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Summary
A critically overlooked component in the inter-
pretation of geochemical soil surveys is quanti-
fying the history of the horizon to be sampled.  
Frequently geochemical responses in till cov-
ered areas are evaluated without due consider-
ation to the geology of the material sampled at 
the selected horizon; the relative age of the land 
surface; the mineralogical and chemical compo-
sition of the horizon; vegetation and land use in-
�uences and the geomorphological setting. In-
tegration of the surface, environment, relative 
age and composition allows for a �ltering of the 
surface noise and will enable the identi�cation 
of cleaner and subtle geochemical anomalies.
 
By analysing the sample population classi�ed as 
residual till (DrM) independently, combined 
with normalisation to Corg and the omission of 
anomalous samples based on HFSE mixing 
trends, results in decreased background noise, 
less control due to organic accumulation and 
clearer anomaly identi�cation around the pe-
riphery of the target.  The construction of a 
multi-element cluster anomaly map can assist in 
the identi�cation of mineralisation hidden by 
transported cover (Figure 7).

Physical or Chemical Transport
Plotting the anomalous samples on an immobile element bi-variate plot makes it is possible to di�er-
entiate between anomalies that may be related to a chemical migration from the porphyry from 
those that are the result of mineralised fragments in the till.  Of the anomalous sample points identi-
�ed in Figure 5, ten samples plot on a mixing line that trends towards the ore from locally derived 
mineralisation.  This is consistent with glacial direction and suggests that these ten samples are false 
positive anomalies (Figure 6).  The majority of these false positive samples plot outside the minerali-
sation contours shown in Figure 5.  The application of immobile elements to di�erentiate between 
physical and chemical transport has tightened anomalous response around the target by removing 
the noise introduced by false positives samples.

Reducing the impact of major components in 
soils on trace element variability.
Organic matter (determined as organic carbon or Corg), along with quartz, clay and 
mineral and rock fragments, can be a signi�cant component in soil.  Organic acids, 
created during the breakdown of plant material, have a strong capacity to seques-
ter and retain cations from the ambient environment.  When evaluating trace ele-
ment data it is imperative that consideration is given to variability in the major soil 
mineralogy since changing composition, particularly of organic components that 
can create organic metal complexes, will exert a strong variation in the background 
content of trace elements in the soils.  Organic material tends to accumulate in de-
pressions, such as swamps or drainage channels (Figure 3a) and results in the gen-
eration of false positive anomalies (Figure 3b).  Taking cognizance of this variation 
of Corg, for example by regolith classi�cation and simple normalization (Figure 4a 
and 4b), it is possible to reduce the signi�cance of organic enhanced trace metal re-
sponses and identify anoma-
lies more likely related to min-
eralisation (Figure 5).       

Figure 1.  Bedrock geological map surrounding the Deerhorn Cu-Au porphyry in the Woodjam district,  (Quaternary sediments removed), showing the location of the 
mineralized zone and the three sample lines completed as part of this study.  Quaternary sediments range in depth from 30 - 60 m over the deposit, completely covering 
the mineralisation.  Location of the study area is identified in the inset.  Geological map courtesy of Consolidated Woodjam Copper.

Figure 2.  a) Regolith map (surficial geology) of the study area (as shown in Figure 1).  Mapping is classified under the RED (residual, erosional and depositional) mapping scheme introduced by CRC LEME 
(Cooperative Research Centre for Landscape Evolvements and Mineral Exploration) (Pain and CRC LEME (Australia) 2008).  Geomorphological modifiers (to the right-hand side of an RED classification) are 
classified under the terrain classification system for British Columbia (“Terrain Classification System for British Columbia:  Version 2.” 1997). Letters b) – g) in 2. a) indicate example locations of the RED 
environments identified over the Deerhorn Cu-Au Porphyry (figures 2. b) – 2 g)).   Image taken from Rich, S., & Winterburn, P.,  2016.
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Figure 3. a) Map Corg (%) over the Deerhorn porphyry.  Organic rich swamps and fluvial areas mapped as DdOF and DdO
in Figure 2 correlate with higher concentrations of Corg. b) Map of Mo (aqua regia) over the Deerhorn Cu-Au porphyry.  The highest concentrations 
coincide with the organic rich fluvial area mapped in Figure 2b and with the highest concentrations of organic carboon in Figure  3a.  
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Figure 4. Comparison between raw Mo data (aqua regia) and Mo normalised to organic carbon content.  a) Probability plot for Mo assay data (aqua regia) plotted with samples classified under the residual moraine unit, DrM, in Figure 2.  By splitting the samples into regolith map units, and plotting only 
the samples classified in figure 2 as residual moraine, it has inherently reduced background variability.  Anomalous populations are assigned squares (as well as triangles in b).  b) Population breaks are more distinct, and the number of anomalous samples identified around mineralisation has increased 
following normalisation of raw Mo data to organic carbon (ALS Assay: C-IRO6a).   Map for Mo is included below in Figure 5. c)  Mo vs. Mo normalised to Carbon.  The samples identified in Figure 3b as false positives plot close to the y axis (circled) and are no longer anomalous according to normalisation (x axis).
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Figure 5. Geochemistry maps for six anomalous responses to mineralisation over the Deerhorn Cu-Au porphyry.  As, Cs, Cu, Mo, Tl and U were all normalised to organic carbon and subjected to anomaly classification as per the methods in Figure 4.  ALS Assays as follows: ME-MS41L - Aqua-regia digest ICP-MS; 
C-IRO6a  - Organic Carbon.  Outline in the centre of each map is the mineralisation extent defined as a 0.2 g/t Au equivalent.

Introduction
Porphyry copper deposits (PCDs) are signi�cant contributors of Cu, Au and Mo to 
the global market, however discoveries of new deposits have declined in the past 
20 years. In British Columbia, PCDs are frequently overlain by thick glacial overbur-
den, rendering their discovery challenging.  The Deerhorn Cu-Au Porphyry (Figure 
1), located in central British Columbia, is hidden by up to 60 m of glacial cover.  This 
cover is composed of various geomorphological units that have varying geochemi-
cal compositions (Figure 2). Exploratory soil sampling often occurs throughout this 
heterogenious sur�cial environment which adds further complexity to the interpre-
tation of geochemical data.  Regolith mapping combined with inorganic and organ-
ic chemistry con�rm relationships that are dependent on the geomorphological en-
vironment (Figure 3).  By incorporating regolith mapping classi�cations into anoma-
lous population detection, combined with normalisation  to  organic carbon (Figure 
4), a suite of anomalous elements are identi�ed over mineralisation including As, Cs, 
Cu, Mo, Tl and U (Figure 5).  Trends of immobile high �eld strength elements can be 
applied to di�erentiate between physical and chemical transport (Figure 6).  Aware-
ness of these relationships when undertaking geochemical exploration programs 
will identify and de-prioritise potential false positive anomalies, increasing explora-
tion e�ciency and thereby sustainable mining practices.

Figure 6.  Immobile element plot for Th vs Y.  Ten of the anomalous samples identified in Figure 5 plot on a mixing trend between background soil at Deerhorn and ore from the Southeast Zone located to the 
southeast.  The Southeast Zone sits in a trajectory that is consistent with the hypothesis that mineralised clasts have been transported to Deerhorn under glaciation. In total ten anomalous samples are 
interpreted to be the result of physically transported clasts from the Southeast Zone deposit.  Data for anomalous samples and ore are both by aqua regia.
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Figure 7 Multi-element cluster anomaly map for As, Cs, Cu, Mo, Tl and U constructed by combining 
all anomalous samples from Figure 5.  Anomalous samples omitted from Figure 6 are shown as white 
dots.  Regolith map units in the background are the same as Figure 2.   


