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Chapter 1: Introduction 

In this thesis, a detailed structural analysis of rocks within two gneissic domes is 

presented. The purpose of the structural analysis is threefold: 1) to unravel the 

deformation history of these rock units in order to understand the regional tectonics and 

the structurally controlled distribution of gold and other resources, 2) to further our 

understanding of how deformation due to oblique plate collision is partitioned in 

lithologically diverse terranes, and 3) to provide an example of how detailed analysis of 

structures can be compared to results of mathematical modeling in order to constrain 

relatively complex deformation parameters. 

1.1: Structural Analysis and Kinematics 

Structural analyses are essential for understanding the tectonic settings that 

actively play a role in shaping our world. Throughout time, geologic terranes composed 

of rock units with various lithologies have collided with each other and separated, 

creating wide assemblages of structures acting as evidence for past tectonic events. The 

end result of these tectonic movements is deformation or strain, a permanent change in 

the rock resulting in structures such as tectonic fabrics, shear zones, faults, folds, tension 

gashes, veins, and deformed features in rocks such as stretched pebbles or mafic 

enclaves. Through documentation of structures including detailed orientation 

measurements and strain estimations followed by careful analysis, the nature of ancient 

tectonic events can be unraveled and the processes by which rocks accommodate tectonic 

motions can be understood. 
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Kinematic analyses from orientation data allow structural geologists to obtain the 

deformational history of rock units (e.g. Fossen & Tikoff 1993; Druguet et al. 2008; 

Carreras et al. 2010). From varying types of field data, many aspects of deformation can 

be determined. On the regional scale, the style of tectonic motion can be determined. 

Styles of tectonic motion form in extensional and collisional settings, including 

transpression (oblique collision) and transtension (oblique extension). Transpression and 

transtension have varying degrees of pure shear versus simple shear that accommodate 

the shortening and the strike-slip respectively (e.g. Fossen & Tikoff 1993). Transpression 

and transtension also have the additional variables of extrusion angle relating to the pure 

shear and simple shear obliquity (Lin et al. 1999; Czeck & Hudleston 2003; Fernández & 

Díaz Azpiroz 2009; Fernández et al. 2013). 

Fabrics and deformed objects within an outcrop can be used to interpret the 

kinematic history of a rock body and how the deformation was accommodated at a 

variety of scales. For example, orientations of lineation and foliation within specific units 

can constrain the style of motion (e.g. Fossen & Tikoff 1993; Czeck & Hudleston 2003; 

King et al. 2008). Foliations form perpendicular to the maximum shortening, while 

lineations indicate the orientation of maximum stretching (e.g. Fossen & Tikoff 1993), 

and can be used to constrain kinematic models, (e.g. Tikoff & Greene 1997; Sullivan & 

Law 2007) including the angles of extrusion and shear obliquity in transpression (King et 

al. 2008; Fernández et al. 2013). Strain markers such as mafic enclaves or pebbles in a 

metaconglomerate can also aid in determining if flattening or constriction is more 

prominent during deformation (Flinn 1965; Yonkee, 2005; Yonkee et al. 2013), and can 

be used in conjunction with foliation and lineation data to further constrain kinematic 
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models (Fernández et al. 2013). Deformation at the large scale is often partitioned into 

different domains (e.g. Goodwin & Williams 1996; Sullivan & Law 2007; Fernández et 

al. 2013). Shear zones are discrete localized areas of deformation, and sets of dextral 

(right lateral) and sinistral (left lateral) shear zones can indicate how deformation was 

partitioned within a unit (Carreras et al. 2010). Folded and boudined layers (indicating 

contraction and extension, respectively) are useful in constraining the directions of strain, 

and when used in conjunction with the lineation data, can be used in determining strain 

magnitudes (e.g. Druguet et al. 2008). Late stage quartz veins and tension gashes can be 

used to interpret stresses present during the final stages of deformation (e.g. Carreras et 

al. 2010). 

1.2: Study Area 

Deformation in the Rainy Lake Zone of the Superior Province in Ontario, Canada 

(Figure 1) took place during oblique plate collision. The geologic structures in this zone 

are dominated by shear zones on a variety of scales, ranging from microscopic systems to 

broad shear zone systems that can be traced over hundreds of kilometers. This region has 

a complex juxtaposition of geological units, and the style and orientation of shear zones 

and other deformation features differ substantially within various units. 

The Rice Bay Dome (RBD) and Northeast Bay Domes (NEBD) are gneiss domes 

contained within the Rainy Lake Zone (Figure 2a; Figure 2b). They contain internal 

complex deformation features. The locations and orientations of much of the deformation 

(Druguet et al. 2008) and mineralization (Poulsen, 2000) in surrounding units may be 
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partially controlled by their presence. Both the RBD and NEBD are tonalites dated to 

2.69 Ga (Davis et al. 1989) and were emplaced syntectonically (Poulsen 2000). 

While recent work has illuminated many aspects of deformation within other units in the 

Rainy Lake Zone (Poulsen, 2000; Czeck et al. 2006; Druguet et al. 2008; Czeck et al. 

2009; Carreras et al. 2010), these gneisses are relatively unstudied; no kinematic analysis 

has yet been done on the RBD or NEBD. Understanding the strain regime of the gneisses 

is important for understanding the deformation of the region. In particular, understanding 

deformation in the gneisses is also important to understanding the complex partitioning of 

deformation within the various units in the Rainy Lake Zone, evidenced in part by the 

weaker surrounding rocks (metagabbros and schists), which appear to have wrapped 

around the competent RBD and NEBD. This study also fills in a gap in the general 

knowledge of the area. The more accessible RBD will be studied in more detail and the 

nearby NEBD will be investigated to a lesser extent as time permits. 

1.3: Objectives and Goals of research 

This study has three main objectives. First, a structural map of features within the 

RBD and NEBD will be produced, as no such map has been produced in the past. This 

map will be the first of its kind for these two rock units and will be used to understand the 

spatial distribution of structures, which may be used to analyze the deformation 

partitioning and understand the distribution of commodities. 

Second, a kinematic analysis will be performed to determine the deformational 

histories of the two gneiss domes, filling an important gap in the knowledge of 

deformation of the area. The kinematic analysis will then be compared to kinematic 
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models determined by studies in surrounding units. Currently, the accepted kinematic 

model is one of transpression, where both dextral motion and contraction are occurring 

simultaneously. However, the transpression is partitioned differently in the different units 

within the Rainy Lake Zone. Some units have relatively little deformation such as the 

Algoman plutons (Czeck et al. 2006), some have only localized deformation along 

discrete shear zones like the gabbroic units (Carreras et al. 2010), and others have 

pervasive deformation like the biotite schists (Druguet et al. 2008) and 

metaconglomerates (Czeck et al. 2009). Partitioning of different degrees of the 

contractional and dextral components of the transpression is also likely between units and 

even within units as evidenced by various estimates of vorticity (Druguet et al. 2008; 

Czeck et al. 2009). The kinematic analysis will be used to determine the partitioning of 

transpression within the RBD and NEBD. Understanding how strain is partitioned within 

the RBD and NEBD will add to the growing body of work on the deformation of the 

Rainy Lake zone. This research will add to the understanding of how strain partitions in 

broad zones with heterogeneous lithologies. 

Lastly, I will look for an emplacement mechanism of the Rice Bay Dome. 

Emplacement mechanisms for gneiss domes are still controversial and unfortunately the 

studied units may be too deformed to accurately unravel emplacement fabrics. A likely 

culprit for emplacement of gneiss domes in this region is diapirism, as has been attributed 

in many Archean terranes (Figure 3a). Gneiss domes typically form the core of orogens 

and may or may not flow laterally to build orogenic plateaus (Whitney et al. 2004). 

Diapirism was long favored to be the main process forming domes, but has gone out of 

favor, particularly in younger (non Archean) domes, due to the lack of evidence for 
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syntectonic structural doming (Whitney et al. 2004). Instead of diapiric processes, it is 

suggested that some gneiss domes are emplaced through lateral flow and folding (Figure 

3b). This method of emplacement would yield very different structures than pure vertical 

ascent. Horizontal fabrics would be present in domes emplaced by lateral flow. Flattening 

fabrics and evidence for extrusion during emplacement would also be visible. Rather than 

emplacement through exclusively one end member (be it vertical or lateral flow 

domination), many domes are likely emplaced through a combination of the two 

(Whitney et al. 2004).  
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Figure 1: The Superior Province. The Rainy Lake area is marked with a star.  Modified from Marquis 

(2004).
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Figure 3: Structures associated with doming. 

Figure 3a (top): Schematic drawing of diapiric ascent.  Regions of flattening and constriction shown, 

along with differential movement within the dome.  Mantling rocks shown in pale green; cascading folds 

and radial lineations common in diapiric domes.  Image modified from Whitney et al. (2004). 

Figure 3b (bottom): Schematic drawing of structures associated with channel flow.  Horizontal flow 

fabrics present. 



10 

 

 

Chapter 2: Background 

2.1: Regional Geology 

The Rainy Lake region is located in the southern portion of the Superior Province 

in northwestern Ontario (Figure 1).  The Superior Province is a large portion of the 

Canadian Shield composed of several different subprovinces of varying lithologies.  The 

central subprovinces are composed of metasedimentary rocks (representing accretionary 

wedges) and others are metavolcanic (representing island arc terranes).  The Rainy Lake 

zone is the boundary between metasedimentary Quetico and metavolcanic Wabigoon 

subprovinces.  It is a wedge-shaped area bounded by two shear zones—the Quetico shear 

zone to the north and the Rainy Lake-Seine River shear zone to the south.  The Rainy 

Lake zone does not belong to either the Wabigoon or the Quetico subprovinces; it is its 

own unique entity (Poulsen 2000).   

The central part of the Superior Province was assembled into its current form 

during the Neo-Archean Kenoran Orogeny (~2.69-2.7 Ga) (Davis et al. 1989) and has not 

been tectonically active since.  In the area that was to become the Rainy Lake zone, 

around 2.725-2.728 Ga, island arcs began forming, and continued subduction caused an 

accretionary prism to form around 2.7 Ga (Davis et al. 1989, Poulsen 2000). As 

subduction continued, island arc terranes (such as the Wabigoon and Wawa subprovinces) 

and sedimentary provinces, which were originally accretionary prisms caught between 

island arc margins (such as the Quetico subprovince), collided through oblique collision, 

or transpression (Poulsen 2000; Bauer et al. 2011).  The Rainy Lake zone is a transitional 
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area between the Wabigoon and Quetico subprovinces, containing a mixture of 

lithologies from both the Quetico and Wabigoon subprovinces and other allochthonous 

rock units (Figure 2a).  

Transpression resulted in many structures in the Rainy Lake zone including the 

large-scale bounding faults/shear zones, the Quetico to the north and the Rainy Lake-

Seine River to the south (Poulsen 2000).  Tonalitic plutons, such as the Rice Bay Dome 

and Northeast Bay Dome that are the focus of this study, were coeval with the main 

tectonic event, forming around 2.7 Ga (Davis et al. 1989, Poulsen 2000). After 

emplacement, the plutons deformed with continuing transpression becoming gneisses.   

The oldest rock units in the area are metavolcanics of tholeiitic and calcalkaline 

composition, the Keewatin group.  These rocks formed at approximately 2.728 Ga (Davis 

et al. 1989). Metagabbros are also present in the area, such as the Grassy Portage sill 

(Poulsen 2000).  These metagabbros formed at approximately the same time as the 

Keewatin Group rocks (Davis et al. 1989).  Tonalitic gneisses such as the Rice Bay Dome 

and Northeast Bay Dome (also referred to as Laurentian Plutons) were emplaced at 

approximately 2.725 Ga (Davis et al. 1989), making them also coeval to the Keewatin 

group and the metagabbros.  Metasedimentary rocks, such as biotite schists, were once 

accretionary prisms forming from 2.704 Ga to 2.692 Ga.  These rocks are also known as 

the Coutchiching Group (Davis et al. 1989, Poulsen, 2000).  The Seine River Group is 

largely composed of a conglomerate slightly younger than the Coutchiching Group.  

These rocks were deposited from 2.976 – 2.686 Ga (Davis et al. 1989).  Lastly, the 

relatively unmetamorphosed granitic Algoman Plutons were intruded into the area around 
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2.686 Ga during the final stages of deformation in the Rainy Lake area (Davis et al. 1989, 

Czeck et al. 2006, Druguet et al. 2008). 

2.2: Structural Geometry 

The two most prominent structural features of the Rainy Lake Zone are the 

Quetico and Rainy Lake-Seine River faults. The features have likely acted as both brittle 

faults and ductile shear zones during their Neoarchean history of movement. These faults 

truncate distinctive lithologic units at a low angle, indicating lateral movement (Poulsen 

2000).  Within the 1 km wide Quetico fault to the north, mylonites are common and a 

steep foliation parallel to the fault is present.  Within the much smaller (50 m) wide Rainy 

Lake-Seine River fault, chlorite schists are present and contain enclaves of varying 

heterogeneous rocks.  Both faults have a considerable, but immeasurable, amount of 

offset on the order of 100 km (Poulsen 2000).  These two strike slip faults/shear zones 

bound the Rainy Lake Zone from the rest of the Superior Province, and overall have 

dextral senses of shear (Poulsen 2000). This sense of shear appears in all of the major 

shear zones in the region, including shear zones within the Rice Bay and Northeast Bay 

Domes (Poulsen 2000). 

Foliations throughout the Rainy Lake zone strike generally E-NE, and dip 

moderately to steeply (Poulsen 2000; Czeck & Hudleston 2003).  Lineations are 

generally variable in trend and plunge, with most observed lineations trending E-W and 

plunging moderately to steeply (with a few exceptions plunging shallowly) (Czeck & 

Hudleston 2003). Foliation fabrics dominate over lineation fabrics (S > L), indicating 

flattening strain was more prominent than constriction (Czeck & Hudleston 2003; Bauer 



13 

 

 

et al. 2011).   

Smaller scale (mesoscopic) shear zones are prominent in several of the units in 

the Rainy Lake zone, particularly the metagabbros near the RBD and the tonalite-

trondjehemite gneiss southwest of Mine Centre (Figure 2).  Mesoscopic shear zones are 

also noted in the RBD and NEBD (Poulsen 2000).  These shear zones vary in size from 

the cm scale to the m scale, and are of both shear senses.  The shear zones fall into two 

distinct groups, one dextral with a general E-W strike, and the other sinistral with a NW-

SE strike.  These sets can be interpreted as conjugate shear zones and further confirm 

dextral wrenching of the faults (Poulsen 2000). Further analyses of shear zones in the 

RBD and NEBD are completed in this study. 

Large folds within the Rainy Lake zone are identified by orientations and facing 

directions of mappable units (Poulsen 2000). These large early folds are recumbent and 

caused inverted stratigraphy (Poulsen 2000b), although they are difficult to fully identify 

due to subsequent deformation and metamorphism along with lack of stratigraphic 

markers in the now largely vertically oriented layering. Smaller upright folds locally fold 

the large features along ENE striking axial planes parallel to the regional foliation.  These 

folds in the region are small, and are mainly found in schists, especially those 

surrounding the RBD and NEBD (Druguet et al. 2008).  These folds in the schists are 

often difficult to pinpoint due to lack of prominent layering, and are most typically 

observed in leucocratic veins that intruded the schist (Druguet et al. 2008).  These are 

interpreted as fold structures associated with the wrench zone due to their orientation 

(45°) with respect to the major faults, as demonstrated experimentally by Lowell in 1972 
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(Poulsen 2000). Late-stage crenulation cleavage that formed asymmetric folds is present 

in some schists as well, and these folds have a minor local effect on the largely vertical 

foliation  (Poulsen 2000).  Folds of both dextral and sinistral sense can be found, but the 

dextral folds outnumber the sinistral 2:1 (Poulsen 2000; Bauer et al. 2011). 

2.3: Deformational history 

The Rainy Lake zone underwent three major phases of deformation, each 

producing distinct structures.  The first phase (D1) of deformation consisted of faulting 

and recumbent folding of island arc rocks (metavolcanic rocks, metagabbros, and 

granitoid plutons including the Rice Bay Dome) and accretionary prism rocks (biotite 

schists).  These folds were likely nappe-like (Davis et al. 1989; Poulsen 2000). Thrust 

faulting and vertical to sub-vertical strike-slip faulting may have also been active during 

D1, resulting in stacking of geologic units and large scale fault offsets (Poulsen 2000; 

Poulsen 2000b; Czeck & Hudleston 2003; Czeck & Poulsen 2010; Bauer et al. 2011). 

During D1, a regional schistosity subparallel to compositional banding in the units 

formed, which pervaded the whole region (Poulsen 2000; Druguet et al. 2008).  

This schistosity is retained by the Rice Bay and Northeast Bay Domes (Poulsen 

2000).  This event also may have initiated the emplacement and doming of the Rice Bay 

area (Davis et al 1989; Poulsen 2000). The stratigraphy of the RBD area is overturned, 

and can be explained by a large scale nappe-like fold, which initially faced sideways and 

was progressively rotated and folded into a downward facing fold during later 

deformation (Poulsen 2000). The current map pattern could also be produced by faulting 

the RBD into the fold (Poulsen 2000), which would be consistent with a diapiric 
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emplacement (Whitney et al. 2004).  The foliation found in the Rice Bay Dome 

(approximately EW striking) is attributed to this initial tectonic event (Poulsen 2000, 

Druguet et al. 2008).  The foliation present in the NEBD is also attributed to this initial 

tectonic stage (Poulsen 2000). 

D2 is marked by a transition in deformation style to ductile transpression  (as in 

Figure 5, discussed in Section 2.4), creating most of the S>L (foliation dominant over 

lineation) strong deformational fabrics that are pervasive throughout the region (Czeck & 

Hudleston 2003; Bauer et al. 2011).  A composite schistosity of D1 and D2 fabrics formed 

during this stage, and lineations formed during this time plunge variably (Czeck & 

Hudleston 2003; Druguet et al. 2008).  There are many lines of evidence supporting a 

transpressional model for the area, including the pervasiveness of dextral shear markers 

in the horizontal plane, widespread flattening fabrics, and subvertical foliations (Poulsen 

2000; Czeck & Hudleston 2003; Bauer et al. 2011).  However, the lineations observed in 

the Rainy Lake zone do not fit with the more basic model for homogenous monoclinic 

transpression (Sanderson & Marchini 1984; Fossen & Tikoff 1993).  If this were the case, 

either vertical or horizontal lineations would be observed (Fossen & Tikoff 1993).  In the 

Rainy Lake area, lineations are variable and plunge both east and west at nearly all angles 

(Czeck & Hudleston 2003; Fernández et al. 2013).  Therefore, the model that best fits the 

field observations in the Rainy Lake zone is triclinic transpression with subhorizontal 

simple shear and a variable extrusion angle (Czeck & Hudleston 2003, Bauer et al. 2011, 

Fernández et al. 2013).  

The ductile transpression is manifested differently in various geologic units, 
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characterized by homogenous deformation in the less competent units (metavolcanics and 

biotite schists) or concentrated deformation in the more competent units (metagabbros 

and gneisses) (Druguet et al. 2008, Bauer et al. 2011). It is also likely that certain 

lithologic units partitioned simple shear and pure shear differently to various degrees 

(Druguet et al., 2008, Bauer et al. 2011).  Anastomosing shear zones formed during D2 

are a product of ductile wrenching, presumably with a high degree of simple shear 

(Czeck & Hudleston 2003, Bauer et al. 2011).  Contemporaneously, greenschist-

amphibolite facies metamorphism occurred, and more folds were formed during this 

second phase of deformation, ranging from tight to isoclinal (Poulsen 2000, Druguet et al. 

2008). During D2, the nappe-like folds created during D1 were folded again, creating new 

folds with ENE striking axial planes parallel to the prominent S2 foliation, including 

those on the flanks of the Rice Bay Dome (Davis et al. 1989, Poulsen 2000).  

The metaconglomerates of the Seine Group may have been deposited in a pull 

apart style basin resulting from the dextral shearing of the Quetico and Rainy Lake-Seine 

River faults during this deformational phase (Davis et al. 1989, Czeck & Hudleston 2003, 

Czeck et al. 2009). Late stage intrusions of granites (the Algoman plutons) occurred late 

during D2 (Czeck et al. 2006).  These granitic plutons are compositionally distinct from 

the Rice Bay and Northeast Bay domes, which are tonalite-trondjhemite-granodiorite 

(Poulsen 2000).   

 Lastly, the area was exhumed and subjected to retrograde metamorphism (D3) 

(Bauer et al. 2011).  This last stage of deformation, involving all lithologies of the Rainy 

Lake zone, was likely controlled by the distribution of lithological units (Poulsen 2000).  
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During this phase, strain became localized along shear zones in the region, including the 

major mylonitized Quetico and Rainy Lake-Seine River faults and the NW-SE trending 

mesoscale shear zones (Bauer et al. 2011).  Crenulation and kink bands also formed 

during this time, which locally altered the orientation of the S2 foliation (Poulsen 2000).  

Late stage quartz and carbonate rich veins were also likely intruded into many units of 

the region (Bauer et al. 2011).  D3 deformation is more brittle-ductile than D2 and 

represents rock exhumation (Bauer et al. 2011).  

Metamorphic conditions in the Rainy Lake zone were low to medium grade, at a 

temperature of approximately 540° C and a pressure of 3.4 kilobars (Poulsen 2000).  

Rocks of the Rainy Lake region are mainly of greenschist and amphibolite facies.  The 

distinguishing factor between the two is based on the abundances of key minerals.  In the 

greenschist facies rocks, chlorite is abundant in all lithologies, carbonate minerals are 

found in the metabasites, sericite is found in the altered metavolcanics, and muscovite +/- 

biotite are found in the metapelites (Poulsen 2000). In the amphibolite facies rocks, 

garnet is relatively ubiquitous in the metapelites and amphiboles (hornblende and 

actinolite) are found in the metabasites.  The amphibolite facies metavolcanics display 

retrograde assemblages as well (Poulsen 2000).  Contact metamorphism is also present 

nearby the late Algoman plutons (Poulsen 2000).  The RBD and the NEBD lie entirely 

within the amphibolite facies region of the Rainy Lake zone. 

The most deformed units are those of the Keewatin and Coutchiching Group 

rocks, which were present throughout all phases of deformation, while the Algoman 

plutons are the least deformed, being late D2 stage intrusions (Poulsen 2000).  The 
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metatonalites of the Rice Bay and Northeast Bay domes display characteristics of 

amphibolite facies metamorphism, indicating a considerable amount of deformation, but 

are not as deformed as some of the less competent schists (Poulsen 2000).   

2.4: Transpression 

Most tectonic fabrics are not formed through one component of shear (be it pure 

or simple), but rather a combination of the two.  This makes plane strain, where only one 

model of shear is operating or both pure shear and simple shear operate on the same 

plane, quite rare (Fernández et al. 2013).  The amount of simple shear to pure shear can 

be represented by the kinematic vorticity number, Wk, which relates to the internal 

rotation of the deformation field.  A Wk value of 0 corresponds to exclusively pure shear, 

while a Wk value of 1 corresponds to exclusively simple shear.    

Transpression in its most basic definition refers simply to oblique collision 

(Harland 1971). Transpression has been utilized as a three-dimensional kinematic model 

useful for explaining a wide variety of flattening fabrics found in geologic settings 

(Sanderson & Marchini 1984; Fossen & Tikoff 1993).  There are many different 

transpressional scenarios, from the simplest monoclinic transpression with simultaneous 

simple shearing and shortening in the same plane with vertical extrusion (Sanderson & 

Marchini 1984; Fossen & Tikoff 1993), to a more complicated triclinic transpression with 

oblique simple (Lin et al. 1999) and pure shear components (Figure 4) (Czeck & 

Hudleston 2003; Fernández & Díaz-Azpiroz 2009; Fernández  et al. 2013).  When 

considering possible transpressional models, the lineation orientation is a key deciding 

factor.  Monoclinic models predict lineations that are either horizontal or vertical 
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N80E (Figure 26).  This maximum elongation direction is consistent with the strike of the 

foliations in the area, along with the general orientation of the Quetico shear zone to the 

north.   

 The 3D strain ellipsoids for the two stations are consistent with the overall strain 

ellipse from just outside the NEBD (Druguet et al. 2008).  The folded and boudined veins 

intersected the foliations of the region at low angles in the NEBD, similar to how they do 

in the surrounding schists.  Figure 35, modified from Druguet et al. (2008), shows 

orientations of shortened and extended veins from areas around the RBD and NEBD, but 

no data was plotted for within the NEBD.  The slight flattening fabric is consistent with 

the overall strain regime of the area and the lack of lineations found at the outcrops.  

Lineations from the NEBD are inferred to be vertical, as the strain ellipsoid shows the YZ 

plane on the horizontal outcrop.  Although this is different from the RBD, it is not 

entirely impossible.  The RBD and NEBD are likely accommodating deformation in 

different styles, and the NEBD may be experiencing a greater component of pure shear 

(Fossen & Tikoff, 1993). 

 It is important to note that these folds do not always record all the strain a unit has 

undergone, as veins are often emplaced later in deformation.  Therefore, these folded 

veins may only be recording part of the strain path that was undertaken by the NEBD and 

therefore should be considered a minimum strain estimate for the gneiss. 

5.5: Transpression modeling 

 In the RBD, eight stations had lineation data and could be compared to the 

models.  For some stations (RBD 13-05, 13-10, 13-16) multiple models of varying shear 
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obliquity and extrusion fit.  Most of these models were matches for the data at higher 

kinematic vorticity (Wk = 0.89-0.99) (Appendix A).   

 Once strained mafic enclave data was included one consistent model of φ = 20° 

and ν = 170° was a close fit for much of the data in the RBD.  This model was a perfect 

match for station 13-17, and was a close match (save for the 2D sectional ellipses) for 

station 13-01, but did not fit station 13-11 (due to angle of elongation incompatibility).  

The Rs values were close matches, but the angle of elongation was not a good fit for the 

data, and was off by more than 30 degrees.  Simple shear obliquity is present and occurs 

at a low angle.  The extrusion angle for this model is subvertical (ν =170°).  The strain 

magnitude for these models is low (Lode’s ratio typically less than 0.3; Figure 25), 

indicating that they were not on this strain path for a considerable amount of time.  The 

kinematic vorticity determined from this model was high and close to 1, indicating a high 

ratio of simple shear to pure shear (Wk = 0.99).  This kinematic vorticity estimate seems 

to be too high for the rest of the study area, given that shortening has been observed in 

the center of the dome (at station RBD 13-07).  The RBD may be partitioning the strain 

differently within itself, however.  The outer edge of the dome may yield vastly different 

strain magnitudes than the center of the dome. 

This model is also a match for some of the stations lacking strain data. The 

lineation data at RBD 13-04 and 13-05 also fit this model at high kinematic vorticity (Wk 

= 0.99).  This suggests that this model is a reasonable model for the other stations in the 

RBD, as it agrees with five out of eight stations.    
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 In the NEBD, several models were possible.  There was no one single simple 

shear obliquity angle that worked for the assumed lineation orientation; models with φ of 

160°, 0°, and 20° were all possible.  Angles of extrusion, ν, were subvertical (0°, 10°, 

170°), consistent with the assumed vertical to subvertical lineations.  For the NEBD, the 

transpression modeling yielded lower kinematic vorticities (0.24-0.89, with considerable 

variation), indicating that there was a considerable amount of pure shear, and pure shear 

may have been more prominent in this dome. The data fit the models at low to medium 

strain magnitudes. It is not possible at this time to further narrow down the number of 

working models without additional field data to constrain the models.  Based on field 

observations, these models should hold for all outcrops observed during this field study.  

No significant changes in foliation or fabric were observed, suggesting that this central 

portion of the dome behaved similarly.  However, conclusions cannot be drawn for the 

margin of the NEBD due to a lack of direct observation.  

 The best-fit models for both domes are quite similar, despite the vastly different 

lineation orientations.  This is likely because of the positions along the strain path that 

each lineation represents.  These models also accommodate plane strain, which is 

dominant in both domes, for positions towards the beginning of the strain path.  All parts 

of the RBD model (lineation data, 2D horizontal ellipses, and strain ellipsoid shape) 

agree for lower amounts of finite strain, while the NEBD has a major discrepancy 

between the lineation data and the other parts of the model.  The assumed lineation data 

matches the model at high amounts of strain, while the 2D ellipse and 3D ellipsoid shape 

data matches the model at lower amounts of strain.  It may be likely that the lineation 

direction in the NEBD is actually steeply plunging, rather than subvertical, as well.  If the 
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NEBD is in fact dominated by pure shear, a steep subvertical lineation is expected, as 

lineations formed through pure shear are vertical.  Lineations formed by simple shear, on 

the other hand, begin subhorizontally and progressively rotate towards vertical with 

increasing finite strain (Fossen & Tikoff 1993, Czeck & Hudleston 2003).  Lineations 

from the NEBD match the pure shear dominant model, while lineations in the RBD 

match the simple shear dominant model.  

The strongest parts of these models are the shear obliquity and extrusion angles.  

Both domes had very similar models fit them, indicating that these models are likely the 

best options.   

However, the kinematic vorticity values are still points of uncertainty.  The mafic 

enclave data may be an overestimation of strain, or the mafic enclaves could have a 

preexisting shape (meaning they had a primary preferred orientation), which could be a 

source of error for the modeling.  Because shortening was clearly observed in other areas 

of the RBD, it is unlikely that this unit deformed through only simple shear.  Likewise, in 

the NEBD, the dominance of dextral shear markers seems to indicate that simple shear 

played an immense role in deformation, but the models suggest that pure shear was 

actually dominant.  More modeling and testing would be necessary to conclusively state 

the kinematic vorticities possible for these domes. 

5.6: Kinematics and strain partitioning of the gneiss domes 

 All structures observed can be incorporated into a larger scale kinematic model 

for the domes.  Most structures observed can be attributed to D2 deformation, as the 

domes were emplaced at some point during D1.  Foliations of the RBD define an axial 
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trace produced during D2 folding, as the D1 axial trace is likely buried (Poulsen 2000).  

Lineations are also likely D2 features.  Lineations and cascading folds are some of the 

few structural features that can be used to determine emplacement mechanisms of gneiss 

domes.  Radial emplacement lineations plunging away from the center of the dome would 

indicate diapiric emplacement.  Unfortunately, in the RBD, all lineations present are 

deformational and cannot be used to determine emplacement. 

 In the RBD, most localized strain has accumulated in the central portion of the 

dome.  This is marked by an abundance of shear zones and the increased presence of 

folds.  The outer edge of the dome appears to be deformed more homogeneously as 

determined by the lack of shear zones, but deformation marked by the mafic enclaves.  

Tension gashes and quartz veins are also observed along the outer edge of the RBD, but 

these are late stage (D3) features and have little to do with the main deformational event, 

D2.  From the limited sampling of the NEBD, it appears that the shear zones, folds and 

boudins are abundant throughout the dome.  To confirm this, additional sampling would 

be required throughout. 

 Shear zones are prominent features in both domes.  These features likely formed 

during the main transpressional event, D2.  In the RBD, obvious sinistral and dextral sets 

of shear zones accommodate shortening.  Shear zones in the RBD also vary in size, from 

very small (less than half a centimeter) to large (greater than 10 centimeters) in width. In 

general, dextral shear zones have a greater width than sinistral shear zones.   In the 

NEBD, only dextral shear zones were observed.  These shear zones were small, but very 

abundant in outcrops. The conjugate shear zones in the RBD can be directly linked to 
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accommodating shortening and the dominance of dextral over sinistral sets indicate that a 

significant part of the dextral deformation was taken up on shear zones too.   

 Strain cannot generally be measured within the domes, but can be approximated 

in some locations using mafic enclaves in the RBD and folded/boudined dikes and veins 

in the NEBD.  The mafic enclave strain data from the RBD is likely an overestimate of 

the overall strain in the gneiss because the enclaves are less competent than the gneiss.  

The strain data from the folded/boudined dikes in the NEBD is likely an underestimate of 

strain within the gneiss because 1) the veins and dikes were emplaced during D2 

deformation so they only record part of the strain, and 2) the veins and dikes are more 

competent than the rest of the gneiss. The strain magnitudes from both domes are similar, 

but the NEBD appears to be more strained than the RBD, and this disparity is only 

heightened by the likely overestimate of strain in the RBD and underestimate of strain in 

the NEBD.  For these reasons, the gap between the NEBD and RBD strain magnitudes is 

likely slightly larger than observed. 

 The strain within both domes indicate a plane strain or, in some cases, flattening 

deformation. In both domes, the shortening was roughly N-S. In the RBD, the mafic 

enclaves strain data corroborates the conclusion from the subhorizontal lineations that 

stretching is subhorizontal in a roughly EW direction.  In the NEBD, the presumed 

lineations are subvertical suggesting a vertical stretch.  

Both units were likely accommodating both dextral motion and shortening, but 

were accommodating the strain in different ways.  The RBD partitioned deformation 

along discrete shear zones for both the shortening component (conjugate sets) and the 
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dextral component (dominance of dextral shear strands) of the transpression.  From the 

mafic enclave data, it seems that a significant amount of deformation was also 

accommodated within the main part of the RBD gneiss itself. Since the most likely Wk 

was high and the lineations are subhorizontal, it seems like the main part of the gneiss 

was simple shear dominated.  The NEBD likely accommodated a great deal of dextral 

strain along several small, localized shear zones, and the proximity to the Quetico Fault is 

likely the cause of this dominant dextral deformation. However, the presumed vertical 

lineations and the lower strain within the gneiss itself suggest that the main part of the 

gneiss within the NEBD accommodated more of the pure shear shortening component of 

the transpression. This scenario, where the discrete shear zones take up most of the strike-

slip deformation and the lozenges between the shear zones accommodate little to no 

deformation or most of the shortening is hypothesized to be the most general case (e.g. 

Burg 1999; Butler et al. 2002), so it is interesting that the data support this interpretation 

for the NEBD but not for the RBD. 

 Based on the structures observed, it is likely that N-S shortening was occurring 

along with dextral strike-slip motion during D2.  The shear zones present in both domes 

strike roughly E-W, and the shortening direction is roughly perpendicular to that 

orientation due to continued rotation of the shear zones throughout deformation (Figure 

33).   

During the final stage of deformation, localized extension was recorded by late 

stage tension gashes.  Each set of tension gashes has been emplaced and then rotated to 

the current orientation during late stage exhumation.  In the RBD, quartz, K-feldspar, and 
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iron-rich tension gashes have intruded in multiple stages and rotated towards the shear 

plane with continued deformation.  Tension gashes with a composite quartz and K-

feldspar fill likely formed first, with quartz tension gashes occurring second.  The timing 

of the K-feldspar tension gashes is unknown, due to the random orientation and no 

preferential orientation.  The iron-rich tension gashes only occurred in one locality, and 

indicate two stages of emplacement, potentially coeval with the quartz tension gash 

emplacement.  These iron-rich tension gashes were not observed anywhere else, and may 

be indicating mineral rich fluids were present during exhumation.   

In the NEBD, we see similar relationships of tension gashes, but it appears the K-

feldspar tension gashes intruded first, followed by quartz tension gashes.  This indicates 

that tension gashes of varying fill may not have been coeval in both domes.  Additionally, 

mineralization may not be as prominent in the NEBD as it is in the RBD.   The tension 

gash orientations in the NEBD yielded inconclusive results.  Two stations matched the 

orientation of the late stage stress field of the RBD, but one did not.  More sampling 

points would be needed to fully constrain the extensional direction in the NEBD.  The 

rotational component to these tension gashes indicates that the late stage deformation was 

largely noncoaxial. 

 These results are consistent with triclinic transpressional models proposed for the 

area.  Only one model matched the strain data for the RBD, and was consistent across all 

stations with both lineation and strain data.  This model (φ = 20°, ν = 170°) invokes a 

shallow shear obliquity angle and a subvertical extrusion angle.  This model also suggests 

that the RBD has not accumulated a considerable amount of strain, and deformed with 
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greater components of simple shear to pure shear.  Coupled with the mafic enclave results 

indicating plane strain, this model suggests that simple shear is far more dominant over 

pure shear here (consistent with the subhorizontal lineations).   

The NEBD has considerably more potential models which match the field data, 

one of which is the model that also matches the RBD.  All models for the NEBD invoke 

low shear obliquity angles and subvertical to vertical extrusion angles.  The data 

alignment with the models also suggests that the NEBD has accumulated more strain than 

the neighboring RBD.  Despite its proximity to the large scale Quetico shear zone, the 

model predicts pure shear to be dominant in the NEBD (consistent with the subvertical 

lineations), but still with a considerable component of simple shear.  This pure shear 

component is likely accommodated in the rock of the NEBD itself, while the dextral 

motion is accommodated in small shear zones. 

 Although these transpressional models work for the competent rock units, it is 

unlikely that they work for the other lithologies of the Rainy Lake area.  Each lithology 

deforms in its own way and produces its own distinct set of structures.  Although all units 

underwent the same large scale tectonic event during the Neo-Archean, each unit 

accommodated strain differently.  Therefore, there is no single transpressional model that 

can fit the entire Rainy Lake wedge.  

5.7 Comparisons of kinematics and strain to other lithological units within the Rainy 

Lake zone 

 Several other researchers have studied different units of the Rainy Lake area to 

determine kinematics and strain partitioning.  In the metagabbros nearby the RBD, 
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kinematics were determined from anastomosing shear zones (Carreras et al. 2010). These 

anastomosing shear zones are similar to those found within the RBD, and show a 

preference for dextral shear zones over sinistral.  The dominance of one shear zone sense 

over the other indicates noncoaxial deformation.  If the dextral shear zones outlasted the 

sinistral ones, which is hard to discern from the data here except through conjecture about 

shear zone thickness, the results are consistent with a tectonic model shifting from pure 

shear dominated deformation (Wk = 0) to simple shear dominated deformation (Wk = 1) 

similar to that found in the metagrabbros (Carreras et al. 2010). Coupled with the 

transpression modeling done for the RBD which indicates simple shear being dominant 

(high Wk), it is implied that the shear zones in the RBD formed in a similar strain regime 

as the shear zones from Carreras et al. (2010). 

 Folded and boudined leucocratic veins are abundant in the metavolcanic and 

metasedimentary schists surrounding the RBD (Druguet et al. 2008).  These folds 

indicate stretching in a roughly E-W direction, as evidenced by the abundance of boudins 

in that orientation.  An estimate of kinematic vorticity was also proposed for two of the 

sampling locations.  The Wk values for these locations indicate dominant pure shear with 

a component of simple shear (Druguet et al. 2008).   Similar D2 folds and boudins are 

also present in the NEBD.  These folds and boudins are similar in orientation to the 

surrounding structures contained in the schists.  From the criteria for high strain versus 

low strain zone classification set out by Druguet et al. 2008, the fold and boudin data 

indicate that the NEBD was a high strain zone because folds and boudins occur at low 

angles to the S2 foliation (Druguet et al. 2008).  The kinematic vorticity values (Wk = 0.6-

0.7) proposed by Druguet et al. (2008) do not align with the preferred models for the 
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Figure 34: Mineralization in a small quartz vein.  This occurrence was observed at station RBD 13-10. 
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Table 3: Principal axes magnitudes of strain ellipsoids from the RBD and NEBD compared to Druguet et 

al. (2008).  Values highlighted in orange are not nearby the study area, and show significantly higher strain. 
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Chapter 6: Conclusions 

 The Rice Bay and Northeast Bay gneiss domes underwent significant deformation 

during the Neo-Archean Kenoran orogeny.  This deformation can be quantified and 

assessed through detailed field studies, and compared to the deformation in neighboring 

units, as undertaken here.   

1: The Rice Bay and Northeast Bay domes accommodated strain in different ways.  Shear 

zone evidence points to the RBD partitioning the shortening along discrete shear bands, 

while in the NEBD, any shortening must have been accommodated in the rock itself.  

Both units accommodated the dextral motion associated with transpression through shear 

zones as well; 70% of shear zones within the RBD were dextral, while all shear zones in 

the NEBD were dextral.  The difference between the two domes is likely related to 

proximity with the Quetico Shear Zone. 

2: Data from mafic enclave analyses in the RBD indicate plane strain was occurring and 

the strain magnitude was low.  Some local strain perturbations were present, which 

yielded strain ellipsoid shapes of flattening.  This is consistent with the dominance of 

foliation over lineation (S>L fabrics) in the area. 

3: Data from folded and boudined vein analyses in the NEBD yielded similar strain 

ellipsoid shapes as the RBD.  Plane strain was a dominant process with local strain 

perturbations.  The magnitude of strain in the NEBD was greater than the strain 

magnitude in the RBD, however. 
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4: The lineations directly observed in the RBD were shallow to subhorizontal and 

obliquely plunging.  Although no lineations were observed in the NEBD (due to poor 

outcrop exposure), it is inferred from the strain analysis from folded and boudined veins 

that the lineation is subvertical.  The different lineation orientations may be a result of 

different kinematics.  Units undergoing transpression in which pure shear is dominant 

will display vertical to subvertical lineations, while units in areas where simple shear is 

dominant will display subhorizontal to shallowly plunging lineations in low strain 

(Fossen & Tikoff 1993; Lin et al. 1999; Fernández et al. 2013).   

5: To test the transpression conditions in each unit, modeling was employed to determine 

the shear obliquity angle, the extrusion angle, the kinematic vorticity, and the amount of 

finite strain in a rock.  The models were matched to lineation orientations and strain 

ellipsoid data.  In the RBD, only one model was mostly consistent with the three stations 

having both strain and lineation data.  This model invokes a simple shear obliquity angle 

of 20°E and a subvertical extrusion angle.  The estimated kinematic vorticities from this 

model suggest the RBD underwent noncoaxial deformation with simple shear being 

dominant (Wk approximately 0.99).  These rocks had accumulated a considerable amount 

of finite strain as well.  In this case, while many of the discrete shear zones were 

accommodating shortening, the bulk rock and other shear zone sets were accommodating 

the dextral shear. 

6: In the NEBD, several models fit the field data observed.  These models varied in shear 

obliquity angle, but the extrusion angles were fairly consistent at subvertical angles.  

Unlike the RBD, these models suggested a lower kinematic vorticity value (Wk 
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approximately 0.24-0.89).  This indicates pure shear was a dominant process here. In this 

case, while all of the discrete shear zones were accommodating dextral shear, the bulk 

rock was accommodating the shortening. 

7: The differences between the matching transpression models for the two domes could 

explain the difference in lineation orientation between the two domes.  If the NEBD is 

undergoing pure shear dominated deformation, then the lineations should be subvertical 

(Fossen & Tikoff 1993).  Conversely, if the RBD is undergoing simple shear dominated 

deformation, the lineations should be subhorizontal and approach subvertical orientations 

with progressive finite strain accumulation (Fossen & Tikoff 1993).   

8: Compared to the surrounding region, the RBD and NEBD accommodated deformation 

very differently.  Within the units that have been extensively studied, these gneisses are 

the most competent of them all.  Folded and boudined vein orientations from the NEBD 

match those documented in Druguet et al. 2008, and anastomosing shear zones are 

operating similarly to those in the metagabbros documented by Carreras et al. 2010.  The 

Wk values for the NEBD are consistent with the values determined for the surrounding 

schists (Druguet et al. 2008) and the Seine metaconglomerates (Fernández et al. 2013).  

The RBD’s kinematic vorticity values appear to be too high to fit with the surrounding 

field data. 

9: No emplacement structures appear to be intact.  All lineations and foliations can be 

attributed to D2 transpressive deformation.  This means that other means will need to be 

utilized to determine emplacement of the domes, such as geochemical analysis or AMS 

techniques.  AMS techniques have been successful in the nearby Ash Bay Dome 
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(Borradaile et al. 2003) and could prove useful in these two units.  Geochemical analyses 

seem to indicate that there are key differences in the petrology of the center of the dome, 

such as an enrichment of heavier elements. 

10: Lastly, this study has proven that this method of modeling is a practical method for 

determining transpressional conditions in rocks that have undergone considerable 

deformation.  It can be applied to nearly any deformed rock with lineations and strain 

markers, and can yield results that can be compared to vastly different rock units with 

different deformation mechanisms. 
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