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ABSTRACT

The St. Lawrence map area 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.

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 Si0, (average 76.7 per cent), Zr (average 516 ppm), Rb
(average 295 ppm) and F (average 1308 ppm), and low in A1203
(average 10.9 per cent), Ca0 (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

(1)



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 PH20 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.

(i1)
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CHAPTER 1
INTRODUE,T]ON
1.1. General ')

The St. Lawrence area is located between latitudes
46° 55'N to 47° OS_'N and longitudes 55° 20'W to 55° 35'W on
the southern end of éurin Peninsula of southevrn Newfound{and,
(Fig. 1). The area under investigation: is about 357 squave
Km {17 x 21 Km), located on parts of National Topographic
Series 1:50,000 scale topographic -maps Sheet 1, Nos. L/14 w'est,
L/3 Vest, 1/13 East and 1/4 East. '

Geological mapping, rock sampling and subsequent
1aboratory work were carried out by the writer during emp]oy-
ment with David S. Robertson and Associates. The total ';1me
spent in the field was about six weeks beginning August 1st, 1972.

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

‘were provided by David S. Robertson and Associates.

1.2. Purpose of the study .

. .
The main aim of this study was to determine why the

St. Lawrence pluton is so outstandingly enriched in fluorite
compared to the other granitoid rocks of Newfoundland. The
approach taken was to try and answer corollary questions con-
cerning the betrogenesis of the granite, based primarily on 78

detailed study of the bulk chemistry with Tess detailed studies
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Figure 1: Location map of the study area at St. Lawrence,
Newfoundland.




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,
al though Tow, 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 rugaed, 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. Célapoose (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 with
all the streams apparently controlled by jointing and the direction
of glacial movement. Nearly all the streams are in the youthful .
stage, characterised Sy rapids, waterfalls and pot-holes. The area
is poorly drained because of high precipiiation, 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 Qith numerous ponds and very little rock
exposure.

Evidence of ice movement,e.g. the lee and stoss profile
of Mount Margaret, indicates that the glacial ac¢tion 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
elongaféd_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 Mount Margaret. This thick glacial drift greatly
hinders fieldnobservatiohs, with outcrops only exposed along the
coast, in road cuts, and on hills.

*

Previous work

Fluorite has long been known to occur at St. Lawrence,
it being reported that the Portuguese mined the fluorite veins
for their galena content as long ago as the 18th century (Murray

’ 5
and Howley, 1881). Except for private reports of the mining

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

done by the Geological Survey of Newfoundland.

Jukes (1843) first mentibngd the presence of fluorite
in‘the St. Lawrence area. Murray and Howley paid a visit to St.
Lawrence betweén 1864 and 1880 and mention the area in their
report (1881).

Commercial production started in 1933 when the St.
tawrence 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 Limited, a wh§11y owned subsidiary of the
Aluminium Company of.Canada Limited, which gpened the Director
mine,'about 2 km east of St. Lawrence.

It was not until 1936 that Kauffmann (1936) carried
out reconnaissance geological mappihg of 65 square km of the

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




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

producéd a m&re'detailed map of tbe area covering 100 square

km west and north of St. Lawre;ce, and they later pub]ighed a
report on the fluorite deposit of St. Lawrence (1939). Kelleher
(1940) presented a paper dealing chiefly with the mining methods
empToyed at St. Lawrence. The most comprehensive geologic;q

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 ﬁépartment of Mines - in 1948.
Baird (1953) described some aspects of the geology of the area.
Williamson (1956) described the Geology of the St. Lawrence
area giving a thorough descriptive account of the rock types
present.

.Considerab]e exploration and prospecting was carried —
out throughout this period, principa]]y by the Aluminium Company
of Canada. David S. Robertson and Associates, in conjunction
with Combustion Engineering of Néw 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 investigation ' . . .

L

Initial mapping of the area was carried out using

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

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




A1l 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, with onl} reconnaisance observations on
the country rogks. Thus the following section is based
primarily on the work of Van Alstine (1948) and Williamson
(1956) .

The area lies on the southwestern flank of the
Bvalon Platform, in Zone H of the Canadian Appalachian
Structural Province (Williams, et al., 1972). It is underlain
main]x by a sequence of Proterozoic flows, pyroclastics and .
volcanogenic sediments which are unconformably overlain by a
Cambrian sequence of sandstone, siltstone, qréywacke, shale
and locally nodular limestone and conglomerate. These formations
were subsequently intruded (in chronological order) by gabbro,
the St. Lawrence fluorite-bearing alaskite granité, and later!
acidic and basic dykes. The alaskite granite has been dated
isotopically by rubidium-strontium at 330+ 10 million years
(K. Bell, pers.comm.,1974). The various interpretations of
the stratigraphy of'the area are gjven in Table 1. |

Van Alstine (1948) described a sequence of basic lava
flows, pyroclastics and argi]?aéeous sediments e.g. Burin Series,

Little Lawn'Formation and Mount Margdtet volcanics, which he




_ e

TABLE 1

STRATIGRAPHIC SUCCESSION IN THE ST. LAWRENCE AREA

PERIOD VAN ALSTINE WILLIAMSON
1948 1956
Recent Stratified sand & gravel,
stream deposits.
Pleistocene Glacial till & outwash
deposits
UNCONFORMITY
Devonian Lamprophyre dykes Basic dykes

Ordovician

Cambrian
U

Late Protero-
zoic

Early Protero-
Zoic

Rhyolite porphyry
St. Lawrence granite
Diabase & metagabbro

Mount Margaret
Volcanics

Little Lawn Formation
Burin Series

UNCONFORMITY

Kelligrews Brook, Long
Pond, & Chamberlain
Brook Formations

Brigus Formation
Smith Point Member

UNCONFORMITY

Harbour Main Volcanic
Series

Acidic dykes
St. Lawrence batholith

Basic intrusive rocks

Mount Margaret Volcanics
Little Lawn Formation
Kelligrews Brook & Long
Pond Formations
DISCONFORMITY

Brigus 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 1itho?ogi§al similarities with

other formatibns outside the Burin Peninsula. These Ordovician
rocks were tﬁ§ught to be fault%d.against Precambrian rocks in ¥
the St. Lawrence area. | .

Middle Cambrian -fossils (Paradoxides davidis) were

tound in the argillaceous sediments of the L%tt]e‘LaWn Formation
by Williamson (1956} who thus concluded that the Lipt]e Lawn
Formation and the overlying Mount Margaret Volcanics.afe of
Cambrian age rather than Ordoiician postulated by Van Alstine
(see Table 1). He further suggested that these Cambrian rocks
were not all faulted against the Precambrian rocks. In
particular the contact to the west of Little Lawn wds inter~
preted by him as an unconformity and not a fault becausq'rocki‘
of td Little Léwn Formation were fouﬁd at ﬁhe same topogréphic
Teve] across the .supposed fault Val?ey,vin the vicinity of the
Pinnac]es;. '

The writer accepts Williamson's succession and dealé

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

Fig. 2.

2.2. Description of formations in the study area

2.2.1. Harbour Main Volcanic Series

The oldest rocks 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

I_\va}oﬂ Platform, Excellent exposures 6f these rocks are seen
" on the coast near Lawn Harbour.

_ Felsic flows are chiefly rhyolite, quartz porphyry,
feldspar porphyry and dacite with spherulitic and perlitic
structures developed in most case’s} (P1ate 3). Tr;ey range from
red to purple, pa]e_ green, grey aﬁd black in colour. Mafic
flows are chiefly fine grained.str’l_i_ctureless Basalt having a
black or greenish black colour. Pillow structures are uncommaon
aﬁd where present have small amounts of chert locally inter-
bedded with them. Massive andesite ‘occurs loca]]y in the
vicinity of Lawn. [t 1'.5 lighter in colour t.han' the basé]t.,_

Thick pyroclastic deposits range from fine-grained .
tuff to very ‘coarse—graiped agglomerate. Flow brec\\cias are
c;onwﬁo_n 1 dacitg and andesite, whﬂ.sit the rhyalite and fe]dsyr

- porphyries .re_ seldom free of inclusions of sedimentary rocks.

Van Alstine (1948) repdrted that at Shatter Cliff
‘grey shale and tuff interbedded with the flows have been meta-
rﬁorphosed_ toe a conchoidally fracturing hornfels which could be

Z:Vj,bnfused easily with some volcanic rocks of the Little Lawn
.‘l%ormation. Shatter C]iff’is a high hill whose precipitous
southeast s?ope rises abruptly from the flat gr’ound'in front
.of it. A thick talus slope surxdunds the base of Shatter

Cliff and except on the east side it is surrounded by granite

,
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outcrops. Ffor 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
F’ormatibn. M.i‘croscopic 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, veinlets of granite and rhyolite porphyry cut

the volcanic rocké. This mass of volcanic rocks, if not a
roof pendant, w;s all but engulfed by the granite intrusion.

A definite Precambrian age".for this volcanic series
is determined at Duck Point along the western side of Little
Lawn Harbour, where a cong]omeréte at the base of fossiliferous

Lower Cambrian rocks rests unconformably on the rhyolite flows.

c

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 ma'inLy of massive and pillowed basalt, flow brecci“'.,a,
tuff, shale, saqutone, cqng'1omerate and )Jimestone with sedi-
mentary rocks predominant near the base of the series (Plate 4).
Basic volcanic rocks range in composition frOm andesife to
olivine basalt. The andesites are generally red or purple in

colour, and the basalts are some shade of dark greenish grey.
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There is no direct evidence for the age of the Burin

Series. Van Alstine believed that the Burin Series, along with
the Little Lawn Formation 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 Cambrian Little Lawn Formation -occupie~;> 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 r'e'cogm'sed 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 Séries is older than Lower Cambrian although it is possible
that a distinct change in facjes occurs between these two
localities. InLittle St. Lawrence the Burin Series rocks
display a difference in metamorphism conipared to the Li'ttle

Lawn Formation, the latter shbwing only a contact tybe 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 commonly me'tamorphosed to the greenstone facies".
These observations are taken as indicative of a disconformable _
relationship between the.LittT'e Lawn Formation and the Burin
Series, and it may thus be justifiable to consider the Burin

Series of Proterozoic age.
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2.2.3. Cambrian rocks .

Most of the map area is underlain by Cambrian rocks.
van Alstine (1948) described Cambrian rocks of the region very
carefully, but most of them are not found in the present map

area. As the writer is concerned only with the Cambrian

formations found in the map area, it is necessary to mention
the other Camﬁrian rocks to establish the stratiqraphy and age

relationships.

o
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, grign and grey siltstone and sandstone with
minor conglomerate and pink néaular 1imestone at the top of the
sequence (Plate 5). The formation represents a gradual en- |
croachment of the sea with accomganying shallow water conditions
shown by the presence of numefous mud cracks, ripple marks and -
cross-bedding. Most Gf-the arenaceous Sediments are thin
bedded. The siltstones conta{n 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 formation. Fossils werﬁ'
found in these limestone nodules including various hyolithid

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

Callavia broggeri, a species of Lower Cambrian age. -
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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 with ‘
X“ ' fossiliferous grey and black shale of the Little Lawn Formation.
At the contact there is a'change in lithology from unfossiliferous 7
purple siltstone with limestone nodules of the Brigus Formation

to the thinly bedded grey shale of the Little Lawn Formation (Plate

6). [t appears that at Three Stick Cove the contact Qith the

Harbour Main Volcanic Series is an upconformity 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 whgch 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 purple conglomeréte rests on an uneven surface
of- the Harbour Majn Volcanic Series (Plate 7). Both lateral and’ ,
vertical variations into coarse réd mifaceous sandstone are |

,fonmnn. Further south the conglomeréte passes rapidly into
2

Ahan TPYPPPY

red sandstone of variable thickness. The Harbour Main Volcanic
- Series is represented here by rhyolite flows and associated

fined-grained breccias. 'At the immediate contact, the Harbour /

Main Rhyolite is bleached to a creamy colour, is very irreqular
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apd is weathered, representing the eroded surface on which the
Cambrian rocks were unconformably deposited.

. In the complete Cambrian stratigraphy of the Avalon
Pfatfonn, the Brigus Formation is succeeded by the Chamberlain's
Brook Formation, Beckford Head Formation and Gull Cove Formation
which are thoroughly described by Fletcher (1972). These fock

formations do not'occur anywhere in the map area of Fig. 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 present map area.

-The Little Lawn Formation occupies an area south of
the main road between Little Lawn and Little St. Lawrence. The
age of the formation was determined at Murphy qué on the west
side of Little Lawn Harbour, where the Brigus Formation is in
fault contact with grey, purple and black Paradoxides-bearing
shale. Williamson (1956) adopted Van Alstine's terminology
but pointed out that the fossil assemblage presentvindicates
it to be of Middle Cambrian rather than Ordovician age.

The best preserved fossils were found in thinly bedded
shale while some were found in the cbarser grained rocks. A
number of fossils were recorded, all typicql of the Mjgd1e

Cambrian Paradoxides davidis zone of the Kelligrews Brook Formation,




T

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 Timestones 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
Litfle Lawn, the strike is northeast and dips southeast.. To
the east of St. Lawrgnce, the strike is northeast but dips
northwést. Sediments are locally cqntortedl

Between St. Lawrence and Little St. Lawrence; the
Little Lawn Formation is represented by a series of black shales
and siltstones which locally grade info fine-grained greywacke
with increasing amounts of clastic material. It strikes north-
west and dips generally 30° to northeast. These rocks are
extfeme1y homogenous in appearance_and often so dense as to
exhibit subconchoidal fracturing.

Black when fresh, the weathered surface 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 és 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 gfanite dips

gently westward beneath the sedimentary cover. This is con-

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

»

and by diamond drilling.




- 21 -

West of Three Stick Pond, the Little Lawn sedimentary
rocks are in contact with the rhyolite and bésalt 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 betwéen recrystallised Little Lawn sediments and
the fine-grained basalt of the Harbour Main Volcanic Series make
the contact difficult to éstab]ish without detailed petrographic
study. There is an absence of cataclastic features, and thus
faulting is un]iye]y. The contact between the Lftt]e_Lawn sedi-
mentary rocks and the underlying vo]canfc rocks is believed to
represent an unconformity prior to granite intrusion.

The Little Léwn Formation is composed entirely of
sedimentary rocks which contain fragments derivéa from thg
under]xing volcanic rocks. The fragmentary naiune 6f the grey-
wackes and lack of extensive chemical weéthering indicate rapid
erosion and deposition. ) |

HhereVgn the sediments are close to the St. Lawrence
granite fhey have been altered to a dense conchoidally fracturing
hornfels in which bedding is obscured. This hornfels is extremely |
resistant to weatherina and forms steep cliffs along the coast and ,
rugged topography further inland. Where the granite batholith

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

this thermal metamorphism is extensive.

ar
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Al though cordier{te and andulusite are produced
locally, the principal effect of the granite on the sediments
was one of recrystallization 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 seén along some fractures (Plate 8).

3

2.2.3.3. Mount Margaret Volcanics

"In the Mount Margaret area, the L%tt]e Lawn Formatign-
is succeeded by a volcanic series composed exclusively of massive
and pillowed basalt named by Van Alstine (1948) the Mount .
Margaret Volcanics. The basalt typically has a greénish black
colour and it is extremely tough. Pillowed structures about 3
to 4 feet in diameter are seen on the north flank of Mount
Margaret. nThe contacts between the Little Lawn Formafion'and
the volcanic rocks are not exposed and are placed where lava
flows become humérOus in the section. Thé 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 théigranite. Near the contact with the granite
the Tava is fine-grained but further away from the_mquin it

becomes coarser and in places amygdaloidal. The amygdules

contain quartz and a little epidote or zoisite, though in places




specularite and magnetite are present. In thin section, the
Tava is a basalt containing abundant sericitised andesine pheno-
crysts and clinopyroxene. which is almost entirely replaced by -
pale green fibrous actinolite and chYorite. Epidote and opaque
minerals are also common alteration products. Unlike Harbour Main
volcanics’, the basalts never show fluxional arrangement of
feldspar, no matter how fine grained they become.

A Tlarge outcrop of gabbro forms the summiE.of Mount
Margaret, a%d it appears to form a plug wjéhin 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
LA

knobby surface consisting of°e1ongate partially actinolitized
augite crystalg. Thin-sections ‘show that the augite is
strongly zoned and titaniferous, suggesting that these are
alkali bésalts in composition (Plate 9).

Since the Mount Margaret Vo]canicg appear to be
stratigraphically above the Little Lawn Formation, they would be
at least of Mpddle Camprian or possibly Upper Cambrian age. As <
volcanism was extremely rare on the Avalon Platform in Cambrian time,
more precise determination of the age of the volcanics should be use-

-
ful. McCartney (1955), working further east in Argentia, records the
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presence of Middle Cambrian pillow lavas. Hence, it is possible

that the Mount Margaret Volcanics are Middle Cambrian {n age.

2.2.4. Intrusive igneous rocks

2.2.4.1. Metagabbro

Metagabbro is found only north of Loughlin's Pond

where it intrudes the ngbour Main Volcanic Series. However,

outside the.map area, large bodies of the metagabbro occur
within the Burin Series in the vicinity of Burin. Xgnoliths
of basalt belonging to the Harbour Main Volcanic Ser}es wére
observed in several locations. Towards the west of Loughlinm*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 nbwhere cuts rocks younger.than
the Burin Series, a Precambrian age for it cannot be ruled
ouﬁ% On the other hand, this netagabbfo is petrographically
similar to the gabbro forﬁing the core of Mount Margaret and
suggests a similar probably Canbrian'age. |
The metagabbro is generally jcoarse-grained and

greeniéh'b]ack in colour. The weathered surface has a pa{é
green colour and is characterised by a knobby surface due to
the presence of large secondary hornbiende crystals:-lPidgié-
clase, around An55, makes up 50 per cent of the rock. Iﬁ thin
section, the éugite is completely converted to hornblende. The

e

texture is commonly hypidiomorphic.

“
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2.2.4.2. Basic’dykes

A number.of basic dykes have intruded all rocks of
the area, including the St.ﬁLawrence'granite. They are commonly
Yess than 30 meters thick and ;re either vertical 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 study
classified them as lamprophyres. They are all dark greenish to
black in colour van;ing from fine- to coarse-grained and some,
are porpﬁ;ritic with augite and hornblende phenocrysts. Good
examples of small basic dykes are seen on the peninsula béiween
St. Lawrence and Little St. Lawrenée; Thin séctions ;Bow thesg
dykes to be composed of a hypidomorphic intergranular aggregation
of feldspar, and nearly colourless augite which shows varying
stages of alteration to uralite and ghlorite. Apatite occurs °

~as accessory needles. The porphyritic'dykes contain pheno-

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

blende, chlorite and magnetite.

The St.ﬁ;;:yence granite and its associated dykes

are described in C ter 4,




CHAPTER 3

STRUCIURAL GEOLOGY

3.1. Structural geology of the country rocks

Little work was done on the structural relatidnships
in the Harbour Main Volcanic Series, which strike generally
somewhat east of north, with sqme'mafic flows which can be
traced along étrike for up to 5 km.

TQo_Lgrge northeaster]y-trénding synclines affect
the Ligtﬂe Lawn Formation, one northeast of St. Lawrenceland
the other'east of Little St. Lawrence. In the 1atter case, the
southeastern limb of the syncline is truncated by a fault.‘ The
contacts between the Harbour Main Volcanic Series and the over-
lying formations are commonly marked by thrust faults which
strike paratlel 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 dibs less than 45°, Evidence
for this is gé ven by the stfaight linear trends and-a few actual
measurements. The major structures produced by‘}oldidg 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 Little Lawn suggests step
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»

faulting, 'although the downthrow is not always in the same

direction. Local 'rotationaI movements.' are also suggested
(van-Alstine, 1948, p. 15). . |

The major gravity fault that truncates the early
structure northeast qf 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 geological
units indicates relative downward displacement east of the
fault in the north, while to the south the downthrow is on
the west. However, the relative displacement of the _\two
major synclines whose axial planes dip northeast would\\sugg,est
a downthrow to the east. Since the two synclines are part of
the samé structure, a downthrow to the east would be consistent
with the absence of basic lavas from the core of the syncline
e.ast of Little St. Lawrence. |

"The normal fau1t‘s- ér; considered to be produced in
respo:nse to uplift and release of pressure following an earlier
périod of compression which caused the folding and th_rustfng.
The period of uplift during normal faulting was followed .by the j
intrusion of the fluorite-bearing granite. The relationship
between the form of intrusion of the granite»m)agma and the
earlier underlying structure present in the ’cb.untry rocks 1is

shown clearly from the map (Fig. 2).

The structure of the country rocks may be simply
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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 t‘he
thrust faults strike SOOAz(Fig. 3), produced by northwest-south-
east compr_ession along P-P. The thrust faults dip north,
usually at a high angle, with rocks 0;1 the north thrust over
those to the south, 'Any tension fractures produced parallel

to P-P wauld thus strike at 140°Az.

The orientation of Q and R may be interchanged depend-
ing on whether the maximum stress [elease is accommodated
vertically or horizontally (Fig. .4). Depending on the confining
pressure, two directions(of shear will be. developed and 40° to
the princypal 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 Hil1 and north of Pinﬁacles. |

If 100%zis one of the principal shear directions
during earlier gpmpression, it would be the dir_ection of
greatest release RR, during the later period of tension. Lines
of tensional weakness would be established perpendicular to
principal shear direction having a direction of 10% vgfn‘ch is
close to the strike of' the normal fault east of Mount Margaret.
When the normal fault striking at 10% is established, it

represents tension. The direction perpendicular will be the

. ,
direction of greatest release which coincides with the principal
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Figure 3: Schematic strain ellipsoid for country rocks
around the St. Lawrence pluton based on the
orientation of thrust faults.
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Figure 4: 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 lTatter fault to be younger. Therefore the normal fauilt

dictates the orientation of the Tater 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 1imit on its age. Possibly
the youngest rocks the granite intrudes are the Mount Margaret
Volcanics, which might be as young as Upper Cambrian (Section
gRe.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
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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. Inland, 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

Seéquence as follows:
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Younger
porphyritic granite T
fine-grained granite
medium-grained granite
coarse-grained granite 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 cm. in diameter, but
is generally about 3 cm.

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 exposures-the dykes are seen to.dip gently to the
north although further inland their attitudes become variable
(PTate 15).

| It is interesting to note that the dykes are entirely
qbsent to ‘the east of St. Lawrence. Tﬁey are rarely found in
the northern part of the area and are best developed to the west
of St. Lawrence near the contact between the Sti Lawrence granite
and the Little Lawn Formation.

This "rhyolite porphyry" may be distinguished in the

. /
field from the earlier true rhyolite porphyry of the Harboyur

-~
-

Main_Voléanic Series by the higher proportion of quartz
phehocryéts, lesser alteration and the proximity to the granife._
The above features indicate that the St. Lawrence
granite is a shallow intrusive that has not been deeply eroded,
1i.e;, "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 ' J

In hand specimen the St. Lawrence granité is a pink

to red granitic rqck'characterised by a scarcity of ferromagnesian
[

minerals. \Jhe'texturé varies from medium-grained hypidiomorphic
to aphanitié depending upon nearness to the contacts. The

mafic minerals and p]agiocla&e, when present, tend to be euhedral,
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while most of the a1k$1i fq1dspar is subhedral and quartz
occup{es irregular inter§tices. The éranite §onsi§ts
essentially ofvred alkali feldspar and glassy quartz.
Miarolitic cavities are commonly 1iﬂéd thh quartz and,
in some cases, fluorite crystals. |

Weathering of the granite causes bteaching of the
feldspar due to alteration to sericite, and removal of some
fine hematite in the feldspar. Local ;}nera1ogica1 variations
are found close to the contacts where assimilation of the
c0untry roqks produces a more Qasic 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 ironlin the a]ka1{ %e]dspar.' Increase of altera-
tion towards the'f1uorite veins is ‘shown by the darker red ‘colour -
of the granite with especially strikina reddish brown orthoclase
crystals, The xenoliths of the country rock show only thermal
metamorphism with no marked assimilation. - ’ ,

Cé]cite is present in vugs between fluorite and granite,

i,in veins cutting fluorite and as dog-tooth spar crystais coéting '
_cUbes of f]uorifé. Intergrowths 0# fluorite with calcite suggest
that the calcite deposition occufred.sometime»during fluorite

mjﬁera]isation but continued after fluorite deposition had

"~ ceased.

\

\

The rhyolite porphyry is typically a pink porphyriﬁc

rock characterised by phenocrysts of vitreous quartz and pink t
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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 Targer 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 (PTate 17). The perthitic plagioclase is generally
albite with a range of composition between An5 and Anlo. 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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Fluokife crystals are seen in some sections and
they are commonly associated with biotite (Plate 20) and also
as an accessory_minera] (Plate 21). Hematite and magnetite
are common accessory minerals. Zircon and apatfte are rarely
seen. -

The "rhyolite porphyry" consisfs essentia]iy of the
same minerals as the St. lLawrence granite, the only difference
_ .
‘being in the texture. Feldspar phenocrysts are. commonly
perthitic orthoclase and sométimes sénidine, while albite is
relatively rare. Quartz is commonly euhedral, but shows embayed
and corroded boundaries 1ndicat1ng.some resorption (Plate 22).
Ferromagnesian minerals are never present as phenocrysts and are
only rarely found in the groundmass. GhJofite is the only
recognisable mafic mineral and it is secondary after biotite.
Magnetite and'hematite are disseminated in the groundmass of
quartz §nd feldspar. T

: ;t is interesting to compare the modal ana]ysis

(Fig. 5a and Appendix II) with the normative analysis (Fig. 5b
and Appendix II) of the granite. It is shown’that the modal
plots lie very tlose to the quartz and orthoclase sideline, whereas
the normative plots lie around the centre of the triangular diagram.
rThis reflects the amount of a]bite)in so]id solution in the alkali

feldspar. Most of the alkali fe]dspér is perthitic and the

writer grouped all the perthites with alkali feldspar for the

purposes of modal analysis.
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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 iﬁ the country

rocks in the vicinity of the granite is similar to those within

tﬁe granite. Vertical 'joints strike around 10%2 and 100%:z.
The sub-horizontal joints dip very gently and have variable
strikes, producing sheeting structuresn developed very late and
after the fluorite veins ‘through which they pass uninterrupted.
According to Billings .(1972) such sheeting structures are pro-
duced as a result of tension pérpendicu]ar'to the roof of the
bathollith_duri ng cooling and later accentuated during removal
by erosion of the superi.ncumbent load of sediments.
Slickensided surfaces are generally coated with thin
shiny films of red hématite and purple fluorite (Plate 23).
Variation in or'ientation of slickensides on joint surfates 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 pardllel surfaces may be only as_
Tittle 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

horizontal movement.
K




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. fhis is "
i1lustrated, for example, by the paralielism of the granite
from north of St. Léwrence' Harbour to Berry Hills with the
major normal fault east of Mt. Anne (Fig. 2). The most
striking example of this control is provided by the long and
very narrow outcrop of granite near Shears_tw'ck Brook, the |
south end of which passes into a major normal fault-which
strikes towards Little St. Lawrence (Figs. 2 and 6),.

The normal faults thus dictate the shape of the
batholith, with its elongation in a northerly direction. -
During the.cooling of the granite, the elongated shape of the
pluton would correlate with the or'ientatjon of tension and

shear frac't.ures of the granite in a manner analogous to that

of a strain ellipsoid (Ramsay, 1967, pp. 158), possibly

resulting in reorientation of° the earlier principal stress

:

directio}'ﬁ:\(see section 3.1.).

Elongation of the granite in a direction 10°Az
would imply that not only is it the region of greatest
release (R) but perpendicular to it is the direction of greateét
compression (P)(Fig. 6). Tensi‘on fractures in the granite occur
at right angles to the direction of elongation at about 100°Az.

Symmetrically-on either side of the tension fractures, there
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Figure 6: Schematic strain ellipsoid for the St. Lawrence

granite based mainly on the elongated shape of
the pluton.
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'
- would dc’e\;elop two directions of minimum stress and maximum shear,
along which. predominantly horﬁ'zontél movements could ta.ke place.
The angle between the tensi‘bn fractures and the maximum shear
would depend on the confining pressure. Since the St. Lawrence

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

Tow coﬁfining preséur_e would be operative. Therefore, the two
directions of shear will make an 'angle of about 40° w1_'th the
direction of tension fractures,i.e. 60%z and 140%z.

The orientation of the fluorite veins in the St.
Lawrence granite was controlled by Fhe presence of these tension_
features, For example, the Lord and Lady Gulch and the Canal
veins have a mean strike at.about 100°Az, coincident with the
strike of.the-expec_t_ed tension fractu'res‘.\ﬂSimilarly, the Tare-
fare, the Di reétor and the Blue Beach veins have a mean striké
at about 140°Az and the Doctor's Pond and the B_]atk Duck veins
are at 60%;z showing the two directions to be coin.cident: with
the. two ,directions of maximum shearing. It is iﬁteresting to
note in the field that Tarefare, Director and Blue 'Be‘ach' veins

\

show fault brecciat{on and slickensides which suggest a larger
horizontal movement combar‘ed to Lord and Lady Gulch an—d C\an»al
veins which show little such evidence of relative movement.

« Slight variation in orientation of &he ﬂuoritg Qeins may be

. due to inhomogeneity of the granite or variation in stress

orientation.
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4.6. Classification of the granite

The St. Lawrence granite composed esgéptially of.quartz
and K-feldspar, with mipnor amounts of mafic-minerals can be
readily c]assified as an alaskite granite (Moorhouse, 1957, p. 273).
The pluton likewise is clearly classified as granite on various
chemical bases, e.g. Streckeisen's (1967) modal classification
(Fig. 7a) or the normative classification of Strong, et al.{1973a)
(Fig. 7b). There are several quartz-rich exceptions to thisl
classification (Fig. 7b) which are discussed'in section 4.7.7.

Tauson and Koz]pv (1972), in discussing chemical features -

“useful 1n_eva1ugt§ng the economic potential of granitoid roéks,
describe five geochemically distinct types, namely “plagiogranites”,
"ultrametamorphic granites", "palingenic granites", "plumasitic
leucogranites” and "égpaitic leucogranites”. The plagiogranites
are characterised by very 15w contents of potassium, lithium,
rubidium, beryllium, tantalum and lead. The ultra-metamorphic
grénites have a low content of volatiles, lithium, beryllium and
tanfalum, a high barium content and a predominance of potassium
o;er_sodium. Palingenic granites have trace element contents close
to that.of the 'average granite’ of Vinogradov (1962). Plumastic
leucogranites are characterised by a.predominance of potassium
over sodium, are saturated with water and fluorine, and have

‘ . high 1ithium, rubidium, beryllium, tin, tungsten, niobium,

tantalum and rare-earth contents. Agpaitic leucogranites are -
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disltinguis'hed by being undersaturated in water and éontain ‘alkali-

rich melanocratic minera]é_ such as aegirine, riebeckite-arfved-

so;i te and alkali titanium- and zirconium-silicates,-and have a

high content of zirconium, hafnium, rare earths, yttrium, t'i,n,

nilobium and tantalum and a' Tow content of strontium and barium.

Th_e last two types are regarded by T‘auson and KQz]ov as having

the greatest economic potential in terms of non-méta]]ic minerals..
" The St. Lawrence Qranite seems to fall between the

_plumasitic leucogranites and the agpaitic leucogranites. It

_has the characteristic of plumasitic l]eucogranite in having pre-

' dominance of potassium over sodium, being saturated with

volatiles,e.g. F {average 1308 ppm.), and having a high ,rub‘idium

(average 295 ppm.) content., Similarly, it,also h_as the character-‘

istic of agpaitic Teucogranites in having high zi'rcom"um

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

and barium'(averageio ppm. ) val_ues_. It also contains minerals

such as riebeckit_e ahd aegirine, and .1'1"k‘ew1'se conforms to their

suggested pattern of economic potential.

4,7. Chemical variation

4.7.1. Intfoduction

* The dist_ribution§ of elements in a pluton'is governed
by the physiocheinica]. brocesses, both magmatic and post-crystal-.
lisation, -to which the pluton has been subjected. The distribut-

jons may also be indir‘éct]y retated to the size of the pluton and
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position within it. This secfion attempts to explain the
causes of éhemica1'variation within the.St. Lawrence p]utonf.

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 elgments. ’ﬁazo and Mn0 were
analysed by atomic absorption specgfometry, fluggine by
fluorimetry and the remaining elements wérérgnélyged using a
Phillips 1220-C computerised_spectrometer; Thé analytical
precision and accuracy and the results are sthn in Appendix 1. :

The sample location map is presented in Fig. 8,

4.7.2. \Variation diagrams .

The various elements are p]ottgd againgt silica in
the variation diagrams shown in Figs. 9a and 9b. ;ilica is
used as an independent variable-because of its wide variance
an& because magmatic differentiation generally gives rocks of

‘steadily increasing silica content. Because of closure or

constant sum effects, (Krauskopf, 1967) the increase in sjlica

content from 62 to 82 per centiwill be reflected in a total
decrease from 38 to 18 per cent of all_the other oxides, re-
: 5
gardless of differentiation or other effects.
The variation diagrams for the major elements show
that Ca0, TiOé, Fe203 (total), Mq0, Na20 and A1203 have a

negative correlation with silica. K,0 is the only oxidg showing

a positive correlation with silica. .
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Ca0, TiOz, Fe203 (total) and MgO degrease to much

less than half their initial values as would'be expected from
differentiation, since these oxides are concentrated in Tow
silica minerals. The apparent decrease.inlA1203 is é resu1t-,
of the method of plotting. ’éimi]ar]y,,NaZO which - has é small
negative correlafion with silica, is ;n fact increasing in total
content with increasing silica.  The actual ipcrea;e‘of'KZO
and Na20 across the varjation diagraﬁ reflects a strong con-
centration of alkali feldspar in the later stages of
differentiation. | h

No variation diagrams were drawn for PZOS and Mn0,
because their cohcentrations are generally too low to be
detected by thé analytical methods (i.e. less than 10 ppm.
and 50 ppm. respectively). | ’

The frace element.distributions are e;rétic; with
only two trace elements showing any significant trend. Barium
has a negative correlation and rubidium has a positive
correlation with SiOZ. For the rest of the trace e1ément§ the
distributions are erratic where the silica content is greater
than 71 pér cent. |

The negative correlation of barium with silica is
consistent with the general trend of a differentiating magma
(Nocko]ds and Allen, 1953; TJaylor, 1965). Similarly, rubidium
(fonic radius = 1.47A°) is very siﬁ%]ar 1n.s{ze and chemical
character to potassium (ionic radius =’1.33A°), and under extreme

’
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fractionation, rubidium isomorphously substitutes for potas-
; .

- sium and becomes slightly concentrated, enterihg the K-positions

in micas in preference to- those of feldspar. '

Tauson and Kozlov (1972) suggested th?t rubidium
shows.a st?onger relationship than barium with fluorine,anq
hence rubidium migrates with fluorine. As a result,'during
differentiation of a volatile-rich magma, barium decreases
and rubidium increases in concentration. This agrees with
the observation of an increase in rubidium content and a de-
crease in barium content in‘the St. Lawrence granite with
increasing fluorine and silica. p . ’

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.q. An70_93
contains 0.1 to 0.13 per cent of Sr0 and An21 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 Tow Sr
content of St. Lawrence granite, where the calcium content

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

. are less than AnlO’ hence, the low value 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 (ZrSiO4).

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 zirconium.

Thus, under alkaline conditions zirconium will not
crystallise wholly as zircon but will be mainly incorporated
in the lattice of alkaline mafic minerals. The presence of
aegirine and riebeckite, 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 1in
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
_ﬂﬂd 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 forming SiFAbonqs.
SiF4 is the most stable fluorine compound (Heat of formation 37.0
K cal/mole). Increase in- Si02 of the melt is accompanied by thé
1"ncr'ease in production of S1‘F‘-1 (Kagarko, et al., 1968). Bécaus'el‘
of its great mob1']1"ty, S\'F4 esc¢dpes from thg.magma and decreases
the amount of fluorine in the siliceous melt. Thus SiF4 com-
plexes might play an important role in the removal of fluorine
from magma. | A

As a rule, independant fluorine minerals do not form
during the crystallisation of magrﬁa which is too poor in calcium,
to coqtribute'éo the formation of fluorite (SQlov')er, et al,, 1967).
In general fluorine is dispersed émong the ino§i]icates and |

phy]]osﬂiéa_te, and enters into apatite. .'

: . !
In the St. Lawrence granite, groundmass fluorite

/crysta]s are conmonly associated Wit_h chloritised biotite and '

rarely with riebeckite and aégirine. During the post-magmatic
stage, fluorine together with other fvo]atﬂes may migrate
through fau]t_s and other fractures towards the boundaries of
the {ntrusives. The migration of fluorine is ctmmonly

accompanied by the'format'ion of greisens and by low temperature

‘hydrothermal Valter_at\'on 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 S1‘F4 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. Lawrence Granite

Cn-72 CN-72 V-5 V-5 V-5 Average
20-0' 20-194" Black Green Wnite - Shale *
11 12 21 13 21 -

- 161 151 223 142 248 160
119 139 133 302 495 300
116 . 160 173 87 127 140

92 108 116 84 54 - 95
n.d. Rtk : 307 R o aedl

72 67 58 46 28 68
128 - 116 82 64 48 90
86 84 n.d. 28 19

778 10384 641 101 154 580

-5 is from the quarry on the western margin and represents the
- progressive silicification from black to green to white in a
single . hand specimen. '

After Turekian and Wedepohl, Bull. GSA. v. 72, pp. 175-192,
1961.
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These two samples are
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Figure 10: Variably silicified hornfels of the St. Lawrence
granite (see also Plate 8).



in silica up te about 71 per cent whereby the zinc values
become erratic. Zinc will enter late Fe’ positions and the

2+

Zn2+/Fe rdtio will increase during fractionation in silicate

melts (Taylor, 1965). Since the Fezf values were not-déterminedi
in the analysis of St. Lawrence granite, the ratio Zn2+/Fe2+
cannot be compared.

However, in the field sphalerite obcurs in veins

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

is no separate sulphide phase in the granite. Hence, the high
zinc values could be from theé more basic rocks at the contact. ‘e

Cu, Ni, and Cr contents are below detection.

4.7.4. Alkalinity trend

Because of the alkaline nature of the St. Lawrence
granite, it is interesting tb examine it in terms of Wright's
- {1969} alkalinity index. Fig. -11a shows that the St. Lawrence

grdﬁite has an alkaline to pera1ka1ihe affinity accordingmto
Nright'é terminology, with most samples in the a]ka]ipe field.
Using the agpaitic index (Bailey and MacDonald, 1969), i.e.
classifying peralkaline rocks as those with an agpaitic_inde
greater than one, the St. Lawrence granite is dominantly
pefa]ka]ine. This suggests that the alkaline-peralkaline
boundary in,wright's diagram should be shifted slightly to

the left as shown by the dashed 1jne in Fig. 1la.
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Figure 1la. Alkalinity index of Wright (1969) vs Si0,

1 1 | o
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Al per cent —>

Figure 11b. Cation (%) Na + K vs Cation (%) Al.
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Fig. 11b shows a plot of ihe 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 considgred
(according to the Bailey and MacDonrald, 1969,definition) as
peralkaline, There is no distinctive separate groupingvof ,
4pera1kaline or a]kaTine_granite, and likewise in the field
there is no apparent ldcalisation of pera]La1ine or a]ka]ing

granite phases.

'This'1ack of separation suggests that our artifical

boundary between peralkaline and alkaline granites has no
natural basis.
'.The St. Lawrence granite is characterised chemically

by containing'insdfficient alumina {average 10.9 per cent) to

- accommodate the alkalis in fe]dspar;reSultfng in the formation
of the normative mineral acmite. Minera]ogicéle, it contains
relatively sodic plagioclase (average A"IO) and silica-under-
saturated mafic m{ﬁerals such as riebeckite and aegirine.
These chemical ahd mineralogical features further classify the
St. Lawrence granite as peralkaline.

.

4.7.5. K/Rb natios

Potassium-rubidium ratios of the St. Lawrence granité'

Y

are shown in Fig. 12. These ratios are compared to the.generalised
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Taylor, 1965).
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Figure 12: K/Rb ratio (Fields of different rock types after
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geochemica1 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:

K/Rb
Younger
A Porphyritic fine-grained
granite 129
Fine-grained granite 131
Medium-grained granite 137
Coarse-grained granite 148
Older

4.7.6. Differentiation Index

In this section, the writer attempts to compare the
Various granite plutons of the Burin Peninsula, as well as the
Belleoram granite, to the St. Lawrence peralkaline granite to
1'lrwestigalte 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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GRANITOID INTRUSTIONS AN

e
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13:  Location map of the various granitic pluton of southeast
Newfoundland discussed in the text.
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p]otting.the major oxide percentages against the Thornton and -
" Tuttle (1960) differentiation index (normative Q + Ab + Or +
Ne + Lc + Kh). The. data for the other plutons was obtained
from Strong, et al., (1973b). .

’ The s{1ica - D. I. diagram (Fig. 14) shows that the
majority of the plutdns of §0uth-east Newfoundland are over-
saturated in silica. Some granodioritic rocks of the Belleoram
granité extend to the saturated range of the Thornton and Tuttlé

diagram. The heavy dashed 1ine shows the general trend of o
silica content in 1gneods rocks (after Thornton & Tuttle, 1960).
JOné can see that the trends of Swift Current and
Cape Roger Mountain granites are simi]af. Field evidence shows

that the Swift Current and Cape Roger Mountain granites have

similar geological settings, are both foliated} lie along the .

same strike, and are"chemicaily and texturally very similar

1 o~

(0'Drisco]1,-1?7§; Strdng, et al., 1973b). Hence, the Swift l‘ ’
Currentcand Cape Roger_Mountain g}anites‘m§y be genetically -

related. The oh]y othér granite that lies very ciose to " the

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

Jacques Fontaine granite. The close proximity of. the Jacques

Fontaine granite and the similarity in_the chemica1 trend may

11keﬁ%se indicate that'dacques Fontaine granite is aﬁso'

genet1ca11y related to them,as sugqested by Bradley (1962)

The St. Lawrence gran1te which, 115? Cape Roger
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St. Lawrence granite

Red Island granite
Belleoram granite

Jacques Fontaine granite
Cape Roger Mountain granite

o OO B W N~

Swift Current granite
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5
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¢———— Differentiation index

t19ure 14:  Qutline of fields enclosing points for Si0,, Fe 0, and
Ca0 plotted against the differentiation inaex Gf Thornton
and Tuttle (1960).



"Mountain.and Swift Current gram"tes, lies along strike andu

in Zone H of the Canadia‘;\‘r Appalachian Structural Province
(Williams, et al., 1972) could be suggested to be genetically
related to them. However, it 1's'd1’st.1'n<\:t1y offset ‘from the
trend of these plutons in the silica - D.I. diagram of Fig. 14,
and thus appe.ars not to be genetically related to them.

However, the St. Lawrencé Iand the Beﬂeoram giranites;
lie on a contmuous trend which may 5uggest that St Law'rence
"granite is a late differentiate of magma similar to the Beﬂéoram
granite. .Field evidence shows that ‘the Belleoram granite is a-
high-level and unfo]iated.granite. fhis is similar to St. Lawrence
granite except that mi_nér-a1og1'caHy St. Léwrence granite is more
differentiated. The Red Island granité has its trend lying (
cl'c;se to the Belleoram granite and it appears that there is a-
fractionation trend from Belleoram grani_te -- Red Island granite
-- St. Lawrerice granite. | -

"The distribution trends of Fe,05 and Ca0, all
showing a definite decrease with increasing D. I_. - «;e also shown

in Fig. 14. As for 8102, the trends of these e1ements for Swift

. Current, Cape Roger Mountam and Jacques Fontame granites are

shown to be different. from the trends of the St. -Lawrence, Red
-

Island-and Belleoram granites.
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4.7.7. Petrogenesis

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

Lawre\n\ce‘_ granite. Supérimposed on these plots are the positions

of the ternary minina and eutectics (M0 5_3) at various water
pre_s_sures.l MO.S is the ternary minimum at 0.5 kb PHZO’ M] at

1 kb pHgO’ etc. Eighty per cent of the points plot in a field
centred on the ternary cotectic at 0.5 kb, and 70 per cent plot

on the arthoclase side of the minimum at this pressure. The

ma x faum PH20 allowed by the wider scatter of points is less
]

than 3 kb. Those posints which plot towards the q‘uartz—orthoclase

sideline are found in thin sections to consist essentially of

quartz and orthoc]ase phenocrysts, ahd the .re1ative proportigns

of modal qufartz and orthoc]ase are d1rect1y reﬂected in the

relative n0rmat1ve 'proportmns in ng 15, 1nd1cat1ng the effects

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

" position.

The peesence of granophyric textere in some rocks
(see section 4.4.) can be explained with referencé to Fig. 15.° _
The build up of wéter pressure, say‘tit.o 3 kb, will cause ahy liquid
of the St Lawrenr':e‘gllranite compositiio'ns to c,rys‘,taﬂlise' quartz

a1one, and the sudden release of watar pressure will cause the

cotect1c to move towards the quartz apex Hence, the hqmd

H
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Figure 15:

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).

Or
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-
that was crystallising quartz would then cryst_é]]ise feldspar.
Depending on which side the liquid compositions are with re-
Ference' to the ternary minimum; the feldspars éou]d be sodic
or potassic. In the St. Lawrence granite, most points fall

on the potassic side of the minimum. Hence, with the build up-
and release of water pressure, -the crystallisation sequence )
could alternate between quartz and K-feldspar, or both SiAmul—
taneously, and sudden pressdre release co_u]d cause quenching .

in a granophyric. 1‘~ntergrowth. " There -is ab;mdant field evidence

of sudden éxp]osive release of pressure, indicated by the'

presence of tuffisite (gas Breccia) supborting th'e above ex-
p]anatidn (Reyno]ds,s 1954 ; Hughes, 1971). It is also

supported by the fact that the granophyres ‘are most common

a_rou__nd the rapidly cooled edges of the pluton.

N Since eighty per cent of the points plot-in ;_ small field
centred on the ternary minimum at 0.5 kb (see Fiq. 15‘), the
temperature of crystallisation of the granite -is afound 780°C
which is the thermal valley temperature of this pressure as.
shown in Fig. 16. fhe perthite indicates that the granite i
coo_]ed too fast for con)piete unmixing,but too slow for h;)m—

* geneous quehching in the absence of water vapour.
The St. Lawrence granite is thus considered to be

relatively a dry, hot melt because of its low Py o minimum .
' 2

composition,i.e. a hypersolwus granite. Tuffisites suggest
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Figure 16:

Isobaric equilibrium diagram for the system
NaA]Si308 - KA'IS'iBO8 - H20 at 0.5 kb.

(after Tuttle and Bowen, 1958).

Or
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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 might be

ceen (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 "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, fndicated by the bresence of acmite
or. acmitic rims of pyroxene and aémite—bearing pegmatoids.
Normative acmite appears in some analyses of the rock§ in
alkali basalt provinces (Chayes, 1963). These indications
of-peralka1infty suggest that many ;1ka1ine and peralka1ine
rocks are differentiation products of alkali olivine basalt
(Tprner and Verhoogen, 1960).

| In the St. lawrence area, the Mount Margaret Volcanics.
{section 2.2.3.3.) qfe alkali basalts. On field evidence, the
granite intrudes the basalt, but this is not an uncommon relation-
ship in genetically re]atea suites, and the granite might thus
have fbrmed-by fractionation from fhe basalt. However, there i§
a disParity in that the basalt occuﬁieé about 2 square km. of the
map area whereas the area of the grénite is about éo square km.
of granite. If substantial basalt underiay fhe granite, it would
produce a positiye gravity anomaiy. Instead, fhe area has a
negative anomaly (J. P. Hodych, pers. comm., 1973) suggesting a Tlack
of basic material :associated with the granite}(Fig. 17). The
“disparity in the volume relations suggests'that derjvation as
residual 1iquid ffom basalt magma was not involved 5n the fqrmation
of St. Lawrence énanite. .

2.. Bowden 51970)_suggested that the perg]ka]iné

graniteé of Nigeria were hrqduced by brogressive melting of
bauchitg,.a fayalite-quartz monZopife, by-a linear zone of

heat flow from the mantle during the disruption of Gondwanaland,

as suggested by the remarkab e alignment of the Nigerian younger

-
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Figure 17: Gravity model of the St. Lawrence granite (after

J. P. Hodych, pers. comm., 1973) based on a single
traverse along the main highway from the eastern
to the western margin.
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graniteg énd the.strdctﬁra]Ty similar but dohinant]y pef—
a]kaline-gianites to the north, through the Zinder district of
the Niger Republic to the I'Air plateau. Black (1969) has also
postulated that tﬁg development of the Mestoic Nigeria-Niger
Youngerieranfte prbvince\and“the disruﬁtion of Gondwanaland

may be ré]%ted to the same cause, i.e;.that the linear
distribution of the rfng-complexes reflects the'former location
'of a zone of high heat flow in the mantle, thgs supporting
éodden's in@grpretgtion. ‘ n
EboggsT and Wright (197§) criticised this hypothesis

because it is not supported by geoTQgica].arguments. They -

pocinted out that there are very few Pauchites near Jos plateau

"and none within the Youngér Gf%nite rovince itself (Wright,

1970) and suggested that there is éniabsence of any extensive
layer of bauchite beneath the Jos pdﬁteau region or a bauchite
“body beneath each.- of the Younger Gnénite intrusions (Oyawaye,

1962). In tonchusion, they emphasise.that the similarity be-

:tWeen bauchite and fayalite-bearing Younger Granites, notably

the greenish charnockitic aspect and the.presence of .hastingsite
and fayalite,-{s due principally to the high content of iron .
re]étiye to 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 maghatic history of both.

In the St. Lawrence area there is;no evidence of the

€

presence of bauchite or any other similar metamorphic rocké.

S
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3. Melting o%.crusfal rogks.codla be responsib]e.
for the generation of high level granftes, thezmajoriiy of
which_a}e aluminous but-soﬁe-are peralkaline.
| &ko&n's (1963) experimental studies of Precambriah\

" and Tertiary noéks from Sk}é firét gave con&incing evidence that
the Tertiary r6cks could be bioduced by thé’fusion of Lewis%éﬁ
‘basement roCks,-a1thoUgH he conceded that subsidiary améunts
.éou1d have been deriyed from higher 1eve1$ in Torridonian érkoses.
The eVidgnce of Moorbath and Bel] (1965) that £he granites have
,vefy high 87Sr/865r ratios (0.712 to 0.721) compéred with the
Skye basjc rock§\qnd their differentiateé'(0;706), adds strong
-’support Edithg above hypotﬁesis. Thompson (1969), from-petror
1ogicaT?and,chemical'studiesq,postulated that'thé-Glama{g '
Epigranite is gssentially & pgrtia1 melt from relatively sodic -

acid Lewisian gneiss, and the Southern Porbhyritic Epigranite |
}:is thought to be a large partial me]t—ffaction from'predominanf]y
quridonian arkose source rocks. In the St. Lawrence aréa, no
arkose formation or'gneissic terrain is recofded although there
is.indirect evidence that it underlies the Avalon Platforn.
(Strong. et al., 1973c). The high &sr/88sr ratio of 0.720 +
. 0.005 in the St. Lawrencé granite (K. BelT, pers. comm., 1974)”

. may allow a similar interpretation of 1its origin.

4. Bailey and Schafrer (1966) suggested that 1imitéd féac—

.tional melting at the base ‘of the continental crust would be capable

!

f

u
l




- of producing a peralkaline granite parent magma, subsequently

modified to varying degreesby reacting with less alkaline ..

-continenta1 crust. Eborall and Nright'(1974) agréé w1th the
-above sugéestion.and emphasisg that the appropriate magmas

are probably generated in the deeﬁ crust or upper mantle, due

to a slightly increased geothermal gradient such as ;haracter-
< ises all non-orogenic magmatfc provinces. |

| Luth, et al., (1964), have shown experimentally that

under the pressﬁre that obtainstat deep crustal to ubber mantle
levels, grani%es would' be strongly alkalihe to pera]kalihe and

sodig in nature.

The St. Lawrence granite is intruded in a zone of
weakness along N-S normal faults (see section 4.5.). Although
it is not known how déep.these'faults may have penetféted,._
they.may have acted as channelways for the intruding magma.
Although the péfa1ka]1ne magma might be'contaminated’by sialic
rocks which could déstroy the beralkaline nature of the magma\

by supplying alumina, ft could have survived intrusion through
continental crust if it rose‘through-a cbnduit already lined
with co-magmatic material. The presence of peralkaline.granite
'c1osé1y associated with strdngly alkaline granite in the St.
Lawrence ;rea‘may indicate that a péra]kaline parent maéma had
been contaminaied with'pﬁe sialic rocks while intruding through
the gonfinenta] crqst; although it canﬁot be said that the

alkaline granite is' concentrated around the margins of the plutons,
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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:0Or 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
1iquid would fractionate alumina and eventually potash, leading
to strongly peralkaline and sodic residual liquid (i.e. the
it'.11531*1:ht;)c'lr-.lse effect"). However, the "orthoclase effect" was based
On the assumption that the alkali ratio of the crystals is related
in a simple fashion to the alkali ratio of the 1iquid. Thompson
and Mackenzie (1967) showed that this is not the case, and there

1S thus no reason to expect peralkaline granites to be strongly




o

e St. Lawrence granite
x Belleoram granite

Figure 18: Normative plots (wt. %) of the Belleoram granite
in the Q-Ab+An-Or system (after Strong,et al.,

1973c).
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Although the St. Lawrence granite is not particularly

Sod1c, extreme fractionation of magma such as the Belleoram gran1te

may produce a peraTka]xne residual 11qu1d that can be 1ntruded at

hwgher levels to form the St Lawrence pera]ka11ne gran1te

1
~

4.7.8. ~Comparison.with other granitfes '

. Because of their gross chemical similarities and similar
. . ' . .

" associated mineral deposjts, it is intereétjng to compare the

St. Lawrence granite to:those of the South-West England granites

and the Younger Granites of Northern Nigeria. |
Tge normafive«p1ots of Q:Ab;An:Or for riebeckiteﬁ

grénite of the Younger Granifes of Northern Nigeria (Jacobson,

-

t al., 1958) and the porghyritic biotfte granites of South-Wes#

England (Exaey and Stone, 1964) are shown in Fig. 19. Pgints 1

and 2, which are riebeckite-aegirine-bearing granites of Kudaru

and Lituei iespective]y, ﬁjt precise]y-in the eentrevof the-st.
Lawrence granite field. "Points 5 6 7, are biotite-riebeckite
bearing granites and-=fall towards the p]ag1oc1ase corner outs1de .
the EF. Lawrence field. Poiqts 3 and 4 are albite-riebeckite
bearing granites and they plotmwell outside the St. Lawrence field
close to the quarti—orthde]ase;eetecpic Bm'water pressureqéroepd-
]kab. Minera]ogjca]]y,;fhe riebecki;e—aegirine-bearﬁng granites
%f'the Younger Granites of Northern Nigerié are very similar:té
“that of St. Lawrence gqen1te These siﬁi]arities ere empha§ized.

by Table 3, whe re-the oan/s1gn1f1cant d1fference is fhe Tower Na20
. .

of St Lawrence gran1te

Lo
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Figure 19: Normative plots (wt %) of Q-Ab+An-Or system of

: the Younger Granite of Nigeria and the St. Austel
granite of S. W. Eng1and
(Numbers explained in text.)
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TABLE 3

CHEMICAL ANALYSIS OF VARIOUS GRANITES

1 2 3 4
76 .46 76 .25 75.26 72.2
.14 el .26 i
'3 10.70 10.23 10.48 15.4
' 1.70 1.23 2.42 .25
-———— .76 . - -——-
.00 -——- -——— .004
.02 18 . 35 .08
| « 31 -7 B
3.61 4.68 4.04 3,52
4.74 4.65 4.66 4.58
.00 .01 .08 L
.13 L8 .09 1.36

St. Lawrence peralkaline granite
Riebeckite aegirine granite, Kudaru, Nigeria

Riebeckite aegirine granite, Liruei, Nigeria

A W N =

Porphyritic biotite granite, St. Austel, S-W. England
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K

The fluorite granite (Mean of '3 analyses), St.
Austell (from Exley, 1956) of South-West Eng]_and‘ is compared
to the St. Lawrence granite in Table 3,showin§ that ther.St.
" Lawrence peralkaline grahite has a higher silica content,
and the high A1203 content of the St. AustgH granite classifies
it as peraluminous and not peralkaline.

Although the nomatwe plots of the porphyr1t1c
b1ot1te granite of St. AusteH fall near the field of St.
Lawrence granite, they are strikingly different in their

mineralogy and alkalinity. £

4.7.9. Other Newfoundl/and_pe%a]ka]ine. granite

There are two other granitoid plutons in Nev(vﬁfoundland
that are, rfebeckite-bea’yring, namely the La Sci " am‘te'an'c:j the'
Trayt_own granite., The La Scie granite, 16cated on the Burlington
Pén'insu1a, has not been chemically anal'ysed,'and thus -will nbt be
discussed furthe;‘. On the ‘other hand, the Traytown granite is in
the same geological setting',. i.e. Zone H (Williams, et al., 1972)
as St. Lawrence: The éverage che‘mical ana’]yses'_.of it is shown in
Table 4 (from Strong, La]_-. , 1973b). Most of the major elements
of Traytown and St. Lawrence granites are similar, except that
the Traytown gfam'te has higher A1203 (average 12.06 pe;* cent)

and Na,0 (average 4.29 per cent) contents. The trace elements -

[ L

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

AL ANALYSIS OF ST. LAWRENCE AND TRAYTOWN PERALKALINE GRANITES

1 2

5102 76 .46 % 76.10 %
Ti0, .14 .20
A1203 10.70 12.06
Fe203 L .94
FeO -———- .64
MnO .00 .03
Mg0 .02 .07
Ca0 .38 .40
Na20 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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he Traytown granite have a very high Ba (average 790 ppm.)
content and is Tow in Zr (average 289 ppm.) and Rb (average
9 ppm.). Although the Traytown granite is riebeckite bear-
ing, the distinct difference in the trace element concentrat-
ons 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
intelligible and 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 1is
log-normal, invariably showing a positive skewness when the
dispersion of values is large. When the concentration of the
elements is changed to 1og concentration, the distribution
follows a normal or Gaussian distribution. These features are
well illustrated by the St. Lawrence granite data.

9.2, Methods of plotting frequency distribution curves,

histograms and cumulative frequency distribution curves

A correct grouping of the values is essential in
D10tting 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) nated that the '
. ' : : (
logarithmic interval must be adapted to variation amplitude

-

- of the values and to the precision of the analytical methods.
Gene?a]I}; tﬁe number of classes desired is governed by three

factors,_naﬁe]y, i) the total number of values, 1ii) the . o !

~

range ofi distribution of the values, and 1iii) the interval
to be selected. Lepeltier. (1969) recommends working with
50 to 25 intervals. ’ ’ «
“The cuhulative frequency distribution curves can be
plotted to check if the concentrations fit a log-normal .
di;tribution which wilf give a stréight line. In this simple
case, the background value could be arbitrarily taken as the

Jine intersecting with the 50 per cent ordinate. In a log-

- normal distribution, the background thus calculated corresponds
to the mode and the median values, and is the geametriC'mean

of the reéu]ts. This geometric mean is more signfficant than
‘the arithmetic mean as it is less subject to change wifh the
addition of new data and‘is less affected by high values.

When the probability log plot shows a break in slope
of tHe straight line, it indicates that more than one distribut-
ion- occurs within the set of data (Tennant and White, 1959).

Lepeltier (1969) regbmmends dccumulating the
frequency peréentage from the highest to the Towest values

. . . s ¢
because he considers there is a lack of precision in the low

va]ues_and high values are more important for the determinatione.
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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 Towest values.

5.3. Interpretation of the results

5.3.1. Major elements

It can be seen from the histograms and the frequency
curves for Si0,, Fe203, A1203, Na20 and K50 values (Fig. 20)
that their distributions closely approximate to that of the
normal distribution curves which indicates a normal distribution
of these elements.

Ca0 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
interval, the curve gives an approximately bell-shaped distribution.
On the probability-log plot, the curve closely approximates
‘a straight line, showing that the distribution is essentially
‘@ log-normal distribution. The negative skewness is due to an
excess of Tow 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 (Lepeltier,
11969).

In Figs. 22 and 23 the frequency distributions of
Mn0 and Mg0 are extremely negatively skewed, showing an excess

OFf very low values. These features are duplicated in the
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= OF =

cumulative frequency curves which suggest two populations.
Hence, the distributions are not log-normal contrary to
Ahren's (1954) generalisation.

The frequency curve for Ti0, (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
TiO2 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 3 break at around 90 per cent. The negative skewness
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shows an excess of low values as shown by the sma]]lbeak in
the frequency distribution curve. It does not 1nte;fere with
the interpretation that Rb is log-normally distribuied, since
it is about 10 per cent deviatiqn.

The frequency distribution curve for Ba (Fig. 27)
is éiight]y negatively skewed for the arithmetic concentration
interJél, and_shpws two peaks on the log-concentration interval.
.The cuhu]ative f?equency distribution curve has two breaks, a
negatiQe and a positive cne. The ﬁegative 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 indicatés an excess
of high values, large enoygh to form a different peak. The
high values are found'jn the Ba-rich marginal phases of the
granite.

F1uorine and zirconium are volatile elements, hence
their distributions 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 skewed, followed
by a third break which is negatively skewed. The first break
in the zirconium curve %s positively skewed followed by two
successive negatively skewed breaks. Such‘graphs show that

there are more than two populations, possibly three in the set
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of data considered, although it 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 ~a

Table 5 shows the critical values of the correlation
coefficient (r). For 99 per céﬁt.confidence based on ézlsamples
‘the critical value is shown to be 0i242' I? other words, a value
of + greater than 0.242 would indicate a correlation between™
variables that could be predicted with 99¢ confidence. Table 6
shows the correlation ﬁatrix df the St. Lawrence granjite based on
90 rock samples and most of the e]ements‘show correlations at 99%
confidence apart from fluorine and zirconium.

Fluorine, with the exception of Ca0, has a correlation
coefficient value less than 0.242% with thé other elements. The
good correlation between CaO and fluorine can be explained by the
presence of fluorite (CaFZ). Similarly, zirconium has all the
‘correlation coefficient values less than 0.2425%.

The lack of correlation of fluorine and zirconium with
the other elements can be explained by the vo]afi]ity of fluorine
and zirconjum. Being volatile, these elements are able to escape
during the crystallization of the magma.

Since fluorine and zircohium are volatile elements, they
are expected to have a good corré]ation. Zirconium halides, with
the exéeption of Zer are water-soluble cémpounds which pass into
the vapour phase without melting. Fluorine and zirconium form

complex compounds of type M2(ZrF6), (Viasov, 1964). Hence, fluorine

_may act as a carrier of zirconium.
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TABLE 5

Critical Values of »

r.025 r.010 r.005 n r.025 r.010 r.005
0.997 18 0.468 0.543 0.590
0.950 0.990 0.999 19 0.456 0.529 0.575
0.878 0.934 0.959 20 0.444 0.516 0.561
0.811 0.882 0.917 21 0.433 0.503 0.549
0.754 0.833 0.875 22 0.423 0.492 0.537
0.707 0.789 0.834 27 0.381 0.445 0.487
0.666 0.750 0.798 32 0.349 0.409 0.449
0.632 0.715 0.765 37 0.325 0.381 0.418
0.602 0.685 0.735 42 0.304 0.358 0.393
0.576 0.658 0.708 47 0.288 0.338 0.372
0.553 0.634 0.684 52 0.273 0.322 0.354
0.532 0.612 0.661 62 0.250 0.295 0.325
0.514 0.592 0.641 72 0.232 0.274 0.302
0.497 0.574 0.623 82 0.217 0.256 0.283
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.
Mﬁtes, "Statistical Tables for Biological, Agricultural, and Medical
search", published by Oliver and Boyd Ltd., Edinburgh, 1963, p. 5.

N = number of samples.

r.025 = values of r at confidence level of 97.5%.
r.010 = values of r at confidence level of 99.0%.
r.005 = values of r at confidence level of 99.5%.
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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 Can, Teaving an excess zirconium
in the vapour phase. This depletion of fluorine may cause

the low correlation with zirconium.



CHAPTER 6

ECONOMIC GEOLOGY

6.1. General

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 1ie 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 1ie entirely
Within the granite or its related "rhyolite porphyry" dykes.

A1l 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
Ssection 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 veins are recognized:
-
" (i) The low grade veins are characterised by the greatest .
widths, averaging 7 m. The CaF, content is about 70 per cent. Their

strike 'varies from 140z to 160°Az, e.q. Birector, Tarefare and Blue

- ' '
Beach veins. .

(i1) The high grade veins have an average width ofaifn
or less. They are characterised.by acid grade ore averaging 95 *
per cent CaF,. Their strike varies from 70Rz to 110°Az,e.q. Lord
and Lady Gulch, Black Duck and Cana\ 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 40 the vein walls is
commonly finely banded,-suggestivé of rhythmic deposition. This
is characteristic of high grade veins. -

Vugs and openings are commonly lined with beautiful
cryéta]s of fluorite. The most common form of the crystals observed
1s a cube which may reach 12 inches along an edge. The other most
common form is octahedral and this is restricted in oc¢currence to
veins in rhyolite Vbrphyry dykes and the country rocks,notably
the Grebes Nest an§ Mine Cove veins. The octahedra are often

formed by stacking of cubes paralle) to octahedral faces. Modifi-

cations produced by combination of the cube and the octahedron are -

. e

rare.
~ The fluorite colours are pale blue, green, grey, ye]]ow,

red, violet, white and colourless. ~The colour is variable from

-
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-

vein to vein and within veins. Deep purple varieties’evident1y’

)

found in contact with vein walls, as a cement in brecciated rocks,

kelong to the earliest phase of Tinera1isation, as they are

qhd also ining miarolitic®cavities in the granite where there is »
no connection with anylvein structures. Colour banding is
extremely common in hiéhigréde veins. Common sequentes of .colours
are deep purple, red, yellow, red and white. The reqularity of
this banding which is parallel to vein walls is frequently
disturbed by small breaks produced by minor?off%gts and brecciation.

Perfect examples of comb and ribpon structures emphasized
by coiour banding are frequently present in veins on thé walls of
Lord and Lady Gulch vein. »Colloform structures are seen in
Grebes Nest vein. Nodular or orbicu1ar orés are found in some
locations in the Director and B]ue Beach veins,. 4

It is interesting to note that f”uorwtg fOund in gr;:1te
near the country rocks possesses a green co]our which on exposure
to 1ight bleaches to white, e.g. Griges Nest ‘and Mine Cer veins.
It isionly this green f]uorite that .luo}esces under u]é*avio1et
light. o _ \

The cause of colour banding in fluorite veins may be
_ explained by periodic fluctuat1on in fther'én anion-vacancy-
‘ producing agent or the co1101d aqgreqj¥1nq condition or both
(Mackenzie, et al., 1971). Anion vacancies could be produced by
radiation, -presence of Na+, K+ or oxyge;,.oxidation of variable
valence impuritiés, pressure induced damage or a combination of

all four. Colloid-calcium is the chief colouring material
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(MacKepzie, et al., 1971). These colloids apparently aggrega'te
in natural fluorides during formation but can be dispersed by
the'rmq_l treatment. ‘The actual occurrence of banding may depend

on a complex balance of several of ’the above factors.

6.3. Gangue minerals

6.3.1. Quartz

The most important but less desirable ganque mineral

is quartz because it occurs in the material locally known as
blastonite. The blastonite consislts of brecciated fluorite
cemented by a mixture of microérxsta]h’ne quartz and fluorite.
This mixture contains up to 85 per cent of the quartz-flugrite
matrix. The fluorite may have b]Iue, green and red colour whilst
the quartz/fs white and massive. It is believed that the fluorite
in the blastonite is secondary and has.been derived from prei\existing
fluorite by a pr;oces's of brecciation and minimum solution. Reface-
meht_effec;ﬁs are negh’giﬁe.

)

Fluorite-free quartz veins are rarely seen in the field.

They commonly strike at 0°Az to 10°Az.
, o .

v

6.3.2. Calcite

Calcite occurs in nearly all the'fluorite veins. It is
.common in nodular ores where it alternates with fluorite bands.
Much of the ca]ci'te associateéd wi®h the nodular ores ﬂudrescé’s
a bright red colour in ultraviolet light. Calcite mineralisation

must have started shortly after that of fluorite but continued

L]
) N &
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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

’
(Y

Barite is a comparatiyvely raré ganque mineral. The

Iron Spring and Canal wveins occurrence have beautiful honey
yellow tabular crystals intimately interg‘r‘o'w‘n with the fluorite.
At Lord and Lady Gulch, Meadow Wood and Chamber's Cove veins,

barite occurs as white and pale red platy aggregates intergrown

~

with fluorite.

0 6.3.4. Su]philde minerals

Galena and sphalerite are the most abundant sulphides.
They are locally abundant either near. the granite contact or in
veins cutting into the cduntry rocks, e.q. Grebés Nest, Meadow
. Wood, Mines:Cove, Lead and Chamber's Cove v.eins (Pléte 26). Sphalerite .
is geﬁera11y red and is locally named "ruby blende". Upon weathering,
the sphalerite becomes coated with a grey sub-meta]]icbﬁ'lm.

e

Chalcopyrite occurs in minor quantities as irregular
- grains embedded in the fluorite. Alteration of the chalcaopyrite

to malachite and chrysocolla is common, [t is virtually absent at

the periphery of the granite but developed in veins in the granite,

e.g. Black Duck and Lord and Lady Gulch veins.
The only other sulphide mineral is pyrite. .It is quite
rare and is seen only in veins of Director and Blue ,Beach'Mings. It

occurs as cubes and pyritohedra. Limonite, presumably altered from

-
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pyrite, is fairly common in Grebes Nest vein.
There is no apparent mineral zoning in the St. Lawrence

area.

6.4. Ore Genesis

There is a spatial as well as a genetic relationship
between the granite, "rhyolite porphyry" and the ¥luorite veins.
This is shown by the occurrence of* fluorite in miarolitic cavities
‘and as an accessory 'in the granite. There can be little doubt that
they are derived. from the same soﬁrce, i.e. a granitic magma rich
in volatiles, that during crystallisation become highly differ-
entiated. L. '

The cooling of the magma at higher level was accompanied
by contréction. This set up a stress system which resulted in
the development of a number of prominent fractures along w1h1'ch
horizontal sheariné took place from time to time. It was during
this period-that the directions of future mineralising solutions
were firmly established. | .

Continued movement along these fractures produced varying
degrees lof brecciation of the wall rocks. Later volatile materials
~were separated and escaped along jnnumerable channelways to be
deposited in veins in the structure -a1ready developed in the u'pp'er
part of the granite. Théir; escape beyond the bounc;aries of the

granite was largely prevented by the denseness of overlying horn-

fels which effectively impounded Qhem.
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The mechanism of fluorite mineralisation at St.
Lawrence was dominantly of repeated fissure fﬂh’ngs«broducing

veins that possess all the features of typical epithermal deposits.

The lack of replacement phenomena, .the presence of‘perfect comb

4 structures, the banding from wall to wall, presence of vugs and
clean cut vein w"e;Hs may be taken for fissure fillings along
open fracfures. Horizontal but intermittent movement along
fractures '1'n 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 the mechanism
N ' requires repeated movement along fissures accompanied by filling °
of open spaces with additional fluorite. Otherwise, it is difficult
to account for the brecciation parallel to vein walls without
wholesale rep]acema'ﬂs\of the wall rocks. .

Although fluorite vei’ns are sporadically found in the
sedimentary rocks, it is believed that the sedimentary rocks
reacted to stress somewhat-différent]y than the grani:ce.. where
the former produce tighter -;and smaller ‘_ﬁ.ssures. 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 St. Lawrence granite is composed essentially
of quartz, 6rthoc1ase and albite with minor amounts of riebetkite,
aeqirine, biotite, fluorite, magnetite qnd hematite.

(2) The St. Lawrence granite is a riebeckite-aegirine—’
bea?ing peralkaline granite. ‘

(3)The gt. Lawdénce granite is a shallow intrusion,
_i.e. epigranite. '

(4) The St. Lawrence grénite is distinctly high in
SiO2 (average 76.7%), ZIr (average 516 ppm.), Rb (average 295
ppm.), and F (average 1308 ppm.), aﬁd Tow in A]ZO3 {average 1d.9%),
Ca0 (average 0.36%), Sr (less than 10 ppm.) and Ba (average 70 ppm.).

(5) The K/Rb ratios indicate the St. Lawrence granite
to be a "late stage" granite. o |

(6) The St. Lawrence granite is of a composition and
age which could be related to the Belleoram and possib1y Red
Island granites. -

(7) The St. Lawrence granite crystallized under a Tow -
‘water pressure of about 0.5 kb.

(8) The temperature of crystallisation of the St.

Lawrence granite was around 780°,




- 115 -

(9) The St. Lawrence granite is a hyperso]vus granite.
' (10) The St. Lawrence granite was probably formed
by limited fractional melting at the base of continental crust
or by fractionation of a rather uniform and relatively calc-
: a1kalihe acid parent.

(11) The St. Lawrence grani%e is mfnera]ogica]]y
and chemically very similar to the riebeckite-aegirine bearing
granites of Kudaru and Liruei of Nigeria.

(12) Tﬁe St. lawrence granite is chemically different
from the Traytown granite, mainly in trace element concentrations.

(13) Fluorine and zircorium have complex distributions
and graphical analysis shows that there are more than two
populations. )

(14) Fluorine and zirconium have low correiations with
.other elements.

(15) Fluorite veins occur in the granite as true
fissure fillings.

(16) Two groups of fluorite veins are reqognized:

i. Low grade veins striking at 140° to 160°Az.
ii.  High grade veing striking at 70° to 110°Az.

(17) There is a spatial as well as a genetic relation-
ship between the 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 basishof‘%he finding§ of this study, further
detailed geochemical-geological studies appear justified
to out]ine areas of potentia]'minera11$ation. |
| 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, Ca0 and Sr concentrations.

In the.St. Lawrence area, it is apparent tﬁat the
fluorite veins are structurally controlled by tensioﬂ‘T?EE;D>ES
and fault systems. Hence, detailed mapping of the various

-~ ' structures in the granitérshou1d be carried out.
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Plate 1: Lee and stoss profile of Mount Margaret, (Tooking

|
\
|
‘ east) an upper Cambrian alkali basalt plug.

St. Lawrence Harbour, (looking south) showing the high
cliffs of sedimentary rocks and the Tower coastline of
granite.
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Plate 3: 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.

Plate 4: 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.

Plate 5:

Nodular 1imestone
(thin white units) at
the top of the Brigus
Formation at Three
Sticks Cove.
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Plate 7: Conglomerate at the base of the Brigus Formation
resting on an uneven surface of the Harbour Main
Volcanic Series at Three Sticks Cove.

Plate 8: 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:

Plate 10:

Photomicrograph showing zoned titanaugite in the
Mount Margaret Volcanics (plane light).
Field of view 2 mm. by 1.3 mm.

section no.

Diabase dyke
intruded the
St. Lawrence
granite at
Shoal Cove.
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Plate 11: Intrusive contact between the St. Lawrence
granite and the Little Lawn Formation at
Chamber's Cove.

Plate 12: Granitic veins in the Little Lawn Formation at
Red Head.
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Plate 13: Three phases of granite at Hares Ears. Note
the characteristic red weathering of k-feldspar
phenocrysts.

Plate 14: 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.
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Plate 17: 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.

Plate 18: Photomicrograph showing deuteric albitisation rims
on perthitic feldspars in the St. Lawrence granite
(cross-nicols). Thin section no. 22. Field of view
T 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.



- 137 -

Plate 21: Photomicrograph showing fluorite crystals as
accessory minerals in the St. Lawrence Granite
(plane 1ight). Thin section no. 142. Field of
view 1 mm. by 0.6 mm.

Plate 22: Photomicrograph showing euhedral quartz with embayed
boundaries in the St. Lawrence granite (plane 1light).
Thin section no. 94. Field of view 2 mm. by 1.3 mm.
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Plate 23: Slickensided surface coated with red hematite
and purple fluorite at Little St. Lawrence quarry.

Plate 24: Two phases of the St. Lawrence granite at Chamber's
Cove. Note the darker colour contains higher volatile
content than the 1ighter.
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Plate 25: Typical cubic fluorite crystals at Lord and Lady
Gulch vein.

Plate 26: Sulphide minerals at the contact between the St.
Lawrence granite and the Little Lawn Formation at
Chamber's Cove. Galena (gn), sphalerite (sph.) and
fluorite (f1.).



APPENDIX I

~

Sampling Methods

The sampling programme was pianned to permit.'assessment
to the'geo'chemica_l variabiltty at and arbund outcrops, the overall
yériabi]ity within p1uton§, the Qariabﬂity b.etwleen‘plutons and
the variability within the St. Lawrence granite. An attempt |
was made at bbtaining'about two samples per square km, b_L;t in
many cases this was not:possible becau_se of poor exﬁosure and
~inaccessibility (see fig. 8). -

 Eight-pound sledge hammers were used to collect single
and duplicate rock samples of 5 to 10 kg, depending oh grain-size
- (cf. Wager and Brown, 1960). The specimens were described according
to a format adapted from R. G. ‘Garrett, Geological Survey of Canada,

with the intention of using his computer programmes developed for

" a simﬂ%r Etudy of Yukon granitoids (Garrett, 1973). This format

is shown in Fig. 30.

Laboratory Methods

1.2.1. Sample Preparation

"~ Al1 the samples were c‘r:_ushed according to the following
procedure: |
1) Each sample was broken._irito chips using a small sledge hammer
on a thick‘piywood board. A slab was saved for.sectioning. A
+2) A clean, representative sample of chips was crushed to 1-2 ;m_x

or smatler pieces in a steel jaw crusher. )
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in the field.
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'3) A representative sample of fhésa pfeces @as"crushed‘in a
'tungsten—carbﬁde Siebtechnik swing mill for three to four
minutes producing a rock powder of -100 mesh, as determined by
random siéving cHecks. | |
;4) The powder was put fnto_4 0z. jars and dried overnight in an

s

oven at. 110°C.

'1{2.2; Major and f%a;e Element Analysis
. Eight major and six:tréce elements were determined by
X-ray fluorescence analysis of discs bressed from the rock deder
' using a Phi11i§s 1220-C computerised spectrometer. Approximately
1/3 of ‘the samples were analysed by a method modified.from that
of Rose,g;_gl.,(]QGé). The éamp1e discs Weré prep&fed in the
fo]Towing manner. ' - /

1} 1.5 g of rock powder was pﬁorough]y m1xed with two
to three drops of N-30-88 Mow1o1 binding agent unt1] the colour

was uniform.

.2) Using‘a boric acid b cking, fhis powder was pressed
into a disc for one minute at 15 Aons per,sduare'inch.
The eight major e]em.nts.determined using fused.powders
were prepared by the followin méthgd:
1) 0.7500 g of rofk powder + 0.7500 g of Lay0y + 6.00 g

of L1ZB407 were carefu]]y eighed'out, mixed'tbgether, and puf in

a m?thecmm1Me
2) A dozen crucxb]es at a t1me were put in a muffle

furnace pre-heated to /1,000°C and left to. fuse for.30-35 m1nutes

™




f
LY

3) After fusion the resulting glais beads were
allowed to cool for 1 m1nute and put 1n-tle7n g]ass Jars

. 4) The we1ght of each bead was réadJusted to

exactly 7.5000 g with dr1ed L128407, compérsat1ng for we1dht

lost during fusion and thus giving an exact dilution.

'5) Each bead plus the L1ZB407 uas p1aced in a
tungsten- -carbide ball mill vial,cracked ﬁith a steel cylinder,
and then crushed in the ball mill to —1?0 mesh.

6) The pbwder-was then put in bottles and dried
overnight at 110°C.

7) The sample discs were then prepared as outlined

NaAand Mn were ana1ysed using a Perkin Elmer 303
.Atomic'Apsorbtion Spectrometer using a method similar to Langmhyr
and Paus (1968); The solutions were prepared by the following
methdd: | _ -

1) 0.2000 g of powder was mixed with & ml of
conceptrated HF and heated on a sfeam bath for 20 minutes until
completely dissolved. '

2) Each sahp]e was dilhted with 50 ml of saturated
borigc acid and made up tq 200 mljwith distilled water.

3) Analyses were done by comparison with international

rock standards.
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1.2.3. .Loss on Ignition

Loss on ignition was calculated by ﬁeasuring a
known amount Qf powdet into a porcelain crucible, heating at
1050°C.for two hours, weighiné_again and expressing the difference
in percent. "It is assumed that the loss on ignition represents

predominanttly HZO and COZ'

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 amalytical errors are significantTy less than the

chemical variation discussed in the text.




(a) Precision of analytical methods for Major Elements

-~ J45 =

TABLE 7

FUSED SAMPLE (CD-371)

UNFUSED SAMPLE (LD-75)

ELEMENT
Range (%) Mean S. Dev. N Range (%) Mean S. Dev. N
5102 10.70 76.58 1.94 41 6.90 76.21 I 13
TiOZ 0.10 Q.17 0.03 41 0.02 0.03 0.01 13
A1203 1.40 12.28 0.36 41 1:87 14.13 0.35 13
Fe203 0.34 1.15 0.08 41 0.57 1.45 0.20 13
MgO 5.80 0.30 0.94 41 1.66 0.91 0.45 13
Ca0 0.76 0.87 0.10 41 0.24 B0 0.08 13
KZO 0.17 1.73 0.03 41 0.58 2.43 0.23 13
P205 0.01 0.005 0.002 41 0.10 0.04 0.09 13
(b) Precision of analytical methods for Trace Elements (from 9
independent discs of LD-75).
ELEMENT RANGE MEAN S. DEV.
Ir 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
s to calibration curve.

FUSED SAMPLES UNFUSED SAMPLES

ELEMENT
Range(%) S. Dev. No. Stds. Range (%) S. Dev. No. Stds.

@502 38.5 0.67 21 23.3 1.63 10
Ti0, 4.59 0.03 23 1.08 0.06 9
1,04 23.35 0.37 23 4.20 0.67 11
e,05 27.83 0.16 20 7.50 0.20 9
Mg0 49.70 0.89 18 3.33 0.27 7
Ca0 13.63 0.10 21 7.70 0.55 8
K,0 11.78 0.07 21 4.52 0.14 9
ﬁ%ﬁs 1.90 0.09 18 2 = -

(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.
S0, 7.74 0.99
Ti0, 0.71 0.02
A1,0, 7.40 0.30
Fe,04 5.06 0.10
Mgo 0.34 0.05
Ca0 0.55 0.05
K0 5.00 0.04
P,0¢ 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 < 23

Ba 1,803 33 18



\\ R APPENDIX 11

2.1. Representative normative and modal analyses

SAMPLE NO.  TH. 2 "TH. 6 TH. 9 TH. 1 TH. 12
CIPK ' ' -
Norms (wt. %)
\ Q " oa.08 397, 29.66 36.07 35.22
.- or . 28.01 ! 30.10 - 31.33 26.71 . 30.33
\ Ab 25.15 27.54 32.42 30.06 30.16
A 1.93 -- 0.0 - L .
T ;\ Y - - --
'5\ | : Enm 1.74 0.86 3.16 - 0.79
o T 0.43 0.09 0.43 -- . 0.06
\' A T X T WP 0.26
; . Ru 0.09 - 0.09 017 0.14 - 0.18)
D -- " 0.86 0.2 - 377 1;57\\. :
' Ap -- . .- ” - _ -- =
"o -- T I 2 D

Hm 1.55 " 1.35 S 2.17 - 1.25 ~1.46
[}




v
SAMPLE NO. TH. 22

CIPW
Norms (wt. %)

36.59
. 28.84




P

SAMPLE NO.

CIPW
Norms
(wt. %)

Q.
Or
Ab
An
C
En
Il
Ac

. Ru
Di
Ap
Wo
Hm.

Modes
(Vol. %)

Qtz. -
K-feld.
Plag.
Hb1.
Rbk .
Aeg.
Ch1.
Biot.
F1.
Magn.

Zir.

TH. 74

- 150 -

TH. 87 TH. 92

39.8] 41.28
29.02 28.18
27.22 28.03
-- 0.81
0.02 --
2.40 0.02
0.15 0.15
- --d
0.33 0.03
1.03 1.49
30 35
61 40
- 20
2 -
1 1
6 4

TH.106  TH.113
39.73 ° 38.03
28.11, 29.45
27.14 | 26.98

2.1 -
1.00 3.41
0.15 0.15
0.95 0.02
-- 1.09

0.80 0.31
30 38
60 56

5 4

1 1

2 -
2 1
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SAMPLE NO. TH.119 TH.120 TH.124

CIPW
Norms
(wt. ¥)

Q 37.07
or 2771
Ab '

An

C

En

I

Ac

Ru

Di

Ap

Hm




£
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2.2. Chemical analyses of the St. Lawrence granite

NOTE :

i.

The Devonian age of the St. Lawrence
granite as shown in the field data is
incorreect. The St. Lawrence granite
has been dated isotopically by rubidium-
strontium at 330 + 10 million years, i.e.
Carboniferous age.

Major elements in weight per cent.

" Trace e]emeits in ppm.

Except Hg 1in ppb.
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