just outside the field of alkaline gabbros~ The Neys Park fine

grained gabbro is a xenolith within silica-rich laurvikiteso A 

slight amount of silica enrichment may have occurred, causing a 

shift towards the subalkaline field. 

Ternary Plots 

A definite fractionation trend can be seen en the AFM 

diagram with differentiation successively from alkali gabbro to 

syenite to quartz syenite (nordmarkite) and nepheline syenite (see 

Figure 8). The Neys Park gabbro plots clearly on trend, but 

appears to be- less differentiated. 

By calculation of norms (see Table 4) , one can plot the 

syenites, quartz syenites and nepheline syenites on a nepheline

kalsilite-silica diagram. The syenites plot on the thermal 

divide between albite and orthocla..se in a region of A, when·?as 
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Table 4. Norms o::: chemically an.alysed ro;:;ks (see 11.abI.e 4A for legend .&: 0..L. 

rrrirlerc..l names) 
-·----

77 35 28 l3A 13·:.:, 7150 3B TA lA 7142 16E 131 llB 7141 4 

Qtz 2.21 3.91 4 .. 77 6.33 

Co 3.33 

Or 6.79 3.16 3.70 7 .. 38 7.83 38.50 29 .. 49 23.60 23.71 27.30 39.10 41.01 30.79 32.15 28.34 

Ab 25.10 6.55 27.49 29.ll 31.69 49.04 47.99 36.94 46.51 43.20 47.30 22.07 51.22 52.22 54.19 

An 25.63 13.12 27.64 19.85 22.92 8.19 0,,75 2.58 4.43 4.57 4.78 3.24 

Ne 1.00 0.75 4.32 23.70 5.82 24.36 

Di 15.44 7.49 9.97 8.11 12.99 0.68 4.85 1.04 0. 32 1.28 0.70 0.89 0. ·10 

He 7.14 18 .. 26 7.46 3.98 5.18 9.68 5.26 13.87 0.55 1.61 1.25 5.69 

Ac 2.86 0.34 

En 3.65 2.25 1.37 1.85 0.28 0.27 1.40 0.22 0.36 

Fe 1. 69 1.10 0.55 1.49 3.97 3.67 2.50 1.39 

Fo 6.74 9.72 6.05 7.35 6.41 0.09 4.89 0.06 0.04 0.21 1.03 

Fa 3.12 23.68 4.52 3.61 2.56 1.30 5.30 0.81 1.03 0.36 1.30 

1--'.H~ -- 3~08 7.23 4.81 7.81 4.17 2.85 2.02 2.70 2.68 2.02 1.36 1.922 2.23 1.59 2 .. 26 

Il 0.94 8.28 4.02 3.23 1.69 0.51 0.83 1.55 1.12 0.04 0.12 0.49 0.91 0.53 1.20 

He 1.47 

Cc 1.75 0.23 0.13 0.68 0.88 0.18 0.10 0.38 o.os a.as 0.10 1.70 

Ap 0.70 1.53 3.66 4.48 2.39 0.15 0.15 1.52 0.30 0.04 0.31 0.25 0.11 0.51 

No 50 67 54 40 42 16 2 6 7 7 9 0 6 



Table 4A. Legend of normative mineral names 

Qtz Quartz 

Co Corundum 

Or Orthoclase 

Ab Albite 
]1~~-Plagioclase 

Pin Anorthite 

Ne Nepheline 

Di 

He 

Diopside }-
--.ll"'ugi te 

Hedcnbergitc-

Ac Acmite 

En 

Fe 

Enstatite 
1----0rthopyroxene 

r.-ter.ros i lite J 

Fo Forsterite 
}----olivine 

Fa J?ayalite 

Mt Magnetite 

Il Ilmenite 

He Hematite 

Cc calcite 

Ap P~patite 

No Normative Anorthite Content 
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the nepheline syenites and quartz syenites plot outwards from it 

in different directions in opposing linear trends {see Figure 9). 

Point A may represent the bulk composition of parental syenite 

magma from which lead linear trends caused by enrichment or 

depletion in silica across the thermal divide. 

If the syenitic magma represented by point A (see Figure 9) 

differentiated from the alkali gabbro, then it would tend to 

differentiate towards u more unde~saturatcd side. In order to 

get this magma to diff(:!rentiate towards an oversaturati.on trend, 

a small volume of silica must be added in order to cross the 

thermal divide. Assimilation of a small volume of country rock 

such as the turbidites which contact the west margin of the 

intrusive, could initiate the oversaturation trend of the syenitic 

magma. 

The aim of the variation diagrams was to co~rclate petro

chemistry with the observed sequence of field relations to 

indicate a ptobable differentiation sequence and to reflect a 

trend from an initial syenite magma towards differing oversaturated 

and undersaturated magmas shown clearly in the ternary plot 

Si02 -N~.l Sio4-KA1Sio 4 • A definite split was expected to appear 

branching from the laurvikite field into two other phase fields, 



Leucite 

(Na,K)AISi04 solid· solt:tions 

v 

NaA!Si04 

LEGEND 
~.t~ bun« composf·"ion of parental syenite magma 

op;Josing trends towards enrichment or 
_,~ 

I!"'·· depletion in silica across the thermal divide 

[ J oversoturated quartz syenites (nordmarkite$ 

~ undersaturcted nepheline syenites 

v y 

FIG. 9 The System f'fep-ie!ine - Kolsilite ~smca ct atmospheric pressure (JJ: Scho!r-er) 



41 

possibly with overlap between oyenite and quartz syenite or syenite 

and nepheline syenite. It was hoped that the syonite magma could 

be shown to be the parent magma of both nepheline syenites and 

quartz syenites (by contamination). 

Differentiation trends were represented as lines which 

gave a best fit throuqh plotted. points. Blocks \\iC:re drawa axcj~.:.nd 

various rock types whose modes were previously determined. The 

occupied by these various rock types. Stippling identified each 

block and gave a good visual representation. 

Simple variation diagrams using weight percent oxides 

reflect the opposing trend towards und~rsaturation and oversatura

tion, as seen by the ternary plot nepheline-kalsilite-silica. 

In the silica versus alkali oxides diagram, a definite lineaz 

trend can be seen starting in the layered alkaline gabbros and 

moving towards the syenites (see Figure 10). The linear trend 

splits within the syenites field towards oversaturated quartz 

syenites and undersaturated nepheline syenites. The quartz 

syenites plot to the right of the linear trend, defined by the set 

of points of the other phases. This may point to possible assimi

lation of country rocks. 

Mineralogically, this trend may be explained by enrichment 

of residual liquid in alkalis by separation of pyroxene and 

plagioclase in the alkali. gabbros. A stronger enrichment manifested 

by nepheline in the nepheli1v~ syeni tes, is shown relative to the 
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quartz syenites. 

The plot of silica against iron (see Figure 11) shows 

the same possible differentiation trend with the quartz syenite 

field lying off to the side of the almost linear trend defined 

by the alkali qabbro, syE~ni te and nepheline syeni te fields. These 

series of fields su9gest a differentiation sequence witn the 

oversaturated quartz syenites as a closely associated phase, 

perhaps :::'l5 tly off the lirlc.~1r: trend defined by Uw othe:r ~; 

as a result of assimilation of foreign material. 

'11he decrease in Fe vd.Lh increase in silica can be cxpJaincd 

by an initial loss of Fe due to the separation of lar9e volumes 

of ilrnenomagnetite in the alklai gabbro, then a slower depletion 

in the other phases due to precipi ta ti on of fcrroma9ner:i um 

minerals and some iron oxides. 

Weight percent silica against calcium (see Figure 12} 

shows the same possible differentiation trend as the previous 

variation diagrams. The Neys Park fine-grained gabbro, previously 

interpreted as a metavolcanic roof pendant, plots very close to 

the other gabbros from the Port Coldwell intrusive, and near to 

the possible differentiation trend suggesting a possible genetic 

relationship. Separation of large volumes of labradorite in the 

alkali group would deplete the residual magma in calcium. 

In the silica against magnesia diagram (see Figure 13) , 

the same possible differentiation occurs. The alkali gabbros 

occupy a large, separate diffuse field while most of the other 



r<> 
0 
N 
~ 
(/) 
0 

if 
~ 0 

-= 3 

14 

12 

10 

8 

G 

4 

45 50 55 

44 

1-EGEND 

• J3B Sampfe Number 

--i,)>·f->robobf{~ DiHcr~ntiati.~n Pan, 
.:r.,, n r" t I"<, r I"'• 0 ,.., ,. I> \ft' t"> 0 II' f h ~)· i ..... ~ .. :. ) ~J: I \.i I l'ti •'•""I t . I 

filI] AlkoH Go~o 
~,a SyerJte 

t~ ('11·0,rt-? <;.,,..,n1·1~i.e.1r·.t·-vd-r-1,...rl"'r'J·;.,,) 
_J '"""' '·'11 ·~~ .... )~ ""'· 'l,V., "' ........ ""· 

UiC£tlNepheline Sycnih~ 

65 70 
wt. 0/o Si02 

F!G.11 Weight Percent Silica vs .. Total Iron 



0 
0 

(.) 

~ 0 . ... 
~ 

12 

u 

10 

'{ ~, 

s .. 1 

8 

7 

6 

5 

4 

3 

2 

t 

5 

45 

~·e __ GEND 

• J3B Sample Number 

~P~""Probnbfe Diiforentiofi(;;n Pt.1f;1 

Cl1 Nc;ys Par~i Xenoliih 

fil.DJ J:\l~oli Go~o 
l?7J7A Sy:·,...:"-ll~··Zt ... d ;;~ • -i 1 e; 

[·~.J c •7.~>r11'! '"i ,i,.irv·c1!,..,." .... "'~ '/'·-:-,·) .--.., "uti)w l~\.J\i~ ~Ir~ t"\ .. J .. , 

[[£-]r·Jcpheline Sy~nite 

FIG. 12 Weight Percent Silica vs-. Ume 



7'5 

10 

6-5~ 

6-0 

4·5 

4-0 

...: 2·5 
3' 

cO 

1-5 

Jo 

0-5 

\I 

~ 

,\ ~ 

~-

cro __ 4o 4's-oo-·· 
wt. 0/e 

46 

.. (,,~.GENO 

· • J38 Sampfe Number 

~Probable Differentiation Path 
on Neys Park Xenolith 

[ITQJ tUfrcJ! Gob.bro 
~'l7/J1 C: v ·~ r,; ~· ,~ 
t~:Lt..Ll ,,.., I "'' '. v 

[ · I Quartz SyenitctN<1"drriCr~dt~) 
ff.mN~:pheline Sycnit~ 

Flt. 13 Weight Percent Silica vs. Magnesium Oxide 



47 

phases occupy a region reflecting their low magnesia contents. 

Separation of magnesia-rich olivine and augite from the alkali 

gabbro phase could explain the tremendous difference in MgO. 

The weight percent silica against aluminum oxides diagram 

(see Figure 14) shows a very strong split between the quartz and 

nepheline syenite fields. The fine-grained gabbro from the Neys 

Park xenolith lies extremely close to the proposed line of liquid 

descent. The nepheline syenites appear to follow a trend towards 

aluminum enrichment, whereas the quartz syenites follow one of 

depletion. The separation of minerals low in alumina would enrich 

each residual magma in alumina. 

The fine-grained gabbro of the Neys Park xenolith of ten 

plots near the proposed line of liquid descent on many of the 

variation diagrams and close to points representing the layered 

coarse-grained gabbro. This may suggest a genetic connection 

between the gabbros recognized as belonging to the intrusion and 

these rocks, previously interpreted as metavolcanic country rocks. 
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CHAPTER 4 

AMPHIBOLE CHEMIS 1rRY 

Introduction 

'J.'he amphiboles, kaersutite, barkeveki te and arfvedsoni te, 

may represent a solid solution series (Frisch, 1970). Kaersutite 

and barkevekitc arc calcium-rich amphiboles, and arfvedsonitc is 

a sodic amphibole. Kaersutite has greater than 2 atoms of Mg in 

the structural formula (Bose, 1963) and often a high titanium 

content. Barkevekite has a higher iron content and less than 2 

atoms of Mg. The structural formulae of the series is as follows: 

Kaersutite -

Ca2 Na (Mg, Fe+
2 

Fe+
3 

Al, Ti)s (Si6-7 Al1-2> 022 (0, OH)2 

Barkevekite -

+2 +3 
(Na, K) Ca2 (Fe , Mg)3-4 Fel-2 (Sis.S-6 Al2.5-l~s> 022 (OH)2 

Arfvedsonite -

+2 +1 
(Na2-2.s cao.s-1> (Fe2.5-4 Mgo.s-1~s> Feo:s-1.s sio0 22 (OH)2 
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On the basis of the MgO/FeO ratio, kaersutite is expected 

to form at an earlier stage of crystallization and at a higher 

temperature of crystallization (Bose, 1963}. 

Kaersutite-peridotite inclusions have been found in under

saturatcd host rocks at Grand Canyon, Arizonao The kaersutite 

originated by precipitation and accumulation of crystals in a 

deep-seated body of fractionating basaltic magma (Best, 1970). 

'fi1is implies prccipitt:.tion of kac:nrntite over a broad ran9G of 

pressures as high as those in the upper mantle (Best, 1970). 

Kaersutite-bearing peridotites may constitute significant portions 

of the upper mantle and crust beneath regions of protracted 

basaltic volcanism and by partial fusion may generate undersaturated 

nephelinitic magmas (Best, 1970)~ The subtraction of a large 

volume of sub-silicic kacrsutite from magmas of intermediate 

composition, may cause a jump in the silica content of the 

residual liquids. This may explain the frequently observed silica 

gap common in many fractionation sequences (Barley, Sudda.by and 

scot t , 19 71 } • 

'!'he purpose of the amphibole analysis was to :Ldenti fy the 

characteristic arnphibole of ea.ch phase of the Port Coldwell 

intrusive, and to provide corroborating evidence to support 

cogenetic relationships interpreted from other sources. Separate 

analyses of rims and cores of individual amphiboles were to be 

done using an electron microprobe, in order to see if any zoning 
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was present and whether this zoning reflected any overall differ

entiation trendse 

The problems inherent in electron microprobe analyses 

include: surface damage caused by bombardment of the polished 

thin section bv the electron beam; the contamination of the surface 

the elc;ctron beam, which may result in a filament warpage ca.using 

a decrease jn the count rate with time; and the difficulty in 

depositing the same thicknsss of carbon (used to conduct electrons} 

on each thin section which results in different count rates (Smith, 

1965).. Comparison of results obtained through wet chemical 

techniques to results using the probe indicate a higher value of 

Tio2 in the wet chemical method, possibly due to impuritien in 

the cleavage (Rucklidge, Gaoparrini, Smith and Knowles, 1971). 

Alumina analyses by the probe tend to be higher, while soda analyses 

are not as accurate as wet chemical analysis (Rucklidge et al. 1 

1971) • Soda analyses are poor due to high absorption and uncertainty 

in mass absorption coefficients. 

Method of Analy~~~ 

Analyses of the amphiboles were done with a Cambridge 

Instruments Mark 5 (.Microscan) electron microprobe. The probe 

used three crystals: quartz, lG\.P and mica. The probe has a 75° 



take-off angle. The acceleration voltage was 15 kv and the 

specimen current, measured on pure iron, was 50-60 nanoamps. 
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The analyses were made on carbon-coated polished thin 

sections. Crystals to be analysed were preselected and circled 

on each section. At least ten readin9s were recorded for each 

characteristic X-rays by other elements in the matrix, was mini

mized by ana.lysinq only large crystals fx:ee of inclusions.. In 

order to minimize the volatilization of light clements, such as 

sodium, a low (15 kv) beam voltage was used. When analyzing for 

light elements, the spot diameter was increased to minimize 

surface damage. A long instrument warm-up time helped to reduce 

instrument drift. 

The standards for analysis consisted of a synthetic 

pyroxene (Boettcher) for the elements Ca, Mg and Si, synthetic 

phlogopite for the elements K and Al, pure iron for the element 

Fe, ilmenite for the element Ti, and jadeite (British Museum) 

for the element Na. •rhe standards were read at least twice during 

each run. 

Correction factors for the raw probe data, such as those 

for background, dead time, atomic number and K-alpha fluorescence, 

were applied through Ernpadr 7, a computer programme (Rucklidge 

and Gasparrini, 1969). Data for both the sample and the standard 

are compared with theoretical X-ray yields from 100% pure elements. 

As a consequence of this, the concentrations of the elements in 



'I' able 5. E ctron rnicroprobe :mineral ct:nalyses of amphiboles 

7A r 7A c 7A-2 5 r 5-2r 5-2c 5-3 16A r 16A c 27B-l 27B-2 273-3 27B-t 

Si02 42.16 42.47 40.25 40 .. 89 40.91 41. "11 40.84 39.92 40.38 37.98 39 .. 20 38.96 39 .. 2] 

AL.O., 
L. ..> 

10.01 9.87 1L60 1L69 11. 89 11. 9 ·1 14.10 14,.67 14.29 16.59 12.17 12.49 12. l~ 

F'~~. 0 
~--2 3 1.41 1.29 1 .. 50 1.05 1.12 1. ()) 1.09 0 Q;-"> 

..... 0 0.98 1.45 1.45 1.50 1.5] 

Ti02 2.43 2.62 L.91 1 .. 67 2.01 1.90 1.67 1.46 1.39 2.sa 0.94 1.14 o, n 
H~;;o 8.18 9. 32 6 .. 96 8 .. 37 8 ·• 65 9.43 8.84 10.76 10.79 7.,35 7 .93 7.81 7. 8~ 

FeO 18.75 17.15 1S'~97 13.88 14.84 13.73 14.S5 13.06 12.99 19.30 19.30 19.96 20 .1: 

cao 10 .. 98 10. 82 10.63 11..13 11.19 11.52 11.46 12.02 11. 91 11.18 lL.19 11.48 10 .. 9~ 

Na.2o 2.15 2.14 2.15 2.80 2.55 2 .. 60 2.60 2.62 2.46 2.08 2.53 2.26 2. lE 

K20 1.60 1.54 l.74 1. 72 1.66 1.61 1.84 1.00 1.05 1.70 1. 78 1.62 i. a: 

Samples 7A to 5-3 - fror:1 syeni tes 

Samples 161\ to 27B-4 - from la:mprophyre dykes 

r - rim analysis 

c - core analysis 



Table 5/continued 

--------------------------·---· 

72-lr 72-lc 72-2r 72-2c 131-lr 131-lc 131-2r 131-2c 16E c ----------- ·--- --·-------·------- ~------~-----
16E r 714lr 7141-2 

Sio2 36 .. 94 36 .. 79 37.10 38.94 38.89 38_,78 39.27 39 .. 33 35.19 39.22 46,.82 44 .. 02 
Al

2
o

3 9.76 9 .. 85 11 .. 09 11.18 10.90 10.90 11..29 11.10 11 .. 50 10.09 3 .. 87 5.25 
Fe

2
o

3 2.16 2.19 2.18 1.98 1.56 1 .. 54 .l.49 1.58 1 .. .5 3 1. 93 2.27 2. 32 
Ti02 2.37 1.30 2.50 2.63 2.12 2.24 2.29 1.89 2.41 1.83 1.58 0 .. 23 
MgO 2.66 2.02 2.08 3.23 5.95 6.35 6.90 6.48 3.85 3.10 2.06 l.,69 
FeO 28.75 29.15 28.92 26 .. 26 20.68 20.51 19.79 20.99 20.26 25.6~ 30 .. 1-1 30.80 
cao 9.19 9.54 9.53 10.31 11.14 11.22 11.06 11.23 17.62 10.67 8.19 8,.13 
Na 0 2.40 2.33 2., 34 2.38 2.11 2 .. 11 2.07 2.09 2.82 2.91 1.92 0.35 2 

K20 1.68 1.71 1.. 80 1.68 1.79 1 .. 67 1.65 1.71 0.76 1 .. 66 1.01 1.20 
---------~-·--

Samples 72-1 to 131-2 - from nepheline syenites 

Samples l6E to 7141-2 - from quartz syenite 

r - rim analysis 

c - core analysis 

------------------------------------------
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Table 5/continued 

65 26A r 26A c 26A-2r 26A-2c 26A-3r 

SiO,.. 53.G9 49~62 50.12 49.37 48.85 49.41 
k 

Al 2o3 0~60 0.97 0.78 0.97 0.98 0.63 

Fe 0 
2 3 

2.09 2.39 2.36 2.39 2.36 2 .. 37 

'rio ... 
L. 

1.17 0.70 0~81 0.79 0.72 0~86 

MgO o.oo o.oo o.oo o .. 00 o.oo o.oo 

FeO 27.81 31.70 31.30 31.59 3L.30 31.50 

cao 0.15 2.21 1.14 2.21 2.31 1.,18 

Na
2
o 9.67 4.74 5.20 4.78 4.87 s.oo 

K20 0.01 1.42 1.58 1.34 L.26 1. 55 

.. __ , __ . _____ ,,__ ____ ~---·---

Samples 65 to 26A.-3 - from granite 

r - rim analysis 

c - core analysis 
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the standards do not have to be close to those in the amphibole 

being analysed. 

The mineral formulae of the amphiboles were calculated 

from the oxide chemical analyses {obtained from the probe) on the 

basis of 23 oxygens (Jackson, Stevens and Bowen 1 196 7). The t.otal 

iron from the probe analysis was recalculated to Fe 2o 3 and FeO by 

determining the ratio of the two species in an amphibole from 

the laurvikite phase. The assumption wa.s made that the ratio, 

obtained by Wf.~t chemical analysis, was constant:. for all the amphi

boles of the intrusion. 

The following elemental trends in Port Coldwell am.phiboles 

were observed: 

1. Increasing values of Niggli mg, which corresponds to 

increasing basicity of the amphibole, may reflect the differentia

tion sequence of the parent rock from which the amphibole was 

derived. In the case of the Port Coldwell amphiboles, there is 

a decrease in the value of the Niggli mg from syenite and lampro

phyre to nepheline syenite to nordmarkite to granite. This trend 

in the amphiboles favourably reproduces the differentiation trend 

indicated in the whole rock chemical analyses data interpretation. 
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2. Na shows a relatively constant value through the phases 

exhibiting higher Niggli mg values, but increases sharply in the 

granite, which is the phase with lowest Niggli mg. A similar 

behaviour is encountered with Si. 

'rhe pattern is higher Ca values in the syeni tes and lamprophyres, 

with lowering va.lU(?S in the nepheline sycni tes, nordmarkitcs and 

granites (see Figure 15). Mg and Al have a similar behavioure 

4. Fe has the reverse relationship to Ca, Mg and Al, showing 

a constant increase with decreasing Niggli mg. This may indicate 

an enrichment of Fe with differentiation. 

S. Ti and K appear to exhibit no response to changes of 

phase. 

6. The lamprophyre dykes which cut all other phases of the 

Port Coldwell intrusion, appear to exhibit similar element<~l 

values and trends in their amphiboles. The Niggli mg values are 

within the syenite range. This trend may indicate a cogenetic 

relationship with the other phases of the Port Coldwell alkali 

intrusive. 

7. No pattern of increase or decrease of elements from rim 

to core in the amphiboles was detectable. 
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The plot of alkali, iron and magnesia (AFM) components of 

the Port Coldwell amphiboles (see Figure 16) exhibits a series of 

overlapping fields. These fields represent the amphiboles from 

the various phases~ 'l'he trend begins in the lamprophyre and 

syenites then leads to the ne.phc1ine sycnites then the nordmarkites 

(quartz syenites), and finally to a separate, disti.Hct field 

occupied by the arfvedsonitic amphiboles of the granitic phasee 

1I'his trend sycn.ite-ncphelinc-qu,;;.rtz sycnitc-~gra.ni tc is sir:iilar 

to the trends su~gested by plots of whole rock chemical analysis 

data (see Figures 8-15). The kaersutitic amphiboles from the 

lamprophyre dykes overlap the field of the amphiboles from the 

syenites at the beginning of the differentiation trend. This 

suggests that the lamprophyre dykes may have been derived f rorn a 

primitive magma late in time, rather than from later phases such 

as the syenitic phase. Stratigraphically the lamprophyre dykes 

cut all the other phases of the Port Coldwell intrusive except 

the granites. 

The amphibole which occurs in the laurvikitic phase of the 

Port Coldwell alkali intrusive is a celcitun-rich an~phibole, 

kaersutite (see Table 6). These kaersutites have a relatively high 

iron content (up to 2 atoms F<::~) and a low rri content {approximately 
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2.5 atoms). These amphiboles appear to be differentiating towards 

an amphibole of barkevekitic composition, which is another Ca-rich 

arnphibole differing from the kaersutites by a dominant iron 

content relative to magnesium (less than 2 atoms). Some amphiboles 

from the laurvikite possess a composition intermediate between 

these two solid solution series members (see Table 6) • 

The amphibole v.ri thin the ncpheline syeni te phase is ci.. 

+2 barkevekite with up to 4 atoms of Fe • Values of Ti are similar 

to those of the kaersutites of the syenitcs, although Mg values 

are much lower. The quartz syenite phase (nordmarkite) also has 

a barkevekitic amphibole similar to those in the nepheline 

syenites, although there is a higher so<lium content in the former 

(see Table 6) • 

The amphibole contained in the granitic phase of the 

Port Coldwell intrusive is an arfvedsonite (see Table 6). These 

arfvedsonites contain up to 2.97 sodium atoms, and unlike the 

amphi.boles of the other phases of the Port Coldvrnll intrusiv(~, has 

no Mg. 

The trend from a kaersutitic amphibole contained in a 

syenitic phase to a barkevekitic amphibole in a nepheline syenite 

phase to an arfvedsonitic amphibole in a granitic phase is 

similar to trends found in other alkali intrusions, such as those 

of the Sakhalin Islands (Yagi, 1953) and Monteregian intrusions 

(Frisch, 1970). 



rrahle 6. l\r.1phibole structural formulae 

Ai.'11phiboles from 

Amphibole 7A (rim} 

{Na 0.44 K 0.31} (Ca 1.80 Na 0.20) 
..'-°1 +2 

(Ti 0 .. 28 Fe' .. ~O .. 16 F~- 2 _:_2_~- Mg _ _!..: sz~~__<2_'!.E) (Al 1. 54 Si 6 .. 46) 

0 .. 75 2.00 4.98 3.00 

Amphibol.e 7A (core} 

. +2 +~ 
(Na 0.40 K 0.30) (Ca 1~77 Na 0.23) (T~ 0.30 Fe 2.19 Fe ~0.15 Mg 2.12 Al 0.26) (Al 1.52 Si 6.48) 

0.70 2.00 5.02 8 .. 00 

.t'.mphibole 7A (interstitial crystal) 

(Na ·o.43 K 0.35) (Ca L.78 Na _0 .. 22) (Ti 0.22 Fe+2 2.61 Fe+3 0 .. 17 Mg 1.62 11.l 0.42) 

0~78 2.00 5.04 

Amphibole 5 {rim) 

(Al 1.71 Si 6.29) 

8.00 

(Na 0.63 K 0.33) (Ca lv86 Na 0~14) 
.;...'"' +3 

(Ti 0.24 Fe'~l~93 Fe 0.13 Mq 2.00 Al 0.54) (AL 1 .. 64 Si 6.36) ---·-----.·-
0.96 2.00 4.84 a.oo 

Amphibole 5 (core) 

{Na 0.69 K 0.32) (Ca 1.,91 Na 0 .. 09) ('ri 0.22 Fe+21.76 Fe+ 3 0.12 Mg 2.17 Al 0.53) {Al 1.64 Si €.36) 

1.01 2.00 4.80 8.00 

Arnphibole 5 (crystal number 2) 

(Na 0.62 K 0.35) (Ca 1.86 Na 0.14} (Ti 0.19 Fe+21.85 Fe+30.12 Mg 2.00 Al 0 .. 71) (Al 1.81 Si 6 .. 19) 

0.97 2.00 4.87 8.00 



Table 6/continued 

Amphibole 16A (rim) 

(Na 0.72 K 0.19) (Ca 1.95 Na 0.05) {Ti 0.17 Fe+2 1~65 Fe+ 30.ll Mg 2.43 Al 0.65) (Al 1.89 Si 6.11) 

0.91 2.00 S .. 01 a.oo 

Amphibole 16A (core.) 

(Na 0.65 K 0.20) (Ca 1., 93 Na 0 .. 07) {Ti 0.29 'P +2 2 :13 ~ e • ~ Fe+ 3 0.29 Mg 1 .. 65 ... ., 
.tt J. 0.65) (Al 1 .. 89 Si 6., 11) 

0.85 2.00 s.oo B.00 

Amphibole 27B 

(Na 0.41 K 0. 33) (Ca 1 .. 80 Na 0.20) (Ti 0.29 Fe+22.43 Fe+ 30.16 Mg 1.65 Al 0 .. 65) (Al 2.29 Si 5 .. 71) 

0.74 2.00 5.18 8.00 

Amphicole 27B (cryst2:.l 2) 

(Na 0.65 "t/' 
J.'I. 0. 36) (Ca L.88 Na 0.12) (Ti 0.11 Fe+2 2.53 Fe+ 30.17 Mg 1.86 Al 0.41) (Al 1.85 Si 6.15) 

1.01 2.00 5.08 a.oo 

Amphibole 27B (cryst<'ll 3) 

(Na 0.60 K 0. 32) (Ca L-92 Na 0.08) (Ti 0.13 
+2 Fe 2.61 Fc+30.18 Mg 1.. 82 Al 0. 38) (Al 1.92 Si 6.08) 

- -
0.92 2.00 5.12 8.00 

Amphibole 27B (crystal 4) 

(Na 0.51 K 0.37) (Ca L.85 Na 0 .. 15) (Ti 0.09 Fe+2 2.65 Fe+ 30.13 Mg 1.83 Al 0.42) (Al 1 .. &4 c..: 6.16) '-;. '""""' -
0.88 1.88 5.17 8.00 



~ Table 6/continued 
) 

P..mphiboles from the nenheline svsnitc nhase: ~ ______ __;!-_____. ___ £ ___ _ 

Amphibole 131 (rim) 

(Na 0.58 K 0.37) (Ca 1 .. 92 Na 0.08) ----·------
0. 95 2.00 

Amphibole 131 (core) 

(Na 0.58 K 0.34) (Ca 1.92 Na Oo08) -------
1.00 2.00 

Amphibole 131 (crystal 2 - core) 

(Na o.ss K 0.34) (Ca 1.91 Na 0.09) 

0.89 2.00 

An1phibole 131 (crystal 2 - rirn) 

(Na 0.52 K 0. 33) (Ca 1.88 Na 0.12} ---------
0.85 2.00 

Amphibole 72 (rim) 

(Na 0.40 K 0.36) (Ca 1.. 63 Na 0+37) 

0.76 2.00 

Amphibole 72 (core} 

(Na 0.48 K 0.42) (Ca 1~72 Na C.28) 

0.90 2.00 

('l'i 
+2 +1 

0 • 2 6 Fe 2 .. 7 8 Fe _"" 0 • 1 ~ Mg 1. 4 2 Al 0 • 3 0 ) (Al l • 7 6 Si 6 • 2 4 ) 

2.94 a.oo 

(Ti 0.27 
.J-? 

Fe'-2 .. 75 Fe+30.19 Mg 1.52 Al 0.26) 

4.99 

(Ti 0.23 Fe+22.78 Fe+30.19 Mg 1.53 Al 0.30) 

5.03 

(11 i 0.27 +2 Fe 2.62 E'e+ 30.18 Mg 1.63 Al 0.32) 

4.99 

"? 
Fe+ 30.27 cm. 0.30 Fe+ .... 3. 98 Mg 0.66 Al 0 .. 02) ..1..1 

5.23 

(Ti 0.16 Fe+2 4.09 Fe+30.28 Mg 0.51 Al 0.13) 

5.17 

(Al 1 .. 79 Si 6.21) 

8.00 

(Al 1.88 Si G.12) 

8.00 

(Al 1.79 ~; .... _ 6. 21) 

a.oo 

(Al 1 .. 88 Si 6.12} 

s.oo 

{Al 1.12 Si 6el8) ---· 
B.OO 



Table 6/continued 

Amphibole 72 (crysta:. 2 - rim) 

(Na 0.41 K 0.37) {Ca 1 .. 67 Na 0 .. 33) (Ti 0.31 Fe+2 3.95 Fe+ 30.27 Mg 0.51 Al 0.19) (Al 1.95 Si 6.05) --------------
0. 78 2.00 5.23 a.oo 

Amphibole 72 (crystal 2 - core) 

(Na 0.43 K 0.3·i) (Ca L75 Na 0~25) ( m· 0 31 F +2 -. 48 ~ +.30 "4 " (\ 7~ 7\ .. 0 "6) (A· l 3.82 si.· 6.1°) 11. • .~-~.::_ __ ,_i: e _. _..!:..__ r/ig v .. b r.. . ..l • 2 c. 

0.82 2.00 5.05 8.00 

k.'"!lphiboles from the quDrtz syenite (nordmarkite} ph~se: 

Ji...mphibole 7141 

+2 +3 
{Na 0.11 K 0.25) (Ca 1~45 Mg 0.42) (Ti 0.03 Fe 4.28 Fe 0.29 Al 0.35) (Al 0.69 Si 7.31) 

0~36 1.37 4.95 8 .. 00 

Amphibole 7171 ( cryst.al 2) 

(Na 0.04 K 0.21) (Ca L.43 Na 0 .. 57) (Ti 0.19 Fe+2 4.ll Fe+3 0.28 Mg 0.50 Al 0 .. 06) (Al 0.69 Si 7.31) 

0.,25 2 .. 00 5.14 8.00 

Amphibole 16E 

(Na O. 75 K O. 34) 

1.09 

(Ca L._84 ~a 0.16) (Ti 0.22 Fe+2 3.46 Fe+3 0.23 Mg 0.75 Al 0.24) (Al 1.67 Si 5 .. 33) 

2.00 4.90 8~00 

Amphibole 26A (rim) 

(Na 1.52 K 0.30 Ca 0.3)) (Ti C~09 Fe+2 4&38 Fe+ 30.30 Al 0.19) (Si 8.21) 

2.21 4.96 



"' Table 6/continued 
\D 

Amphibole 26A (core) 

(Na 1.67 K 0.33 Ca 0.20) (Ti 0.10 Fe+24.33 Fe+30.29 Al 0.15) (Si 8.30) 

2.20 4.87 

Amphibole 26A {crystal 2 - rim.) 

(Na 1.54 K 0.28 Ca 0.39) ('J:i 0 .. 10 Fe+
2

4.38 Fe~~~?_.30 ~~19) (Si 8.19) 

2.21 4.97 

Amphibole 26A (crystal 2 - core) 

(Na 1~58 K 0.27 Ca O.~l) (Ti 0.09 Fe+2 4.38 Fe+ 30.30 Al 0.19) (Si 8.18) 

2.26 4.96 

;,_mphibole 26A (crystal 3) 

(Na 1.62 K 0.33 Ca 0.21) (Ti 0.11 Fe+2 4.41 Fe+30.30 Al 0.12) (Si 8.27) 

2.16 4.94 

Amphibole 65 

(Na 2.97 Ca 0.03) (Ti 0.14 Fe+ 2 3.68 Fe+ 30.25 Al 0.11) (Si 8.50) 

3.00 4.18 
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CH.?\PTER 5 

CONCLUSIONS 

The Port Cold;,,rcll intrusion is a miaskit:ic: intrusion 

located near the reported triple junction of Ll1rcc grdvity-magnetic 

highs. The complex probably is the result of penecontemporaneous 

intrusion of aJ.k.:lli s:r~~.bbro a11d it.:-~ differentiation prodt~cts ~ Tht~ 

classical differentiation sequence was from a parental alkali 

gabbro, which by the separation of ilmenomagnetite and Fe-Mg 

pyroxene, gave rise to a syenitic magma that differentiated to 

produce the nepheline syenites by a trend towards unders2turation~ 

The same syeni tic magma may have assimilated some silica.-ri.ch 

country rocks, starting the magma on an opposing oversatu.t·ation 

trend to produce the quartz syenites and granites of the intrusion. 

The lamprophyre dykes, stratigraphically the youngest, 

may have been derived from a primitive magma late in the differen-

tiation sequence. The field occurrence of carbonate ocelli in 

the lamprophyre dykes of the Port Coldwell intrusion can best 

be explained using a liquid immiscibility model. 

'l1he ophi tic, fine-grained gabbros located north of Neys 

Provincial Park, which were previously interpreted as a meta-

volcanic roof pendant., are a phase of the Por.t Coldwell intrusion 

related to the coarser-grained alkali gabbro. Its slightly 

lower alkalinity may be due to a higher degree of partial melting 
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as a result of differentiation higher in the crust. Lower iron 

and titanium contents suggest that if these rocks were differen-

tiated from the same parental magma as the coarser-grained 

gabbros, they may have formed as a later phase after the separation 

of the ilmenomaqnetite segregations. 

parental gabbros may be due to the previous mapping of substantial 

On the other hand, fractionation of a prirn:J.ry alkali gabbro m.:.:.y 

have given rise to a lower density, more volat.i.fe-rich syenitic 

magma which rose to higher crustal levels. At a deeper erosional 

level, more gabbro would be expected to appear. 

Magma conditions in the alkali gabbro were such that 

there was probably locally high oxygen fugacity in or~er to have 

precipitated the ilmenomagnetite segregations.. The pi::-csence of 

fluorite in the syenites suggests a high fluorine fugacity, and 

the presence of calcite in the nepheline syenites and lan~rophyre 

dykes indicates a high co2 fugacity~ A rise in water fugacity 

within the granitic phase may have caused the unmixing of the 

perthitic feldspars that are common to all the other: phases of the 

Port Coldwell intrusion. The separation of the perthites found 

even in the quartz syenites, into a two feldspar system, could not 

2 have occurr,~d at water pressures much less than 4000 kg/cm , 

unless much subsolidus rearrangement took place for which there is 

no evidence. 
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The Port Coldwell arnphiboles show a definite increase in 

iron with increasing Niggli mg (Mg/MgtFe). The increase in 

values of Niggli mg of the amphiboles from the granitic phase to 

quartz syenites to nephel.ine syenites to syenites and lamprophyre 

dykc~s, correlates with th·~ dccrca~::.ing lnsicity of the host rocks .. 

With decreasing values of Niggli mg there is a decrease in Mg, Al 

and Ca in the a.mphiboles. Na and Si value.s are relatively 

constaa t except for a sharp increase \1o1i. th.in the ampniboles of the 

granitic phase. 

The ar!1phibole within the syeni tic phase Li a kaersuti te 

which sometimes possesses characteristics intermediate with 

barkevekite. The amphiboles in the nepheline syenite and quartz 

syeni te phases are barkeveki.tes, while those L1 the <Jrcni tcs are 

arfvedsonites. These amphiboles, which may represent a solid 

solution series, suggest a differentiation sequence of cogenetic 

host rocks. 
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Plate l Layer8d Alkali Ga-bbro intruded 
by Syeni te Pe gma ti te Dyke • 

Plate 2 Dark Sycnitc (Laurviki~e) showing 
preferred orie~tation of Perthi·[e 
crys tc..ls c1.:11 con t l':j_ni11g si~j_lo.rly 
oriented ellipsoi8.s.l inclu.sior..s 
of Gabbro. 



Plate 3 Dark S;yenite (Laurvikite) showing 
linear alignment of Perthite 
crystals. 

Plate 4 Nepheline Syeni te Pegm.ati te 
intruded by l·amprophyre Dyke 
and containing xenoli ths of 
Alkali Gabbro. 

lS 



Plate 5 Zoned Feldspar crystal with Nepheline. 
phenocryst from Nepheline Syenite 
Pe gm.a ti te. 

Plate 6 Nepheline Syenite with cyclic irregular 
layering defined by dark Amphibole-rich 
laminae. 



Plate 7 Melanocratic Nepheline Syenite 
(Nepheline-poor) containing 
clots of Leucocratic Nepheline 
Syenite (Nepheline- rich) . The 
orange-brown mineral is the 
Nepheline . 

Plate 8 Lamprophyre Dyke showing alternating 
carbonate ocelli-rich layers. Layering 
i8 parallel to strike . 

11 



Plate 9 Collli'1lllar-jointed LamprophJrre Dyke 
with ellipsoidal carbonate ocelli 
aligned parallel to strike of the 
dyke. 

18 



Plate 10 ~amprophyre Dyke with Carbonate 
Segregation at the contact with, coarser
grained Alkali Gab bro. 

1 mm 
I J 

Plate 11 Plagioclase-rich layer of the Alkali 
Gab bro wi tb. strong lineation defined 
by preferred orientation of Labradorite 
(and Augite). Ilmenomagnetite and Apatite 
are minor constituents. 

(crossed nicols) 

1~ 



1 mm 

Plate 12 Pyroxene and Ilmenomagnetite-rich layer 
of the Alkali Gabbro. Black areas are the 
Ilmenomagnetite. 

(crossed nicols) 

1 mm 

Plate 13 Pyroxene-rich layer of the Alkali Gabbro 
showing hourglass zoning in the Augite 
crystals . Plagioclase (labradorite) is 
an interstitial mineral. 

(crossed nicols) 

ego 



1 mm I.___ __ 

Plate 14 Layered Alkali Gabbro with ~Ninned 
Augite showing typical Pyroxene cleavage. 
Labradorite and Apatite also present. 

( cr~osse d nicols) 

1 mm 

Plate 15 Augite from layered Alkali Gabbro 
showing schiller inclusions of_ 
Titaniferous Magnetite. Apatite 
inclusions are also present. 

(crossed nicols) 



l mm 

Plate 16 Syenite with low relief Flourite which 
shows purple zoning and perfect octahedral 
cleavage. Dark anhedral green-brown mineral 
is an Amphibole. Cloudy altered Alkali Feldspars 
frame the· picture. 

(plane light) 

1 mm 

Plate 1 7 Syeni te showing pale Pyroxene crystal 
being marginally altered (uralitized) 
to a brown Amp hi bole. Mag:ne ti te and 
Apatite are present as inclusions. 
11ost clear areas are holes. 

(plane light) 



1 mm 

Plate 18 Nepheline Syenite showing weak lineation 
def.inei by preferred orienta tion of 
partially altered (cloudy) Perthites 
and almost opaque dark green Amphibole • 
.Anhedral grey mineral on the right border 
is Hydronephelite (altered Nepheline). 

(crossed nicols). 

1 mm 

Plate 19 Nepheline Syenite showing twinned brown 
Amphibole su..~rounded by yellow- green, 
stained Nepheline. Malachite Green followed 
by So dium Cobal tini trite p roduced the 
colouration. Cle ar are a s are holes. 

(plane light) 



1. 1 mm 

Plate 20 Quartz Syenite (Nordmarkite) showing 
zoned Alkali Feldspar crystal with solvus 
defined by outer Perthite rim. Perthites 
surround the crystal. Clear areas and 
inclusions are· Quartz . 

(cros sed nicols) 

1 mm 

Plate 21 Quartz Syeni te (Nord.marki te) illustrating 
typical Perthites. Amphiboles (with 
medium interference colours) constitute 
a low modal percent. Clear mineral is 
Quartz. 



l~ 

Plate 22 Pink Granite showing typical Perthites 
similar to those of other phases of the 
intrusion. The clear mineral is Quartz. 

l~ 

Plate 23 Pink Granite showing unstable green 
Amphibole with abundant Quartz inclusions. 

(plane light) 



1 mm 

Plate 24 Lamprophyre Dyke with 
Scapolite phenocryst in a matrix of 
partially altered .Amphiboles. 

(crossed nicols) . 

1 mm 

Plate 25· Lamprophyre Dyke (Camp toni te) showing 
Trachytic texture and high degree of 
deuteric altera tion. 



l~ 

Plate 26 Camptonite Dyke with Calcite Ocellus 
surrounded by deuterically altered 
Labradorite crystals and interstitial 
Biotite. 

Plate 27 Brecciated Alkali Gabbro-Syenite contact 
showing Pegmatite and fine-grained, 
thinly layered Alkali Gabbro. 



1 mm 

Plate 28 Fine-grained Alkali Gabbro near· the 
contact with Syenites. Labrodorite 
crystals define a weak Lineation. 
Pyroxene and Ilmenomagnetite are also 
present. 

1 mm 

Plate 29 Neys Park Gabbro showing Ophitic texture 
defined by slightly altered Labradorite 
and Augite crystals. 
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