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ABSTRACT 

Vancouver Island is composed of a series of crustal blocks that formed in the Paleo-Pacific ocean 

basin and were thereafter accreted to the western margin of North America.  The Pacific Rim 

Terrane (PRT) lies along the western margin and wraps around the southern tip of Vancouver 

Island.    It is composed of Mesozoic volcanics and sediments and is divided into three 

components:  the Pacific Rim Formation (PRF), the Leech River Complex (LRC), and the 

Pandora Peak Unit (PPU).  For this study, small scale mapping and structural analyses were 

performed on a segment of the PPU at Harling Point in Victoria, BC.   The PPU records the 

interaction of the PRT with the older inboard Wrangellia terrane which makes up the majority 

of Vancouver Island.  It was found that the rock units represented in the Harling Point outcrop 

are characteristic of ocean floor volcanics with an overlying blanket of sediments.  These rocks 

were scraped off, folded, and thrust northward as they were driven against a wedge of 

Wrangellian crust, a process known as tectonic wedging.  The final result was a north-verging 

folded thrust nappe deformed by asymmetric south-verging folds.  The next step in the process is 

to apply and refine this model by analyzing additional outcrops of the PPU throughout 

Vancouver Island. 
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identifying heavily altered minerals in thin section which went a long way in helping to interpret these 

rocks.  A special thanks to David Nelles for teaching me on the use of the rock saw and for helping 
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1.  INTRODUCTION 

Vancouver Island is comprised of a stacked set of allocthonous terranes. The largest, Wrangellia, 

makes up the majority of the island and consists of stacked Devono-Mississippian and Jurassic arcs 

separated by a Triassic flood basalt.  Slivers of younger, fault-bound terranes lie along Wrangellia’s 

western margin and wrap about its southern tip.  These terranes include Eocene basalts of the Crescent 

terrane and the Mesozoic sedimentary – volcanic Pacific Rim terrane (PRT).  Two units, the 

metasedimentary Leech River Schist (LRS) and heterogeneous Pandora Peak unit (PPU), characterize 

that portion of the PRT that wraps about the south end of Wrangellia.  In previous studies (Muller, 

1977; Rusmore and Cowan, 1985) the LRS and PPU have been interpreted as trench fill and mélange 

units, respectively.   

The focus of this study is a group of rocks interpreted as belonging to the PPU that crop out along the 

coast in Victoria.  Through mapping and detailed structural analysis, I attempt to test interpretation of 

these rocks as a tectonically mixed mélange. Detailed structural analysis is used to unravel the internal 

structure and to test for the presence of an internally coherent stratigraphic succession.  My results are 

then used to test correlation of these rocks with the PPU and, more broadly, to examine regional 

correlations of the PRT with rocks in southern Alaska and northern California that are based in part on 

the assumed nature of the PPU.   
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In addition, understanding the tectonic history of the PPU and its relationship to adjacent rock units 

will help constrain the larger scale processes associated with the assembly of the outboard portion of 

the Cordilleran orogen.  I first review the regional geology of southern Vancouver Island, and then 

describe the results of our detailed studies of the PPU exposed at Harling Point in Victoria.   I show 

that the PPU is divisible into three members, a lower pillow basalt, intermediate tuffaceous meta-basalt 

and an upper block-in-matrix sedimentary mélange.  These units were isoclinally folded into a 

recumbent north-verging nappe, and then refolded about a series of asymmetric south-verging folds.  

Our structural interpretation is similar to that proposed for the LRS (Muller, 1977; Rusmore and 

Cowan, 1985) and suggests that the PPU and LRS were adjacent to one another prior to deformation.  I 

finish by discussing the implications of our findings for regional correlation of the PPU and the LRS. 

2.  REGIONAL GEOLOGY 

The PRT is in fault contact with Wrangellia along the West Coast, San Juan, and Survey Mountain 

faults and with the Crescent Terrane along the Tofino and Leech River faults (Brandon, 1989).  

Accretion of the PRT to Wrangellia is inferred to have occurred in the late Cretaceous, and the 

Crescent terrane to the PRT in the Eocene (Brandon, 1989).  

The PRT is divisible into the LRS and PPU in the south, and the Pacific Rim Formation along the west 

coast of the island (Groome et al., 2003; Rusmore and Cowan, 1985).  The multiply-deformed, Upper 

Jurassic to Cretaceous LRS consists of biotite schists, phyllites, weakly to moderately foliated 

metapelites, meta-sandstone, minor meta-volcanic rocks, chert and conglomerate (Rusmore and 

Cowan, 1985).  Metamorphism is indicated by chlorite to staurolite-andalusite metamorphic mineral 
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parageneses with metamorphic grade increasing toward the Leech River fault (Fairchild and Cowan, 

1982).   

The PPU, has been characterized as a mélange consisting of discontinuous and irregularly bedded 

black mudstone, terrigenous greywacke, radiolarian ribbon chert, green tuff, and metabasaltic 

greenstone, with lesser amounts of pebbly mudstone and isolated limestone blocks (Rusmore and 

Cowan, 1985).  The PPU has been mapped:  near Port Renfrew where it is inferred to unconformably 

overlie an older volcanic basement referred to as the Ucluth Formation; along Finlayson Arm of 

Saanich Inlet; and in southern Victoria (Figure 1) between the west end of Gonzales Bay and 

McMicking Point to the east, and in areas of high relief such as Gonzales Hill, Walbran Park, and 

Trafalgar Park (Figure 2). 
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Figure 1.  Current map showing the locations of the Leech River Formation Vancouver Island and the mapped locations of the fault 

contacts separating the various units.  The PPU is designated as the dark green map unit to the north of the blue LRC unit.  Yellow star 

indicates study area. Adapted from BC Geological Survey http://www.mapplace.ca. 

 

 

Figure 2. Location map showing the Harling Point study area.  Area within the dashed rectangle is shown in Figure 3. 

http://www.mapplace.ca/
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3.  RESULTS 

 3.1 DESCRIPTION OF LITHOLOGIES 

The Harling Point outcrop is divisible into three distinct units.  In stratigraphic order, these are: a 

strained and altered pillow basalt; an altered, light green, laminated tuffaceous meta-basalt; and an 

argillaceous block-in-matrix sedimentary mélange unit with minor carbonate (Figure 3).  Limestones 

and greywacke occur as olistoliths and matrix materials in the argillite unit. The basaltic units have 

been metamorphosed to greenschist facies with epidote and chlorite replacing primary plagioclase and 

pyroxene.  Primary mineral assemblages are altered and are recognizable by interference colors and 

relief in thin section. 

 

Figure 3.  A close-up view of outcrop showing individual structural measurements and dextral fault.  Cleavage and bedding planes trend 

NW-SE and dip steeply to the NE.  Adapted from crdatlas.ca. 

S
1
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3.1.1 PILLOWED META-BASALT 

The uppermost unit in outcrop is the mint-green aphanitic pillowed metabasalt.  Pillows, only locally 

identifiable (Figure 4), are flattened into discs that are shot through with quartz veins.  Veins occur 

along and define shear zones that trend NNE-SSW (Figure 5).  The pillow basalt weathers light to dark 

grey and the lack of significant glacial grooves and lighter green color of fresh surfaces helps to 

distinguish this unit.  The mineral paragenesis includes: epidote + chlorite + calcite + plagioclase.  

Plagioclase is distinguished by its low relief and clay alteration (Figure 6).   

 

Figure 4.  Pillowed meta-basalt unit.  Pillows are flattened in the North-South direction.  Pencil for scale. 
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Figure 5.  Veins in pillow basalt following conjugate shears striking NNW-SSE. 

              

Figure 6.  Thin sections of the pillowed basalt unit. (A)  Normally polarized. (B) Crossed polars. 

A B 
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3.1.2 TUFFACEOUS META-BASALT  

The predominant lithology found at Harling Point is a sage green, fine-grained, finely laminated, and 

pervasively sheared rock. (Figure 7).  Laminae strike northwest-southeast and are complexly folded, 

locally defining upright chevron folds two to three centimeters high with axial planes that strike 

northwest-southeast.  Deep glacial grooves, a darker green color and discontinuous laminae help 

distinguish this rock from the pillow basalt (Figure 8).   

As with the pillow basalt, the mineral paragenesis includes:  plagioclase + epidote + calcite + chlorite.  

Plagioclase is identified by its low relief and rare albite twins.  Epidote is characterized by high relief 

and interference colors (Figure 9).  Previous whole-rock geochemical analyses (Johnstone, 2000) 

suggest that these rocks are chemically similar to ocean island basalts (OIB). The absence of igneous 

clinopyroxene is therefore likely a consequence of replacement during metamorphism. 

 

 

 

S1 

Figure 7. Chevron folding in variably weathered tuffaceous meta-basalt on the hill to the east of the Chinese Cemetery.  
(A) Variable weathering and fine-grained texture gives the unit a "ribbon chert"-like appearance.  (B) Fresh section 
shows upright chevron folds with S1 cleavage striking northwest-southeast. 
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Figure 8.  Microbrecciated tuffaceous meta-basalt in outcrop exposed to a lower degree of weathering and erosion from waves.  
Notebook for scale. 

 

Figure 9.  Thin section of tuffaceous meta-basalt unit.  (A) Normally polarized. (B) Crossed polars, calcite is visible as blue birefringence 

in crack fills. 

S1 

 

A B 
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3.1.3 SEDIMENTARY UNIT – MÉLANGE  

The mélange unit crops out at the east end of Harling Point and consists of a calcareous black argillite 

matrix supporting variably-sized sub-angular olistoliths of basalt, limestone, and greywacke (Figure 

10).  Locally-derived blocks of tuffaceous meta-basalt up to 6m long trend NW-SE parallel to bedding.  

The blocks are inferred to have been derived from the tuffaceous meta-basalt unit, and implies that the 

sedimentary unit is younger than the basalt units.   

The argillite matrix is finely laminated, deformed, and comprised of angular to sub-angular, medium- 

to very coarse-grained sand clasts (Figure 11).   

 

Figure 10.  Argillite unit with 6m x 3m imbricated block of tuffaceous meta-basalt.  Hammer for scale.   Thin, discontinuous beds and 
blocks of tuffaceous meta-basalt can be seen near the margins. 
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Figure 11.  This sections of sedimentary unit showing angular to sub-angular medium- to very-coarse grained sand clasts supported in a 
fine-grained matrix.  (A)  Normal polars.  (B)  Crossed polars. 

 

 3.2 STRUCTURAL GEOLOGY 

The units are multiply folded.  Cleavage and bedding dip northeast at shallow angles to one another 

with an overall northwesterly strike (Figure 3).  The oldest folds (F1) are recumbent and isoclinal 

closing to the southwest.  At the northwest end of the outcrop the F1 fold is cored by tuffaceous meta-

basalt surrounded by the pillow basalt (Figure 12).  To the southeast, the F1 fold is cored by the 

sedimentary mélange unit which is surrounded by tuffaceous meta-basalt.   

The tuffaceous meta-basalt can be traced from the upper limb of the southwest F1 fold to the lower 

limb of the F1 fold at the northwest end of the outcrop.  Thus, the sedimentary mélange unit, despite 

A 

B 

Calcite 
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being the stratigraphically youngest unit, sits below the tuffaceous meta-basalt, which in turn sits 

below the pillow basalt.  The stratigraphic sequence is, therefore, inverted with the youngest unit, the 

sedimentary mélange, at the deepest structural level.  The implication is that Harling Point rocks are 

overturned and lie along and form the lower limb of a north-verging thrust nappe (Figure 13). 

A second phase of folding (F2) is indicated by folding of the axial surfaces (S1) of the F1 folds.  The F2 

folds are south-verging and asymmetric with shallowly north-dipping limbs and shorter, more steeply 

south-dipping southern limbs.  An F2 synform is cored by the pillow basalt at the northwest end of the 

outcrop (Figure 14).  Along the southeast portion, an F2 antiform is cored by and exposes the 

sedimentary mélange unit.  East viewed cross-sections of these regions as well as a composite cross-

section projecting the fold pattern from the NW synform to the SW antiform are shown in Figure 15.  

The map view of cross section locations is illustrated in Figure 16.  Steeply-dipping S2 cleavage 

changes strike across the length of the outcrop from WNW in the southeast to NW in the northwest and 

implies F3 folding about a steeply-plunging axis.  Open folding about a steep to vertical fold axis may 

be a manifestation of Eocene counter-clockwise oroclinal rotation of southern Vancouver Island 

thought to have occurred during Crescent terrane accretion (Johnston and Acton, 2003).   

NNW-SSE striking, steeply-dipping, through-going shear zones cut across bedding and folds (Figure 

14).  In the tuffaceous unit, shearing deflects foliation rightwards indicating dextral motion (Figure 

17).  Shear zones can be traced for tens of meters throughout the outcrop showing brecciation and 

cataclasis of the rocks, veining, and dextral rotation of clasts within the mélange.   Clast rotation within 

the mélange is facilitated by and occurs along S2 cleavage indicating that shearing may represent the 

strike-slip component of a transpressional regime forming the F2 folds.   
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Figure 12.  Contact between the tuffaceous meta-basalt (brown) and pillow basalt (grey) unit showing evidence of F1 folding.  View to 

the northeast.  Clipboard for scale.  This fold can also be seen looking west on the left side of the outcrop shown in Figure 14. 

 

Figure 13.  Schematic diagram of north verging F1 nappe prior to F2.  Black rectangle indicates approximate location of the NW end of 
the Harling Point outcrop. 

Tuffaceous meta-basalt 

Pillow basalt 

Pillow basalt 

N 
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Figure 14.  (A) WSW view of synform, outlined in red, formed by F2 folding of F1 at the northwest end of the outcrop at Harling Point 

preserving a section of pillowed meta-basalt.  Green lines indicate contact between pillow basalt and tuffaceous meta-basalt folded by F1. 

The black line indicates the approximate trace of the dextral shear. (B) Contoured stereoplot of the poles to axial planar cleavage at 
Harling Point showing a steeply northeast dipping axial plane striking NW-SE. 

B 

A 

N 

B 
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Figure 15.  Eastward facing cross-section of:  (A) the syncline at the west end of Harling Point and (B) the anticline at east end; looking 

southeast showing orientations of refolded S1 cleavage planes.  S2 cleavage (orange line) strikes E-W and dips 70-80⁰ toward the north. 

(C) Suggested fold pattern linking the east and west segments showing S1 cleavage (blue lines), refolded into south verging asymmetric 

open folds.  Overlying unit (yellow) is not in outcrop at Harling Point but is included here to maintain consistent layer thickness in the 
Sedimentary Unit.  See Figure 16 for location of cross sections.  

 

 

Figure 16.  Map of Harling Point showing cleavage planes S1 and S2 plus location of cross sections a to a’ and b to b’. 
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Figure 17.  Foliation deflection (green line) and boudinage (red arrows) at shear zone in tuffaceous meta-basalt unit indicating right-

lateral strike-slip motion. 

 

4.  DISCUSSION 

 4.1 TECTONIC EVOLUTION 

The lithologies present at Harling Point indicate oceanic provenance, possibly a segment of oceanic 

crust or the remains of an active marine volcano with overlying terrigenous sediments. OIB-type 

geochemistry favors the latter interpretation.  As the total extent of outcrop at Harling Point does not 

exceed 200m it is difficult to reconcile this package as ocean crust without further evidence of the 

remainder of the ophiolite sequence.  Metamorphic grade remained low, not exceeding greenschist 
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facies.  An alternative interpretation is complete retrograde overprinting of higher grade metamorphic 

facies.   

Angularity of the sand clasts and size of the olistromes in the sedimentary package suggest short 

system transport from a nearby source.  Potential source terranes for the greywacke and limestone 

clasts in the sedimentary mélange include the PRT to the west and Wrangellia to the northeast.  The 

coherent stratigraphy of the package suggests these exotic clasts were deposited as olistromes prior to 

lithification of the sediments.  Tuffaceous meta-basalt blocks and disrupted margins in the argillite unit 

imply tectonic disruption of the basalt with incompletely lithified or remobilized sediments possibly 

during nappe formation. 

Cowan (1985) lists characteristics of three types of mélange units based on the diversity of lithologies 

and structural styles.   He classifies the PPU as Type II which is comprised of multiple lithologies 

interbedded with black mudstone, mixed and deformed prior to complete lithification of the sediments 

by imbricate thrusting or layer parallel extension.  The rocks at Harling Point appear to have been 

deformed as a coherent, lithified stratigraphic section.  Cowan’s (1985) description does not 

characterize the rocks at Harling Point suggesting either the PPU is not entirely mélange, or the 

Harling Point rocks are not part of the PPU.   

Northwesterly trending cleavage implies folding was a response to north-south directed compression 

consistent with late Cretaceous to Tertiary relative plate motions (Rea and Dixon, 1983; Liu et al, 

2008; Sigloch and Mihalynuk, 2013).   

Despite being characterized by opposed vergence, F1 and F2 appear to be coaxial, implying that they 

are kinematically linked.  A model of tectonic wedging may explain northward nappe emplacement 
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followed by south-verging folding of the nappe.  Tectonic wedging involves insertion of a wedge 

bound down by a foreland-verging basal thrust that ends at a wedge tip against a hinterland-verging 

upper thrust.  Displacement of the wedge toward the foreland produces hinterland-verging structures in 

the hanging wall strata above the wedge.  Movement of the wedge over ramps in the lower bounding 

thrust can produce foreland-verging folds of the wedge and the overlying strata. Wedge insertion has 

been proposed to explain deformation of the Franciscan Complex mélange, a unit that may be 

correlative with the rocks at Harling Point (Wakabayashi and Unruh, 1995; Unruh et al., 2004; Figure 

18).  

 

Figure 18.  The tectonic wedging model proposed by Unruh et. al, 2004 for deformation of the Franciscan Complex showing a west-
dipping décollément and east-dipping backthrusts causing asymmetric folding of the Upper Great Valley Group (GVG). 

 

In the Victoria region, the PRT forms the hanging wall above a thrust fault contact characterized by 

mylonites.  The hanging wall contains rocks of Wrangellia (Pope, 2006).  The south-verging F2 folds 
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affect both the PRT rocks, including those at Harling Point and the mylonites. The mylonites may, 

therefore, occur along and mark the upper bounding fault that facilitated wedging of Wrangellia into 

the PRT.   

In this model the Harling Point rocks and the rest of the PRT exposed in Victoria form the hanging 

wall to a Wrangellian wedge inserted to the south into the PRT.  Southward insertion of the wedge 

explains the north-verging nappes developed above the wedge.  Subsequent south-verging folds may 

reflect motion of the wedge over ramps in the lower bounding thrust.  

 In the Port Renfrew area, exposures of PPU structurally underlie crystalline rocks of Wrangellia along 

the Survey Mountain fault, implying that the Survey Mountain Fault may constitute the thrust 

bounding the lower surface of the Wrangellia wedge. The implication is that the wedge tip should be 

exposed somewhere west of Victoria but east of Port Renfrew. 

 4.2 REGIONAL CORRELATIONS 

There are a number of Mesozoic crustal blocks that are believed to have formed and accreted to the 

North American continent by similar processes.  California's Franciscan Complex, San Juan's 

Constitution Formation, British Columbia's Leech River Formation and Pacific Rim Formation, and 

Alaska's Kelp Bay Group and Uyak Complex have all been identified as potentially correlative to the 

Pandora Peak Unit (Muller, 1977; Brandon, 1989; Rusmore and Cowan, 1985; Wakabayaski and 

Unruh, 1995; Garver, 1988)..    
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4.2.1 VANCOUVER ISLAND 

PPU cropping out north of Port Renfrew are described as being characterized by soft-sediment 

deformation; and lack evidence of cleavage development, cataclasis or mylonitization (Rusmore and 

Cowan, 1985).  These rocks are mapped as being in depositional contact with underlying, folded and 

metamorphosed metapelites and metapsammites of the LRS (Fairchild and Cowan, 1982). However, 

our findings at Harling Point show that the PPU is metamorphosed and folded, and calls into question 

interpretation of the PPU as being depositional on a previously folded and metamorphosed LRS 

basement.   

4.2.2 CALIFORNIA 

The Franciscan Complex shares some characteristics with the Harling Point PPU: lithological 

descriptions for Franciscan mélange match those of the PPU (Ernst, 1965); and tectonic wedging is 

thought to be responsible for deformation in this unit forming east-verging thrust nappes followed by 

west verging asymmetric folds (Wakabayashi and Unruh, 1992; Unruh et al., 2004).  Recent plate 

reconstruction models, however show that the Franciscan Complex was assembled and accreted as a 

separate arc to that of the PRT (Sigloch and Mihalynuk, 2013) suggesting that similarities in the units 

may be linked only to similarities in the process of terrane accretion. 

4.2.3 SAN JUAN ISLANDS 

Rocks in the San Juan stratigraphy show evidence of late Cretaceous deformation similar to that 

documented at Harling Point.  Tight, asymmetric folds with foliation transposed parallel to bedding 

implies isoclinal folding similar to the F1 nappe exposed at Harling Point.  This unit also shows later 
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stage N-S trending open folds (Garver, 1988).  The difference in compressional stress between the San 

Juans and southern Vancouver Island may reflect differences in coastal geometry or mechanics of 

accretion. 

4.2.4 ALASKA 

The Alaskan Kelp Bay Group and Uyak Complex has also been determined as correlative units to the 

PPU.  Of specific mention is the Permian to Cretaceous McHugh Complex which contains a light 

green tuffaceous meta-basalt lithology that appears to closely match the description of the primary unit 

at Harling Point (Kusky and Bradley, 1999).   As with the PPU, these rocks are classified by Cowan 

(1985) as a Type II mélange however discrete units are more in line with broken formation (Type I of 

Cowan, 1985) (Kusky and Bradley, 1999).  Unlike the Harling Point rocks, folding is not a common 

feature in the McHugh Complex (Kusky and Bradley, 1999). 

5.  CONCLUSIONS 

Harling Point rocks are interpreted to have formed a coherent stratigraphic sequence prior to 

deformation.  This calls into question both the classification of these rocks as PPU and prior 

interpretations of the PPU as a chaotic mixture of sediments and volcanics deformed through soft-

sediment processes.  Using the structural elements and lithological characteristics of the rocks at 

Harling Point we may now expand the study area to analyze and compare adjacent outcrops of PPU.  

The next steps include: geochemical and age analyses of the Harling Point outcrop for comparison 

with other segments of the PRT; structural analysis of adjacent outcrops in southern Victoria; and 

structural analysis of previously mapped outcrops of the PPT to look for evidence of tectonic wedging.  
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Knowledge gained from studies of correlative complexes can help refine and further piece together the 

tectonic history of the PRT. 
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