
Introduction:
The Stocking Lake area, located south of Ladysmith, B.C., has been previously 
mapped as middle Devonian Nitinat formation belonging to the Sicker arc 
volcanics, and hosting an intrusion of Upper-Triassic Mount Hall Gabbro 
(Figure 1)1. The evolution of each sample and a comparison to previously 
published regional data from the Sicker and Karmutsen formations are 
examined through thin section and major oxide geochemical data in order to 
answer the following hypotheses:

• If the samples originate from the same magma chamber then linear trends 
are expected to plot on both Harker bivariate and scandium-pyroxene 
fractionation diagrams and thin section analysis will show similar mineral 
assemblages between samples, despite the variation in texture2.

• If sample LS-19-07 is pyroclastic then the thin section will show 
fragmented crystal assemblages and devitrification of the glassy matrix 
into radiating crystal lathes.

• If the volcanic rocks originated in an island arc setting, they should show a 
calc-alkaline geochemical signature when plotted on an AFM diagram2. If 
a tholeiitic signature is observed the AFM diagram is inconclusive and a 
tectonic discrimination must be plotted2.

• If the existing regional data sets and maps are correct, our major oxide 
geochemical data will indicate that all samples belong to the Nitinat
formation except for sample LS-19-29, which should belong to the Mt Hall 
Gabbro.

We hypothesize that the local Nitinat deposit is not a series of separate flows, 
as it may appear, but one eruptional event varying in magmatic composition 
and texture due to crystal-melt segregation and liquid extraction3.

Magmatic Evolution of Volcanic Rocks Near Stocking Lake, Ladysmith

Regional Geological History:
The oldest rocks on Vancouver Island are the volcanics of the Middle-
Devonian aged Sicker Group and are represented by the Nitinat formation in 
our study area. The Sicker Group is intruded locally by the Upper-Triassic Mt 
Hall Gabbro.
Sicker Group Volcanics

Represented in three units: Duck Lake, Nitinat and McLaughlin Ridge. 
The Nitinat is the only component exposed at the field site and is a volcanic 
unit of amygdaloidal pyroxene-feldpar-phyric pillowed basaltic flows, and 
lapilli or crystal tuffs formed by pyroclastic flows3. Low-grade regional 
metamorphism is recognized throughout the Sicker group1.
Mt Hall Intrusives

An intrusive unit of gabbro and diabase in intrusive dykes and sills1. 
Flower porphyry can be present within the Mount Hall intrusives3. 

Methodology:
• Four representative rock samples were collected from the Stocking Lake 

field site. 
• Four samples were sent for whole-rock geochemistry, using LiBO2/Li2B4O7

flux, ICP-MS, Leco and aqua regia. Regional published geochemical data 
was plotted and compared with field samples to determine affinity. 

• Thin-section analysis of three rock samples were analyzed using 
petrographic microscopes for mineralogy, texture and microstructures. 

Sample Name Modal Mineralogy & Grain size Notable Features

LS-19-01
Pyroxene-phyric
Basaltic Andesite

Pyroxene phenocrysts - 5% (0.5-3mm)
Dark-grey matrix crystals - 94% 
(<1mm)
Trace sulphides - 1%

Grey porphyry with pillows present in 
outcrop.

LS-19-07
Clinopyroxene-
hornblende-welded-
crystal Tuff

Clinopyroxene - 10% (2-5mm)
Hornblende - 40% (10-20µm)
Opaques - 25% (2-5µm)
Chlorite (Mg-rich) - 15% (0.1-0.2mm)
Unidentified secondary minerals (10%)

Porphyritic crystal aggregates of 
clinopyroxene with mica inclusions.
Aphanitic groundmass of radiating 
prismatic hornblende.

LS-19-16
Plag-phyric
Phonotephrite

Plagioclase - 35% (0.3-3.5mm)
Biotite - 30% (10µm)
Pyroxene - 14% (50-60µm)
Orthoclase - 14% (50-60µm)
Opaques - 5% (10µm)
Chlorite - <5% (5µm)
Quartz - <5% (2.5µm)

Altered anhedral plagioclase 
phenocrysts.
Altered groundmass of biotite, pyroxene, 
and orthoclase. 
Veins of phlogopite intersect 
groundmass and concentrate around 
plagioclase phenocrysts. 

LS-19-29
Biotite-clinopyroxene 
quartz-Gabbro

Clinopyroxene - 40% (0.05-2mm)
Quartz - 20% (0.02-0.5mm)
Biotite - 10% (0.03-2mm)
Opaques - 10% (2-4mm)

Phaneritic with subhedral crystals of 
clinopyroxene, quartz, biotite, and 
opaques. 

Figure 1: Field sample locations as red dots and corresponding sample numbers4.
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Major Oxide Geochemistry:

Figure 3: Bivariate Harker plots comparing the weight % of major oxides against MgO, higher levels of which 
indicate a less evolved magma, and vice versa. A general linear trend can be seen in all samples, as well as a 

general fit with Nitinat regional data for all samples indicating co-magmatism, while LS-19-29 plots with the Mt 
Hall Gabbro. A high Mg WT % in sample LS-19-07 indicates it is of the least evolved magma.

Figure 4 (left): Total Alkali-Silica (TAS) diagram. 
Samples LS-19-01, LS-19-07 and LS-19-29 plot within 

basalt or basaltic andesite and are subalkaline, 
corresponding to the Nitinat and Mt Hall regional data 
and indicating co-magmatism. Sample LS-19-16 plots 

as a phonotephrite and is alkaline due to 
metamorphism.

Figure 5 (right): Scandium-Pyroxene Fractionation 
diagram. Sc is incorporated into pyroxene as it 

crystallizes from a melt, and can be plotted against an 
immobile element such as Zr to illustrate the 

fractionation of pyroxene. LS-19-07 contains much 
more scandium, as it fractionates out during 

crystallization.

Figure 7 (left): Alkali-Iron-
Magnesium (AFM) ternary 

diagram used to determine the 
tholeiitic or alkaline nature of 

rocks. All samples follow a line 
of evolution (green) in the 
tholeiitic series except for 
sample LS-19-16 which is 
skewed due to significant 

metamorphism as Na and K 
become mobile. The line of 
evolution is consistent with 
independent evolution in a 

cumulate separated melt pocket 
as per the preferred process 

model. 

Ladysmith

• Pyroxene cumulates form by fractional crystallization and descend to the bottom 
and outer walls of the chamber where liquid extraction from the crystal mush forms 
refractory boundaries around melt pockets3.

• Melt pocket magma is less evolved due to early separation from the rest of the 
magma, resulting in a primitive chemical signature3.

• The cumulates do not efficiently re-melt, and when the liquid from the chamber is 
erupted and the chamber is replenished by further magma from the source of the 
chamber3.

• New magma entering the chamber loosens the cumulate and allowing it to be 
pushed from the chamber resulting in both lava and pyroclastic flows3.

• The above model is our preferred process based on the above research, other 
models may become eligible as further research is completed.

Prediction Result Comments

All samples except the Gabbro 
originate from the same 

magma chamber.

✅ Trends along lines of evolution 
were observed consistently, with 

clear indication in pyroxene 
fractionation.

Sample LS-19-07 is 
pyroclastic. ✅ Fragmented crystals and 

devitrified glassy matrix were 
observed.

All samples have an island arc 
origin excluding LS-19-29. ✅ Origin was inconclusive on AFM 

but supported on Ti-Mn-P 
diagram.

Results are consistent with 
published regional 

interpretations.

✅ All regional data match with the 
provincial geological map 

indications.

Figure 8: Schematic diagram of magma chamber geometry in an upper crustal reservoir; 
pockets of magma with slightly different populations of crystals are separated by regions 
dominated by cumulates3.

Future Recommendations:
• Pyroxene spot analysis to be completed on Sample LS-19-07 to allow Pearce 

Element Ratio plots to be produced; this will compose a more thorough model of 
pyroxene fractionation.

• Further sample collection from a broader area of the outcrop in which sample LS-
19-07 was found to determine a sense of depositional process.

• Geochemical analysis of samples from less metamorphosed areas to obtain less 
skewed data.

• A larger number of samples could be collected to obtain a more representative 
geochemical analysis of the rock units in the area.

Sample LS-19-07 clinopyroxene-hornblende-welded-crystal tuff in PPL (left) & XPL (right). 4x 
magnification. Fractured and aggregated clinopyroxene crystal mass and boundary with a hornblende dominated 

fine-crystalline matrix. Matrix is composed of secondary minerals, devitrified from unstable glass from initial 
eruption. 

Sample LS-19-07 clinopyroxene-hornblende-welded-crystal tuff in PPL (left) & XPL (right). 10x 
magnification. Displays a fine-crystalline hornblende & actinolite matrix (secondary minerals) with abundant 

opaques.

Hand sample of LS-19-07 clinopyroxene-hornblende-welded-crystal tuff (left) and LS-19-01 Pyroxene-
phyric Basaltic Andesite (right). The distinct textural differences between these two co-magmatic rocks are 

visible— larger crystals of pyroxene are far more prevalent in the tuff rock.
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Figure 2: A stratigraphic column 
depicting the regional geology 

surrounding the study area. Nitinat
Formation (green) and Mt Hall Gabbro 

(orange) are encountered within the study 
site1.

Figure 6 (right): TiO2-MnO-
P2O5 tectonic discrimination 
diagram used to determine a 

likely origin for samples 
based on major oxide 

geochemistry. All Samples 
plot in line with an island arc 

origin, indicating co-
magmatism, and fit in with the 

regional data for the Nitinat
formation except for LS-19-29 
which plots with the Mt Hall 

Gabbro formation.
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