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ABSTRACT 

The St. Lawrence map area is u~rlain mainly by a 

sequence of Proterozoic flows, pyroclastics and volcanogenic 

sediments which are unconformably overlain by a Cambrian 

sequence of sandstone, siltstone, greywacke, shale and locally 

nodular limestone and conglomerate. These formations were 

subsequently intruded (in chronological order) by gabbro, the 

St. Lawrence fluorite-bearing alaskite granite, and later 

acidic and basic dykes. The alaskite granite has been dated 

isotopically by rubidium-strontium at 330 + 10 million years. 

The St. Lawrence granite is a pink to red granitic 

rock characterised by a scarcity of ferromagnesian minerals. 

Petrographic studies show it to be composed essentially of 

quartz, orthoclase and albite with minor amounts of riebeckite, 

aegirine, biotite, fluorite, magnetite and hematite. Perthitic 

and granophyric textures are common. 

Two hundred and fifty rock samples were collected 

in the map area and 140 granitic rocks were analysed for major 

elements and 220 for trace elements, showing that it is distinctly 

high in Si02 (average 76.7 per cent), Zr (average 516 ppm), Rb 

(average 295 ppm) and F (average 1308 ppm), and low in Al 2o3 
(average 10.9 per cent), CaO (average 0.36 per cent), Sr (less 

than 10 ppm) and Ba (average 70 ppm). Mineralogically, it 

contains relatively sodic plagioclase (average An10) and silica

undersaturated mafic minerals such as riebeckite and aegirine 

( i ) 



and this is reflected in normative acmite. These chemical 

and mineralogical features classify the St. Lawrence granite 

as peralkaline. 

Normative Q-Ab-Or plot of the analyses fall in 

a field centred on the ternary minimum at 0.5 kb, suggesting 

a temperature of crystallisation of the granite at about 780°C. 

It has been considered to be a relatively dry hot melt because 

of its low PH
20 

minimum composition (i.e. a hypersolvus granite) 

by the presence of tuffisites and the lack of pegmatites, all 

also suggesting a shallow depth of intrusion. The magma was 

probably formed by limited fractional melting at the base of 

the continental crust or by fractionation of a rather uniform 

and relatively calcalkaline acid parent. 

The St. Lawrence granite is mineralogically and 

chemically very similar to the riebeckite-aegirine-bearing 

granites of Kudaru and Liruei of Nigeria. Although the Traytown 

granite of Newfoundland is riebeckite-bearing, there is a distinct 

difference in its trace elements compared to the St. Lawrence 

granite. 

( i i ) 
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CHAPTER l 

INTRODUCTION 

l . 1 . Genera 1 

The St. Lawrence qrea is located between latitudes 

46° 55'N to 4]0 05'N and longitudes 55 ° 20'W to 55° 35'W on 

the southern end of Burin Peninsula of southern Newfoundland 

(Fi g. 1). The area under investigation · is about 357 square 

Km (17 x 21 Km~, located on parts .of Na tional Topograph!c 

Series 1:50,000 scale topographic -maps Sheet l, Nos. L/14 West, 

L/3 ~lest , L/13 East and L/4 'Eilst. 

Geological mapping, rock sampling and subsequent 

laboratory work were carried out by the writer during emp loy-

ment with David S. Robertson and Associates. The total time 

spent in the field was about six weeks beginni ng August l st, 1972: 

Base maps a .. nd coloured aerial photographs at a scale of 1:12,000 

were provided by ·oavid S. R~bertson and Associates. 

1 . 2. Purpose of the study 

The main ai m of this study was to determine why the 
~. 

St. Lawrence plu~on is so outstandingly enriched in fluo r ite 

compared to the other granitoid rocks of Newfoundland . The 

approach taken was to try and answer corollary questions con 

cerning trle petrogenesis of the granite, based primarily on 1a' 

detailed study of the bulk chemistry with l_ess detailed studies 
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f!;,j GRANITOID INTRUSIONS 
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Figure 1: Location map of the study area at St. Lawrence, 
Newfoundland. 
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of petrography and mineralogy. It was hoped that the study 

might also yield information useful in exploration for 

fluorite on both a local and regional scale and in general. 

1.3. Physiography 

The topography in the St. Lawrence area is essentially 

the result of glacial action. The hills are generally bare and, 

although low, stand out prominently from the surrounding country. 

The most striking feature of the topography is the lee and stoss 

profile shown by the hills, a good example shown by Mount 

Margaret, which has a gentle smooth incline on its north side 

and a steep precipitous south side (Plate 1). The granite 

generally occupies the lowlands because of preferential erosion 

due to intense jointing, while the sedimentary and volcanic 

rocks form the high hills, except in the Ryan•s Hill area where 

the granite is topographically high. Where geological contacts 

trend roughly in the same direction as that of the ice movement, 

i.e. southeasterly, they show no topographic expression of their 

existence. Where contacts trend approximately at right angles 

to the direction of ice movement there is generally some topo

graphic expression, provided that there is also a physical 

difference in rock types on either side of the contact. 

The coastline is generally rugged, with steep cliffs 

mainly in areas composed of rocks other than granite. This is 
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. shown in St. Lawrence Harbour where steep cliffs of Chapeau 

Rouge and Mt. Calapoose (sedimentary rocks) give way to a 

lower coastline of granite as at Blue Beach and in the harbour 

(Plate 2) .. 

The main drainage system runs from north to south wi th 

all the streams apparently controlled by jointing and the direction 

of glacial movement . Nearly all the streams are in the youthful _ 

stage, characterised by rapids, waterfalls and pot-holes . The ar:-ea 

is poorly drained because of high precipitation, low relief, and 

the presence of an 0 .5 to 2 meters thick peat layer in the boggy 

areas. 

Owing to-.the scarcity of good soil, and poor drainage, 

strong wind and lack of sunshine, vegetation is sparse and trees 

only grow in favourable well-drained valleys . Eighty per cent of the 

area is treeless. The general impression of the area is one of 

boggy terrain spotted with numerous ponds and very little rock c. 

exposure. 

Evidence of ice movement,e.g. the lee and stoss profile 

of Mount Margaret, indicates that the glacial action was in a 

generally south -east direction. Further evidence of a southeast 

direction of ice movement is shown by striae and deep grooves on 

the bare hill tops. Other striking glacial features are the 

elongated ponds (Fig . 2) and the distribution of eskers and 

erratics in the north-south direction. The glacial drift ranges 

from 2 to 12 meters thick east of Church vein and is 24 meters 

• 
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thick south of M~unt Margaret. lhis thick -glacial drift greatly 

hinders field.obse rvatio~s, with outcrops only exposed along th~ 

coast, in road cuts, and on hills. 

1 .4. Pr~vious work 

Fluorite has long been known to occur at St . Lawrence , 

it being reported t hat the Portuguese mined the fluorite veins 

for their galena content as long ago as the 18th century (Murray 
' ~ 

and Howley, 1881). Except for private repo~ts of t he mining 
. .. 

companies, all geological work in the St. Lawrence area · has been 

done by the Geologica l Survey of Ne¥1foundland. 
' <I! 

Jukes (1843) first ~entioned the prese nce of fluorite 

in the St . Lawrence area. Murray and Howley paid a visit to St. 

Lawrence betwe~n 1864 and 1880 and mention the area in thei r 

report ( 1881). 

Commercial product i on started in 1933 when the St. 

Lawrence Corporation of Newfoundland Limited mined the Black 

Duck vein, located 1.5 km northeast of the town of St . Lawrence. 

These operations were followed in 1940 by the Newfoundland 

Fluorspar Company Li mited, a wholly owned subsidiary of the 

Aluminium Company of Canada Limited, which opened the Director 

mine , about 2 km east of St . Lawrence. 

It was not un.til 193.6 that Kauffmann (1936) carried 

out reconnaissance geological mapping of 65 square km of the 

area north and east of St. Lawrence . He included a brief 

.. 
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descrtption of the fluorite deposit. Howse .and Fischer (1935) 

produced a more· detailed map of the area covering 100 square 
' 

km west and north of St. Lawrence, and they later published a 

report on the fluorite deposit of St. Lawrence (1939) . Kelleher 

(1940)presented a paper dealing chiefly with the mining methods 
1' 

employed at St. Lawrence . The most comprehen~ive geologica l 

mapping of the area was carried out by Van Alstine .and his 

assistants in the years 1939, 1940 and 1941, and published 

in a Bulletin of the Newfoundland ~partment of Mines· in 1948. 

Baird ( 1953) described s.ome aspects of the geology of the area . 

Williamson (1956) described the Geology of the St. Lawrence 

area giving a thoroug~ descriptive account of the rock types 

present. 

Considerable expl~ration and prospecting was carried 

out throughout this period, principally by the Aluminium Company 

of Canada. DavidS . Robertson and Associates, in conjunction 

with Combustion Engineering of New York (CERA), have been in-

volved in prospecting for fluorite in the area since 1971. Field 

work for the present study was carried out while the writer was 

employed on the CERA program. 

1.5. Method of in~estigation 

Initial mapping of the area was carried out using 

enlarged coloured aerial photographs at a scale of 1:12,000, 

and with base maps drawn from a mosaic · of these photographs. 

( 

-.. 
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All the accessible granite was visited and special attention 

was focussed on the granite-country rock contacts. Since the 

granite generally occupies the boggy and vegetated lowland, 

contacts were only rarely seen and thus had to be approximated. 

This could be done in some cases by means of subtle colour 

differences in vegetation shown on the aerial photographs, with 

confirmation in the field wherever possible. An aerial magnetic 

survey was carried out over the area by CERA in 1973, which 

allowed contacts between the granite and the volcanic rocks 

to be readily distinguished although the contacts between 

granite and sedimentary rocks were less clearly defined. 

Rock samples were collected at all possible outcrops, 

with the best exposures occuring on the coast, in road cuts, 

stream beds and on barren hills. Although there was a concerted 

attempt to collect fresh samples, in some places the outcrops 

were so weathered that it was impossible to collect a fresh 

sample,especially in stream beds and on barren hills. Never

theless, weathered samples were taken in order to provide 

complete areal coverage, with the hope that allowances for 

alteration effects might be possible. Although some areas were 

completely devoid of outcrops, no till or boulder samples were 

taken because of a lack of information on distances of glacial 

transport. At randomly chosen localities two rock samples 

were taken so as to provide an idea of sample variation on the 

outcrop scale (i.e. to evaluate sampling errors) as suggested 

by Garrett (1969). 
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GHAPTER 2 

GENERAL GEOLOGY 

' 

2.1. General statement 
- ··-- ·---- -- -- -- ---------···- ·· 

The main work of the present study was concerned 

with the granite, ~ith onl~ reconnaisance observations on 

the country rocks. Thus the following section is based 

primarilY. on the work of Van Alstine (1948) and Williamson 

( 19 56) . 

The area lies on the southwestern flank of the 

Avalon Platform, in Zone H of the Canadian Appalachian 

.Structural Province (Williams,~·, 1972). It is underlain 

mainly by a sequence of Proterozoic flows, pyroclastics and 

volcanogenic sediments which are unconformably overlain by a 

Cambrian sequence of sandstone, siltstone, greywacke, shale 

and locally nodular limestone and conglomerate. These formations 

were subsequently intruded (in chronological order) by gabbro, 

the St. Lawrence fluorite-bearing alaskite granite, and later' 

acidic and basic dykes. The alaskite granite has been dated 

isotopically by rubidium-strontium at 330± 10 million years 

(K. Bell, pers: corrrn., 1974). The various interpretations of 

the stratigraphy of the area are given in Table 1. 

Van Alstine (1948) described a sequence of basic lava 

flows, pyroclastics and argil~aceous sediments e.g. Burin Series, 

Little Lawn Formation and Mount Marga~et volcanics, which he 
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TABLE 1 

STRATIGRAPHIC SUCCESSION IN THE ST. LAWRENCE AREA 

PERIOD 

Recent 

Pleistocene 

Devonian 

Ordovician 

Cambrian 
u 

M 

L 

Late Protero
zoic 

Early Protero
zoic 

VAN ALSTINE 
1948 

Lamprophyre dykes 

Rhyolite porphyry 

St. Lawrence granite 

Diabase & metagabbro 

Mount Margaret 
Volcanics 

Little Lawn Formation 

Burin Series 

UNCONFORMITY 

Kelligrews Brook, Long 
Pond, & Chamberlain 
Brook Formations 

Bri gus Formation 
Smith Point Member 

UNCONFORMITY 

Harbour Main Volcanic 
Series 

WILLIAMSON 
1956 

Stratified sand & gravel, 
stream deposits. 

Glacial till & outwash 
deposits 

UNCONFORMITY 

Basic dykes 

Acidic dykes 

St. Lawrence batholith 

Basic intrusive rocks 

Mount Margaret Volcanics 

Little Lawn Formation 

Kelligrews Brook & Long 
Pond Formations 

DISCONFORMITY 

Bri gus Formation 

DISCONFORMITY 

Burin Series 

UNCONFORMITY 

Harbour Main Volcanic 
Series 
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" 

-- / interpreted to be of Ordovician age on the basis of structural · ) 

.and stratigraphic evidence and lithological similarities with 
{ . 

other for~ations outside the Burin Peninsula. These Ordovician 

rocks were t~ught to. be fault~d against Precambrian rocks i n ·)' 

the St . Lawrence area. 

Middle C·amb-r'ian.fossils . (Parad6xides davidis) were 

tound in the argillaceous sediments·of the Little
1

Lawn Formation 

by Williamson (1956) who thus concluded that the Little Lawn 

Formation and the overlying Mount Margaret Volcanics.tlofe of 

Cambrian age rather than Ordovician postulpted by Van Alstine 

(see Table 1) . He further suggested that these Cambrian rocks 

were not all faulted against tl'le Precambrian rocks . I n 

particular the contact to the west of Little Lawn wcis inter-' 

preted by him as an unconformity and not a fault because rocks 
. ,.. 

oft~ Little Lawn Formati'On were found at ~he same topographic 

level across the supposed fa.ult valley, in the vicinityof the 

Pinnacles. 

The writer accepts Wi11iam~on's succession and deals 

only with the rocks found in the St. Lawrence map area of 

Fig. 2. 

2.2. Description of formations in the st~dy area 

2.2.1. Harbour Main Volcanic Series 

The oldest r9cks in the St. Lawrence area consist 

mainly of acid and intermediate lava flows with minor basaltic 

· .... • 
..... .. -~~ .. 
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flows. These flows are mineralogically and texturally similar 

to those of the Hadrynian Harbour Main Volcanic rocks on the 

~vaJ.enPlatform. Excellent exposures· of these rods are seen 

on the coast near Lawn Harbour. 

Felsic flows are chiefly rhyolite, quartz porphyry, 

feldspar porphyry and dacite with spherulidc and perlitic 
' ) _,._ 

structures developed in most case~ (~la.te 3). They range from 

red to purple, pale green, grey and black in colour. Mafic 

flows are chiefly fine grained structureless basalt having a 
. ' J ' · . 

black or greenish black colour. Pillow structures are uncOITITIOn 

and where present have small arno'unts of chert locally inter-

bedded with them. Massive andesite·occurs locally in the 

vicinity of Lawn. It is lighter in colour than · the basalt .. 

Thick pyroclastic deposits range from fine-grained · 

tuff to verdoarse-grai~ed agglomerate. Flow breccias are' .. 
• .. I"' • 

C:ommon~~cite and andesite, whils~ the rhyolite and felds~r 

porphyries tre seldom free oJ inclusions of sedimentary rock~. 

Van Alstine {1948) repdrted that at Shatter Cliff 

:grey shale and tuff interbedded with the flows have been meta

rrprphosed te a conchoidally fractur i ng hornfels which could be 

~fnfused easily with some volcanic rocks of the Little Lawn 

Formation. Shatter- Cliff is a high hill whose precipitous 

southeast slope rises abruptly from the flat ground in front · . 
. of it.. A thick talus slope su~ounds the base of Shatter 

Cliff and except on the e.ast side it is surrounded by granite 

.. 

~ ·- -



I .· 

- 14 -

outcrops. For this reason, it is considered to be a roof 

pendant within the St. Lawrence granite. 

On the southeast part of Shatter Cliff, the rocks 

are dark grey to black in colour and resemble the little lawn 

P'ormation. Microscopic examination shows them to be a fine 

grained basalt. Sedimentary rocks are absent. Around the base 

of Shatter Cliff and especially on the north side near the 

; \ 
granite contact, vein 1 et> of granite and rhyo 1 i te porphyry cut 

the volcanic rocks. This mass of volcanic rocks, if not a 

roof pendant, was all but engulfed by .the granite intrusion. 

A definite Precambrian age !for this volcanic serie5 

is determined at Duck Point along the Western side of Little 

lawn Harbour, where a conglomerate at the base of fossi 1 iferous 

Lower Cambrian rocks rests unconformably on the rhyolite flows. 

2.2.'2. Burin Series 

Within the present map area, the Burin Series rocks 
~ 

are exposed only to the east of Little St. lawrence. They 

~ 
consist mainly of massive and pillowed basalt, flow breccia, 

tu'ff, shale, sandstone, conglomerate and limestone with sedi-

mentary rocks predominant near the base of the series (Plate 4). 

Basic volcanic rocks range in composition from andesite to 

olivine basalt . The andesites are generall.y red or p~rple i~ 

colour, and the basalts are some shade of dark greenish grey. 

• .. 

• 



' 

15 -

I 

There is no direct evidence for the age of the Burin 

Series. Van Alstine believed that the Burin Series, along with 

the little lawn Fonnation and the Mount Margaret Volcanics. 

were of probable Ordovician age, a conclusion based on presumed 

structural and lithological similarities with the Ordovician 

.section of Notre Dame Bay. East of little St. Lawrence, the 

Middle Canbrian Little Lawn Formation occupiJ an east-west 

syncline apparently conformably underlain by rocks of the Burin 

Series. However, a sequence of rocks ranging continuously from 

Middle to Lower Cambrian in age were recognised by Van Alstine 

(1948) in Little Salmonier, Burin Bay Arm (outside the map area). 

None of these Middle to Lower Cambrian rocks have any resemblance 

to those of the Burin Series. We might thus assume that the 

Burin Series is older than lower Carrbrian although it is possible 

that a distinct change in facies occurs between these two 

localities. Iri Little St. lawrence the Burin Series rocks 

display a difference in metamorphism compared to the little 

lawn Fonnation, the latter showing only a contact type of 

metamorphism whereas the Burin Series have a regional 'type. 

Van Alstine (1948, p. 22) records that ... "these rocks (Burin 

Series) are locally schistose, phyllitic or slaty and the 

basalts are corrmonly metamorphosed to the greenstone facies".' 

These observations are taken .as indicative of a disconformable 

relationship between the little lawn Fonnation and the Burin 

Series,anditmay thus be justifiable to consider the Burin 

Series of Proterozoic age. 
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2.2.3. Carrbrian rocks 

Most of the map area is underlain by Cambrian rocks. 

Van Alstine ( 1948) described Cambr~an rocks of the region very 

carefully, but most of them are not found in the present map 

area. As tile writer is concerned on 1 y with the Cambrian 

formations found in the map area, it is necessary to mentio~ 
•I' 

the other Cambrian rocks to establish the stratigraphy and age 

relationships. 

2.2.3.1. The Brigus Formation 

The Brigus Formation occurs in the map area only on 

the west of Little Lawn Harbour. It consists mainly of a thick 

sequence of red, green and grey siltstone and sandstone with .,. 
minor conglomerate and pink nodular limestone at the top of the 

sequence (Plate 5). The formation represents a gradual en-

croachment of the sea with accompanying shallow water conditions 
' 

shown -by the presence of numerous mud cracks. ripple marks and · 

cross-bedding. Most of ·the arenaceous sediments are thin 

bedded. The siltstones contain a few grey or buff coloured 

limestone nodules which increase in number and change to pink 

or red in colour toward the top of the forma'tion. Fossils were 

• found in these limestone nodules including various hyol;thid 

worm burrows which, according to Van Alstine (1948), is 

Call avia broggeri, a species of Lower Cambrian age. 

( 

l 
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The Brigus Formation is in fault contact with the 

Little Lawn Formation to the north, and the Harbour Main 

Volcanic Series to the west at Three Stick Pond . The Brigus 

Formation in Murphy Cove is likewise in fault contact wlth 

fossiliferous grey and black shale of the Little Lawn Formation. 

At the contact there is a -chanqe in lithology from unfossiliferous r
purple siltstone with limestone nodules of the Brigus Formation 

to the thfnlybedded grey shale of the Little Lawn Fonna.tion (Plate 

6). It appears that at Three Stick Cove the contact with the 

Harbour Main Volcanic Series is an U[lconformity rather than a 

fault. The contact dips to the northwest, but it is extremely 

irregular. The Harbour Main rhyolite is overlain irregularly by 

purple medium-grained micaceous sandstone which strongly 

resembles the sandy phase associated with the Brigus Formation 

conglomerate at Duck Point. 

On the east side of Duck Point a thick sequence of 

· medium-grained purp 1 e congl orne rate rests on an uneven surface 

of- the Harbour M~n Volcanic Series (Plate 7). Both lateral and · 

vertical variations into coarse red micaceous sandstone are 

. _ .. fomroon. Further south the conglomerate passes rapidly into 
' .--.....~ .• :.r~ ~ 

red sandstone of variable thickness. The Harbour Main Volcanic 

Series is represented here by rhyolite flows and associated 

fined~~ained breccias. At the immediate contact, the Harbour 

Main Rhyolite is bleached to a creamy colour, is very irregular 
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ard is weathered, representing the eroded surface on which the 

Cani:>rian rocks were unconfonnably deposited. 

In the complete Cani.lrian s_tratigraphy of the Avalon 
I 

P1atfonn, the Brigus Formation is succeeded by the Chamberlain's 

Brook Fonnation, Beckford Head Formation and Gull Cove Formation 

which are thoroughly described by Fletcher (1972). These rock 
~ _, ... 

fonnations do not occur anywhere in the map area of Fiq. 2 . 

2.2.3.2. The Little Lawn Formation 

According to Williamson (1956), the Kelligrews Brook 

Formation may be regarded as a basal member of ·the Little Lawn 

' Formation. because of the gradational contact between the two . 

The Kelligrews Brook Formation is fossilferous (Paradoxides 

davidis), but it does not occur within the prese~t map area . 

-The Little Lawn Formation occupies an area south of 

the main road between Little Lawn and Little St. Lawrence. The 

aqe of the formation was determined at Murphy Cove on the west 

side of Little Lawn Harbour,· where the Brigus Formation is in 

fault contact with grey, purple and black Paradoxfdes-bearing 

shale. Williamson (1956) adopted Van Alstine's tenninology 

but pointed out that the fossil assemblage present indicates 

it to be of Middle Cambrian rather than Ordovician age. 

The best preserved foss i1 s were found in th.inly bedded 

shale while some were found in the coarser grained roc;ks. A 

nunber of fossils were recorded, all typica,l of the Middle 

Cani:>rian Paradoxides davidis zone of the Kelligrews Brook Fonnation. 

' ' 
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Most of the Little Lawn Formation consists of fine

grained greywacke and siltstone with lesser amounts of grey and 

black shale. On the peninsula between St. Lawrence and Little 

St. Lawrence the formation is composed predominantly of coarser 

clastic sediments including some conglomerate. Some of the 

rock fragments in the greywacke are of volcanic origin~ and the 

groundmass of some of these sediments~ whether coarse or fine~ 

is suggestive of volcanic ash or reworked volcanic ash. Hence~ 

the rocks should probably be named tuffaceous greywacke and 

tuffaceous shale. These rocks are best seen in the massive 

hill of Chapeau Rouge~ where they consist of scattered fragments 

of quartz and plagioclase crystals together with some volcanic 

fragments and occasionally abundant glass shards~ set in a 

matrix of fine quartz and chloritic material. 

Coarser-grained sediments are found east of St. 

Lawrence while only fine-grained varieties occur to the west. 

Rapid vertical and lateral variations in grain size are common 

east of St. Lawrence indicating changing conditions during 

sedimentation. 

The only limestones in the Little Lawn Formation 

are some thin concretionary limestone horizons in the eastern 

part of the area. In the vicinity of Mt. Calapoose~ thin but 

persistent bands of martite and magnetite are interbedded with 

beds of dense black shale. According to Smith (1938)~ this 

iron-bearing horizon can be traced across the country northwest 

of Beaver's Pond for a distance of 5 km. 



.. 
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Variations in strike and dip are common . East of 

Little Lawn, the strike is northeast and dips southeast . . To 

the east of St. lawrence, the strike is northeast but dips 

northwest . Sediments are locally contorted. 

Between St. Lawrence and Little St. Lawrence; the 

little lawn Formati.on is represented by a se.ries of black shales 

and siltstones which locally grade into fine-grained greywacke 

with increasing amounts of clastic material. It strikes north

west and dips generally 30° to northeast. These rocks are 

extremely homogenous in appearance _and often so dense as to 

exh1b1t subconchoidal fracturing. 

Black when fresh, the weathered S~.~Tface of the shale 

bleaches to light grey in colour and brown staining occurs 

where disseminated pyrite is also present. At 2 km from the 

granite~ the shale loses its dense nature and becomes quite 

fissile. This feature is also found in siltstone in the Little 

Lawn Harbour and Mine Cove, areas. 

Because the degree of contact metamorphism may be 

used as an index as to the proximity of the granite contact, 

the extensive conversion of sediments to hornfels at Little 

Lawn Harbour may be ' taken as evidence that the granite dips 

gently westward beneath the sedimentary cover. This is con- . 

firmed both by geophysics (J.P. Hodych, pers. comm., 1974) 

and by di amend dri 1l i ng. 

/ ., 
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West of Three Stick Pond, the Little Lawn sedimentary 

rocks are in contact with the rhyolite and basalt of the Harbour 

Main Volcanic Series. Northeast of Lawn, the contact is traced 

towards the granite. The nature of this contact is obscure and 

has no exposure or no topographic expression. Superficial 

similarities b~tween recrystallised Little Lawn sediments and 

the fine-grained basalt of the Harbour Main Volcanic Series make 

the contact difficult to establish without detailed petrographic 

study. There is an absence of cataclastic features, and thus 

faulting is unlikely. The contact between the Lit-tle Lawn sedi-

rrentary rocks and the underlying volcanic rocks is believed to . .. 

represent an unconformity prior to granite intrusion. 

The Lit~le Lawn Formation is composed entirely of 

sedimentary rocks which contain fragrrents derived from the 

underl~ing volcanic rocks. The fragmentary nature of the grey

wackes and lack of extensive chemical weathering indicate rapid 

erosion and deposition. 
/ 

Wherever. the sediments are close to the St. Lawrence 

granite they have been altered to a dense · conchoi~ally fracturing 

hornfels in which bedding is obscured. This homfel~ is ext'remely 
• 

resistant to weathering and forms steep cliffs along the coast and .1 

rugged topography further inland. Where the granite batholith 

dips gently beneath the cover of sediments, the area affected by . 

this thermal metamorphism is extensive. 
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Although cordierite and andulusite are produced 

locally. the principal effect of the granite on the sediments 

was one of recrystaTiization and induration. Where the sedi-

ments contain tuffaceous material chlorite, biotite and 

hornblende have been produced to a varying degree . Silicif

ication of sediment can be seen along some fractures (Plate 8 ). 

2.2.3 . 3. Mount Margaret Volcanics 

In the Mount Margaret area, the Little Lawn Formation · 

is succeeded by ·a volcanic series composed e.xclusively of massive 

and pillowed basalt named by Van Alstine (1948) the Mount. 

Margaret Volcanics. The basalt typically' has a greenish black 

colour and it is extremely tough. Pillowed structures about 3 

to 4 feet tn diameter -are seen on the north flank of Mount 

Margaret. The contacts between the Little Lawn Fonnation and 

the volcanic rocks are not exposed and are placed where lava 
,. 

flows become numerous in ~he section. The volcanics apparently 

conformably overlie and are partially interbedded with the 

Little Lawn Formation and occupy the central part of the 

syncline. 

To the west of Mount Margaret the volcanic rocks are .· . . . 

truncated by th~ granite. Near the contact with the granite 

the lav.a is fine-grained but further away from the mqrgin it 

becomes coarser and in places amYgdaloidal. The amygdules 

contain quartz and a little epidote or zoisite, though in places 
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specularite and magnetite are present. In thin section, the 

lava is .a basalt containing abundant sericitised andesine pheno

crysts and clinopyroxene. which is almost entirely replaced by 

pale gr.een fibrous actinolite and ch'lorite. Epidote and opaque 

minerals are also common alteration products. Unlike Harbour Main 

vol'canics', the basalts never show fluxional arrangement of 

feldspar, no matter how fine grained they become. 

A large outcrop of gabbro forms the summit of Mount 
~ I ~ 

Margaret, and it appears to form a plug wiihin the basalt, 

although this is difficult to verify as the contacts are obscure. 

On the northern sTope, there is a slight but abrupt change of 

gradient coinciding with the change from pillowed basalt to 

medium-grained gabbro . Towards the summit the gabbro is · 

coarse-grained and the plagioclase has weathered out, giving a 
" .. 

0 

knobby surface consisting of elongate partially actinolitized 

augite crystals. Thin-sections 'show that the augite is 

strongly zoned and titaniferous, suggesting that these are 

alkali b·asalts in composition (Plate 9}. 

Stnce the Mount Margaret Volcanics appear to be 

stratigraphically above the Little Lawn Formation, they would be 

at least of Middle Cam~rian or possibly Vpper Cambrian age. As 
. 

volcanism was extremely rare on the Avalon Platform in Cambrian time~ 

more precise determination of the age of the volcani cs should be use
~ 

ful. McCartney (1955), working further east in Argenti a , records t he 

• 

. , 
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presence of Middle Cambrian pillow lavas. Hence, it is possible 

that the Mount Margaret Volcanics are Middle Cambrian fn age. 

2.2.4. Intrusive igneous rocks. 

2. 2.4 .1. t·1etagabbro 

Metagabbro is found only north of Loughlin's Pond 

where it intrudes the H~rbour Main Volcanic Serjes. However, 

outside the map area, large bodies of the metagabbro occur 

within the Burin Series. in the vicini.ty of Burin. X.noliths 

of basalt ' belonging .t.o the Harbour Main Volcanic Ser'ies were 

observed in several loc~tions. Towards the west of Loughl irr1 s 

Pond this gabbro was intruded and extensively veined by the 

St. Lawrence granite. Van Alstine (1948) assigned the gabbro 

a pre-Devonian age. Since it nowhere cuts rocks younger than 

the Burin Series, a Precambrian age for it cannot be ruled 

our! On the other hand, this metagabbro is petrographically 

similar to the gabbro fanning the core of Mount Margaret and 

suggests a similar probably Canbrian age. 

The metagabbro is generally !COarse-grained and 
r . 

greenish black in colour. The weathered surface has a pale 

green colour and is characterised by a knobby surface due to 

the presence of large secondary hornblende crystals: · Pla'gio· 

clase, around An55 , makes up 50 per cent of the rock. In thin , 

section, the augite is completely converted to hornbleAde. The \ 

texture is commonly hypidiomorphic. 

.. 



/ 

- 25 -

2.2.4 . 2. Basic 'dykes 

A number of basic dykes have intruded all rocks of 
-

the area, including the St. lawrence granite. They are commonly 

less than 30 rreters thick and are either verti ca 1 or have very 

steep dips (Plate 10). 

In hand specimen many of the dykes resemble diabase 

dykes but Van Alstine (1948) as a result of thin section st udy 

classified th~ as lamprophyres. They are all dark greenish to 
• 

black in colour varying from fine- ~o coarse-grained and so~ 

are porph'yritic with augite and hornblende phenocrysts. Good 

examples of small basic dykes are seen on the peni nsula between 

St . Lawrence and Little St . Lawrence. Thin sections show these 

dykes to be composed of a hypidomorphic intergranular aggregat i on 

of feldspar, and nearly colourless augite which shows varyi ng 

•• stages of alteration to uralite and chlorite. Apatite occurs 

. as a<;cessory needles. The porphyritic dykes contain pheno·

crysts of augite and hornblende set in a groundmass of horn-

blende, chlorite and magnetite . 

The St. La~nce granite and its associated dykes 

are described in C~ter 4. 
'--.. 
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CHAPTER 3 

STRUCTURAL GEOLOGY 

1_._]_._2!_ructural~ology of_ the count__ry rocks 

Little work was done on the structural relationships 

in the Harbour Main Volcanic Series, wh ich strike generally 

somewhat east of northf with some mafic fl~ws whi ch can be 

traced along strike for up to 5 km. 

Two large northeasterly-trending synclines affect .. 
the litt1e lawn Formation, one northeast qf St . Lawrence and 

the other east of little St. La~rence. In the latter case, the 

southeastern limb of the syncline is truncated by a fault . The 

contacts between the Harbour Mai~ Volcanic Series and the over-

lying formations are corm10nly marked by thrust faults which 

strike parallel to the earlier fold axis. Similar thrust faults 

separate Burin Series rocks from the Precambrian and Cambrian 

formations. Van Alstine (1948) states that the thrust faults 

are generally high angle with no dips less than 45 °. Evidence 

for this is ~v-en by the straight lin:ar trends and a few actual 

measurements. The major structures produced by ' folding and 

thrust faulting were later transected by normal faults, some 

of major significance. The effect of gravity faulting was to 

break up earlier structures into a number of fault blocks or 

wedges . Repetition of these west of Littl.e lawn· suggests step 
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"' . 

faulting. although the downthrow is not always in the same 

direction. local rotational movements are also suggested 

(Van Alstine, 1948, p . 15) . 

The major gravity ' fault that truncates the early 

structure northeast of St . Lawrence can be described as 

causing a rotation in a vertical plane about a point lying 

east of Mt. Anne. The distribution of different geo l ogical 

units indicates relative downward displ,iicement east o.f the 

fault in the north, while to the south the downthrow i s on 

the west. However, the relative displacement of the two 

major synclines whose ax i al planes dip northeast woold \ u.gg.est 

a downthrow to the east. Since the two synclines are part of . 
the same structure, a downthrow to the east would be consistent 

with the absence of basic lavas from the core of the syncl i ne 

east of Little St . Lawrence. 

· The normal faults are considered to be produced i n 

response to uplift and releaseof pressure following an earl ier 

period of compression which caused the folding and thrusting . · 
/ 

The period of uplift during normal faulting was followed by the ; 

)intrusion of the fluorite-bearing granite. The relationsh i p 

between the form of intrusion of the granite magma and the 
.· - ' .J ' . . 

earlier underlying structure present in the country rocks is 

shown clearly · from the ~.P (Fig . '2) . 

The structure Qf the country rocks may be s i mply 

·. r .-· 
' I \ .. 
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explained with reference to the strain ellipsoid (Ramsay, 1967), 

using the notations P, Q and R to represent the maximum. inter

mediate and minimum stress respectively. The fold axes and the 

thrust faults strike 50°Az(Fig. 3), produced by northwest-south

east compression along P-P. The thrust faults dip north, 

usually at a high angle, with rocks on the north thrust over 

those to the south. Any tension fractures produced parallel 

to P-P would thus strike at 140° Az . · 

The orientation of Q and R may be interchanged depend-

ing on whether the maximum Stress release is aCCOITillOdated 

vertically or horizontally (Fig. 4) . Depending· on the confining 

pressure, two directions(of shear will be developed and 40° to 

the princ:.Ypal stress is·a reasonable angle .. Those that make an 

angle of 40° with P-P will strike due north and at 100°Az. The 

latter strike agrees with the. strike of the faults south of Look · 

Out Hill and north of Pinnacles. 

If 100°Az is one of the principal shear directions 

during earlier compression, it would be the direction of 

greatest release RR, during the later period of tension. L.ines 

of tensional weakn~.ss would be established perpendicular to 

principal shear direction having a direction of 10°Az~hich is 

close to the strike of the nonnal fault east of Mount Margaret. 

When the normal fault strikinq at 10°1! is estab.lished, it 

represents tension. The direction perpendicular will be th_e 

I direction of greatest release which coincides with the principal 

, 

r. 
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Schematic strain ellipsoid for country rocks 
around the St. Lawrence pluton based on the 
orientation of thrust faults. 
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Schematic strain ellipsoid for country rocks around 
the St. Lawrence pluton based mainly on the orientation 
of normal faults. 
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direction of shearing of the earlier period of deformation 

shown in Fig. 3. Once the fault is established as essentially 

a normal fault then P must have been vertical and Q must have 

been in the fault plane paralled to its strike. The downthrow 

may be either to the east or west depending on the direction 

of the dip of the fault plane, and the dip of the fault plane 

will depend upon the magnitude of the confining pressure 

acting along P-P. 

Once the normal fault is established, tension 

fractures parallel to Q become the direction of weakness. 

The thrust fault is truncated by the normal fault indicating 

the latter fault to be younger. Therefore the normal fault 

dictates the orientation of the later granite intrusives. 



CHAPTER 4 

ST. LAWRENCE GRANITE 

4.1. General 

The St. Lawrence granite as presently exposed forms 

two north-trending lobes of a batholith 30 km by 6 km, their 

distribution indicating a somewhat irregular top with a number 

of cupolas. The granite intrudes both Precambrian and Cambrian 

rocks, which places a lower intrusive limit on its age. Possibly 

the youngest rocks the granite intrudes are the Mount Margaret 

Volcanics, which might be as young as Upper Cambrian (Section 

2.2.3.3.). 

Van Alstine (1948) considered the granite to be 

Devonian, based to some extent on presumed correlation with 

known Devonian granites found in the Hermitage Bay and La Poile 

areas. In the Hermitage Bay area, about 100 km north-west of 

St. Lawrence, granite cuts conglomerates containing late 

Devonian plant remains. In the La Poile area, further west 

along the south coast of Newfoundland, granite cuts slate which 

also contains early Devonian plant remains, but does not cut 

Carboniferous rocks. Smith (1957) suggested that the St. 

Lawrence granite is of Permian age, since 70 km away across 

Fortune Bay, the Belleoram granite which resembles St. Lawrence 

granite texturally and mineralogically was considered to be of 

Permian age. However, the Belleoram granite has been dated 



- 33 -

isotopically (by potassium-argon) at 400± 20 and 342± 20 million 

years (Wanless, et al., 1965, 1967) and because it intrudes the 

Upper Devonian Great Bay de 1 •Eau Formation, the age is most 

probably Late Devonian (Williams, 1971). The St. Lawrence 

granite has been dated isotopically by rubidium-strontium at 

330± 10 million years (K. Bell, pers. comm., 1974). 

4.2. Field relations 

The batholith is elongated in an approximately north

south direction, with contacts exposed at a number of places but 

best observed along the coast. At Chamber•s Cove, St. Lawrence 

Harbour, and Little St. Lawrence, contacts are sharp and steeply 

inclined (Plate 11) and the presence of granite veins in the 

adjacent country rocks (Plate 12) indicates normal intrusive 

relationships. Inl~nd, it is inferred from sporadic outcrops 

that the granite intimately interfingers with the country rocks 

as discrete veins. The presence of large and small stoped 

blocks of hornfelsed country rocks and the absence of any 

permeation or injection gneiss rules out any origin involving 

granitisation in situ. 

The granite shows a progressive decrease in grain 

size towards its contact. In some cases, separate minor, 

irregular phases of intrusions are found with a general age 

sequence as follows: 
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porphyritic granite 

fine-grained granite 

medium-grained granite 

coarse-grained granite 

Younger 

Older 

The contacts of these granites are sharp (Plate 13). 

Miarolitic cavities are seen within a few metres of the contacts. 

There is little chemical difference between these granites, 

and they are interpreted as separate phases of the same granitic 

melt. 

Tuffisites are common in the granite, consisting 

of discrete fragments of the granite in a fine matrix of 

comminuted rock (Plate 14). The individual fragments, although 

variable in shape, are rounded at their margin. The size of 

the fragments ranges from a few mm. to 6 em. in diameter, but 

is generally about 3 em. 

West of the granite, there are many small and 

commonly isolated outcrops of a pink quartz-feldspar porphyry 

that was named rhyolite porphyry by Van Alstine (1948). The 

name rhyolite porphyry is used locally by the mining geologists, 

although they are not true rhyolite in the sense of being 

extrusive. They are actually a number of distinct north-east

striking dykes. At Grebes Nest on the east side of Little Lawn 

Harbour, it is possible to trace the dykes for 2 km inland. 
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In coastal exposure> .. the dykes are seen to dip gently to the 

north although further inland their attitudes become variable 

(Plate 15). 

It is interesting to note that the dykes are entirely 

absent to the east of St. Lawrence. They are rarely found in 

rthe northern part of the area and are best developed to the west 

of St. Lawrence near the contact between the St. La~rence granite 

and the Little Lawn Formation. 

This "rhyolite porphyry" may ~e disti!'guished in the 
/ 

field from the earlier true rhyolite porphyry of the Harbo.t~r 

Main. Volcanic Series by the h~gher propoY"tion of 9uartz 

phenocrysts, lesser alteration and the proximity to the granite. 

The above features indicate that the St. Lawrence 

granite is a shallow intrusive that has not been deeply eroded, 

·i .e1 , "epigranite" (Buddington, 1959). The absence of any flow 

structure, pegmatitic dykes and any. evidence of major metasomatic 

replacement of the country rocks support this .interpretation, as 

does its bulk chemical composition (Section 4.7.7.). 

4.3. Lithology 

In hand specimen the St. Lawrence granite is a pink 

to red granitic ~o.ck characterised by a scar-city of ferromagnesian 
I 

m1 ner:als. \{he texture varies from medium-grained hypidi omorphic 

to aphanitic depending upon nearness to the contact~. The ". J mafic minerals and plagiocl~e, when present, tend to be euhedral, 
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while most of the alkali felds~ar is subhedral and quartz 

occup~es irregular inter~tices. The granite ~onsi~ts 

essentially of red alkali feldspar and glassy quartz . 
J 

Miarolitic cavities are commonly 1 ined w-ith quartz and, 

in some ~a ses, fluorite c rysta 1 s. 

Weatherin~ of the granite causes bleachi ng of the 

feldspar due to alteration to sericite, and removal of some 
·-fine hematite in the feldspar. Local mineralogical variat ions 

are found close to the contacts where assimilation of the 

country rocks produces a more basic phase of the granite. 

The granitic dykes cutting the country rocks are 

pinker in colour due to finer grain size and more extensive 

oxidation of iron in the alkali feldspar. Increase of altera-

tion towards the fluorite ve4ns is shown by the darker red 'colour 

of the granite with especially strikinq reddish brown orthoclase 

crystals,_ The xenoliths of the country rock show only thenna l 

metamorphism with no marked assimilation. 

Calcite is present in vugs between fluorite and granite, 

in veins cutting fluor.ite and as dog-tooth spar crystals coa~ i ng 

-cubes of fluorite. Intergrowths o~ fluorite with calcite stiggest 

that the ca 1 cite deposition occurred .sometime· during fluorite 

m_ineralisation but continued after fluorite deposition had 

ceased. 

\ The rhyolite porphyry is typically a pink porphyri(,ic 

rock characterised by phenocrysts of vitreous quartz and pink ~ 

• 
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buff-coloured feldspar, varying from 2 to 10 mm. in length, 

set in a dense aphanitic groundmass. The rock has a conchoidal 

fracture indicating that it solidified rapidly. 

4.4. Petrography 

Petrographic studies made on 50 representative thin

sections of the St. Lawrence granite show that the granite is 

composed essentially of quartz, orthoclase and albite with 

minor amounts of riebeckite, aegirine, biotite, fluorite, 

magnetite and hematite. 

The granite contains between 20 to 40 per cent of 

free quartz, generally clustered between the larger feldspars 

but in some cases forming phenocrysts about 2 mm in length. 

In some cases quartz is micrographically intergrown with ortho

clase giving a granophyric texture (Plate 16), which is seen 

mostly in the marginal phase of the granite. The origin of 

this granophyric texture is discussed in section 4.7.7. 

Marginal phases of the granite also display deeply embayed 

quartz phenocrysts. 

Alkali feldspar is the most abundant mineral in the 

St. Lawrence granite, making up 30 to 60 per cent of the thin

sections studied. The feldspar is generally turbid and con

tains finely disseminated hematite. Orthoclase and microcline 

Perthites are common potassium feldspars, the former being more 
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common (Plate 17). The perthitic plagioclase is generally 

albite with a range of composition between An 5 and An 10 . The 

proportion of plagioclase lamellae ranges from 20 to 50 per 

cent but is generally about 30 per cent. Deuteric albitisation 

is a common feature of the perthites (Plate 18). Modal plagio

clase (albite) content of the St. Lawrence granite ranges from 

0 to 20 per cent, most of it exsolved from the alkali feldspars. 

Riebeckite, when present, varies in grain size from 

1 mm. to 3 mm., is generally associated with aegirine and 

locally becomes the more abundant of the two. The riebeckite 

appears to have crystallised after aegirine as shown by the 

riebeckite growing along the cleavages of the aegirine crystals 

(Plate 19). Some thin-sections contain up to 5 per cent 

riebeckite. Aegirine, where present, is always associated with 

riebeckite. 

Biotite, where present, is commonly altered to 

chlorite. Some thin-sections contain up to 10 per cent biotite, 

but in most thin-sections it is absent. 

Hornblende is present only in the specimens of 

contact rocks from the east lobe of the batholith around the Lawn 

Lookout. In these areas the granite locally approaches 

granodiorite, consisting of a small amount of quartz and a 

higher proportion of plagioclase to orthoclase, combined with 

an increase in hornblende to about 10 percent. Plagioclase 

changes from albite to medium obligoclase. Sphene is an 

important accessory. 
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Fluorite crystals are seen in some sections and 

they are commonly associated with biotite {Plate 20) and also 

as an accessory rryineral (Plate 21). Hematite and magnetite 

are common accessory minerals. Zircon and apatite are rarely 

seen. 

The "rhyolite porphyry" consists essentially of the 

same minerals as the St. Lawrence granite, the only difference 

' ·being in the texture . Feldspar phenocrysts are commonly 

perthitic orthoclase and sometimes sanidine, while albite is 

relatively rare. Quartz is commonly euhedral, but shows embayed 

and corroded boundaries indicat ing some resorption (Plate .22). 

Ferromagnesian minerals are never present as phenocrysts and are 

only r-arely found in the groundmass. Ch-lorite is the only 

recognisable mafic mineral and i t is secondary after biotite . 

Magnetite and hematite are disseminated in the groijndmass of 
' ' .. 
quartz and feldspar. 

It is interesting to compare the modal analysis 

(Fig : Sa and Appendix II) with the.normative a!lalys i s (Fi g. 5b 

and Appendix II) of the granft,e. It is shown that the modal 

plots lie very ~lose to the quartz and orthoclase sideline, whereas 

the normative plots lie around the centre of the triangular diagram. 

This reflects the amount of albite in solid solu1jon in the alkali 

feldspar. Most of the alkali feldspar is perthit ic and the 

writer grouped all the perthites with alkali feldspar for the 

purposes of modal analysis. 

-. 

.. 

,_ 
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Quartz 

. . .. . . ·.· : .... . 
·._...: .. . . .. . : ... . . 

Plagioclase Alkali feldspar 
Figure Sa. Modal plots (vol. %) of quartz

plagioclase-alkali feldspar of 
the St. Lawrence granite. 

Q 

. . .. . . . • . . 

Ab+An Or 

Figure 5b. Normative plots (wt. %) of Q-Ab-Or 
of the St. Lawrence granite. 
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4.5. Structures of the granite 
• 

In the St. Lawrence granite two prominent sets of 

nearly vertical joints are seen, along with a third set which 

is sub-horizontal. Orientation of the joints in the country 

roc~s in the vicinity of the granite is similar to those within 

the granite . Vertical joints strike around 10°Az and 100°Az. 

The sub-horizontal joints dip very gently and have variable 

strikes, producing sheeting structures developed very late and 

after the fluorite yeins ·through which they pass uninterrupted. 

According to Billings · ( 1972) such sheeting structures are pro

duced as a result of · tension perpendicular to the roof of the 

batholith during' cooling and later accentuated during removal 

by erosion of the superincumbent load of sediments. 

Slickensided surfaces are generally coated with thin 

shiny films of red hematite and purple fluorite (P,late 23). 

Variation in orientation -of slickensides on joint surfaCes and 

fault planes show evidence of repeated mechanical readjustment 

presumably in response to the changing physical conditions 

during and after consolidation of the magma. Although the 

distance between adjacent parallel surfaces may be only as . \ 

l'ittle as a meter, the slickensides may be vertical on one 

surface and horizontal on the adjacent one. Nevertheless, the 

majority of the slickensides indicate horizontal or near 

hori zonta 1 movement. 

'r 
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The normal faults, being the youngest structural 

feature in the country rocks (see section 3.1.), provided a 

zone of weakness for intrusion of the granite. This is 

illustrated, for e~ample, by the parallelism of the granite 

from north of St. Lawrence· Harbour to Berry Hi 11 s wi"th t he 

major normal fault east of Mt. Anne (F1g . 2). The most 

striking example of this control is 'provided by the l ong and 

very narrow outcrop of granite. near Shearstick Brook, the 

sot..rth end of which passes into a major normal fault-which 

strikes towards Little St. Lawrence (Figs. 2 and 6). 

The norma 1 faults thus dictate the shape of the 

batholith, with its elongation in a northe,rly direction .. 

During the cooling of the granite, the elongated shape of t he 

pluton would correlate with the orientation of tension and 

shear fractures of the granite in a manner analogous to tha t 

of a strain ellipsoid {Ramsay,l967, pp . 158), 'possibly 

resulting in reorientation of"the earlier principal stress 
-·~:..... 

direction · (see section 3.1.) . 

Elongation of the gra~ite in a direction l0° AZ 

would imply that not only is it the region of~ .greatest 

release {R) but perpendicular to it is the direction of grea test 

compr ession (P)(Fig. 6) . Tension fractures in the granite occur 

at right angles to the direction of elongation at about 100°Az. 

SyiiiTletri ca lly on e ither "side of the t ension fra ctures, there I 

.. 
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R 

E 

P Maximum stress 

R Minimum stress 

R 
s 

Schematic strain ellipsoid for the St. Lawrence 
granite based mainly on the elongated shape of 
the pluton. 
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would develop two directions of minimum stress and maximum shear, 

along wh;ch predominantly horizontal movements could take place. 

The angle between the tension fractures and the maximum shear 

wou·ld dep~nd on the confining pressure. Since the St. Lawrence 

.J granite has features of a shallow intrusion (see section 4.7.7.), 

low confining pressure would be operative. Therefore, the two 

directions of shear will make an angle of about 40° with the 

direction of tens .ion fractures, i.e. 600p.z and 140°Az. 

" The orientation of the fluorite veins in the St. 

Lawrence granite was controlled by the presence of these tension 

features. For exa~, the Lord an~ Lady Gulch ·an.d t~e Canal 

veins have a mean ·strike aL about 100°Az, coincident with the 

strike of.the -expected tension fractures~-.;)iimilarly, the Tare-
.. 

fare, the Director and the Blue Beach veins have a mean strike 

at about 140°Azand the Doctor's Pond and the Black Duck veins 

are at 60°Az showing the .two directions to be coincident with 
' 

the . two,directions· of maximum shearing. It is interesting to 

note in the field that Tarefare, Director and Blue Beach veins 

show fault brecciation and slickensides which suggest a larger , 

horizontal movement compared to Lord and Lady Gulch and .Canal 

veins which show little such evidence of relative movement. 

, Slight variation in orientation of .the fluorite veins may be 

. due to inhomog_eneity of the granite or variation in stress 

orientation. 

I 

<• 
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4.6. Classlfication of the granite 

The St. Lawrence granite composed es~ertially of quartz 

and K-feldspar, with minor amounts of mafic-minerals can be 

readily classified as an alaskite granite (Moorhouse, 1957, p. 273). 

The pluton likewise is clearly classified as granite on various 

chemical bases, e.g. Streckefsen's (1967) modal classification 

(Fig. 7a) or the normative classification of Strong, et ~.(1973a) 

(Fig. 7b). There are several quartz-rich exceptions to this 

classification (Fig. 7b) which are discussed in section 4.7.7. 

Tauson and Kozlov (1972), in discussing chemica l features 

useful in evalu~dng the economic potential of granitoid rocks, 

describe five geochemically distinct types, namely "plagiogranites " , 

"ultrametamorphic granites", "palingenic qranites", "plumasitic 

leucogranites" and "agpaitic leucogranites". The plagiogranites 

·are characterised by very low contents of potassium, lith ium, 

rubidium, beryllium, tantalum and lead. The ultra-metamorph ic 

granites have a low content of volatiles, lithium, beryllium and 

tantalum, a high barium content and a predominance of potas~ium 

over sodium. Palingenic granites have tra~e elemerit contents close 

to that.of the 'average granite' of Vinogradov (1962). Plumast i c 

leucogranites are characterised by a predominance of potassium 

over sodiuffi, are saturated with water and fluorine, and have 

h1gh lithium, rubidium, beryllium, tin, tungsten, -niobium, 

tantalum and rare-earth contents. Agpaitic leucogranites are 
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Quartz 

•••• 
• •• • • • 
Oranite 

Alkali feldspar 

Class ification of granitic rocks (Strecketsen, 
1967) . 

• • • 

• 

Granite 

Or 

Classification of granitic rocks (Strong, et al., 
1973a). 
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distinguished by being undersaturated in wateT and contain ·alkali-

rich melanocra~ic minerals such as aegirine, riebeckite-arfved
• 

sonite and alk~li titanium- and ~irconium-silicates, ·and have a 

high content of zirconium, hafnium, rare earths, y,ttrium, tin, 

niobium and tantalum and a low content of strontium and barium . 

Tbe last two types are regarded by Taus on and Kozlov as having 

th.e greatest economic potentia 1 in tenns of non-meta 11 i c minerals . . 

·· The St. Lawrence granite seems to fall between the 

. plumasitic leucogranites and the agp~itic leucogranites. It 

. has the characteristic of plumasitic leucogranite in having pre-

dominance of potassium ~ver sodium, being satliT'ated with 

volatiles~e.g. F (average 1308 ppm.), and having a high .rubidium 

{average 295 ppm.) content, Similarly, it also has the character

istic of a~paiti~ Teucogranites in having high zi~conium 

(average 516 ppm.) and low strontium (average below 10 ppm.) 

and barium (average -70 ppm.) values. It also contains minerals 

such as ri ebeck it_e and aegirine, and .1 i kewi se conforms to their 

suggested pattern of economic potential. 

4.7 . Chemica·l variation 

4. 7 .1. Introduction 

The distributions of elements in a plt~ton · is governed 

by" the physiochemical. processes. both magmatic and post-crystal- . 

lisation, -to which the pluton has been subjected. The distribut

ions may also be indirectly related to the size Of the pluton and 

\ 
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position within it .. This section attempts to explain the 

causes of chemical variation within the .St. Lawrence pluton·: . 

Two hundred and fifty rock samples were collected. 

in the map area and 140 granitic rocks were analysed for 

major elements and 220 for trace elements. -~a2o and MnO were 

analysed by atomic absorption spectrometry, fluorine by 
. r . 

· : ••• • • l • . 

fluorimetry and the remaining elements were.analysed using a 

Phillips 1220TC computerised spectrometer. The analytical 

precision ~nd accuracy and the results are sh.own in Appendix I. 

The sample location map is presented in Fig~ 8. 

4.7 .2. Variation diagrams . . 

The various elements are plotted against silica in 

the variation d.iagrams shown in Figs. 9a and 9b. ~ica is 

used as ~~ independent yariable ·because of its wide variance 

and because magmatic differentiation generally gives rocks of 

· steadi.ly inc·reasing s_ilica content. Because of closure or 
. 

const~nt sum effects, (Krauskopf, 1967} the increase in sjlica 
I . 

content from 62 to 82 per cent ;will be reflected in a total 

decrease from 38 to 18 per cent of all .. the .. other oxides, re
# 

gardless of differentiation or other effects. 

The variation diagrams for the major elements show 

that C~O. Tto2 , Fe263 (total), MgO, Na
2
o and Al

2
o

3 
have a 

negative correlation with silica. K2o is the only oxiq, showing 

a positive correlation with silica. 
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CaO, Ti02 , Fe2o3 (total) and MgO de~rease to much 

less than half their initial values as would be expected from 

differentiation, since these .oxides are concentrated in low 

silica minerals. The apparent decrease in A1
2
o3 is a result 

of the meth'od of plotting. •s imilarly_, , Na
2
o which has a small 

negative correlation with silica, is in fact increasing in total 

content with increasing silica. The actual ij1crease .of'K
2
o 

_and Na2o across the variation diagram reflects a strong con

centration of alkali feldspar in the later stages of . 

differentiation . 

No variation di~grams were drawn for P2o5 and Mn02 

because their concentrations are generally too low to be 

detected by the analytical methods (i.e. less than 10 ppm. 

and 50 ppm. respectively). 

The trace element -distributions are erratic~ wtth 

only two trace elemePts showing any signit'icant trend. Bariuri1 

has a negative correlation and rubidium. has a posit ive 

' correlation with Si02. For the rest of the trace e l ements the 

distributions are erratic whP.re the s ilica content i s greater 

than 71 rh cent. 

~he negothe correlation of barillm with silica i s 

consistent with the general trend of a differentiating magma 

(Nocl<olds and Allen, 1953; Taylor, 1965). Simila.rly, rubidium 

.. 0 

'{ionic radius = 1.47A 0
) is very similar in size and chemical 

character to potassium (ionic radius = 1. 33A 0
). and under extreme 



\ , 

' \ 

- 53 -

~fractionation, rubidium isomorphously substitutes for potas-

.. 
(j 

sium and becomes slightly concentrated, ent~ring the K-positions 

in micas in prefere~ce to those of feldspar. 
. . 
Tauson and Kozlov (1972) suggested that rubidium 

/ 

shows a stronger relationship than barium with fluorine, and 

hence rubidium migrates with fluorine. As a result, during 

differentiation of a volatile-rich magma, barium decreases 

and rubidium increases in concentration. This agr~es with 

the observation of an increase in rubidium content and a de-

crease in barium content in the St. lawrence granite with 

increasing f~orine and silica. 4 

Strontium, if present in the granite, is of too 
-low concentration to be detected by the analytical method 

used (<10 ppm). In plagioclase, calcium may be replaced by 

strontium up to 0.3 to 0.4 per cent. Ca - rich plagioclase 

contains more strontium than the sodic variety (e.g. An 70_93 

contains 0.1 to 0.13 per cent of SrO and An 21 contains 

merely 0.014 per cent; Sen,et al., 1958), and the Sr/Ca 

ratio tends to increase during fractionaticn (Wager & Mitchell~ 

1951; Taylor, 1965). This is consistent with the low Sr 

content of St. lawrence gran~te, where the calcium content 

(average 0.36 per cent) is very low and plagioclase compositions 

are less than An10 , hence, the low ~alue of strontium. 
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Zirconium, fluorine and zinc are discussed in the 

economic geochemistry (section 4.7.3.). 

4.7.3. Economic geochemistry 

4.7.3.1. Introduction 

The variation diagrams of zirconium, fluorine and 

zinc with silica show very erratic distributions as shown in 

Fig. 9b. There are no clear general trends for zirconium and 

fluorine mainly because they are volatile elements and as 

shown in Chapter 5, have a complex population distribution. 

4.7.3.2. Zirconium 

Zirconium substitutes to varying degrees for 

titanium and iron in apatite and sphene, (Nockolds and Mitchell, 

1948) and forms a separate mineral, zircon (ZrSi04). 

Generally, the distribution of zirconium is in part 

reflected by the presence of zircon. In the St. Lawrence 

granite, zircon is associated to some extent with hornblende 

and biotite only as an accessory mineral, although high zir

conium values (average 516 ppm.) up to 2700 ppm. are encountered 

in the granite. The relative lack of zircon, despite high 

zirconium contents might be explained by the solubility of 

zirconium in an alkaline magma. The increase in alkalinity 

causes a rise in the solubility of zirconium and prevents any 

crystallisation of zircon to any marked extent (Sieder, 1965; 

Bowden, 1966). 
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Since the high zirconium content in St. Lawrence 

granite does not appear to form zircon crystals, it must be 

incorporated in the lattice of iron-rich minerals, e.g. horn

blende, biotite, riebeckite and aegirine. It is noted that 

zircon is associated with hornblende and biotite, and not with 

riebeckite and aegirine. This is in accordance with the fact 

that riebeckite and aegirine form in a strongly alkaline to 

peralkaline magma which would prevent the crystallisation of 

zircon and hence the zirconium may be incorporated in the 

lattice of riebeckite and aegirine. Degenhardt (1957) found 

that aegirine may contain up to 0.5 per cent zirconium. 

Gerasimovskii, et al.,(1962) have commented that zirconium 

could form a solid solution series with iron in aegirine. 

Butler and Thompson (1967) have noted that alkali amphiboles 

and pyroxenes are conspicuous carriers of zi rconi urn. 

Thus, under alkaline conditioffizirconium will not 

crystallise wholly as zircon but will be mainly incorporated 

in the lattice of alkaline mafic minerals. The presence of 

aegirine and ri ebecki te, and the near absence of zircon in 

the St. Lawrence granite suggests that the high zirconium 

values are mainly derived from the aegirine and riebeckite 

although accessory apatite may contribute ·slightly to the high 

zirconium values. Volatile-rich residual phases should be 

rich in zirconium (Goldschmidt, 1954; Siedner, 1965). 
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4.7.3.3. Fluorine 

Fluorine shows a general positive correlation with 

silica {Fig. 9b}, but the distribution becomes erratic when the 

silica content is greater than 71 per cent. In general, fluorine 

accumulates in the residual magmas during magmatic crystallis

ation and differentiation of the magma (Tauson, 1962). However, 

this trend varies appreciably and may be affected by the escape 

of the volatile fluorine during crystallisation of a magma. 

This may have caused the erratic behaviour of fluorine with 

increase in silica in the St. Lawrence granite. 

The main factor affecting fluorine concentration in 

residual magmas during crystallisation and differentiation is 

that the main rock-forming minerals are not able to accept 

appreciable amounts of fluorine in their lattice. Only the 

accessory fluorapatite has fluorine as a main constituent. 

During crystallisation, fluorine could enter minerals in 

structural positions of OH-. However, the amount of this 

fluorine may be limited, so that the residual magma is further 

enriched in fluorine. 

Secondly, HF is more soluble than water in silicate 

melts, and lowers the melting temperature more, and thus will 

be accumulated to a higher degree in the residual melts (Wyllie 

and Tuttle, 1961). With increasing alkalinity, the separation 

of fluorine into gaseous phases decreases (Kogarko, et al., 

1968} thereby causing an enrichment in fluorine in gases. 
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Since the St. Lawrence granite is very low in alumina <;.) 

(average 10.9 per cent) but rich in silica (average 76 .8 per > 

cent). fluorine may act as a depolymeriser by fanning SiF•bonds. 

• • 
SiF4 is the roost stable fluorine compound {Heat of formation 370 

K cal/mole). Increase in Si02 of the melt is accompanied by the 

increase in production of Sif4 ( Kagarko, et al., 1968). Because 

of its great mobility, SiF4 esoapes from the magma and decreases 

the amount of fluorine in the siliceous melt. Thus SiF
4 

com

plexes might play an important role in the removal of fluorine 

from magma . 

As a rule, indeJ?en.dant fluorine minerals do not form 

during the crystallisation of magma which is too poor in ca l c i um . 
. . 

to con_tribute to the formation of fluorite (Sqlov'J€r, et al , , 1967). 

In general fluorine is dispersed among the ino'Silicates and 
' 

phyllosilicate, and enters into apatite. 
. l 

In the St. Lawrence granite, groundm~ss fluorite 

~crystals are coiTJOOnly associated with chloritised biotite and 

. · rarely witt\ riebeckite and . a~gi_!:ine. During the post-magmatic 

stage, f1 uori rie together with other vo 1 a tiles may migrate 

through faults and other fractures towards the boundaries o f 

the intrusives. The migration of fluorine is corrmonly 

accompanied by the formation of greisens and by low temperat ure 

·hydrothermal ··alteration of the country rocks. 
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The St. Lawrence granite was subjected to violent 

and rapid escape of volatiles as shown by the presence of 

tuffisite, presumably preventing the formation of greisen. 

Nevertheless, the country rocks are altered, and in certain 

areas, silicification bands which contain purple fluorite are 

recognised in the hornfels. The formation of fluorite within 

the hornfels may be explained by the escape of SiF4 reacting 

with calcium released by the breakdown of minerals such as 

plagioclase and amphiboles. The product would be fluorite, 

with the released silica forming the silicification bands in 

the hornfels. 

Trace element analysis of the hornfels shows leaching 

of Cr, Ni, La and Ba from the dark hornfels towards the 

silicified hornfels (Table 2; Fig. 10). 

The scarcity of hydrous minerals in the St. Lawrence 

granite would allow the fluorine to accumulate in magma rather 

than being incorporated in crystalline phases during crystal

lisation. Since the magma is highly volatile, the escape could 

be erratic and may fill pockets in the granite with volatiles. 

This can be seen in the field where patches of darker brown 

rocks are in the midst of the lighter coloured granite (Plate 24). 

4.7.3.4. Zinc 

From Fig. 9b, zinc seems to decrease with increase 
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TABLE 2 

Selected Trace Elements in Hornfels of St. Lav.£rence .Granite 

Cn-72 CN-72 V-5 V-5 V-5 Average 

Element 20-0' 20-194' Black Green Hhite Shale * 

Nb 11 12 21 13 21 

Zr 161 151 223 142 248 160 

S; 119 139 133 302 495 300 

Rb 116 160 173 87 127 140 

Zn 92 108 116 84 54 95 

Cu n.d. n.d .. 307 n.d. n.d. 

Ni 72 67 58 46 28 68 

Cr 128 116 82 64 48 90 

La 86 84 n.d. 28 19 

Ba 778 1084 641 101 154 580 

V-5 is from the quarry on the \'./estern margin and represents the 
progressive silicification from black to green to white in a 

single .hand specimen. 

* A~ter Turekian and Wedepohl~ Bull. GSA. v. 72, pp. 175-192> 
19Gl . 
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Figure 10: Variably silicified hornfels of the St. Lawrence 
granite (see also Plate 8). 
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• 

in silica "llP to about 71 per c~nt whereby the zinc values . 

become erratic . Zinc will ente~ lateFe2+ positions and the 

Zn
2

+/Fe
2

+ ratiowill increase during fractionation in silicate 

melts (Taylor~ 1965). Since the Fe2+ values were notdetermined 

. h 1 . f . h . Z 2+ F 2+ ln t e ana ys1s o St. lawrence gran1te, t e rat10 n I e 

~ cannot be compared. 

\ 

t'} 

However, in the field sphalsrite occurs in veins 

at the contact of granite with its country rocks, while there 

is no separate sulphide phase ir:~ the granite. Hence, the high 

zinc values 'could be from the more basic rocks at the c~ntact. . "--. 

Cu, Ni, and Cr conten.ts are below detection. 

4.7.4. Alkalinity trend 

Because of the alkaline nature of the st. · lawrence 

granite, 'it is interesting to examine ·it in terns of ~lright•s 

(1969) alkalinity index. Fig. -lla shows that the St . Lawrence 

granite has an alkaline to peralkaline affinity accordi~.to 

Wright's terminology, with most samples in the alkaline fiel d. 

Using the agpaitic index (Bailey and MacDonald, 1969), i.e. 

classifying peralkaline rocks as those with an agpaiti c,~ 

greater than one, the St. lawrence granite is dominantly 

peralkaline. This suggests that the alkaline-peralkaline 

boundary in Wright's diagram shoul·d beshifted slightly to 

the left as shown by the das hed line ~n Fig. ll a . 
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Fig. llb shows a plot of the cation per cent of 

Na + K against Al,with the majority of points at (Na + K)/Al 

ratios between 0.9 to 1.1. Any point that lies above the 

line (i.e. with ·(Na + K)/Al greater than one) is considered 

(accordin9 to the Bailey and MacOoMld, }g69,definition) as 

peralkaline. There is no distinctive separate grouping of 
., 

.peralkaline or alka1ine granite, and likewise in the field 

there is no apparent localisation of peralkaline or alkaline 

granite phases . . 

' ' 
. This lack of separation suggests that our artificai 

boundary between peralkaline and alkaline granites has no 

natural basis . 

The St. Lawrence granite is characterised chemically 

by containing insufficient alumina (ave~e 10.9 per cent) to 

accoiTITlOdate the alkalis in feldspar, resulting in the formation 

of the normative mineral acmite. Mineralogfca)ly, i t co.ntains 

relatively sodic plagioclase (avera~e An
10

) and stlica-~nder

saturated mafic minerals such as riebeckite and aegirine. 

These chemical and mineralogical features further classify the 

St_ Lawrence granite as peralkaline. 

4. 7 . 5 . K/ Rb rta t i OS 

Potassium-rubidium ratios of the St. Lawrence granite 

are shown in Fig. 12. These ratios ~re compared to the generalised 
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geochemical relationships of potassium-rubidium in common 

crustal rocks (from Taylor, 1965). The St. Lawrence granite, 

having an average K/Rb ratio of about 150, plots in the 

field given for late-stage granite. This is in accordance 

with an interpretation that the St. Lawrence granite is a 

late-stage granite. 

An interesting observation is that the K/Rb ratios 

decrease corresponding to the sequence of intrusion. From 

field evidence, 4 generations of the granite are observed 

(section 4.2.). The age relationships and the corresponding 

K/Rb ratio of these granites are tabulated below: 

Younger 

Older 

Porphyritic fine-grained 
granite 

Fine-grained granite 

Medium-grained granite 

Coarse-grained granite 

4.7.6. Differentiation ·rndex 

129 

131 

137 

148 

In this section, the writer attempts to compare the 

var ious granite plutons of the Burin Peninsula,as well as the 

Belleoram granite,to the St. Lawrence peralkaline granite to 

investigate whether there is any apparent genetic relationship 

amongst the granite plutons. The locations of the various 

Plutons are shown in Fig. 13. This comparison is carried out by 
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Figure 13: Location map of the various granitic pluton of southeast 
Newfoundland discussed in the text. 
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plotting the major oxide percentages against the Thornton and' ·

Tuttle (1960) differentiation index (nonnative Q + Ab +Or+ 

Ne + lc + Kp). The data for the other plutons was obtained 

from Strong, et a 1 . , ( 1973b) . 

The silica- D. I. diagram {Fig. l4) shows that the 

ruajority of the plutons of south-east Newfoundland are over-

saturated in silica. Some granodioritic rocks of the Belleoram 

granite extend to the saturated range of the Thornton and Tuttle 

diagram. The heavy dashed line shows the general trend of 

silica content in igneous rocks (after Thornton &Tuttle, 1960). 

One can see that the trends of Swift Current and 

Cape ~oger Mountain g~a~ites are simila~. Field evidence shows 

that the Swift Current and Cape Roger Mountain granites have 

similar geological settings, are both fo.liated", lie along the 

same strike, and are "chemicaily 'a~d texturally · very simi.lar 
.. 

.. (O'Driscoll, 1973; Strong, et al., 1973b}; Hence, the Swift 
, . . 

Current ' and Cape Roger r-t>untain granites . !flAY be genetic~lly · . 

related. The only other granite that lies very close to't.he 

field of Swift "Current and Cape Roger Mountain granite is the 

Jacques Fontaine qranite. The close proximity" O~.the . J&cques 

Fontain~ granite and the similarity in the chemical trend may 

likewise indicate that. Jacques Fontaine qranite 1s also · 

genetically related to them,as sugqested by ~radley (196?). 

"' The St. Lawrence granite which, li~ Cape Roger 

r 

, 
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1. St. Lawrence granite 
2. Red Island granite 
3. Belleoram granite 
4. Jacques Fontaine granite 
5. Cape Roger Mountain granite 
6. Swift Current granite 
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Figure 14: 
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Outline of fields enclosing points for SiO , Fe 0 and 
CaO plotted against the differentiation in6ex 6f3Thornton 
and Tuttle (1960). 
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Mountain and Swift Current granites, lies along strike and 
~ 

in Zone H of the Canadian Appalachian Structural Province 

(Williams, et £1_., 1972) could be suggested _to be genet ically 

related to them. However, it is distinctly offset ·from the 

trend of these plutons in the silica- D. I. diagram of Fig. 14, 

and thus appears not to be genetically re 1 a ted to them. 

Ho~iever, t he St. Lawrence and the Bell eoram granites 

1 ie on a continuous trend whi ch· ?lay suggest t hat St. Lawrence 

· graRite is a late differentiate of magma sill'ilar to t he Belleoram 

granite . .. Field evidence shows that 'the Belleoram gra nite is a · 
. ' ' . 

high-level and unfol iated granite. This is si milar t o St. Lawrence 

granite except that mi_neralogically St. Lawrence granite is more 

differentiated. The Red lsla~d gran i te has its trend 1y1ng 

close to the Belleoram granite and it appears that there is a · 

fractionatio'n trend from Belleoram granite 

-- St: Lawreri'ce gran i te. 

Red Island granite 

The distribution trend,s of Fe
2

o
3 

and ·cao, all 

showing a definite decrease witl'l increasing D. I.,- ar~ also shown 

in Fig. 14. As for Si02 , the trends of these elements for Swift 
I 

Current, · cape Roger Mountain and Jacques Fontaine granites are 

shown to be differ.ent from the trends a·f the St. -Lawrence, Red 

Island -a.nd Belleoran; granites. 

·- -. 
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' 

4.7 . 7. Petrogenesis 

Fig. 15 shows a plot of normative Q:Ab:Or of St. 

Lawrence granite. Superimposed on these plots are the positi ons · ~ ... 

of the ternary minina and eutectics (M
0

_
5

_
3

) at various water 

pressures. M0_5 is the ternary minimum at 0.5 kb PHzO' M
1 

at 

\ 1 l<b PH20 •. etc. Eighty per cent of the po1nts plot i n a f ie ld 

\ centred on the ternary cotectic at 0.5 kb, and 70 per cent plot 

on the orthoclase side of the minimum at this pressure . The 
• 
1 ma xin:um PH 0 allowed by the wider scatter of points is les s 
i 2 I . 

f than 3 kb. Those pooints which plot t owards the quartz - orthoclase I 

.'. 
sideline are found in thin sections to ~onsist ess~ntially· of 

quartz and orthoclase phenocrysts, and the relative proport i ~ns 

of modal qliartz.-.. and orthoclase are directly reflected in the , 
~ . ,"'• 

. -
relative normative proportions in Fig . 15, indicat i ng t he e f fects 

of phenocryst accumulation in a melt of the main granite com-

position. 

The presence of granophyric texture in some rocks 

( see .section 4.4.) can be explained with reference to Fig. 15. 

The build up of w~ter pressure, say~.to 3 kb, will cause any liquid 

of theS.t . Lawren~e granite composit\ons to c,rystallise quartz 

alone, and the sudden release 'of watar<p ressure will cause the . . 
c otecti¢ to move towards the quartz ~!)ex. Hence, the liquid 

. f 

• 
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Q 

• • • • 
• 

Q-Ab-Or (wt. %) system showing data 
for the St. Lawrence granite and the 
effect of water vapour pressure on 
position of cotectic and ternary minimum 
(triangles) (after Tuttle and Bowen, 1958). 
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that was crystallising quartz would then 'Crystallise feldspar. 

Depending on which side the liquid compositions are with re

ference to the ternary minimum, the feldspars could be sodic 

or potassic. In the St. Lawrence granite, most points fall 

on the potassic side of the minimum. Hence, with the bui'ld up· 

and release of water pressure, ·the crystallisation sequence 

could alternate between quartz and K-feldspar, or both simul-

taneously,and sudden pressure release could cause quenching 

in a granophyric intergrowth. There is abundant field evidence 

of sudden explosive release of pressure, indicated .by the 

presence of tuffisite (gas breccia) supporting the above ex-
~ . ' . 

plnnation (Reynolds,"1954; Hughes, 1971). It is a1so 

supported by the fact that the granophyre.s 'are most c·oll'lllOn 

around the rapidly cooled edges of the pluton. 

Since eighty per cent of the points plot in a small field 

centred on the ternary minimum at 0.5 kb (see Fig. 15), the 
temperature of crystallisation of the granite is around 780°C · 

which is the thermal valley temperature of this pressure as .. 

shown .in Fig. 16. The perthite indicates that the granite 

coo 1 ed too fast for camp 1 ete unmi xi ng-, but too s 1 ow for homo-

. ~eneous quenching in the absence of water vapour. 

The St. Lawrence granite is thus considered to be 

relatively a dry, hot melt because of its low PH 0 minimum 
_2 

composition, i .e. a hypersolvus granite. Tuffisites suggest 

., 

.. 

\ 

0 

.. -· . 

J 
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Q 

Isobaric equilibrium diagram for the system 
NaA1Si 3o8 - KA1Si 3o8 - H20 at 0.5 kb. 
(after Tuttle and Bowen, 1958). 
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a shallow depth of emplacement of the granite. If the granite 

contained excess water, marked metamorphism of the country 

rocks with considerable metasomatic granitisation mi ght be 

seen (Tuttle & Bowen, 1958, p. 93). Field evidence shows that 

the metamorphism of the country rocks by the granite produced 

only local thermal, but minimal metasomatic effects, which thus 

indicates a relatively anhydrous melt. The relative lack of 

hydrous minerals such as biotite and hornblende and the complete 

absence of pegmatites or aplites enhances the interpretation 

that the melt is relatively dry. 

Peralkaline granites are a very characteristic and 

apparently unique to stable continental environments, associated 

with rifting or 11 thermal plumes .. (Greenwood 1951; Jacobson, 

et al., 1958; Wright, 1969; and MacDonald, et al ., 1970). Most 

of these are composite ring-dykes in which the peralkaline granites 

are associated with alkaline granites that are not peralkaline. Simi

larly , the St. Lawrence pluton contains peralkaline granite 

associated with strongly alkaline but not peralkaline granite. 

There appear to be five theoretically possible 

solutions to the origin of peralkaline granites: 

1. Small amounts of peralkaline magma are common in 

alkali olivine basalt provinces and in some places may be strongly 

developed (Bailey and Schairer, 1966). Even within separate flows 

and intrusions of alkali basalt, there is evidence of peralkalinity 
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in the residual liquid, indicated by the presence of acmite 

" or acmitic rims of pyroxene .and acmite-bearing pegmatoids. 

Normative acmite appears in some analyses of the rocks in 

alkali basalt provinces (Chayes, 1963). These indications 

of - peralkalinity suggest that many alkaline and peralkaline 

rocks are differentiatio~ products of alkali olivine basa l t 

(Tur"ner and Verhoogen, 1960) . 

In the St. Lawrence area, the Mot,Ant Margaret Volcanics 

(section 2.2.3.3.) a~e alkali basalts. On field evi dence , the 

granite intr~des the basalt, but this is not an uncommon relation

ship in genetically relqted suites, and the granite might thus 

have fanned by fractionation from the basalt. However, the re i s 

a di.sparity in that the basalt occupies about 2 square km~ of the 
' 

map area ·whereas . the area of the granite is about 80 square km. 

of granite. If substantial basalt underlay the granite, it ~ould 

produce a positive gravity anomaly. Instead, the a rea has a 

negative anomaly (J . P. Hodych, pers. comrn .•. 1973) suggesting a lack 

of basic rr.aterial 'associated with t.he granite (Fig. 17). The 

disparity in the . volume relations suggests that de'rivation as. 

residual liquid from basalt magma was not involved i n the formation 

of St. Lawrence granite. 

2 . . Bowden (1970) . suggested that the peralkaline 

granites of Nigeria were produced by progressive melti ng o f 

bauchit~, a fayalite-qua.rtz monzo.~ite, by a linear zone of 

heat flow from the mantl e during the disruption of Gondw~naland, 

as suggestEid by the remarkable alignment of the Ni gerian younger 
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Gravity model of the St. Lawrence granite (after 
J. P. Hodych, pers. comrn., 1973) based on a single 
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granites and the structurally similar but dominantly per

alkaline granites to the north, through the Zinder district of 

the Niger Republic to the . I 'Air _pla~eau. Black (1969) has also 

postulated that the_ development of the Mesozoic Ni·geria-Niger 
- . 

Younger Granite provi nee and · the disruption of Gondwanaland . 
may be re 1 a ted to the same cause, i . e. that the 1 i near 

distribution of the ring-complexes reflects the .former location 

' 
of a zone of high heat flow in the mantle, thus supporting 
.. . 

' 

Bowden's interpretation. .,_, 
;..: \ ... r 

Ebo'~-a~ ·l· and Wright (1974) criticised this hypoth~sis 
because it is not supported by g,eoi~gical .arguments. They · 

pointed out that there are very few pauchites near Jo-s plateau 

and none-within the Yo~nger G~anite rrovince itself (Wright, 
. I . 

1970) and sugge~ted that there is anlabsence of a~y extensive 
. I . 

layer of bauchite beneath the Jos p1tateau region or a bauchite .. 
•' 

· body bepeath eacb. of the Younger Gr:ani te intrusions .(Oyawaye, 

1962)'. In tond_~sion, th.ey empha~ise. that the similarity be-

_. tween bauchite and fayalite-bearing Younger Granites, notably 

the ·greenish charnockitic aspect and the- presence of ,hastingsite 

and fayalite,-is due principally to the high content of iron .. 

relati_ve t,o other elements in both rocks. This does not imply 

that one is derived from the other but that processes of -iron 

enrichment have been .important in the magmatic history of both. 

In · the St. L·awrence area there is no evidence of the 
. I 

presence of bauch~te or any otfter similar metamorphic rocks . 
~ 

• v~ 

.. · 
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3. Melting of c.rus·tal ro~ks could be responsible 

for the generati9n of high level granites, the majority of 

which are aluminous but· some are peral'kaline. 

B~r~n's (1963) experimental stodies of Precambriap ' 

and·Ter.ti.ary r:o<;ks from Skye first gave convincing evidence that 

the Tertiary rocks could be produced by the fusion of Lewisian 

basement rocks, although he con'ceded, · tl'lat subsidiary amounts 

could have been d~riyed from hi~her levels in Torridonian arkoses. 

The e~idence of Moo~bafh ~nd Bell ()965) that the ~ranites have 
... 

very high 
87

sr;
86

sr ratios ~0.712 to 0.721) compared with th~ . 
' 

Skye basic rock~ and their differentiate~ (0~706), adds strong 

support to''. the abo.ve hypothesis. Thompson (1969), from petro-

logica~· and chemical -studies.,_ postulated that the· Glamaig 

_Epig-ranite is .essentially a· partial melt from relatively sodic 

a-cid Levlisian gneiss, and the Southern Porphyritic Epigranite 

' .is thought to be a large Pilrtia 1 melt-fraction from- predominantly 

Torridonian arkose source rocks. In the St. Lawrence area, no 
'-' 

arkose formation or gneissic terrain is recorded although there 

is indirect evidence that it underlie_!> 'the Avalon Platform 

(Strong, et ~., 1973c) . The .high 87sr;86sr ratio of 0 . 720 + 

0. 005 in the St. Lawr~rtce grani-te (K. BelT, pers. comm., 1974) 

may allow a similar interpretation· of its origin. 

4. Bailey and Schairer (1966) sugg~sted that limited f r ac

-~ional melting at the base ·of the continental crust would be capable 

. ' 
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of producing a peralkaline granite pare~t magma, subsequently_ 

~dified to varing degreesby reactin.g.with less alkali .ne 

continental crust. Eborall and Wright (1974) agree with the . 

· above suggestion and emphasise that the appropriate magmas 

are probably generated in the deep crust 'Or upper mantle, due 

to a slightly inc-reased geothermal gradient- such as character-

is,es all non-orogenic magmatic provinces. 

·# 

Luth, et al., (1964), have shown experlmentally that 

under the pressure that obtains'at de.ep crustal to upper mantle 

leve1s, granites would ' be strongly alkaline to peralkaline and 

sodic in nature. 

The St. lawrence granite is intruded in a zone of 

weaknes's along N-S nonnal faults (see section 4. 5.). Although 

i t is not kno~n how deep these faults may have penetrated, . 

they.may have acted as channelways for ttle intruding magma. 

A~though th~ p~ralkaline magma might be contaminated by sial i c 

rocks which could destroy the peralkal ine nature of the magma 

by supplying alumina, it could have survived ffitrusion t hrough 

continental crust ,if it rose through a conduit already lined 

wi tti co-magmatic materia 1 . The presence of pera l ka 1 i ne . granite 

closely associated with strongly alkaline granite in the St. 

lawrence area may indicate ttrat a peralk'aline parent magma had 

been contami _l'l.~ted with the sialic rocks wh~le intruding through 

Y the fOntinental crust, although it can~ot be said that .the 

alkaline granite is· coricentrated around the margins of t he plutons . 

f . 
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5. Fractionation of a rather uniform and relatively 

calcalkaline acid parent would produce alkaline to peralkaline 

granites (Jacobson, et al., 1958). 

The granites in the Burin Peninsula, e.g. Swift 

current and Cape Roger Mountain granites, and the Belleoram 

granite are calcalkaline to alkaline in composition (Strong, 

et al., 1973b). From section 4.7.6., the Swift Current and 

Cape Roger Mountain granites were not considered to be genetic

ally related to the St. Lawrence granite and thus will not be 

discussed further. The Belleoram and Red Island granites on 

the other hand are of a composition that could be genetically 

related to the St. Lawrence granite. 

A normative plot of Q:Ab+An:Or of Belleoram granite 

shows that the points plotted for the Belleoram granite trend 

into the St. Lawrence granite normative field (Fig. 18). 

This is in accordance with the interpretation that St. Lawrence 

granite might have been fractionated from a more calcic magma 

analogous to the Belleoram granite. 

Bailey and Schairer (1964) suggested that the 

separation of alkali feldspar from a slightly alumina-deficient 

liquid would fractionate alumina and eventually potash, leading 

to strongly peralkaline and sadie residual liquid (i.e. the 

II th or oclase effect"). However, the "orthoclase effect 11 was based 

on the assumption that the alkali ratio of the crystals is related 

in a simple fashion to the alkali ratio of the liquid. Thompson 

and MacKenzie (1967) showed that this is not the case, and there 

is thus no reason to expect peralkaline granites to be strongly 

SOdic. 
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Alt.hough tt"n: St. Lawrence granite is not particularly 

·sadie, extreme frc&.Ctionation of magma such as the Belleoram .. granite 

may produce a peraT~alihe residua·l liquid t~at can be intruded ~t 

• higher levels to fonn the St. Lawrence peralkaline granite. 

4.7.8. Comparison wi.th other grani~es 

Because of their gross chemical similarities and similar . . 
associated mineral deposjts, it is interest_ing to compare the 

St. la.wren'ce granite to those of the South-West Engl_and granites 

and the Younger Granites of Northern Nigeria. 

The normative. plots of Q:Ab+An:Or for riebecl<ite~ 

granite of the Younger Granites nf Northern Nige~ia (J~cobson • • 
~ 

1958) and the porphyritic bioti'te granites of South..:wes~ v . 
England (Exley and Stone, '1964,) are shown in Fig. 19. Points 1 

and 2, which are riebeckite-aegirine-bearing granhes of Kudaru 
,) . 

and Ltruei +espectively, fit precisely in the centre -of the St. 
'· ' . ·- \ ' 

Lawrence granite field. ' Points 5, 6, 7, are biotite-riebetkite 

bearjng granites and'7a 11 towards the plagioclase corner 6utsid~ 

the St. Lawrence field. Points· 3 and 4 are albite-riebeckite 
~ -

bearing gran ites and they plo·tMell · outsfde the St. Lawren·ce field' 
. , . ' . ~. 

close to the quartz-orthoclase ,cotectic )It water pressure around 
. . . ~. 

10 kb. Mineralo~ically, , the riebedi~e-aegi_rine-beal"ting gran1tes 

b'f the Younger Granites of Northern Nigeria are very simi.Ur to 
. that of St. Lawrence g~nite, . Thes.e.si~ilarities are emphasized 

~ " , . ) -
by Tabl ~ 3, wfl'e1·-e/the onl·(~i~nificant difference is !he lower Na

2
o 

of St. Lavwence granite : 

; ..• ~: 
•• 1111_, • .. .. . 

I 

' ·. 

' · ~ 

.· 

t • 
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TABLE 3 

CHEMICAL ANALYSIS ·oF VARIOUS GRANITES 

1 2 3 4 

Si02 
76.46 76.25 75.26 72.2 

Ti02 
.14 .11 .26 

Al 203 10.70 10.23 10.48 15.1 

Fe2o3 1.70 1.23 2.42 .25 

FeO .76 1.32 

MnO .00 .004 

MgO .02 .18 .35 .08 

CaO .35 .37 .57 1.7 

Na2o 3.61 4.68 4.04 3.92 

K2o 4.74 4.65 4.66 4.58 

P205 .00 .01 .08 

F .13 .29 .09 1.36 

1. St. Lawrence peralkaline granite 

2. Riebeckite aegirine granite~ Kudaru~ Nigeria 

3. Riebeckite aegirine granite~ L i ruei , Nigeria 

4. Porphyritic biotite granite, St. Austel ~ S-W. England 
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The fluorite granite (Mean of·3 analyses), St. 

Austell (from Exley, 1956) of South-West England is compared 

to the St. Lawrence granite in Table 3,showing that the St. 

Lawrence peralkaline granite has a higher silica content, 

and the high Al 2o3 content of the St. Austell granite classifi es 

it as peraluminous and not peralkaline. 

Although the nonnative plots of the porphyritic 

biotite granite of St. A·ustell fall near the fi_eld of St. 

Lawrence granite, they are strikingly different in their 

mi nera 1 ogy and a 1 ka 1 i nity. 

4 . 7.9. Other Newfoundtandperalkaline granite 
,. 

There are two other granitoid plutons in Newfoundland 

that are0 rfebeckite-bea'ri ng, namely the La Sci~ite and the. 

Traytown granite. The La Scie granite, located on the Burlington 

Peninsula, has not been chemically analysed, and thus -will not be 

discussed further. On the other hand, the Traytown granite is in 

the same geological setting·,. i.e. Zon'e H (Williams, et al., 1972} . . . 
as St. Lawrence. The average chemical analyses of it is shown in 

I . 

Table 4 (from Strong,et al., 1973b). Most of the major elements 

of Tray town and St. Lawrence granites are simi 1 ar, except that 

the Traytown granite has higher Al 2o3 (average 12 .06 per cent) 

and Na2o (average 4.29 per cent) conten~~ - The trace.elements 

of- these two granites, on the other hand, are completely different. 
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TABLE 4 

CHEMICAL ANALYSIS OF ST. LAWRENCE AND TRAYTOWN . P E RAL KAL IN E .GRANITES 

1 2 

Si02 76.46 % 76.10 % 

Ti02 .14 .20 
Al 203 10.70 12.06 

Fe2o3 1.70 .94 
FeO .64 

MnO .00 .03 
MgO .02 .07 
CaO .35 .40 
Na2o 3.61 4.29 
K20 4.74 4.72 

P205 .00 .20 

Zr 516 ppm. 289 ppm. 
Sr 0 21 
Rb 295 99 
Zn 50 70 
Cu 0 5 
Ba 70 790 
F 1308 

1. St. Lawrence peralkaline granite 

2. Traytown peralkaline granite 
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The Traytown granite have a very high Ba (average 790 ppm.) 

content and is low in Zr (average 289 ppm.) and Rb (average 

99 ppm.). Although the Traytown granite is riebeckite bear

ing~ the distinct difference in the trace element concentrat

ions require some caution in interpreting them as genetically 

related (cf. Strong~ et al. ~ 1973b). 



CHAPTER 5 

STATISTICAL TREATMENT OF GEOCHEMICAL DATA 

5.1. Introduction 

An important phase of geochemical interpretation is 

to condense a large set of analytical data~ which is cumbersome 

and difficult to interpret by normal manipulation~ into an 

intelligibleand useful form by the use of descriptive statistics. 

This is most readily done by graphical means~ where investigation 

of the frequency distribution~ e.g. histograms or cumulative 

curves~ of a given set of data simplifies comparisons. 

Ahrens (1954) suggested that the distribution of the 

concentrations of some elements in particular rock suites is 

log-normal~ invariably showing a positive skewness when the 

dispersion of values is large. When the concentration of the 

elements is changed to log concentration~ the distribution 

follows a normal or Gaussian distribution. These features are 

well illustrated by the St. Lawrence granite data. 

5.2. Methods ·of plotting frequency distribution curves~ 
histograms and cumulative ·frequency distribution curves 

A correct grouping of the values is essential in 

Plotting of histograms. Too few classes will result in shading 

out the important features of the curves and too many classes 

Will result in the loss of significant details amidst a cloud 
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of erratic minor .details. Miesh (1967) ~ated that the 
I 

logarithmic interval must be adapted to variation amplitude 
. 

-of the values and to the precision of the analyti.cal methods . 
. · \ .· 

Generally\ :the number of 
I 

classes desired .is governed by three 

factors, nam'ely, i) the total number of values, . I i i) the 

-range o~ distribution of the values. and -
iii) the interval 

to be selected . Lepeltier (1969) recommends working with 

50 to 25 i~tervals. 

· The cumulative frequency di stri but ion curves can be 

plotted to check if the concentrations fit a log-nonnal 

distribution which will give a straight line. In this simple 

case, the background v.alue could be arbitrarily taken as the 

1 ine . intersecting with the 50 i)er cent ordinate . . In a log-

nonnal distribution., th,e background thus cal~ulated corresponds 

to the mode and the median va 1 ues, and is the geometric · mean 

of the results . This geometric mean is more significant than 

' the arithmetic mean as it is less subjec·t to change with the ..& • 

. 
' 

addition of new data and is less affected by high values. 

When the probability log plot shows a break in ~_lope 

/ 

v 
of the s tr~j ght 1 i ne, it indicates that more than one .di stri but-

ion. occurs within the set ·of data (Tennant and White. 1959). 

Lepeltier (1969) recommend~ accumulating the 

'\ frequency percentage from the highest to the lowest values 

( because he considers there is a lack of precision 1n the low 

va 1 ues and high values are Tnore important for the detenninati on • 

. ~. 
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of the threshold level. The writer agrees with Lepeltier and 

plotted the data by accumulating the frequency percentage from 

the highest to the lowest values. 

5.3. Interpretation of the results 

5.3.1. Major elements 

It can be seen from the histograms and the frequency 

curves for Si02 s Fe2o3 s Al 2D3 s Na 2o and K20 values (Fig. 20) 

that their distributions closely approximate to that of the 

normal distribution curves which indicates a normal distribution 

of these elements. 

CaO shows the frequency distribution curves on the 

arithmetic concentration interval to be slightly negatively 

skewed (Fig. 21). When the values are plotted on log-concentration 

intervals the curve gives an approximately bell-shaped distribution. 

On the probability-log plots the curve closely approximates 

a straight lines showing that the distribution is essentially 

a log-normal distribution. The negative skewness is due to an 

excess of low values. Provided that the proportion of low 

values is not too high (20 per cent or less) they do not inter

fere in the interpretation of log-normal distribution (Lepeltiers 

1969). 

In Figs. 22 and 23 the frequency distributions of 

Mno and MgO are extremely negatively skeweds showing an excess 

of very low values. These features are duplicated in the 
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distribution curve for MnO. 
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cumulative frequency curves which suggest two populations. 

Hence, the distributions are not log-normal contrary to 

Ahren's (1954) generalisation. 

The frequency curve for Ti02 (Fig. 24) shows that 

the distribution is complex having two or possibly three peaks. 

The cumulative frequency distribution curve shows two breaks, 

a negative and a positive one. The negative skewness indicates 

an abundance of low values also shown by MnO and MgO. The 

positive skewness at high concentration shows an abundance of 

high values. The high values are caused by the enrichment of 

Ti02 from alteration of the granite in contact with the country 

rocks. 

5.3.2. Trace elements 

The distribution of trace elements is more complex. 

The simplest distribution is shown by zinc (Fig. 25). When 

the abscissa is of arithmetic concentration interval, the 

frequency distribution curve shows a slightly negative skewness. 

The frequency distribution curve for log-concentration interval 

shows a bell-shaped distribution. The cumulative frequency dis

tribution also shows an approximate straight line. Hence, the 

distribution for zinc is log-normal. 

The frequency distribution curve for Rb shows two 

Peaks (Fig. 26) and cumulative frequency distribution curve 

shows a break at around 90 per cent. The negative skewness 
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Figure 25: Histograms, frequency curves and cumulative 
frequency distribution curve for Zn. 
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shows an excess of low values as shown b~ the small peak in 
·- ' ' ; 

the frequency distribution curve. It does not interfere with 

the interpretat1on that Rb is log-normally distributed, since 

it is about 10 per cent deviation . 

The frequency distribution curve for Ba (Fig . 27) 
-· 

is slightly negatively skewed for the arithmetic concentra t ion 

interval, and ..sh.ows two peaks on the log-concentration interval . 

. The cumulative f~e_quency distribution curve has two breaks, a 

negative and a positive one. The negative skewness indicates 

an excess of low values, but the values are not abundant enough 

(less than 10 per cent) to form a peak in the frequency dis-

tribution curve. The positive skewness 1ndicates an excess 

of high values, large enough to form a different peak. The 

h1gh values are found in the Ba-rich marginal phases of the 

granite. 

Fluorine and zi rconium are volatile elements, hence 

their di~tributions should be very complex (Figs . 28cand 29). 

The frequency distribution curves for both fluorine and zirconium 

have three peaks. These peaks are shown in the cumulative 

frequency distribution curves by three breaks. The first two 

breaks in the fluorine curve are positively ~kew~d, followed 

by a third break which is negatively _ skewed . The first break 

in the zirconium curve is positively skewed followed by two 
• 

successive negatively skewed breaks. Such graphs show that 

there are more than two populations, possibly three in t he set 
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98 

90-

80-

l 70-
60-

cumulative 50-frequency 
40 
30 

20 -

10 

100 

1 40 
Frequency 

30 

20 

10 

- 102 -

500 1000 
1 og cone. (ppm.) 

2. 15 2. 25 2. 35 2. 45 2. 55 2.65 2. 75 2. 85 2. 95 3. 05 

l 30 
Frequency 

20 

10 

log cone. (ppmJ ~ 

100 200 300 400 500 600 700 800 900 

Figure 29: 

Arithmetic cone. (ppmJ 

Histograms, frequency curves and cumulative 
frequency distribution curve for Zr. 



- 103 -

of data con\idered, although i t is possible that the third 

population is caused by a mixture of the first two populations ; 

Regardless of the cause, it is still a third population. 

5.4. Correlation matrix of the St. Lawrence granite , 

Table 5 shows the critical values of the correlation 

coefficient (r). For 99 per cent ~onfidence based on 92 samples 

the critical value is shown to be 0.242 . In other words, a value , ~ 

of ::_greater than 0.242 would indicate a correlation between-

variables that could be predicted with 99r confidence. Table 6 

shows the correlation matrix of the St. lawrence granjte based on 
c 

90 rock samples and most of the elements show correlations at 99X 

confidence apart from fluorine and zirconium. 

Fluorine, with the exception of CaO, has a correlation 

coefficient value less than 0.242 ~~ with the other elements. The 

good correlation between CaO and fluorine can be explained by the 

presence of fluorite (C~F2 ) . Similarly, zirconium has all the 

correlation coefficient values less than 0.242%. 

The lack of correlation of fluorine and zirconium with 

the other elements can be explained by the volatility of fluorine 

and zirconium. Being volatile, these elements are able to escape 

during the crystallization of the magma. 

Since fluorine and zirconium are volatile elements, they 

are expected to have a good correlation. Zirconium halides, with 

the exception of ZrF4 are water-soluble compounds which pass into 

the vapour phase without melting. Fluorine and zirconium form 

complex compounds of type M2(ZrF6}, (Vlasov, 1964). Hence, fluorine 

__ may act as a carrier of zirconium. 
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TABLE 5 

Critical Values of r 

n r.025 r.OlO r.005 n r.025 r.OlO r.005 

3 0.997 18 0.468 0.543 0.590 

4 0.950 0.990 0.999 19 0. 456 0.529 0.575 

5 0.878 0.934 0.959 20 0.444 0.516 0.561 

6 0.811 0.882 0.917 21 0.433 0.503 0.549 

7 0.754 0.833 0.875 22 0.423 0.492 0.537 

8 0.707 0.789 0.834 27 0.381 0.445 0.487 
9 0.666 0.750 0.798 32 0.349 0.409 0.449 

10 0.632 0.715 0.765 37 0.325 0.381 0.418 
11 0.602 0.685 0.735 42 0.304 0.358 0.393 
12 0.576 0.658 0.708 47 0.288 0.338 0.372 

13 0.553 0.634 0.684 52 0.273 0.322 0.354 
14 0.532 0.612 0.661 62 0.250 0.295 0.325 
15 0.514 0.592 0.641 72 0.232 0.274 0.302 
16 0.497 0.574 0.623 82 0.217 0.256 0.283 
17 0.482 0.558 0.606 92 0.205 0.242 0.267 

This table is abridged from Table VI of R. A. Fisher and F. 
Yates, "Statistical Tables for Biological, Agricultural, and Medical 
Research", published by Oliver and Boyd Ltd., Edinburgh, 1963, p. 5. 

n = number of samples. 
r.025 =values of rat confidence level of 97.5%. 
r.OlO = values of r at confidence level of 99.0%. 

r.005 = values of r at confidence level of 99.5%. 



TABLE 6 

Correlation matrix based on 90 samples 

Fe2o
3 Ti02 Si02 CaO K20 MgO Al 2o3 Na2o MnO Zr Rb Zn Cu Ba F 

F .20 .22 . 01 .40 -. 10 -.04 -.18 .05 -.26 -.05 . 1 3 -.20 -.13 -.16 1. 00 

Ba .34 .79 -.58 .42 -.40 . 1 2 .74 .46 .26 -.11 -.53 .08 .26 1. 00 
Cu .26 .29 -.24 .08 -.07 . 12 . 1 5 .04 . 18 . 1 9 -.26 . 14 1. 00 
Zn .44 .25 -.17 . 00 ... Q3 0 . 18 .22 .54 .08 -.21 1. 00 
Rb -.62 -.59 .46 -.30 .50 -.14 -.37 -.34 -.42 . 10 1.00 
Zr .26 .03 -.09 -.11 -.06 .03 -. 12 -.02 .06 1.00 
MnO . 51 .47 -.42 -.16 0 -.05 -.26 -.25 1.00 
Na2o .30 .44 -.55 .50 -.56 .25 .66 1.00 

~ 

Al 2o3 . 21 .76 -.56 .62 -.38 .32 1.00 
0 
(J'l 

MgO • 10 .25 -.32 .35 -.41 1.00 
K20 -.30 -.42 .42 -.54 1. 00 
CaO .03 .56 -.52 1.00 
Si02 -.48 -.70 1.00 

Ti02 .48 1.00 

Fe2o3 1.00 
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However~ this is not shown in the St. Lawrence 

granite where the correlation coefficient value is -.05 

between fluorine and zirconium. This lack of correlation 

may be due to the reactivity of fluorine. Although zirconium 

and fluorine are volatiles and one acts as a carrier for the 

other~ fluorine may be reacting with other elements forming 

minerals~ e.g. Ca forming CaF2 ~ leaving an excess zirconium 

in the vapour phase. This depletion of fluorine may cause 

the low correlation with zirconium. 



CHAPTER 6 

ECONOMIC GEOLOGY 

6. 1 . · Genera 1 

Mining of fluorite commenced in 1933 with shipment of 

acid grade fluorspar from Black Duck vein by the St. Lawrence 

Corporation_ The Newfoundland Fluorspar Company Limited began 

mining in 1940 and made its first shipment in 1942. The total 

production in 1970 amounted to 137,000 tons valued at $4.6 million. 

6.2. Fluorite veins 

About 40 distinct fluorite veins have been discovered 

in the St. Lawrence area, but not all of these are commercial 

deposits. Production is currently obtained from the Director, 

Tarefare and Blue Beach Mines. Most of the veins discovered so 

far lie to the west and north of the town of St. Lawrence, with the 

exception of the Herring Cove vein. None of the veins are found on 

the east side of the granite. Almost all the veins lie entirely 

within the granite or its related ''rhyolite porphyry" dykes. 

All the fluorite veins are true fissure fillings 

located in tension cracks that developed as a result of regional 

movements and contraction during the cooling of the granite (see 

section 4). The vein lengths vary from a few hundred to well 

over 7 km, although because of their irregular form and dilution 

by the wall rocks, commercial grade ore does not occur throughout 

the entire length of the veins. 
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Two major groups of fluorite v~1ns areyecognized: 
• 

(i) The low grade veins are characterised by the greatest 

widths, averaging 7 m. The CaF2 content is about 70 per cent. Thrir 

strike ·varies from l40rAz to 160°Az, e.g. Dir::ector, Tarefare and Blue 

Beach veins. • 
_ >( 

(ii) The high grade veins h~ve an average width of ~ l m 

or less. They are characterised.by acid g~ade ore averaging 95 

per cent CaF 2 . Their strike varies from 70"Azto ll0°Az,e.g. Lord 

and Lady Gulch, Black Duck and Canal veins. 

No two major veins are known to intersect. The fluorite 

is mostly massive and coarsely crystalline, filling veins from 

wall to wall (plate 25). Fluorite close 4o' the vein walls is 

commonly finely banded, suggestive of rhythmic deposition. This 

is characteristic of high grade veins. 

Vugs and openings are commonly lined with beautiful 

crystals of fluorite. The most coMmon form of the crysta l s observed 

is a cube which may reach 12 inches along an edge. The other most 

common form is octahedral and this is restricted in occurrence to 

.veins in rhyolite ~rphyry dykes and the country rocks,notably 

the Grebes Nest an Mine Cove veins. The octahedra are often 

formed by stacking f cubes parallel to octahedral faces. Modifi

cations produced by combination of the cube and the octahedron are 
-·-

rare. 

The fluorite colours are pale blue, green, grey, yellow, 

red, violet, white and colourless. · The colour is varia~ie from 

'v 
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vein to vein and withi n veins. Deep purple varieties ~vidently/ ) 

llelong to the earliest phase of mineralisation, as they are ·· 
( . 

foundin contact with vein walls, as a ce~e~t iri brecciated roc ks, 

and also fning miarol_iticr'cavities in the ~iranite where t here is . ., 

no connection with any vein structures. Colour ba nding i s 

extremely common in high· grade veins. Common sequences of colours 

are deep purple, red, yellow, red and white. The r equ l a r ity of 

this banding which is pa~allel to vein walls is fre quent ly 

disturbed by sr1all breaks produced by mino_r offs~_ts and brecciat i on . 

Perfect examples of comb and ribbon struct ure s emphasi ze d 

by colour band i ng arE frequently present in veins on t he walls of 

Lord and Lady Gul ch vein .... Coll o f orrn structures are seen in 

Grebes Nest vein . Nodular or orbi cular ores are found i n some 

locations in the Di rector and Blue Beach ~ins .. 

It is inte~esting to note that f~uor i t~ .... 
found in gr a nite 

near the country rocks po~sesses a green colour whic h on exposure 

to light bleaches to white·, e.g . Grebes Nest 'and Mine Cove veins. 
41 -

It is : only this green fluorite that ~luo~esces under u l ~av i olet 
light. • . ~ .. 

explained 

producing 

The cause of colour banding in fluorite veins may be 

by periodic fluctuation in ~ither· ~ ~ an i on-vacancy

agent or the colloid aggreg.a~ing cond it ion or bo~h 
.\· 

(MacKenzie, et ~-· 1971) . Anion vaca~cies could be produced by 
+ + • 

radiation, ·presence of Na , K or oxyge n , oxidat i on of vari abl e 

valence impuriti e s, pressure induced dama ge or a combination of 

all four. Colloid-calcium is the chief colouring material 

. ..... ' 
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(MacKepzie, et ~-, 1971). These colloids apparently aggregate 

in natura 1 fluorides during fo rmatio-n but can be dispersed by 

thermal treatment . The actual occurrence of banding may depend 

on a complex balance of several of the above factors. • • 

6 . 3. Ganque mi nera 1 s 

6.·3 . 1. Quartz 

The most important but less desirable gangue mi nera 1 

is quartz becaus~ it occurs in the rraterial locally known as 

blastonite. The blasto.nite consists of brecciated f luorite 

cemented by a mixture of microcrystalline quartz and fl uor ite. 

This mi xture contains up to 85 per cent of the quartz-fluorite 

matri x. The fluorite may have blue, green and red colour whilst 

the quartzAs white and massive. It is believed that the f l uorite 
. ' 

in the blastonite is secondary and has . been derived N-om pre(~xisting 
fluorite by a process of ~recciation and minimum solution. R~ace-

' 
fJ- :0 

ment.effects are negligible. 
\ 

Fluorite-free quartz veins are rarely seen in the f i eld . 

They COtmlOnly strike at ocpq to lQ <Az. 

6 . 3.. 2 • Ca 1 cite 

Calcite occurs in nearly all the fluorite veins. I t is 

common in nodular ores where it alternates with fluor i te bands . 
.• 

Much of the calcite associated w• the nodula r ores f l uoresces 

a br i ght red colour in .ultraviolet li ght. Calci t e mineral isat i on 

must have started short1y after that of fluorite but continued 

.. 
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during and after it. This is seen in nodular ores and later 

development of calcite coating fluorite cubes. 

6.3.3. Barite 

Barite is a comparati:o~ely rar~ gangue mineral. The 

Iron Spring and Canal veins occurrence ha~e beautiful honey 

yellow tabular crystals intimately intergrown wi~h the flu orite. 

At . Lord and Lady GuJ ch, Meadow Wood and Chamber's Cove veins, 

barite occurs as white and pale red platy aggregates intergrown 

with fluorite. 

6.3.4. Sulphide minerals 

Galena and sphalerite are the most abundant sulphides. 

They are locally abundant either near the granite contact or in 

veins cutting into the country rocks, e.g. Grebes Nest, Meadow 

Wood, Mines Cove, Lead and Chamber's Cove veins (Plate 26) . Sphalerite 

is generally red and is locally named "ruby blende". Upon weathering, 

'!IJihe sphalerite becomes coated with a grey sub-metallic.;'ilm. 

( Chalcopyrite occurs in minor quantities as irregular 

grains embedded in the fluorite. Alteratioo of the chalcopyrite 

to malachite and chrysocolla is COITillon. It is virtually absent at 

the periphery of the granite but developed in veins in the granl't.e, 

e.g. Black Duck and Lord and Lady Gulch veins. 

The only other sulphide mineral is pyrite. It is qu i te 

rare and is seen only in veins of Director and Blue .Beach Mines . 

occurs as cubes and pyri tohedra. • Limonite, presumably altered f rom 

•, 

• 
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pyrite, is fairly conmon in Grebes Nest vein. 

There is no apparent mineral zoning in the St. Lawrence 

area. 

' 
6.4. Qre Genesis 

There is a spatial as wen as a- genetic relationship 

between the granite, "rhyolite porphyry" and the')fluori te veins. 

This is shown by the occurrence of·fluorite ir1 miarolitic cavit i es 

and as an accessory · in the granite . There can be litt l e doubt that 

they are derived from the same source, i.e. a granitic magma rich 

in volatiles, that during crystallisation become highly differ-

entiated. 

The cooling of the magma at higher level was accompanied 

by contraction. This set up a stress system which resulted in 

the development of a numbet of prominent fractures along which 

horizontal shearing took place from tjme to time. It"was during 

this period that the directions of future mineralising solutions 

were firmly established. 

Continued mov.ement along these fractures produced varyi ng 

degrees of brecciation of the wall rocks. Later volatile materials 

were separated and escaped along innumerable channelways to be 

deposited in veins in the structure already developed in the upper 

part of the granite. Their escape beyond the boundaries of the 

granite was largely prevented by the denseness of overlying horn

fels which effectively ·impounded ~hem. 

, 

I 
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\ 
The mechanism of fluorite mineralisation at St. 

Lawrence was dominantly of repeated fissure fillings producing 

veins that possess all the features of typical epithermal deposits. 
\ 

The 1 ack of replacement phenomena, . the presence of perfect comb 

structures, the banding from wall to wall, presence of vugs and 
.,.. 

clean cut vein walls may be taken for fissure fillings along 

open fractures. Horizontal but intennittent movement along 

fractures in the granite controlled the path taken· by the ore 

solution. The movements also produced brecciation of earlier 

fluorite deposits . It is important to note that t he mechan i sm 

requires repeated movement along fissures accompanied by ~illing 

of open spaces with additional fluorite. Otherwise, it is difficult .,. 
to account for the brecciation parallel to vein walls without 

wholesale replacem~of the wall roc~s. 

Although fluorite veins are sporadically found in t he 

sedimentary rocks, it is bel ieved that the sedimentary rocks 

reacted to stress somewhat·differently than the granite. where 

the former produce tighter and smaller fissures. This is consistent 

with the observation that the fissures narrow considerably and in 

some cases peter out when passing from the granite to the sedi-

mentary rocks. • 



CHAPTER 7 

SUMMARY AND EXPLORATION APPLICATION 

7 .1 . Summary 

The following is a brief summary of the findings of 

this study: 

(1) The Sf. L~wrence granite is composed essentially 

of quartz, orthoclase and albite with minor amounts of riebeckite, 

aegirine, biotite, fluorite, magnetite and hematite. 

(2) The St. Lawrence granite is a riebeckite-aegirine

bearing peralkaline granite. 

(3)The St. Lawi(ence granite is a shallow intrusion, 

i.e. epigranite. 

(4) The St. Lawrence granite is distinctly high in 

Si02 (average 76.7%), Zr (average 516 ppm.), Rb (average 295 

ppm.), and F (average 1308 ppm.), and low in Al 2o3 (average 101.9~: ), 

CaO (av-erage 0.'36n, Sr (less than 10 ppm.) and Ba {average 70 ppm.). 

{5) The K/Rb ratios indicat-e the St. Lawrence granite 

to be a "late stage" granite. ' 

{6) The St. Lawrence granite is of a composition and 

age which could be related to the Belleoram and possibl~ Red 

Island granites. 

(7) The St. Lawrence granite crystallized under a low · 

water pressure of about 0.5 kb. 

(8) The temperature of crystallisation of the St. 

Lawrence granite was around 780°, 
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(9) The St. Lawrence granite is a hypersolvus granite . 

(10) The St. Lawrence granite was probably formed 

by limited fractional melting at ~he base of continental crust 

or by fractionation of a rather uniform and relatively_ calc

alkaline acid parent. 

--(11) The St. Lawrence granite is mineralogically 

and chemically very similar to the riebeckite-aegirine be~ring 

granites of Kudaru and Liruei of Nigeria . 

(12) The St. Lawrence granite is chemically different 

from the Traytown granite, mainly in trace element concentrations. 

(13) Fluorine and zirconium have complex distributions 

and graphical analysis shows that there are more than two 

populations. 

(14) Fluorine and zirconium have low correlations with 

. other elements. 

(15) Fluorite veins occur in the granite as true 

fissure fillings. 

(16) Two groups of fluorite veins are re~ognized: 

i. Low grade veins striking at 140° to 160°Az. 

ii. High grade veins striking at 70° to ll0°AZ. 

(17) There is a spatial as well as a genetic relation

ship between t.he granite, "rhyolite porphyry" and the fluorite 

veins. 

(18) The St. Lawrence granite is dated isotopically 

by rubidium-strontium at 330 ~ 10 million years (K. Bell, pers. 

comm. , 1974). · 
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(19.} The "rhyolite porphy~ies" are granitic dykes 

and not rhyolite in the sense of being extrusive. 

7 .2. Exploration Application 

On the basis of "the findings of this study, further 

detailed geochemical-geological studies appear justified 

to outline areas of potential mineralisation. 

In general, one must look for a shallow granitic 

intrusion which is alkaline to peralkaline, containing high 

F, Zr and Rb values and low Ba, CaO and Sr concentrations. 

In the St. Lawrence area, it is apparent that the 

fluorite veins are structurally controlled by tensi~s 

and fault systems. Hence, det~iled mapping of the various 

structures in the granite _ should be carried out. 

I 

I 



I 

REFERENCES 

Ahrens, l. H., 1954. The log-normal distribution of elements: 
Geochim. Cosmochim. Acta, v. 5, pp. 49-73. 

Bailey, D. K. and MacDonald, R., 1969. Alkali feldspar fraction
ation trends and the derivation of peralkaline 
liquid: Am. J. Sci., v. 267, pp. 242-248. · 

and Schairer, J. F., 1964. Feldspar-liquid · 
equilibria in peralkaline liquids - the orthoclase 
effect: Am. J. Sci., v. 262, pp. 1195-1206. 

and , 1966. The system Na 0 - Al
2
o -

Fe1o3 - Si02 at 1 atmosphere and the petro§enesis ot 
alRaTine rocks: J. Petrol., v. 7, pp. 114-170. 

Baird, D. M., 1953. Mines and mineral resources of Newfoundland: 
Geol. Sur'/. Nfld. Infonnation Circular No. 4, 1953, 
Department of Mines and Resources, Newfoundland, 
149p. 

Bill~ngs, M. P., 1972. Structural geology: Prentice-Hall, 606p. 

Black, R., 1969. Field occurrences of Niger peralkaline acid 
rocks. Conference on petrology of peralkaline rocks: 

. University of Reading, Abstracted in Mineral. Mag. 
57, XLIII-XLIV. 

Bowden, P. , 1966. Zirconium in Younger Granites of Northern 
Nigeria: Geochim. Cosmochi~. Acta, v. 30, pp. 985-
993. 

------.• 1970. Origin of the Younger Granites of Northern 
Nigeria: .Contr. Mineral. and Petrol., v. 25, pp. 
153-162. 

Bowen, N. L., 1956. The evolution of igneous rocks: Dover 
Publications Inc., New York, 332p . 

• 

Bradley, D. A., 1962. Gisborne Lake and Terrenceville Map-areas, 
Newfoundland: Geol. ·Surv. Can., Memoir 321, 56p. 

• 



- 118 -

Brown, C. M., 1963. Melting relations of Tertiary granitic 
rocks in Skye and Rhum: Mineral. Mag., v. 33, 
pp. 533-562. 

Brown, G. C. and Bowden, P., 1973. Experimental studies 
concerning th~lgenesis of the Nigerian Younger 
Gran1tes: Contr. Mineral. and Petrol., v. 40, 
pp. 131-139. \ :-

Buddington, A. f., 1959. Granite emplacement with special 
reference to North America: Bull. Geol. Soc. 
Amer., v. 70, pp. 671-747 . 

. Butler, J. R. and Thompson, A. J., 1965. Zirconium: hafnium 
ratios in some igneous rocks: Geochim. Cosmochim. 
Acta·, v. 29, pp. 167-175. 

' ,1;, 
; 

Chayes, F., 1963. Relative abundance of intermediate members of 
the oceanic basalt-trachyte association: J. 
Geophys. Res., v. 69. pp. 1573-1588. 

Degenhardt, H., 1957. Untersuchungen zur geochemischen 
verteiluns des Zirkoniums in der lithosphere: 
Geochim. Cosmochim. Acta, v. 11, pp. 279-309. 

Deer, W. A., Howie, R. A., and Zussman,"J., 1966. An introduction 
to the rock forming minerals: Longman Group limited, 
Lon·don. 528p. 

Eborall, M. I. and Wright, J. B •• 1974. Coll"(llents on "Experimental 
studies concernin~ the genesis of the Nigerian Younger 
Grclflites" by G. C. Brown and P. Bowden: Contr . 

. Mineral. and Petrol .• v. 43, pp. 159-161. 

Ennanovics, I. F., Edgar, A. D., and Currie, K. l., 1967. 
Evidence bearing on the origin of the Belleoram stock, 
southern Newfoundland: Can. J. Ea~h Sci., v. 4, 
pp. 413-431. 

£xley, C. S., 1936. The formation of china stone and china clay 
in the St. Austell granite: Brit. Ceram. Res. 
Ass·., Paper No. 331. 



· -

- 119 -

Exley, C. S. and Stone~ M., 1964. The granitic rocks of south
west England: pp. 131-184; in Hosking, K. F. G., 
and Shrimpton, G. J., (eds.~ Present views of some 
aspetts of the Geology of Cornwall and Devon, Royal 
Geol. Soc. Cornwall, England. 

Fisher, R. A. and Yates, F., 1963. Statistical tables for 
biological, agricultural, and medical researc h:. 
Oliver and Boyd Limited, Edinburgh, l26p . 

;. 

Fletcher, T. P., 1972. Geology and Lower to Middle Cambrian 
trilobite faunas of the southwest Avalon, Newfoundland : 
~arts I and II , Unpubl. Ph.D. Thesis, Univers i ty of 

~ Cambridge, England . ·~-

Garrett, R. G., 1969. The determination of sampling and ana lyt ica l 
errors in exploration geochemist ry: Econ . Geol . , 
v. 64, pp. 568-569. 

, 1973. Regional geochemical study of Cretaceous -
----- acidic rocks in the northern Canadian Cordillera as 

a tool for broad migeral exploration: pp. 203- 220, 
in Jones, M; J. (ed.), Geochemical Explorat ion, 1972: 
Proc. Fourth Int. Geochem. Expl . Symp., Inst. Min . 
and Metall., London. 

Gerasimovskii, V. T., Tuzova, A. M. and Shevaleywskii, J. D., 1962. 
Zirconia-hafnia ratio in . mineral~and rocks of the 
Lovozero massif: Geochem. no. 6, pp. 585-592 . 

Goldschmidt, V. M., 1954. Geochemistry: A Muir (ed.), Clarendon 
Press, London, 730p. 

Greenwood, R., 1951 . Younger intrusive rocks of Plateau Province, 
Nigeria, compared with ~1kali rocks of New England: 
Bull . --Geol . Soc. Amer., v. 62, pp. 1151-1178. 

Howse, C. K. and Fischer, R. P., 1939. Newfoundland sh ips fluorspar: 
Eng . and Mining J., v. 140, pp. 42-45. 

Hughes, C. J . , 1971. Anatomy of a granophyre intrusion: l i thos , 
v. 4, pp . 403~415. 



- l ?0 -

,l,tcobson, R. f~. 1.. Mi!ClPod, W. N. and BLHI<., R. , l95H. Rinq-
complexes in the youn~Jer (_Jranitt~ province of -
Nor·thern Niqeri<t: Mcm. (;eol. Soc. London, 1. 

,l.tiiiPS, IL S., ,md H,unilton, 0. L., l96q. Ph.t'lf' reLHil•ns in 
tht> systPrtl Nt~I\1Si 1 08 -1. KA1 SiJO!l - CtAl

2
Si 70H - SiO/. 

c~t 1 kilobdr w,JtPr pressun•: Contr. Minct•ctl. cUlCI 
PL•trnl . • v. ?1. pp. 111-141. 

,lulws , ,J. fL, W43 . · Gent'r,ll r·eport of the Ceoloqical Survl'y of 
NcwfoundL1nd for lB39 .tnd lH4fl: London, IJP. H3-U7, 
133. 154. 

Q 

K,wffm,lll, R., 1936. Heconnt~iss,mce of. the re()ional ,md econonnc 
~leoloqy of the St. Lawrence area, Newfoundla nd, 
with notes on fluorite: lltipuh. fLA. thesis, 
Princeton Univ., Princeton, 140p. 

KL•llt'lwr. C., 1940. Fluorite mininq in Newfoundldnd. Unpublished 
J.!diJl'r read be fort' Fel>. 1940 meet i nq of Am. Ins t. 
Min. and Met., [nq, 

KPtT, P. F. , 1959. OpticaloMineralogy: McGraw-Hill Uook' · ' 
Company, New York, 442p. 

Koqarko, L. N., Krigman, L. D. and Sharudilo, N. S., 196R. 
Experimental investigations of the effect of 
alkalinity of silicate mefts on the separation of 
fluorine into the qas phases: Geochem. Inter., 
v . 5 ~ pp. 7B2. ~ 

Krauskopf, K. B., 1967. Introduction to Geochemistry: McGraw-
Hill Book Company, New York, 721p. 

I 
, 1969 . Relative volatilities of fluorides and 

chlorides of ore-forming n~tals in magmatic gases: 
pp. 155- 165, in Khitarov, N. I. · (ed.), Problems of 
Geochemistry,:Keter Press, Jerusalem. 

langmhyr, F. J . and Paus, P. E., 1968. The analysis of inorganic : ., 
siliceous materials by atomic absorption spectro- .; ~f 
photometry and hydrofluoric acid decomposit i on l· 

technique, Part I: The analysis of silicate rocks: 
Anal. Chim. Acta, v. 43, pp. 397-408 , 

. ~ 

• 



- 121 -

Lepelticr, C.; 1969. A simplified statistical treatment of 
geochemical data by graphical representation: 
Econ. Geol., v. 64, pp. 538-550. · 

Luth, W. C., Jahns, R. H. and Tuttle, 0. F., 1964. The granite 
system at pressure of 4" to 10 kbs: J. Geophys . 
Res., v. 69, pp. 759-773. 

MacDonald, R., Bailey, D. K. and Sutherland, D. 5., 1970. 
Oversaturated peralkaline glassy trachytes from 
Keriy-: J. Petrol., v. 11, pp. 507-518 . 

MacKenzie, K. J.D. and Green, J. M., 1971. 
colo~ation in Derbyshire Blue 
other blue banded fluorites: 
PP'. 459-470. 

The cause of 
John fluorites and 
Mj nera 1 . . Mag. , v. 38, 

McCartney, W. 0., 1955. Argentia, Newfoundland: Geol. Surv . 
Can.; Pape'r 55-11, Preliminary map with ma rginal 
notes, scale one inch to one mile. 

Mehnert, K. R., l968. 
rocks: 
393p. 

Migmatites and the or1g1n of granitic 
Elsevier Publishing Company, Amsterdam, 

Miesh, A. T., 1967. Method of computation for estimating 
geochemical abundance: U. S. Geol. Surv. Prof. 
Paper 574 B. 

Moorbath, S. and Bell, J.D., 19651. Strontium-isotope abundance 
studies and rubidium-strontium age dete'l'minations 
on Tertiary igneous rocks from the Isle of Skye, 
north-west Scotland: J. Petrol., v. 6, pp. 37-66. 

Moorhouse, W. W., 1957 . The study of rocks in thin se~tion : 
Harper's Geoscience Series, Harper ' & Ro~·~ Ne\o/ York 
and Evanston, 514p. ' 

\ 
Murray, A. and Howley, J. P. , 1861. Geological Survey o ( 

Newfoundland reports for 1864-1880: London, pp. 99, 
105-106, 232-236, 242. ,. . 

. .) 



- 122 -.., 

NodulJs. S. £.., 1954. Average composition of some i yneous 
roc b: 8u 11 . Geo l. Soc . Al!le r. • v. 65. pp. 1007-
1032. 

Nockolds, S. R. and Allen. R., 1953. The geochemist ry of some 
igneous ro~ series: Geochin1. Cosmo~ hi m. Act'a, 
v. 4' pp. 105-14?. 

, and Mitchell, R. L.. 1948 . The geochemistry of ' 
--·- ------ -- some Caledonian 1-1lutonic rocks: A study in the 

relationship between the n~jor and trace elements 
of igneotts rocks and their rninerals: Trans. Roy . 
Soc ., Edinburgh, v._6l, pp ; 533-575. 

Odik<Hize, G. L., 1971 . Distribution of fluorine in the granitoi ds 
of the Greater Caucusus and Dzarul Massif: Geochem. 
Inter . , v. B, pp. 314-3'23. 

O'Driscoll, C. F., 1973. Geology and Petrochemistry of the 
Swift Current Granite, Newfoundland: Un pub. ll.Sc. 
(Hon.) thesis, Memorial Univ. of Newfoundland, 
R4p. ~ 

Oyawoye, M. 0., 1962. The petrology of the district around 
Bauchi, Northern Nigeria: J. Geol., v. 70, 
pp. 604-615. 

Rfmsny, J. G., 1967. Folding and fracturing of rocks: McGraw
Hi 11, New York, 568p. 

Reynolds, D. L., 1954. Fluidization as a geological process, 
and its bearing on the problems of intrusive 
granites. Am. J. Sci., v. 252, pp. 577-613. 

Rose, H. J., Adler, I. and Flanagan, F. J., 1962. The use of 
LJ203 as heavy abs?lber, in X-ray fluorescence 
analysis of silicate rocks: U.S. - Geol. Surv. 
Prof. Paper 450 B, pp. 880-882. 

Sen, · N., Nockolds, S. R. and Allen, R., -1958. Trace elements 
in minerals from rocks of the southern Californian 
Batholith: Geochim. Cosmochim. Acta, v . 16, 
pp. 58- 78. 

.•. I 



- 123 ._ 

Siedner, G., 1965. Geochemical features of a strongly 
fractionated alkali igneous suite.: Geochim . 
Cosmoc;him. Acta, v. 29, pp. 113-137. 

Smith, W. S .• 1938. St. Lawrence Fluorspar: Geol. Surv. 
Nfld., Unpub., 36p. 

______ , 1957. Fluorspar at St. Lawrence, Newfoundland: 
Nfld . Fluorspar Ltd., unpub .. , l30p . 

Solov'yer, A. T., Chuprov, -V. V. and Moizhes, I. B., 1967. 
Geochemistry of fluorine in the alkalic rocks • 
of Hestern Transba'ikalia: Geochem. Inter . , 
v • 4, pp. 278-285. 

Stredeisen, A. L., -1967. C.lassification -and nomenclature 
of igneous rocks: .- N. Jb. Miner Abh., v. 107, 
no . 2, pp. 144-2J4 . 

Strong, D.-F., Dickson, H. t. and O'Driscoll, C. F., 1973a. 
Geochemistry of eastern Newfoundland granitoid 
rocks: Nfl d. Dept. Mines and Energy, Min. Res. 
Div., unpub. preliminary report, 168p. 

. 

---==----..::-:-:-:----:-' and Kea n , 
B. F., 1973b. Geochemistry of easterfi Newfoundland 
granitoid rocks: Nfld. Dept. Mines and Energy, 
Min. Res. Div., '(in press) . 

, , , ' 
------ and Stevens, R. K .• l973c. Geoch~mi ca 1 .e-vidence 

for a long-lived east-dipping Appalachian subduction 
zone in Newfoundland: Nature, · V. 248, pp. 37-39. 

Tauson, L. V., 1967. Geochemical behaviour 6f rare e lements 
during crystallisation and differentiation of 
gral')itic magma: Geochem. Inter., v . 4, pp. 1067-
1075. 

, 

.. 



-::,./ 

,• 

) 

- 124 -

Tauson, L. V. and Kozlov, V. D., 1972. Distribution functions 
and ratios of trace-element concentrations as 
estimators ~f the or~-bea_r:jng potential of granite: · 
pp. 37-44, ~Jones, M. <1., _(ed.), Geochem. -
Exploration, 1972. Proc. · Fourth Int. Geochem. 
Expl. Symp.; Inst. Min. and Metall. 

Taylor, S. R., 1965 .. The application of trace elements data to 
problems in petrology: Phys. and Chern . of the 
Earth, v. 6, pp. 133-213 . 

. , 
Tennant, C. B. and White, M. L., 1959. 

of some geochemical data: 
pp. 1281-1290. 

Study of the distribution 
Econ. Geo 1. , v. 54, 

'·, 
Thompson, R. N., 1969. Tertiary granites and associ~ted ,rocks 

of the Marsco area, Isle of Skye~ Quart. J. -
Geol. Soc. lond., v. 124, pp . .349-385. 

and MacKenzie, ~1. S., 1967. Feldspar-liquid 
equilibria in peralkaline acid liquid- An 
exper1mental study: Am. J. Sci., v. 265, · 
pp. 714-734. 

· TI"Fornton, C. P. and Tuttle, 0. F., 1960. Chemistry of igneous 
rocks, (jifferentiation index: Am. J. Sci., v. 
258, pp. 664-684. 

Turekian, K. K. and Wedepohl, K. H., 1961. Distribution of 
elements in some maj'~r units of the earth ' s 
crust: Bu 11 . Geo 1 . Soc. Arne r. , v. 72, pp. 
175-192. 

Turner, F. J. and Verhoogen, J., 1960. Igneous and metamorphi c 
petrology: McGraw-Hill Book Company, New York, 

-.. To rontQ:.,- London, 694p. 

Tu.ttle, 0. F. and 'Bowen, N. L., 1958. Origin of granite fn 
the ·· light of exp~rimental studies in the system 
NaA1Si 308 - KA1Si 308 - Si02 - H20: Geol. Soc. 
Amer. Ml!m. 74, l53p. . 

.J 



-· - ~ 

125 -

Van Alstine, R. E., 1948. Geology and mineral deposits of 
the St. Lawrence area, Burin Peninsula, 
Newfoundland: Geol. Surv. Nfld., Bull. 23, 
64p. 

Vi nogradov, A. P., 1962. The average content of chemkal 
elements in the principal types of igneous rocks 
of the earth's crust: Geokhimiya no. 7, 
pp. 555-571. 

Vlasov, K. A., -1966. Geochemistry of ' rare elements : ~Israel 
Prog. Sci. Trans., IPsr. no. 2169, 668p. 

Wager, L. R. and Brown, G. M., 1960. Collection and preparation 
of material for analysis: pp. 4-23, _in Smales, 
A. A., and Wager, L. R. (eds.), Methods in Geo
chemistry, Wiley Interscience, New York. 

and -Mitch! 11, R. L., 1951. The dis tri butli on of 
trace elements during stro.ng fractionation of bas ic 
magma. A further study of the Skaergaard intrusion, 
East Greenland: Geochim. Cosmochim. Acta, v . . l., 
pp. 129-208. 

( 

Wanless, R. K., Stevens, R. 0., Lachance, G. R. and Edwards, C. M., 
1967. Age Determinations and Geological Studies; 
Geol. Surv. Can. Paper 66-17. 

, • and 
------ R1msa1 te, R. Y .R., 1965. Age DetermlnQt ions and 

geological studies: Geol. Su'rv. Can., Paper 64-17 
(Part 1 ) . 

Wi 11 i ams, H. , 1971. Geo 1 ogy of Be 11 eo ram Map-Area, Newfound1 and: 
(lM/11). Geol. Surv. Can. Dept. Energy, Mines and 
Resources, Paper 70-65. 

, Kennedy, M. J. and Neale, E. R. W., 1972. The 
------Appalachian Structural Provi111ce: pp. 181 -261, in 

Price, R. A. and Douglas; R. J. W. (eds.), -
Variations in Tectonic Styles in Canada: Geol. 
Assoc. Can. Spec . PaperNo. 11. 



'\.. 

·) 

• 

- 126 -

Williamson, D. H., 1956. The Geology of·the fluorspar district 
of St. Lawrence, Burin Peninsula, Newfoundland: 
Nfld. Dept. Mines, Agric. and Res., Min . Res. Di v., 
unpub., 140p. 

Wright, J. B., 1969. A simple alkalinity ratio and its appl i cation 
to questions of non-orogenic granite genesis~ Geol. 
Mag . • v. 106., no. 4., pp. 370-384 . 

1970 . Controls of mineralisation in the older 
and younger . tin fields of Nigeria: Econ. Geol., 
v. 65' pp. 948-961 . 

. ~Jyllie, P. J. and Tuttle, 0. F., 1961 . Experimental investigation 
of silicate sys terns containing two vo 1 at il e components . 
Part II: Am. J. Sci., v. 259, pp. 128-143 . 

.... ----- -. . 

... . ... 



Plate 1: 

Plate 2: 
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Lee and stoss profile of Mount Margaret, (looking 
east) an upper Cambrian alkali basalt plug. 

St. Lawrence Harbour, (looking south) showing the high 
cliffs of sedimentary rocks and the lower coastline of 
granite. 



Plate 3: 

Plate 4: 
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Photomicrograph showing flow-banding and spherulitic 
structure in rhyolite of the Harbour Main Volcanic 
Series (plane light). Thin section no. 39. Field of 
view 3 mm. by 2 mm. 

Typical thinly-laminated tuffaceous sediments of the 
Burin Series at St. Lawrence Point. 



Plate 6: Thinly bedded 
shale of the 
Little Lawn 
Formation at 
Murphy's Cove. 
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Plate 5: Nodular limestone 
(thin white units) at 
the top of the Brigus 
Formation at Three 
Sticks Cove. 



Plate 7: 

Plate 8: 
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Conglomerate at the base of the Brigus Formation 
resting on an uneven surface of the Harbour Main 
Volcanic Series at Three Sticks Cove. 

Irregular silicification zones in the hornfels 
of Little Lawn Formation at 2 km south-east of 
Welch•s Pond. Note the white and green zones~ for 
which analyses are presented in Table 2. 
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Plate 9: Photomicrograph showing zoned titanaugite in the 
Mount Margaret Volcanics (plane light). Thin 
section no. 25. Field of view 2 mm. by 1.3 mm. 

Plate 10: Diabase dyke 
intruded the 
St. Lawrence 
granite at 
Shoal Cove. 



Plate 11 : 

Plate 12: 
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Intrusive contact between the St. Lawrence 
granite and the Little Lawn Formation at 
Chamber's Cove. 

Granitic veins in the Little Lawn Formation at 
Red Head. 



Plate 13: 

Plate 14: 
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Three phases of granite at Hares Ears. Note 
the characteriitic red weathering of k-feldspar 
phenocrysts. 

Tuffisites (gas breccia) at Red Head. 
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Plate 15: Quartz-feldspar porphyry dykes (offshoots of the 
St. Lawrence granite) dipping gently north on 
the top of the Little Lawn Formation at Little 
Lawn Harbour. 

Plate 16: Photomicrograph showing granophyric texture in the 
St. Lawrence granite (cross-nicols). Thin section 
no. 3. Field of view 2 mm. by 1.3 mm. 



Plate 17: 

Plate 18: 
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Photomicrograph showing perthitic and granophyric 
textures in the St. Lawrence granite (cross-nicols). 
Thin section no. 22. Field of view 1 mm. by 0.6 mm. 

Photomicrograph showing deuteric albitisation rims 
on perthitic feldspars in the St. Lawrence granite 
(cross-nicols). Thin section no. 22. Field of view 
1 mm. by 0.6 mm. 
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Plate 19: Photomicrograph showing riebeckite (rbk.) growing 
along the cleavages of the aegirine (aeg.) crystal 
in the St. Lawrence granite (plane light). Thin 
section no. 245. Field of view 1 mm. by 0.6 mm. 

Plate 20: Photomicrograph showing fluorite crystals associated 
with biotite in the St. Lawrence granite {plane light). 
Thin section no. 142. Field of view 1 mm. by 0.6 mm. 



Plate 21: 

Plate 22: 
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Photomicrograph showing fluorite crystals as 
accessory minerals in the St. Lawrence Granite 
(plane light). Thin section no. 142. Field of 
view 1 mm. by 0.6 mm. 

Photomicrograph showing euhedral quartz with embayed 
boundaries in the St. Lawrence granite (plane light). 
Thin section no. 94. Field of view 2 mm. by 1.3 mm. 



Plate 23: 

Plate 24: 
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Slickensided surface coated with red hematite 
and purple fluorite at Little St. Lawrence quarry. 

Two phases of the St. Lawrence granite at Chamber's 
Cove. Note the darker colour contains higher volatile 
content than the lighter. 



Plate 25: 

Plate 26: 
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Typical cubic fluorite crystals at Lord and Lady 
Gulch vein. 

Sulphide minerals at the contact between the St. 
Lawrence granite and the Little Lawn Formation at 
Chamber 1 s Cove. Galena (gnJ, sphalerite (sph.) and 
fluorite (fl.). 
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APPENDIX 

1.1. Sampling Methods 

The sampling programme was planned to permit-'assessment _ 

to the geo-chemical variability at and around outcrops, the overall 

yariability within plutons, the variability between plutons and 

the variability within the St. Lawrence grantte. An attempt 
. . 

was made at obtaining about two samples per square km, but in 

many cases this was not possible because of poor exposure and 

·. inaccessibility (see Fig. 8). 

Eight-pound sledge hammers were used to collect single 

and duplicate rock samples of 5 to 10 kg, depending on grain-size 

(cf. Wager and Brown, 1960). The specimens were described accord,ng 

to a format adapted from R. G. Garrett, Geological SurYey of Canada, 

with the intention Of using his computer programmes developed for 

· a si~il~r Study of Yukon granitoids (Garrett, 1973}. This format 

is shown in Fig. 30 . 

• 
,. 1 . 2. L~bora tory Methods 

1.2.1. Sample Preparation 

All the samples were crushed according to the following 

procedure: 

1) Ea ch sample was. broken.into chips using a small sledge hammer 

on a thick plywood board. A slab was saved for,section i ng. 

· ·2) A clean, represent~tive sample of chips was crushed to 1-2 em ' 

or smaller pieces in a stee 1 jaw crusher. ' 
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3) A representative sample of these pieces was crushed in a 

tungsten-carbide Siebtechni k swing mi 11 fur -~ree to f~ur 
minutes ·produ_cing a r.ock powder of -lCiO mesh, as determined by 

random sieving checks. 

·4) The powder was put into 4 oz. jars and dried overnight i n an 

o.ven at· ll0°C. 

· 1.2.2. Major and T~ace Element Analysis 

Eight majcir and six trace elements were determined by 

X-ray fluorescence analysis of Mscs pressed from .the rock powder 

using a Phillips 1220-C computerised spectrometer. Approximately 

l/3 of the samples were analysed by a method modified from that 

of Rose,et ~·, (1962). The sample discs were prepared in the 

following manner. I 

I 
I 

1) 1. 5 g of rock powder was ~oroughly mixed with two 
I 

to three drops of N-30-88 Mowiol hindi g a~ent until the colour 

" was unifonn. 

2) Using a boric acid b eking, thi_s po"wder was pressed 

into a disc for one minute at 15 ons per ,square inch. 

The eight major elem nts determined using fused powders 

were prepared by t he method : 

1) 0.7500 g of powder+ 0.7500 g of La2o3.+ 6.00 g 
. . 

,of ·Li
2
s

4
o
7 

were care~ully eighed out, mixed togethe r , and put i n 

a graphite crucible. 

2) A dozen ctucibles at a time were put i n a muffle 

furnace pre-heated to ,000°C and left to fu se for .30-35 mi nutes . 
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-· 
3) After fusion th~ resulting gla1s beads w~re 

• '! 

allowed to cool for 1 minu~e and put in "Clej" glass jars . 

. 4} The weight of each bead_ was ~adjusted to 
·I 

exactly 7.5000 g with dried Li 2B4o7 , compe~sating for weight 
- J 

lost during fusion and thus giving an exa~t dilution. 

5) Each bead plus the Li 2B4o7 .~as placed in a 

tungsten-ca~bide ball mill vial,cracked ~ith a steel cylinder, 
I 

and then crushed in the ball mill to -100 mesh. 
'I 

6) The powder was then put in bottles and dried 

overnight at ll0°C. 

7) The sample discs were tl'ten prepared as outlined 

above. 

Na and Mn were analysed using a Perkin Elmer 303 

. Atomic Absorbtion Spectrometer usin9 a method similar to Langmhyr 

and Paus (1968). The solutiotls were prepared by the follo\'ling 

method: 

1) 0.2000 g of powder was mixed with 5 ml of 

' 
concentrated HF and heated on a steam bath for 20 mi nutes until 

completely dissolved. 

2) Each sample was di~uted with 50 ml of saturated 

bori;: acid and made up tQ 200 ml / with distilled water. 

3) Analyses were donJ by comparison with international 

rock standards. 
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• 1.2.3. Loss on Ignition 

loss on ignition was calculated by measuring a 

known amount of powder. into a porcelain crucible, heating at 

1050°C for two hours, weighing _again and expressing the difference 

in percent. -It is assumed that the loss on ignition represents 

predominantly H2o and co2. 

1.3. · Precision and Accuracy 

The precision and accuracy of major and trace 

element analyses are shown in Tables 7 and 8. It wilT be readily 

seen that analytical errors are significantly less than the 

chemical variation discussed in the text. 

' ' 
\ '\ 

\ 
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TABLE 7 

(a) Precision of analytical methods for Major Elements 

FUSED SAMPLE (CD-371) UNFUSED SAMPLE (LD-75) 
ELEMENT 

Range (%) Mean S. Dev. N Range (%) Mean S. Dev. N 

Si02 10.70 76.58 1. 94 41 6.90 76.21 1. 91 

Ti02 0.10 0.17 0.03 41 0.02 0.03 0.01 

Al 2o3 1. 40 12.28 0.36 41 1.37 14.13 0.35 

Fe2o3 0.34 1. 15 0.08 41 0.57 1. 45 0.20 

MgO 5.80 0.30 0.94 41 1.66 0.91 0.45 

CaO 0.76 0.87 0.10 41 0.24 1 . 11 0.08 

K20 0.17 1.73 0.03 41 0.58 2.43 0.23 

P205 0.01 0.005 0.002 41 0.10 0.04 0.09 

(b) Precision of analytical methods for Trace Elements (from 9 
independent discs of LD-75). 

13 

13 

13 

13 

13 

13 

13 

13 

ELEMENT RANGE MEAN S. DEV. 

Zr 33 68 10 

Sr 21 138 9 

Rb 8 106 3 

Zn 9 37 3 

Cu 16 4 6 

Ba 197 755 74 
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TABLE 8 

(a) Accuracy of Major Element Analysis as determined by fit of standards 
to calibration curve. 

FUSED SAMPLES UN FUSED SAMPLES 
ELEMENT 

Range(%) S. Dev. No. Stds. Range(%) s. Dev. No. Stds. 

Si02 
38.5 0.67 21 23.3 1. 63 10 

Ti02 
4.59 0.03 23 1 .08 0.06 9 

A1 203 23.35 0.37 23 4.20 0.67 11 

Fe2o3 27.83 0.16 20 7.50 0.20 9 

MgO 49.70 0.89 18 3.33 0.27 7 

CaO 13.63 0.10 21 7.70 0.55 8 

~0 11.78 0.07 21 4.52 0.14 9 

P205 1.90 0.09 18 

(b) Accuracy of Major Element Analysis as determined by comparison of 
24 samples analysed by X-ray fluorescence and atomic absorption. 

ELEMENT RANGE (%) S. DEV. 

Si02 7.74 0.99 

Ti02 0.71 0.02 

Al 2o3 7.40 0.30 

Fe2o3 5.06 0.10 

MgO 0.34 0.05 

CaO 0.55 0.05 

K2o 5.00 0.04 

P205 0.23 0.04 
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TABLE 8 (Cont•d) 

(c) Accuracy of Trace Elements analysis by fit of standards 
to calibration curve. 

TRACE ELEMENTS 

ELEMENT Range (p.p.m.) S. Dev. No. Stds. 

Zr 490 13 16 

Sr 784 18 19 

Rb 245 6 23 

Zn 161 12 24 

Cu 105 5 23 

Ba 1,803 33 18 



I 

\ 
APPENDIX II \ 2. 1. Representative nonnative and modal analyses 

SAMPLE NO . 
. :\ TH. 2 · TH . 6 TH. 9 TH. 11 TH . 12 
CIPW 
Norms (wt. %) 

\ Q 41 .08 37 . 17 
/ 

29.66 36 .07 35.22 •. 

\ 
Or 28 . 01 30.1 o· 31.33 26.71 30.33 
Ab 2,5. 15 27 . 54 32 .4·2 30 .06 30.16 
An 1. 93 0 . 80 

, --• 
. ! \ 

c 0. 21 

En· 1. 74 0.86 3.16 0.79 

\ 11 0.43 0.09 0.43 0.06 
Ac 1. 93 0.22 O.,Z6 I Ru 0.09 0.09 . 0.17 0 . 14 0. 1'41 
Di 0. 86 . 0.24 3.77 l. 57\ ' 
Ap -- ' 

7 'I 
'Wo 1. 78 
Hm 1. 55 ~ 1. 35 2.17 1. 25 1.46 ' 't 

Modes 
(Vol. %) / 

/ Qtz 36 35 30 . 31 40 
K-fe1d. 39 42 44 57 57 
Plag. 20 13 20 --
Hbl. 6 
Rbk. 
Aeg . 2 
Chl. 2 4 2 
Bi ot. ;--F1 f- --
Magn . - 3 4· 4 3 2 
Zi r . 
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v ' 

SAMPLE NO. TH. 22 TH. 47 TH. 54 TH. ,65 TH. 68 

CIPW 
Norms (wt. 0' ) 0 

/) 

Q 36 . 59 39.20 16.5S 38.04 40.38 

Or 28.84 26.96 11.29 29."02 29.26 
Ab 32.24 31.01 46,29 27 .84 . 25.70 
An 0. 21 12.32 2.21 2.28 

c 0.533 "0.02 

En 7.06 
Il 0.39 . 0.06 0.06 

Ac 0.63 

Ru 0.08 0.081 0.58 0.14 0.09 
Di 

....... 
Ap . 0.28 

Wo 0.85 0.43 0.10 .... 

Hm 0. 77 2.01 , 5. 20 2.25 2.12 

· Modes 
(Vol . ~~ ) 

Qtz 43 30 22 34 33 

K-fe1d. 55 59 12 .43 49 

Plag. 6 23 13 12 

Hb1 . · 13 

Rbk. r:--

Aeg . 
Chl. 2 2 

• 
Biot. 18 

F1. .. 
Magn. 2 3 2 8 / 4 

Zir . 

' 
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~ SAMPLE NO. TH. 74 TH. 87 TH. 92 TH .106 TH.l13 

CIPW 
Norms 
(wt. r) 

' Q 43.95 39.81 41.28 39 .73 38.03 
Or 29.72 29.02 28.18 28.11 / 29.45 
Ab 23.60 27.22 28 .03 27 . 14 26.98 
An 0.28 0.81 
c 
En 2.11 
I 1 0.09 0.02 
Ac 2.40 0.02 1.00 3. 41 
Ru 0.13 0.15 0.15 0.15 0.1 5 
Di 0.95 0.02 
Ap 

<) 

Wo 0. 73 0.33 0.03 1.09 
Hm . 1.49 1.03 1.49 0.80 0. 31 . 

Modes 
( Vo 1 • ~{ ) 

Qtz . · 39 30 35 30 38 
K-feld. 42 61 40 60 56 
P1ag. 14 20 5 4 
Hbl. 
Rbk. 2 1 
Aeg. 

Ch1 .' 2 
Biot. 

, 

Fl. --
Magn . 5 6 4 2 1 
Zi r. 
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2.2. Chemical analyses of the St. Lawrence gtanite 

NOTE: l. 

2 . 

The Devonian age of the St. Lawrence 
granite as shown in the field data is 
incorrect. The St. Lawrence granite 
has been dated isotopically by rubidium
strontium at 330 + 10 million years, i.e. 
Carboniferous age-:-

Major elements in 

Trace elem~ts in 

Except Hg iri ppb . 

~eight per cent. 

ppm. 

• 
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