
CENTRE FOR NEWFOUNDLAND STUDIES 

.. 
TOTAL OF 10 PAGES ONLY 

MAY BE XEROXED 

(Without Author' s Permission) 

















v 

ACDOWLEDGXENTS 

I am grateful to Dr. Mason and Dr. Rivers, who are my 

supervisors, for numerous discussions and encouragement during 

the study. In fact, the study would not have been possible 

without their interest and patience. 

Field work for this study was financed by a grant from 

Energy Mines & Resources Research (Canada} to R.A. Mason. 

Other support was from NSERC grants (to R.A. Mason and Toby 

Rivers) and from the Scool of Graduate Studies, Memorial 

University. 

Finally, I wish to thank the staff of the Department of 

Earth Sciences, Memorial University of Newfoundland. A special 

thanks is extended to m:• friends, Mi-Jung, Steven, Gunter, 

Jereon and David. 





vii 

2.6 Unit 6: Lherzolite ..••...•.....•.•..•.•......• 47 

2.7 Unit 7: Variably foliated Bt granite .......... 49 

2.8 Unit 8: Foliated Hb granodiorite ..••....•...•. 57 

2.9 Unit 9: Pegmatitic dykes ••....••...••...•••.•• 60 

2.10 Unit 10: Mafic dyke .••...••.•••.•...•........• 62 

CHAPTER 3 DEFORMATION .....••...••..•...•.....•....•.•..• 65 

3. 1 Introduction ................................... 65 

3.2 Brittle deformation .••...•......•••.•......••• 66 

3.3 Ductile deformation ..•.......•.....•••..••...• 68 

J. 4 Discussion .................................... 81 

CHAPTER 4 METAJIORPRISII ...••.•..••..••.....•..••••..•.... 8 3 

4 . 1 Metamorphic character •...•.........•••...•..•. 8 3 

4.1.1 Greenschist facies metamorphism ....•..• 84 

4.1.2 Amphibolite facies metamorphism ........ 84 

4.1.3 Granulite facies metamorphism ••....•..• 90 

4.2 sapphirine and Kornerupine-bearing rocks .....• 94 

4.2.1 Introduction •.••..•••••••••.....•.•...• 94 

4.2.2 Petrcgraphy •.••...••••..••..•••......•• 96 

4.2.2.1 Sillimanite forming reaction textures .• 99 

4.2.2.2 Sapphirine forming reaction textures ••• 102 

4.2.2.3 Garnet forming reaction textures .••.. • 107 

4.2.2.4 Kornerupine replacement reaction 

textures •.• 110 

4.2.3 Mineral chemistry ......•••...••.••••.•• 113 

4.2.4 Metamorphic reactions and projections ..• 130 













, 

Figure 24. Modal Quartz-K-feldspar-Plagioclase plot 
(Streckeisen, 1976) of the granitoid 

xUi 

lithologies in the Indian Head Range •••........ 50 

Figure 25. Field photograph showing weakly foliated 
biotite granite ...••.....•....••••....••....... 51 

Figure 26. Field photograph showing outcrop of the 
strongly deformed biotite granite with a single 
straight layering ••......•.•.••.....•.•....... 51 

Figure 27. Photomicrograph showing mesoperthite (stained 
yellow) and biotite (center of photograph) in 
a recrystallized sample of the variably 
foliated biotite granite ....•.••...•..•••...... 54 

Figure 28. Photomicrograph of the variably foliated 
biotite granite showing a variety of textures .. 54 

Figure 29. Field photograph showing Fe-Ti oxide rich 
bands (principally ilmenite) in the variably 
foliated biotite granite ...•..•••....••.•...... 56 

Figure 30. Photograph of a hand specimen of hornblende 
granodiorite showing anastomosing foliation 
defined by hornblende ....•.••.•••.•...•••...••• 58 

Figure 31. Photomicrograph of representative hornblende 
granodiorite . .............. . ................... 58 

Figure 32. Photomicrograph of hand specimen of pegmatitic 
dike showing graphic texture which consists of 
coarse K-feldspar and quartz •••.•.•.•.••......• 61 

Figure 33. Field photograph showing undeformed mafic 
dike with columnar jointing cutting the 
anorthosite . ................................... 6 J 

Figure 34. Photomicrograph of mafic dike showing 
subophitic olivine grains and small laths of 
plagioclase . ................................... 63 

Figure 35. Field photograph showing the effects of late 
brittle fractures in the metagabbro ..•••....... 67 

Figure 36. Simplified structural map of the southern 
Indian Head Range showing the distribution of 
units, orientation of foliation and location 
of high strain zones •......•••..••.•..•••...•.. 70 

-- -- -- -------







xvi 

Figure 59. Representative biotite compositions from the 
pelitic gneiss in the Indian Head Range 
plotted in Al+Fe3++Ti - Mg - FeH+Mn diagram ... 128 

Figure 60. (F.M)-A-S and AFM diagrams constructed from 
measured mineral compositions showing reactions 
involving cordierite deduced from textural 
relationships •........•............•........... 132 

Figure 61. AFM diagram constructed using measured mineral 
compositions showing phase relations for 
sapphirine forming reaction ( 4) ................ 134 

Figure 62. (F.M)-A-S and AFM diagrams constructed from 
measured mineral compositions showing phase 
relations for garnet forming reactions ......... 136 

Figure 63. AFM diagrams constructed from measured m i nera 1 
compositions showing phase relations for 
kornerupine replacement reactions .............. 139 

Figure 64. Partial P-T grid for phase relations in the 
FMAS system for high f02 conditions (after 
Hensen 19 8 6) ••••••..••••••••.••••.............. 14 J 

Figure 65. Comparison of the stability field of Boron-
free kornerupine (after Seifert 1975) with the 
Al2Si05 phase diagram (after Holdaway 1971) ..•• 147 

Figure 66. Partial P-T path in the reaction grid .......... 148 

Figure 67. Photomicrograph showing equilibrium textural 
relationships between orthopyroxene, 
clinopyroxene and plagioclase in the dioritic 
gneiss . ........................................ 154 

Figure 68. Partial ternary diagram of orthopyroxene 
compositions from different mineral assemblages 
plotted in (Fe.Mg)O, cao, Al20 3 composition 
space ..........•..................•. ........... 1!)5 

Figure 69. Compositions of coexisting orthopyroxene
clinopyroxene in the metagabbro and dioritic 
gneiss ...............•.......•......•.......... 155 

Figure 70. Photomicrograph showing garnet porphyroblast 
wrapped by the biotit3 matrix in neritic 
qneiss .... .................................... . 157 







1-1 PURPOSE 

CHAPTER 1 

INTRODUCTION 

1 

The study is concerned with the bedrock geology of the Indian 

Head Range in western Newfoundland, and with the estimation of 

the metamorphic conditions and metamorphic history of the 

principal lithologies. 

The Indian Head Range is an inlier of Precambrian 

crystalline rocks in western Newfoundland, and is one of 

several such bodies which form a prominent chain of massifs 

a long the western margin of the Appalachi.an Orogen (Hatcher 

1983) (Fig. 1). The inliers are generally considered to be the 

southern extension of the Grenville Province, which is 

situated along the southeastern margin of the exposed canadian 

Shield. Several Grenvillian basement inliers occur in 

western Newfoundland and they form a topographic high known as 

the Long Range Mountains. The largest of these inliers, the 

Long Range Inlier (Fig. 1) exposes a high grade plutono

metamorphic complex that has recently been shown to have a 

prolonged and complex geological history (Owen 1991), and it 



Figure 1. Map shows distribution of Grenville basement inllers in the 
Appalachian orogen (after Hatcher, 1983). 
Dashed line: northwest limit of the Appalachian orogen. 
IHR: Indian Head Range, SMC: Steel Mountain Complex 
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