
Introduction

● Prior research of the Cowichan Lake area and Vancouver Island show 
that the rock units found at Stocking Lake were deposited from the Mid 
Devonian to Triassic period as part of the Wrangellia Terrane.[1]

● Regionally, Sicker rocks represent multiple subgroups (Duck Lake, 
Nitinat, Upper McLaughlin Ridge) and highlight the evolution of a 
volcanic arc terrane in aqueous, subaerial, and aerial environments.[5]

● In the late Triassic period, basaltic volcanics intruded the Sicker Group 
depositing Karmutsen flood basalts, dikes, sills, and intrusions which 
were emplaced throughout the underlying Sicker rocks.[1] Mt Hall gabbro 
found at Stocking lake is considered to be one of the intrusions that 
resulted from this episode of magmatism.

● The Cowichan fold and thrust anticlinorium contains a series of folds and 
reverse faults throughout Cowichan Lake. A series of anticlines created 
uplift, increasing rates of erosion within the area, and later thrust faulting 
pushed older rock units on top of younger lithologies. [2]

Geology of Stocking Lake

Rock Analysis Geochemistry
Geochemical data was used to determine the major oxide 
compositions of the rock samples. This data was analyzed using 
Total Alkali vs. Silica (TAS) diagrams with its accompanied ternary 
diagram as well as compatibility diagrams.

Figure 3: Total Alkali vs Silica (TAS) diagram (left) plotting five rock 
samples collected, accompanied by the ternary diagram (right) to 
further classify the sub-alkaline rock sample LS-19-01, LS-19-07, and 
LS-19-29 into tholeiitic (above dashed line) or calc-alkaline (below 
dashed line). Rock samples LS-19-01, LS-19-07, and LS-19-29 plot in 
the tholeiitic range. Samples LS-19-16 and LS-19-21 plot in the 
alkaline series area. 

Interpretations

Conclusions 

● Greenschist metamorphism has caused deformation of the rock units at stocking 
lake. This indicate that they were deformed under low pressure and temperature 
conditions, with a starting temperature of around 300-450 degrees celsius and 
pressures of about 2 kilobars. [6]

● Regional metamorphism of Sicker rocks occurred in the late Devonian generating 
compressional forces that produced a series of southwest-verging asymmetric folds 
throughout the Paleozoic rocks, and the resulting metamorphic textures observed in 
the samples. [3]

● Large scale contractional faults were formed in the eocene in the Cowichan area.[3]

Tectonics processes causing fault zone metamorphism could potentially explain  
why isolated foliations are observed within our field site. 

● If regional metamorphism was the dominant cause of deformation, isolated 
foliations may occur in LS-19-21 because it is of pelitic origin, and therefore more 
susceptible to alteration than igneous rocks under the same stress.  

● The presence of a pelitic rock within an area that has formally been  interpreted as 
strictly  igneous leads to an altered interpretation of the formational  environment. 
Although it is known that these rocks formed in an Island arc environment it is 
possible that the igneous tuffaceous materials were transported and solidified 
farther out in the back arc basin, where pelitic sediments such as mud and silt are 
also present. 

Future Work 
● To obtain a more in depth understanding on the geologic settings within 

the Stocking Lake study area, further field observations would be 
required to determine contact relations between the units. 

● To further understand the geology in the area, collecting a wider range of 
samples and  producing thin sections and obtaining geochemical data 
would be needed.

● Further map the area to determine the extent of the rock units.

● Further analyzation of sample LS-19-21, which was determined to be 
meta-sedimentary, to determine a likely protolith and formational 
environment.  
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Figure 1: Stocking Lake study area showing the major geological units and their proposed contacts. Underlying this is the locations of the 
samples that were obtained by the geology 300 class on January 22, 2019.
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Figure 4: ACF Compatibility diagram showing the mineral assemblages 
of metamorphic rocks in the expected Greenschist facies for samples 
LS-19-21, LS-19-29 and LS-19-07. The minerals viewed in hand sample, 
particularly chloritoid, quartz, albite, chlorite and actinolite support the 
hypothesis that the rocks analysed in this study were metamorphosed in 
the greenschist facies. 

Supervised by Sandra Johnstone, as part of the 300 course requirement, Fall 2019
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This poster presents petrography and major oxide geochemistry from meta-
volcanic rocks found at Stocking Lake, Ladysmith, British Columbia. The 
intent of the research is to show that metamorphism is regional-style and of 
greenschist grade.

Hypothesis Predictions
By plotting geochemical signatures on 
ACF and TAS diagrams, the protolith to 
the metamorphosed sample, LS-19-21, 
can be determined.

The protolith of sample LS-19-21 is 
expected to be a pyroclastic rock of the 
Sicker Group, as shown by field 
relationships and regional maps.

Regional metamorphism is recognized in 
Lake Cowichan and is predicted to have 
influenced the rock units at Stocking 
Lake. 

We expect to observe metamorphic 
textures within each rock that we have 
collected to prove that regional 
metamorphism has affected the field site.

The grade of metamorphism observed in 
the field can be determined by analyzing 
mineral assemblages of samples in thin 
section.

The grade of metamorphism observed in 
the field site is predicted to fall within the 
greenschist facies and mineral 
assemblages including chlorite, actinolite, 
quartz, epidote, and albite would prove 
this.

● The grade of metamorphism that 
occured fell within the 
greenschist facies. The visible 
mineral assemblages in the 
samples show chlorite, albite, 
actinolite and quartz, which are 
typical of greenschist 
metamorphism.

● Metamorphic textures in all 
samples indicate that the main 
process of deformation was 
regional. 

● The sample LS-19-21 is of 
sedimentary pelitic protolith 
instead of the hypothesised 
pyroclastic.

Sample 
Description

Mineral Assemblage Metamorphic Textures

LS-19-21(A, A’): phyllitic-
magnetite-bearing-
clinochlore schist 

Clinochlore (30%, subhedral), 
quartz (27%, anhedral) muscovite 
(20%, subhedral),  albite (15%, 
subhedral),  magnetite (5%, 
subhedral) Actinolite (3%, 
elongated, eu-subhedral)

Phyllitic foliation and visible actinolite rods 
are observed in hand sample. Foliations 
are a low strain texture, found commonly 
in rocks that have undergone regional 
metamorphism, or tectonic ductile shear.[1] 

LS-19-29 (B,  B’): 
quartz biotite gabbro

Phaneritic equigranular pyroxene 
(40%, subhedral ) quartz (25%, 
anhedral), plagioclase (23%, sub-
anhedral), biotite (7%, subhedral), 
opaque minerals (5% anhedral)

Secondary growth of muscovite crystals is 
abundant, many of which align into a 
lineated fabric due to metamorphic stress.  
Chloritoid occurs in lineation and clustered 
areas.

LS-19-07(C, C’): 
pyroxene-phyric crystal 
lapilli-tuff 

Phaneritic pyroxene (20%, 
euhedral), chlorite (20%, radiating, 
euhedral), actinolite (40%, anhedral, 
groundmass), hornblende (5%), 
quartz (5%), and opaque minerals 
(10%)  

Lapilli tuff has undergone recrystallization 
and  devitrification is recognized. 
Groundmass is made up of mainly 
aphanitic actinolite and hornblende, which 
correlates with greenschist facies 
metamorphism.

Rock names were determined by analyzing mineral assemblages in 
0.03mm thin sections and relating them to their hand samples.

Figure 6: Common tectonic setting for greenschist metamorphism, 
and the interpreted tectonic setting for regional metamorphism.[1]

Figure 3

Figure 4 [6] Figure 5 [6]

Figure 5: ACF compatibility diagram superimposed with the 
common protolith fields. Sample LS-19-21 plotts in the region of 
common pelitic origins and samples LS-19-01, LS-19-07, LS-19-16 
and LS-19-29 plotted within the expected igneous origin region. 
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Figure 7: Typical island arc structure with arrow pointing to back arc basin.[4]
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