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ABSTRACT

The granitoid rocks of the northern Ganc -~ Lake :1t form
three distinct groups, viz. quartz diorites, leucocratic granodiorites,
and megacrystic biotite granites roughly in the areal proportions of
3:22:75. The study area is divisible into four distinct N-S trending
which are from west to east, 1. The Davidsville Group, 2. the metasedimentary
terrain, 3. the gneissic terrain, and 4. the western Avalon Platform.

The Davidsville Group is composed of essentially non-
metamorphosed Middle Ordovician shales, greywackes, and mafic volcanic
rocks, which have been intruded by hornblende-biotite quartz diorites.

The plutons show a zonation from hornblende quartz diorite at the margins
to biotite quartz diorite in the core. The quartz diorite plutons are
mineralogically similar which, along with their extensive and similar
contact metamorphic aureole that they may be connected at a
shallow depth.

The metasedimentary terrain unconformably x'rlies the Davidsville
Group, and is com; sed of a monotonous sequence of low greenschist facies
metasediments. The metasediments have been syntectonically intruded by
muscovite-biotite-garnetiferous leucocratic granodiorites which contain
an abundance of pegmatites. To the southeast of Gander, the terrain has
been post-tectonically intruded by the Gander Lake pluton which is similar
in composition to the megacrystic biotite granites of the gneissic terrain.

The gneissic terrain is underlain by high grade gneisses,

migmatites, and schists, which have been intruded by large plutons of
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megacrystic biotite granite, and locally by small bodies of leucocratic
granodiorite. The megacrystic biotite granite is characterised by its
very coarse grain size, and large microcline megacrysts. Locally the
megacrystic granites have been intensely mylonitised. The leucogranites
are similar to those of the metasedimentary terrain.

The Precambrian Avalon Platform sediments and low grade
schists of the study area have been intruded by megacrystic biotite
granite similar to that of the gneissic terrain.

The mineralogy of the various groupsabf granitoid rocks is
generally reflected in their chemistry. The quartz diorites are the most
mafic in composition with a low content of K and Rb, a high content of
Ca, Fe, and Sr, and a high K/Rb ratio. The leucocratic granodiorites
are the most salic in composition with a mean silica content of almost
72%, a high content of K and Rb, and a low content ° Ca, Sr, Mg, and
Fe, and a- low K/Rb ratio. The megacrystic biotite granites are generally
intermediate in composition between the quartz diorites and the leuco-
cratic granodiorites but 1ive the highest content of K and F. The

Deadman's Bay pluton has an initial Sr87/86

ratio of 0.704. K shows a
general increase from northwest to southeast across the study area.

The quartz diorites are similar in geological setting, petro-
graphy, and chemistry to the granitoids of island arcs and are interpreted
as having a similar origin. The enrichment of the leucocratic granodiorites

in Tithophile elements, their syntectonic origin, lack of associated basic

igneous rocks, and approximately eutectic composition suggests that they
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were formed by anatexis of continental crust. The origin of the mega-
crystic biotite granites is especially problematical in that they have

87/86 ratio. Neither

a very high K content and a very low initial Sr
anatexis of continental crust nor partial melting of oceanic crust can
account for these two features; some combination of both processes is
possible but present evidence does not allow selection of a particular
mode of origin for these rocks.

The abundance of pegmatites in the Middle Ridge pluton and
the known occurrence of beryl associated with these pegmatites may
Justify exploration for economic concentrations of Be and associated
elements. The occurrence of fluorite and locally high fluorine con-
centrations ! later the North Pond area could be re-examined
to ascertain the fluorite potential. With the known correlation

between tin and fluorine of other mineralized areas the megacrystic

biotite granites may also have potential as sources of tin.



FIG. 1:
FIG. 2:
FIG. 3:
FIG. 4:
FIG. 5:
FIG. 6:
FIG. 7a:
FI . 7b:
FIG. 8:
FIGS. 9a
and 9b:
FIGS. 10a
- 10f:
FIG. 11:
FIG. 12:

ix

LIST OF FIGURES

General geology and n in divisions of the Island

of Newfoundland.

Localities referred to in text.

Location of granitoid plutons in the study area.
General geology of the study area.

Structural - metallogenic zones and mineral locations
of Newfoundland.

Tectonostratigraphic zones of the Atlantic Provinces.
System used to classify granitoids in Field.
System used to classify granitoids in thesis.

Normative proportions Q, Ab+An, and Or normalised to
100 percent for the leucocratic granodiorites
(leucogranites), quartz diorites, and megacrystic
biotite granites.

Mean of selected oxides (weight percent), trace
elements (ppm), and K:Rb ratios, for each pluton
plotted against distance from a NE-SW 1line drawn
through the Frederickton pluton.

Plots of mean oxides and loss on ignition and trace
elements against 5102 for each pluton.

Plots of selected oxides and trace elements from the
Rocky Bay pluton to show the variation from the
northern margin and southern margin towards the core,
and the mean analyses of the Frederickton pluton for
the same elements.

Normative proportions of Q, Ab+An, and Or normalised
to 100 percent for the Rocky Bay and Frederickton
plutons and the Late Cretaceous - Early Tertiary
plutonic rocks of the Alaska-Aleutian area.

Page

10
15

21
23
37
37

94

97,98

100-105

106

108



FIG. 13:
FIG. 14:
FIG. 15:
FIG. 16:
FIG. 17a
and 17b:
FIG. 18:
FIG. 19:

Variation, from the margin to the core, of selected
oxides in weight percent and K/Rb ratio in the
Ragged Harbour and Middle Ridge plutons.

Normative proportions of Q, Ab+An, and Or normalised

to 100 percent, for the Terra Nova River West plutons.

istribution of whole-rock fluorine concentrations
in the granitoid rocks of the northern Gander Lake
belt.

Normative proportions of Q, Ab+An, and Or normalised
to 100 percent, for the Sierra Nevada Batholith and
the megacrystic biotite granites.

Location of samples in the northern and southern
halves of the study area respectively.

Computer format used to describe the granitoid
rocks in the field.

General Geology of the Northern Gander Lake Belt.

110

113

118

125

IT, III

IV

(in pocket
at back)



TABLE
TABLE

TABLE
TABLE

TABLE

TABLE

TABLE

TABLE
TABLE
TABLE
TABLE

TABLE

TABLE

9a:
9b:

10a:

10b:

10c:

X1

LIST OF TABLES

Page
Localities shown in Fig. 2. 6
Comparison and Correlation of the Stratigraphic
Succession in the "Gander Lake Group" of Jenness
(1963) and Williams (1964, 1968) with the Strati-
graphic Succession of Kennedy and McGonigal (1972a)
for the same rocks. 16
Names of Mineral Locations on Fig. 5. 22
Comparison of the Chemical Composition of the
Round Pond and Ragged Harbour Quartz D1or1tes
and the Ragged Harbour Granite. 22

Major Element and Trace Element Means with Number
of Analyses and One Standard Deviation for the
Plutons, Groups of Plutons, and Overall Mean Analysis. 91

Compositions of the Marginal Facies of the Eastern

Megacrystic Biotite Granite Plutons. 115
Variation in Composition Across the Deadman's Bay

Pluton from West to East. 116
Mean Composition of the St. Lawrence Pluton. 126
Precision of Analytical Methods for Major Elements. VII
Precision of Analy Methods for Trace Elements. VII

Accuracy of Major Element Analysis as Determined
by Fit of Standards to Calibration Curve. VIII

Accuracy of Major Element Analysis as Determined
by Comparison of 24 Samples Analysed by X-Ray
Fluorescence and Atomic Absorbtion. VIII

Accuracy'of Trace Element Analysis by Fit of
Standards to Calibration Curve. IX






PLATE

PLATE

PLATE

PLATE

PLATE

PLATE

PLATE

PLATE

PLATE

PLATE

PLATE

PLATE

13:

14:

15:

16:

17:

18:

19:

20:

21:

22:

23:

24:

X111

Megacrystic biotite granite with orientated
microcline megacrysts - protomylonite.

Highly deformed megacrystic biotite granite
containing rounded microcline crystals with
granulated quartz and biotite 'flowing' round
the microcline crystals - mylonite.

Highly deformed biotite granite with granulated
microcline crystals in fine grained matrix -
porphyroclastic blastomylonite.

Highly deformed biotite granite with microcline
crystals cut by tension cracks in fine grained
matrix. Proportion of porphyroclast: :0 matrix

has decreased compared to Plate 15 - porphyroclastic
blastomylonite.

Medium grained highly foliated granite with
recrystallised groundmass containing muscovite
and biotite - ultramylonite.

Medium grained highly foliated granite in which
the groundmass has recrystallised to muscovite,
biotite, quartz, and plagioclase - ultramylonite.

Schistose medium grained granite with small micro-
cline porphyroclasts augened by muscovite and biotite
- mylonite schist.

Mylonitised granite from the Middle Brook pluton
2 km. south of Hare Bay.

Mylonitised aplite dyke (centre) cutting deformed
megacrystic granite near Hare Bay.

Xenoliths of biotite schist in the Newport pluton
megacrystic biotite granite, Lewis Island.

Coarse grained biotite muscovite granite from the
northeast part of the Gander Lake pluton.

Porphyritic biotite granite from the northwest part
of the Gander Lake pluton, showing aligned microcline
phenocrysts.

Page

158

159

159

160

160

161

161

162

163

163

164

164



















































































































































































































































































































































- 112 -

which would have promoted anatexis of continental crust.

The lack of basic igneous rocks suggests that the leuco-
granites were not formed from a basic magma. Also large negative gravity
anomalies are found in the area underlain by the leucogranites whereas a
positive anomaly would be found over a differentiated basic magma.

Analyses for the small Terra Nova River and Terra Nova River
West plutons plot near the eutectic in the Q:Ab+An:Or diagram (Fig. 14)
for 2 to 5% normative An (James and Hamilton, 1969) at low (1 »>) water
pressures. The scatter of points for the larger plutons approximates on
the Qtz.-Plag. cotectic and may represent the fractionation trend of a
crystallising anatectic melt, or just partial melting involving plagioclase
and quartz.

An anatectic origin for the leucogranites appears therefore
to be consistent with the data presented above rather than the leuco-
granites being the products of a fractionated basic magma. Such an origin
at such shallow depths (Tow PHZO) would indicate a very high geothernal

gradient during their formation.

5.5. Megacrystic Biotite Granites

5.5.1. Introduction

The megacrystic biotite granite plutons in the study area
are composed of essentially four minerals, viz. quartz, plagioclase,
biotite, and microcline, with the greatest variation in the plutons being
an increase in the proportion of plagioclase to microcline and a general

decrease in grain size towards the margins.
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Or

Ab+An

FIG. 14 - Normative proportions of Q, Ab+ An, and Or
normalised to 100 percent, for the Terra »>va

River and Terra Nova River West Plutons.

A Terra Nova River West pluton

Terra Nova River pluton

Eutectic' composition at 1 kb PH20 and An2 i the

system KA]Si308—NaA151308—CaA1251208—5102—H20 (after
James and Hamilton, 1969).

’ Other leucocratic granodiorites
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different from the Sierra Nevada batholith (Fig. 16).

The methods of formation of granitic magmas outlined above
show that it is possible to obtain megacrystic biotite granites by methods
4, 5, and 6, but none of the methods satisfactorily explain all the
variations found.

The megacrystic biotite granites have not been mapped in detail
and it is possible that more detailed geochemical and petrographic data will
allow for the recognition of different phases of intrusion. If, however,
similar processes as envisaged for the Sierra Nevada batholith (Presnall
and Bateman, 1973), produced the Newfoundland mega ‘ystic biotite granites
they must have been generated under entirely different conditions or from

entirely different source rocks than those of the Pacific batholiths.




































































































































APPENDIX I

1.1. Sampling Methods

The sampling programme was planned to permit assessment of
the geochemical variability at and around outcrops, the overall variability
within plutons, the variability between plutons and the variability
within and outside of the Gander Lake Belt. An attempt was made at
obtaining about one sample per square mile, but in many cases this was

not possible because of poor exposure and inaccessib11jty (See Fig. 17a,
17b).

Eight-pound sledge hammers were used to collect single and
duplicate rock samples of 5 to 10 kg, depending on grain-size (cf. Wager
and Brown, 1960). The specimens were described according to a format
adapted from R.G. Garrett, Geological Survey of Canada, with the intention
of using his computer programmes developed for a similar study of Yukon

granitoids (Garrett, 1973). This format is shown in Fig. 18.

1.2. Laboratory Methods

1.2.1. Sample Preparation

A11 the samples were crushed according to the following procedure:
1) Each sample was broken into chips sing a small sledge hammer on a thick
plywood board. A slab was saved for sectioning.
2) A clean, representative sample of chips was crushed to 1-2 cm. or
smaller pieces in a steel jaw crusher.
3) A representative sample of these pieces was crushed in a tungsten-carbide
Seibtechnik swing mill for three to four minutes producing a rock powder of

-100 mesh, as determined by random sieving checks.
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SLTE Slate 36 Cretaceous Col. 37 Col. 40
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SKRN  Skara Sol. 34 1 Variadle 1 Feldspars clouvdr
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ALXS Allzl1 Syeaite 1 VWhite & Black 20-40% Col. 42-43
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FPPP Feld. Porphyry 3 Black & White 60-802 1  Bedded Hb. & 3iot. content of total dark minerals,
QZFP Qrz. = Feld. Porphyry 4 Black > BOX 2 Crossbedded . on scales of 0-9
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TRCT Trachyte _
TUFF  Tulf 0 TFresh Col. 45~49
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GBBR GCabbro - - 3  PFydrothermal, vhite
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Altitude above sea level
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Fig. 18 - Format used to describe the granitoid rocks.



4) The powder was put into 4 oz. jars and dried overnight in an oven

at 110°¢C.

1.2.2. Major and Trace Element Analysis

Eight major and six trace elements were determined by X-ray
fluorescence analysis of discs pressed from the rock powder using a
Phillips 1220-C computerised spectrometer. Approximately 1/3 of the
samples were analysed by a method mc ified from that of Rose et al.
(1962). The sample discs were prepared in the following manner.

1) _..5 g of rock powder was thoroughly mixed with two to three
drops of N-30-88 Mowiol binding agent until the colour was uniform.

2) Using a boric acid backing, this powder was pressed into a
disc for one minute at 15 tons per square inch.

The eight major elements determined using fused powders were
prepared by the following method:

1) 0.7500 g of rock powder + 0.7500 g of La203 + 6.00 g of
L1’284O7 were carefully weighed out, mixed together, and put in a graphite
crucible.

2) A dozen crucibles at a time were put in a muffle furnace
pre-heated to 1,000°C and left to fuse for 30-35 minutes.

3) After fusion the resulting glass beads were allowed to cool
for 1 minute and put in clean glass Jjars.

4) The weight of each bead was readjusted to exactly 7.5000 g
with dried L1284O7, compensating for weight lost during fusion and thus

giving an exact dilution.
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5) Each bead plus the L1'284O7 was placed in a tungsten-carbide
ball mill vial, cracked with a steel cylinder, and then crushed in the
ball mi1l to -100 mesh.

6) The powder was then put in bottles and dried overnight at
110°c.

7) The sample discs were then prepared as outlined above.

Na and Mn were analysed using a Perkin Elmer 303 Atomic
Absorbtion Spectrometer using a method similar to Langmhyr and Paus
(1968). The solutions were prepared by the following method:

1) 0.2000 g of powder was mixed with 5 ml of concentrated HF
and heated on a steam bath for 20 minutes until completely dissolved.

2) Each sample was diluted with 50 m1 of saturated boric acid
and made up to 200 ml with distilled water.

3) Analyses were done by comparison with international rock

standards.

1.2.3. Loss on Ignition

Loss on ignition was calculated by measuring a known amount of
powder into a porcelain crucible, heating at 1050°C for two hours, weigh-
ing again and expressing the difference in percent. It is assumed that

the loss on ignition represents predominantly H20 and COZ'

1.3. Precision and Accuracy

The precision and accuracy of major and trace element analyses
are shown in Tables 8 and 9. It will be readily seen that analytical errors

are significantly less than the chemical variation discussed in the text.
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TABLE S

(a) Precision of analytical methods for Major Elements

FUSED SAMPLE (CD-371)

tSED SAMPLE (LD-75)

ELEMENT _

Range (%) Mean S. Dev. N Range (%) Mean . Dev. N
S'iO2 10.70 76.58 1.94 4] 6.90 76.21 1.91 13
T'iO2 0.10 0.17 0.03 41 0.02 0.03 0.01 13
A1203 1.40 12.28 0.36 41 1.37 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 1.11 0.08 13
K20 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 )-75).
ELEMENT RANGE MEAN S. DEV.
Zr 33 68 10
Sr 21 138 9
Rb 8 106 3
n 9 37 3
Cu 16 4 6
Ba 197 755 74
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TABLE
(a) Accuracy of Major Element Analysis as determined by fit of standards
to calibration curve.
FUSED SAMPLES UNFUSED SAMPLES
ELEMENT
Range(%) S. Dev. No. Stds. Range(%) S. Dev. No. Stds.

3102 38.5 0.67 21 23.3 1.63 10
T1'O2 4.59 0.03 23 1.08 0.06 9
A1203 23.35 0.37 23 4.20 0.67 11
Fe203 27.83 0.16 20 7.50 0.20 9
MgO 49.70 0.89 18 3.33 0.27 7
Ca0l 13.63 0.10 21 7.70 0.55 8
K20 11.78 0.07 21 4.52 0.14 9
P,0c 1.90 0.09 18 -
(b) ‘curacy of Major Element alysis as determined by comparison of

24 samples analysed by X-ray fluorescence nd atomic absorption.
ELEMENT RANGE . DEV.
5102 7.74 0.99
T'iO2 0.71 0.02
A1203 7.40 0.30
FeZO3 5.06 0.10
MgO 0.34 0.05
Ca0 0.55 0.05
K20 5.00 0.04
P205 0.23 0.04



IX
TABLE )(cont'd.)

(c) Accuracy of Trace Elements analysis by fit of standards to calibration
_ curve.

TRACE ELEMENTS

ELEMENT Range (p. ) S. Dev. No. Stds.
Zr 490 13 16
Sr 784 18 19
Rb 245 6 23
Zn 161 12 - 24
Cu 105 5 23

Ba 1,803 33 18
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