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From Bedrock to Till: Mineral-Chemistry Vectoring to Cu–PGE Mineralization — Insights from the 
Marathon Deposit, Northwestern Ontario.

Discussion & conclusions:

❖Mineral chemistry varies systematically across 
the three ore zones (Figure 5 & 6), as 
demonstrated by SEM, EPMA, and LA-ICP-MS 
analyses of silicates, oxides, and sulfides. 
Olivine, clinopyroxene, magnetite, and 
chalcopyrite mineral-chemistry define distinct 
populations of these minerals within each ore 
zone, as a result of magmatic differentiation 
and/or localized hydrothermal modification.

❖Heavy Mineral Concentrates are dominated by 
silicates, particularly olivine (mostly fayalite), 
apatite, and pyroxenes, with lesser ilmenite and 
magnetite. Chromite is the most common 
recovered ore mineral, but it's not present on the 
studied mineralized zones and host rocks, 
suggesting a non–Two Duck Lake Gabbro 
source, likely related to other regional mafic–
ultramafic intrusions.

❖PGM grains show a clearer spatial association 
with the deposit (Figure 4): anomalous counts 
occur in proximal and some distal samples, 
whereas background samples are barren; Gold 
grain count values are anomalously high in a 
limited number of proximal samples, suggesting 
a local contribution from the Marathon deposit 
with possible external input. In contrast, 
Chalcopyrite and other sulfides are under-
represented in HMC samples.

❖Overall, the integration of bedrock mineral 
chemistry and till mineralogy, shown in the XY 
biplots and PCA diagrams (Figure 5c & 6C), 
demonstrates that selected silicate and oxide 
minerals, along with PGM grain counts, retain a 
detectable geochemical and mineralogical 
signature of the Marathon Cu–PGE system, 
supporting their use as effective exploration 
vectors in glaciated terrains.

❖The magnetite (Figure 5) and especially the 
clinopyroxene (Figure 6) PCA diagrams 
demonstrate a strong compositional relationship 
between ore zones and till grains. Most proximal 
grains cluster within ore-zone fields. Distal till 
grains consistently plot in intermediate positions, 
and background samples form a distinct group. 
These results support the use of trace-element 
chemistry combined with PCA as an effective 
tool for detecting and tracing Cu–PGE 
mineralization in glaciated terrains.

From Bedrock to Till 
Work-flow:

1. Bedrock
Objective: Characterize the deposit and its 
mineral chemistry
Methods: SEM, EPMA & LA-ICP-MS

2. Till
Objective: Characterize Heavy Mineral 
Concentrate (HMC) and mineral chemistry
Methods: SEM, EPMA & LA-ICP-MS.

3. Compare Results
Integrate bedrock and till datasets; identify 
mineral-chemistry signatures and surficial 
distribution patterns.

4. Final Products
Comprehensive surficial exploration 
approach/model.
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Figure 1. Simplified geological map displaying the general geology of the 
Coldwell Complex and the location of the Marathon deposit (After Walker et al. 
1993) B. “Simplified map of Canada illustrating the location of the MCR in 
Ontario" (reproduced from Brzozoski et al. 2020 ), C. "Simplified geological 
map illustrating the location of the Coldwell Complex and other Ni-Cu-PGE 
deposits in the MCR" (modified from Brzozowski et al., 2020)
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Clinopyroxene mineral-chemistry

Figure 2. BSE photomicrographs showing locations of EPMA spot analysis on PGMs. A) various PGM phases in a 
single grain; 1 & 2 – Zvyangintsevite; 3 – Keithconnite; 4 – Unnamed 1 Pd7(Pb, Te, Bi, As)2; 48, 49 & 50 – 
Hollingworthite. B) 58 & 59 – Unkown [Weight%: Pd (40-42%); Ag (20-26%); Te (19-21%) Pb (8-13%); Cu (0-4%); tr. 
Pt, Sn, As, S, Se]. C) 11 – Unnamed 2 Pd5(As,Te,Sn,Pb)2; 12 & 13 – Zvyangintsevite; 45 – Isoferroplatinum. D) 33, 
34, 35 & 36 – Micherenite; 37 – Kotulskite.

Magnetite mineral-chemistry
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Figure 3. LA-ICP-MS maps displaying element concentrations in a sector of the 23-KPA-2-4023 thin section

Figure 4. Map showing the distribution of PGM grain 
counts in till, normalized to 10 kg, with simplified 
geology highlighting the Two Duck Lake Gabbro 
intrusion (orange; host rock) within the Eastern 
Gabbro Suite (purple) of the Coldwell Complex.

PGM grains normalized to 10 kg
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Figure 5. Results of LA-ICP-MS analysis of 
clinopyroxene integrating till and bedrock 
data. A. Mn versus Zn and B. Mn versus Ni 
concentrations for thin sections and till 
samples. C. Principal component analysis 
(PCA) biplot showing compositional 
relationships among thin sections and till 
samples, with PC1 and PC2 explaining 
51.21% and 23.47% of the variance, 
respectively. Vectors represent centered 
log-ratio (CLR)–transformed element 
loadings. 
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Figure 6. Results of LA-ICP-MS analysis of 
clinopyroxene integrating till and bedrock 
data. A. Mn versus Zn and B. Mn versus Ni 
concentrations for thin sections and till 
samples. C. Principal component analysis 
(PCA) biplot showing compositional 
relationships among thin sections and till 
samples, with PC1 and PC2 explaining 
30.85% and 18.23% of the variance, 
respectively. Vectors represent centered 
log-ratio (CLR)–transformed element 
loadings. 

The Marathon deposit ore mineralogy is 
dominated by chalcopyrite (Figure 3), 
pyrrhotite, and bornite, with minor pyrite and 
rare pentlandite. Gold, silver, precious metals’ 
alloys and PGM occur predominantly as very 
fine (<5 µm) trace phases. The deposit is 
subdivided into three main ore zones: 1) the 
Footwall Zone, characterized by net-textured 
pyrrhotite with minor chalcopyrite; 2) the Main 
Zone, which has disseminated chalcopyrite 
with less pyrrhotite and trace PGM; 3) the W-
Horizon (lower-S), characterized by bornite, 
chalcopyrite and a diversity of PGM (Figure 2).
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