



































































































































































































































(Fig.4.8), indicating that only brittle deformation aftected
plagioclase instead of ductile deformation. Ductile deformation
of plagioclase would affect the inclusions, creating polygonized
or undulose extinction'features in the guartz inclusions.

Microscoplic shear zones between plagioclase crystals
characterize the heterogeneous deformation. Fine-grained
recrystallized biotite and guartz characterise these shear zones,
with relatively undeformed tonalite on either side. These
microstructural slip zones offset the primary foliatlion.

C-slip deformation is the dominant method influencing
subgrain development in quartz. C-slip occurs at high
temperatures, such as those occurring at the norite margin.
Petrographic analysis of the fast and slow directions in quartz
allows identification of the 'c¢' and 'a' crystallographic axes.

The intense alteration of the tonalite in the area
surrounding the norite is the result of hydrothermal processes
accompanying the intrusion of the norite. Hydrothermal alteration
of the BPP accompanying the intrusion of the norite is a probable
explanation for this alteration.

Development of the N-S foliations around the norite body may
be the result of ballooning by the norite, or simply forceful
intrusion of the norite into the BPP while it was still in a
submagmatic condition. Possible rotation of the original magmatic
foliation occurred during the norite emplacement. The foliations
of the area are parallel to the inferred norite margin (Fig.

2.2).
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Frost and Mahood (1987) discussed the influence of
synplutonic mafic intrusions on a host granodiorite., Foliations
in the granodiorite deflect around these mafic intrusions, and
the mafic intrusions possess internal foliations. Age dating of
the norite body produced an Rb/Sr date of 362 % 18 my (de
Albuguerque 1979), close to the BPP Ar/Ar age of 385 my (Reynolds
et al. 1987) . This age indicates that the norite intruded soon
after the emplacement of the BPP, or possibly as it cooled.

In summary, BPP emplacement probably was not by ballooning,
bﬁt this process may explain the foliation orientation around the
norite body. Solid state deformation of the margins and
concentric zoning of the pluton is lacking, but there is
sufficient evidence in favor of ballooning conditions affecting
the BPP surrounding the norite body. Characteristics of the BPP
surrounding the norite include realignment of foliations parallel
to the norite contact, deformation of plagioclase in the BPP,
heterogeneous deformation, and c¢-slip deformation of quartz.
Ballooning does not explain why the norite does not have internal
toliations or concentric zoning.

4.4.3 BPP Observations Relating to sSyntectonic Emplacement
Criteria

The long axis of the BPP is parallel to the structural
trend of the country rocks. Most of the BPP foliations are
parallel to the contact of the BPP and the Meguma Group rocks.
Therefore, most foliations are parallel to the regional

structural trend of the country rock but it is not known whether
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structural trend of the country rock but it is not known whether
the follations of the BPF are contlinuous with the follations in
the country rocks. The contact orientation appears to control
foliation orientation more than younger superimposed external
torces,

The BPP has no internal cleavage, therefore cleavage triple
points are not present.

Metamorphic isograds do grade away from the pluton to match
the regional metamorphic trend (Fig. 1.2). The Megquma has
undergone regional deformation to greenschist metamorphic facies,
and contact metamorphism resulting from the intrusion of the BPP
has raised the isograds up to sillimanite and migmatite grades
near the contact. The isograds are concentric around the BPP,

The BPP is elongate in shape and orients parallel to one
1imb of a bend in the regional trend of the country rocks.

Paterson et al. (1988) note that syntectonic emplacement
criteria should be used collectively rather than individually,
hecause each feature can form as a result of other processes.
Observations of the BPP indicate that tectonic forces probably
did not influence the overall foliation produced in the BPP.
Elongate shape of the BPP may indicate that it exploited a weak
zone or regional anticline in the Meguma rocks. Regional tectonic
deformation did not affect the pluton significantly during its
intrusion although the deformation may be responsible for the

recrystallizing of quartz throughout the BPP.
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4.4.4 BPP Observations Relating to Tectonic (Low- to Moderate-
Temperature Solid-state) Foliation Criteria

Table 4.5 summarizes the BPP observations according to
tectonic foliation criteria. Some features of the BPP match the
tectonic follation criterla. Low~- to moderate- temperature solid-
state deformation conditions produced the gneissic foliations
along the western margin.

There are no mylonite zones observed in the BPP but there is
evidence of a shear zone along the western margin of the pluton,
Samples taken from locations SH and WH have a gnelissic texture
defined by 5-C foliations. 5-C foliations have an anastomosing
appearance defined by biotite alignment at an angle to the
preferred plagioclase alignment (Fig. 2.6). There are biotite
lineations within the foliation plane and the lineations are
subhorizontal, indicating a relative dextral motion for this
shear zone.

The foliation intensity in the BPP is heterogeneous and is
attributable to magmatic flow. The gneisslc foliation at locatlon
WH and SH is probably the result of a local shear zone. The
gneissic foliations at WH and 8H 1-3 are the only foliations
attributable to plastic deformation in the solid-state,.

S-C foliations are present only in the gneissic foliation at
location WH and no S~C folliations appear in the SH sanples
because the sample area may be farther from the most deformed
part of the shear zone. There is no development of §-C planes

elsewhere in the BPP.
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Feature Western |[Central |Norite Eastern
Margin Margin |Margin

Lenticular Layering yes no some no
Foliation Passes Thru Enclaves NA no NA no
Heterogeneous Deformation yes no yes no
S-C Foliations yes no no no
Mutual Deformation of Granitoids and yes NA NA NA
Regional Structures
Foliation Continuous w/ Wall Rocks NA NA no NA
Enclaves Deformed Like Host NA no no No
Pegmatites Deformed Like Host no some-qtz | no some-qtz
Aplites Deformed Like Host NA no no no
Low Temperature Porphyroblasts no no no no
Quartz Filling in Plagioclase Fractures yes no yes no
Plastic Deformation of Plagioclase yes no no no
Solid-State Rotation of Plagioclase yes no yes no
Dissolution of Primary Minerals yes no no no
Quartz Forms Aggregates or Ribbons yes yes yes yes
Quartz Undergoing a-slip some no yes no
Orthoclase = > Microcline yes yes yes yes
Boudinage of Strong Minerals  _ _ no no no no
Recrystallized Biotite yes no yes no
Deformation of Biotite to Aggregates yes no yes no
Deformation Kinks in Biotite some no few no
Deformation of Inclusions some no no no

Table 4.5 BPP observations according to low- to moderate-

temperature deformation criteria
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Foliations bend around enclaves with no sign of the
foliation passing through enclaves anywhere in the BPP. There are
no enclaves observed in the deformed areas. Deformed
microgranitoid enclaves do not make good indicators of solid-
state deformation because they also deform under flow conditions
(Vernon et al. 1988).

There were no aplite dykes observed in the western margin
section during field studies and deformation of other secondary
intrusions such as pegmatites iz minimal.

Samples from the BPP possess polygonized and recrystallized
quartz throughout the pluton. Larger gquartz grains have internal
polygonal subgrain boundaries but most quartz recrystallizes into
aggregates of small, equant grains.

The western margin samples show signs of exsoclution defined
by the segregation of opaque minerals from biotite. Opaque
minerals occur as inclusions in biotite at all other locations in
the BPP, but at location WH and SH, opagque minerals occur only at
the margins of blotite. Epidote, titanlte, and rutile occur along
the cleavage traces in the SH samples suggesting that exsolution
of these minerals is not complete. The segregation of inclusions
in biotite may be the result of dynamic deformation.

Quartz recrystallized into aggregates and "ribbons" are
common throughout the BPP. Samples from both the margins and the
centre of the pluton contaln quartz ribbons. Quartz aggregates
combine with biotite at location WH to impart a lenticular

pattern of biotite and guartz surrounding large plagioclase
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phenocrysts.

Plastic deformation of plagioclase and bilotite ococurs at
locations from the western margin of the pluton. Fracturing of
plagioclase and alteration of biotite to chlorite has occurred in
this area. Recrystallized quartz and biotlte £ill in the
fractures in plagioclase, in much the same way as the fractures
in plagioclase from the norite margin are filled (Fig. 4.5).
Plagioclase also exhibits evidence of plastic deformation defined
by bent polysynthetic twins (Fig. 3.3) and deformed inclusions.
Plastic deformation of plagioclase indicates a significant stress
imposed on the rocks. Deformation of plagioclase to this extent
occurs only in the western sample areas. Deformation of
plagioclase by fracturing occurs at greenschist metamorphic grade
conditions (moderate temperature) (Paterson et al. 1988)

K-feldspar comprises less than 5% of the BPP tonalite and
occurs only in the form of microcline. Inversion of orthoclase to
microcline can also occur under magmatic conditions, as the
temperature drops closer to the K-feldspar solidus. The inversion
of orthoclase to microcline is assumed to be complete in the BPP,

Boudinage of competent minerals is not present. Hornblende
is not signlficantly plentiful for assessment of deformation.

The minerals producing the foliation in the BPP are primary
magmatic and, other than quartz there is no evidence of
widespread recrystallization in the study area. Except for
quartz, there is no widespread plastic deformation of the primary

igneous minerals. Recrystallized aggregates of quartz occur at
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all locations. This recrystallization of quartz is possibly in
response to a younger and weak deformation event, since this
strain does not affect other primary minerals.

One late-stage brittle fault occurs in the BPP at location
HW. This brittle faulting happened when the pluton was in solid-
state and fault gouge characterizes brittle deformation. Forces
responsible for this faulting do not influence the primary
foliation.

peformation along the western margin iz the result of a
shear zone, This shearing would have occurred as the pluton
cooled to moderate temperatures. Deformation of the rock at WH
would require moderate temperatures. Shearing is in response to
relative strike-slip motion between the BPP and the country rock.
Analysis of biotite lineations in sample WH, provided the
directional component for the shear.

Tectonic solid-state processes are responsible for producing
a foliation in only one area. The gneissic foliation at locations
WH and SH 1-3 i3 the result of a shear zone near or at the
contact between the BPP and the country rock.

The only similarity between the foliations of the BPP and
the regional trend is the common orientation. Not all the
foliations of the pluton match the regional trend. The plutonic
foliations are parallel to the contacts. The BPP foliations are
magmatic in origin, and any similarity wlth the surrounding
tectonically-derived structural trend is coincidental.

The only features attributable to low to moderate
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gunartz and the shear zone along the western margin. Folliations at
all other locations are the result of magmatic flow. Deformation
of the central and eastern margin sections of the pluton was not
strong enough to overprint the magmatic foliation or develop a
solid-state foliation.

4.5 Synthesis and Conclusions

The foliations in the undeformed central and eastern margin
sections of the pluton are magmatic In origin. Genesis of this
foliation during the magmatic phase and the result of flow within
the pluton. Schlieren layering, preferred orientation of primary
minerals, and foliations deflecting around enclaves strongly
support a magmatic flow origin for the foliation.

Ballooning processes deformed the tonalite around the norite
body. Realignment of the foliation parallel to the norite
contact, heterogeneous deformation of the tonalite, and
recrystallized plagioclase all support this process. Emplacement
0of the norite occurred soon after the the emplacement of the BPP.
The forces required to deform the BPP to this extent would not be
as great if the pluton was still at a high temperature because
deformation occurs more easily at high tempsratures than lower
temperatures. The shear strength of a rock decreases with
temperature increase, and likewlse, the shear strength decreases
with the increasing melt content of a rock (Arzi 1978).

The shear zone along the western margin possesses the
characteristics of moderate-temperature solid-state deformation.

Criteria such as 8-C foliations, heterogeneous deformation,
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Criteria such as S5~C foliations, heterogeneous deformation,
recrystallized primary minerals, plastic deformation of
plagioclase, and segregation of opaque minerals from biotite
characterize solid-state deformation in a shear zone. This shear
zone is the result of movement between the BPP and country rocks
or a regional shear cutting both the country rock and the pluton.
The BPP most likely exploited and intruded a fault system

or structural feature resulting from the Acadian Orogeny.

U

Y

Intrusion of granitoeids into actlive shear zones is well

e
T

I

documented. Rotation of plutons occurs within large tectonic
shear zones, with subsequent shortening of plutons and associated
deformational features (Castro 1986). Extensional shear zones and
wrench faults provide a weak point in the crust for magma
intrusions, with the plutons commonly orlented perpendicular to
the extension direction (Hutton et al. 1990). This theory does
not apply to the BPP because the pluton intruded in the late
stages of a compressional orogeny. Intrusion of the BPP was late
in the Acadian Orogeny or after the main phase of deformation,.

The BPP dates at 385 Ma {(Ar/Ar) (Reynolds et al. 1985). It
should be noted that U/Pb dates are more effective for
emplacement ages, while Ar/Ar dates are best used to determine
the metamorphic events (Paterson et al. 1989},

Shear zones occur throughout the area, and movement along
these shear zones continued well after the Acadian Orogeny.
Triassic dykes are offset in the region as a result of these

shear zones, lmplying that shear zones have developed after the
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2lip in guarts suggest that the 8PP deformed as a result of thes
norite intrusion. At high temperatures, granitoids undergo
deformation more readily, therefore, ballooning of the norite
body may not have had to occur. Forceful diapiric rise produces
the same effects,

-~ syntectonic effects on the BPP are minimal. Small residual
stresses from the Acadlian Orogeny recrystallized the quartz
throughout the study area. The small amount of stress exerted on
the BPP only caused deformation In guartz which allgned parallel
to the foliation.

- Table 5.1 contains a summary of the events relative to the
intrusion of the BPP.

Recommendations for Further Work

A more detailed study of the contact relations between the
BPP and the Meguma Group would allow precise identification of
the method of emplacement or tectonic deformation setting.

Analysis of the norite body and its contact with the BPP
wlll produce conclusive results as to 1ts origin and nature,
along with the exact effect it had on the BPP.

Sampling along a north-south strike may document some
chemical variation, because the surficial shape of the pluton
suggests that the northern part of the pluton is not as deeply
eroded as the southern part.

Investigation of anowmalous lineaments observed on
aeromagnetic vertical gradient maps of the area may yield new and

important features.
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Relative Time Event

1 Slight,residual deformation deforming quartz

Shearing along western margin

Norite intrusion and annealing of tonalite

End of moderate to light deformation

Formation of magmatic foliation

Intrusion and emplacement of BPP

Main phase of Acadian deformation

Table 5.1 Summary of Significant Events Related to the Production

of Foliations in the BPP
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Appendix A

Bample Petrography

Characteristics

-of quartz

‘lquartz

Sample S1 Sample §2 Sample S2b
Sample Location roadcut roadcut, 500m |roadcut
e ‘|south of '
_ : . . ‘|location 1
Sample Description |biotite Ibiotite border around
) RS tonalite tonalite enclave
{Modal % Plagioclase| 50 55 45
{ Modal % Biotite 15 15 30
Modal % Quartz 32 25 20
Modal % K-Feldspar <3 5 <5
Oother Minerals apatite, lapatite, apatite,
S titanite, . epidote epidote
‘thornblende, :
, o epidote, S
Foliation Strength |strong moderate weék
Deformation ~ Jminor " |minor. very minor
deformation |(deformation of |deformation

of quartz




Appendlx A (continued)

aggregates

Sample S2c Sample 3 Sample 4
sample Location roadcut roadcut, 20m new stone
south of S2 quarry
Sample Description enclave biotite biotite
tonalite tonalite
Modal % Plagioclase 10 50 50
Modal % Biotite 35 20 20
Modal % Quartz 20 20 25
Modal % K-Feldspar 0 <10 <5
Other Minerals hornblende apatite, apatite
(35%), epidote
epidote
Foliation Strength not foliated |moderate moderate
Deformation very minor recrystallized |polygonized
Characteristics weathering guartz in quartz




Appendix A (continued)

Sample 85 Sample S6 Sample 87
Sample Location new stone new stone new stone
quarry guarry quarry
Sample Description |biotite biotite biotite
tonalite tonalite tonalite
Modal % Plagioclase 50 50 50
Modal % Biotite 20 15 20
Modal % Quartsz 25 35 25
Modal % K-Feldspar <5 0 <5
Other Minerals opague epidote, epidote
minerals apatite
Foliation Strength moderate weak-moderate imoderate
Deformation polygonized highly 3ome
Characteristics gquartz polygonized weathering,
quartz polygonized

gquartz




Appendix A {(continued)

Sample S8 Sample S9 Sample S10

Sample Location new stone new stone Shag Harbour
quarry guarry

sample Description hiotite biotite blotite
[tonalite/ tonalite/ tonalite
granitic felsic
dvke injections

Modal % Plagloclase 50/10 50/60 50

Modal % Biotite 20/5 15/0 15

Modal % Quartz 25/30 30/30 30

Modal % K-Feldspar <5/50 <5/10 5

Other Minerals epidote/ epidote epidote,
muscovite apatite,
(5%) titanite

Foliation Strength weak/not weak/not strong
foliated foliated

Deformation olygonized polygonized recrystallized

Characteristics wartz/ no guartz/ no guartz in

eformation deformation aggregates




Appendix A (continued)

Murray Cove

Sample 8511 Sample 512 Sample S13
Sample Location west of east of east of
Doctors point |Doctors Point, |Doctors

Point, Murray
Cove

Sample Description |biotite biotite biotite
{tonalite tonalite tonalite
Modal % Plagioclase 45 55 50
Modal % Biotlite 20 5 15
Modal % Quartz 30 30 30
Modal % K-Feldspar 5 10 <5
Other Minerals muscovite, sericite, Isericite,
epidote, opagque opague
apatite minerals minerals
Foliation Strength |weak moderate jmoderate
Deformation polygonized extensive extensive
Characteristics quartz alteration of Jalteration of
plagioclase, plagioclase,
polygonized polygonized
quartz quartz




Appendix A (continued)

Characteristics

quartz in
aggregates,
fractured
plagioclase

quartz in
aggregates,
fractured
plagioclase

Sample S14 Sample S15 Sample S16
Sample Location west of 50 m east of Murray Cove
Barrington Sample S14
Passage,
kurray Cove
Sample Descrlptionlbiotite biotite biotite
tonalite tonalite tonalite
Modal % 45 50 55
Plagioclase
Modal % Biotite 20 15 io
Modal % Quartz 30 30 25
Modal % K-Feldspar <5 <5 10
Other Mlnerals muscovite, epldote opague
epidote minerals
Follation Strength jmoderate moderate moderate
Deformatlion recrystallized |recrystallized |extensive

alteration
of
plagioclase,
polygonized
quartz




Appendix A (continued)

SaMple 817 Sample S18 Sample SH
7 {(1,2,3)
Sample Locatlion 0ld stone Penney north of Shag
gquarry Estates, Harbour
Cape Sable
Island
Sample Description biotite biotite biotite
tonalite tonalite tonalite
Modal % Plagloclase 50 55 50
Modal % Blotite 15 15 20
Modal % Quartz 20 25 25
It Modal % K-Feldspar <10 <5 <5
Other Mlnerals epidote epidote chlorite,
opague
minerals
Foliation Strength moderate moderate gneissic
Deformation polygonized polygonized |recrystallized
Characteristics gquartz quartz guartz in
aggregates,
gneissic

foliation




Appendix A (continued)

| aggregates

| Sample WH Sample HW Sample 0/C-9
Sample Location north of northeast of [200 m east of
‘ . Woods Harbour |0ak Park Lake |Sample S12
Sample Description biotite blotite granite
; tonalite tonalite pegmatite
Modal % Plagloclase 60 50 15
I Modal % Biotite 15 15 <5
Modal % Quartz 20 30 20
Modal % K-Feldspar 5 <5 >60
§ other Minerals - | opaque epldote muscovite
: minerals,
. . chlorite
Foliation Strength |gneissic weak not foliated
Deformation "~ |gneissic polygonized |not ,deformed
Characteristics foliation, gquartz
: | fractured and
deformed
plagloclase,
quartz




appendix A (continued)

quartsz

guartz

Sample 0QX Sample 0QX Sample 0QV
(1,4) (2,3) ' (1,2)
‘Sample Locatlon 0ld stone jold stone old stone
quarry guarry quarry
Sample DeSCription" enclave enclave 1gne6us.ve1n
Modal % Plagioclase 40 40 .50
Modal % Biotite 50 50 <5
Modal % Quartz 10 10 35
| Modal % K-Feldspar 0 0 10
Other Minerals . lepidote epidote lepidote(~1%)
Foliation Strength |not foliated |moderate not foliated
I peformation minor polygonized polygonized
Characteristics polygonized quartz




Appendix A (continued)

' Sample Nl

Sample N2 Sample N3
{sample Locatlon orite {norite norite
oo o outcrop, outcrop, outcrop, .
- Murray Cove Murray Cove Murray Cove
Sample“DeScripﬁion ‘kabbronorite |gabbronorite [gabbronorite
‘I Modal & plagioclase’ 45 © 40 ’ 30
I Modal % Biotite <5 0 5
| Modal % Quartz 0 5 0
‘Modal % K-Feldspar .| 10 0 0
Jother Minerals clinopyroxene' clinopyroxene clinopyroxene
S s, 30%, 35%,
vorthopyroxene orthopyroxene orthopyroxene
20% 25% 30%

'.'Follation Strength

- hot foliated

not follated

not foliated

. Deformation ,
. | Characteristics

not deformed

not deformed.

not deformed




Appendix A (continued)

‘ Sample N4 3 ; Sample NS Sample NGI
Sample Location norite. ‘|norite norite
. ' " outcrop, . outcrop, outcrop,
) : - |Murray Cove - |Murray Cove |Murray Cove
‘Sample Description |gabbronorité |gabbronorite |granitic
B \ ‘ ce CL : ~ - |pegmatite
| Modal % Plagioclase 55 | as 10
I Modal % Biotite 5 0 5
‘Modal ‘% Quartz 0 0 15
Modal % K- Feldspar R 0 -0 60
Other Mlnerals "{clinopyroxene |clinopyroxene muscovite 5%,
‘ - 25%, 30%, magnetite 5%
'orthopyroxene orthopyroxene S
I5% 25 %

Foliation Strength

not foliated

{not foliated

fnot foliated

‘Deformation
Characteristics

not deformed

not deformed’

undulose

quartz




Appendix A (continued)

Sample N7
1 sample Location ~  |norite outcrop;
_ L o Murray Cove’
] sample Description |noritic
ST ' ~‘|pegmatite
Modal % Plagloclase |.. . 50
| Modal % Biotite - 0
Modal % Quartz ' 5
Modal % K-Feldspar 0
Other Minerals ~ |clinopyroxene
o : 35%, .
orthopyroxene
| - lasw f
Foliation Strength |not foliated
‘Deformation not deformed
Characteristics T




Appendix B Chemical Data for Plagioclase
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Appendix C Chemical Data for Biotite
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