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Summary
Data from geochemical studies at the MacLellan Au-Ag deposit illustrate that there is no one 

‘best’ sample medium or sample depth for Enzyme LeachSM and Terrasol LeachSM soil surveys 
to identify mineralization similar to that found in the Rainbow zone. Various metals, including 
Eu, give anomalies at different soil horizons, and it appears that element patterns are just as important or more important 
in identifying the anomaly source, which can be within the till, at the bedrock surface or buried under considerable  
thicknesses of rock (Clark et al., 1990). However, this study, as well as many others conducted in glacial environments, 
suggests that relatively shallow sample depths of 10–20 cm yield fairly consistent, high-contrast results above subcrop-
ping mineralization (e.g., Clark, 1993; Clark et al., 1990; Hamilton et al., 2004a, b). Nonetheless, it is important to  
develop a three-dimensional (3-D) understanding of soil geochemistry above mineral deposits so that selective extrac-
tion results can be put into this spatial context. In this area, and in many other areas underlain by glacial till, it is not 
possible to find the same sampling medium at a specific sample depth. Consequently, the indications of the strength of 
an electrochemical cell may be of greater assistance in selecting drill targets than the identification of individual ‘high 
metal’ sites. Additional samples collected across this mineral zone will provide a 3-D view of metal distribution in the 
upper portions of this relatively homogeneous sample medium.

Introduction
The behaviour of rare earth elements (REE) in association with massive sulphide deposits indicates that Eu can be 

used as a vector to massive sulphide mineralization in exhalite units that contain trace amounts of base metals (Gale, 
et al., 1997; Gale et al., 1999; Gale 2003). This study is part of a project designed to investigate the distribution of Eu 
in the soil and vegetation overlying Au and base-metal deposits, specifically to determine the behaviour of the REE in 
soils and vegetation over known Au mineralization. This part of the project provides a 3-D view of the distribution of 
elements within a relatively homogeneous overburden that consists predominantly of fine- to medium-grained sand. The 
presence or absence of Eu anomalies in association with base- and precious-metal anomalies could be of assistance in 
exploration in the Lynn Lake area, where overburden cover is extensive along features such as the Agassiz Metallotect 
(Fedikow, 1986).

Core samples collected from a drillhole that intersected the Rainbow zone (Figure GS-8-1) were analyzed for major 
and trace elements. Soil samples were collected at different depths below the surface along a profile across the Rainbow 
zone at the MacLellan mine. The outer bark of spruce trees over 10 cm in diameter was collected adjacent to the soil 
sample sites (Gale, 2003). Three sites (Mac 31, Mac 32 and Mac 33) adjacent to the surface projection of the Rainbow 
zone were selected for detailed profiling by the second author and sampled at 5 cm intervals to a depth of 100 cm.  
Additional soil samples were collected over the Rainbow, Main and Nisku zones during the 2004 field season. This paper 
reports the results of Enzyme LeachSM and Terrasol LeachSM analyses of soils collected from the three 1 m deep pits.

Geological setting of the MacLellan deposit
The MacLellan deposit, consisting of the Rainbow, Main and Nisku Au-Ag±Zn±Pb zones, and other known  

precious metal deposits occur within the Agassiz Metallotect, a regional feature that encompasses a distinctive strati-
graphic unit (Fedikow and Gale, 1982; Fedikow, 1986). The Agassiz Metallotect includes a sequence of dominantly 
sedimentary rocks with both clastic and chemical components, and minor mafic volcanic and volcaniclastic rocks 
(Fedikow, 1986). Although sheared and faulted, mineralization at the MacLellan mine is essentially stratabound. The 
hostrocks to the mineralization occupy a 10–20 m thick layer of sedimentary and volcanic rocks that has been followed 
for approximately 1.5 km along strike within the much thicker Agassiz sequence of sedimentary and volcanic rocks 
(Fedikow, 1986). The sedimentary hostrocks include siltstone, magnetite-bearing siliceous siltstone, biotitic sulphidic 
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Figure GS-8-1: Location of the Rainbow zone, MacLellan mine, Lynn Lake.

siltstone, oxide-facies iron formation with chert and magnetite laminae, and silicate-facies iron formation consisting of 
chlorite-garnet-actinolite with Fe and base-metal sulphides (Fedikow, 1986; Ferreira and Baldwin, 1997). Rhythmically 
layered pyrite and pyrrhotite occur in the sulphide-facies iron formation. The volcanic rocks are 1–3 m thick massive 
basalt and derived tuff or tuffaceous sedimentary rocks. These rocks have high Mg, Ni and Cr, and are geochemically 
distinct from the sedimentary rocks (Fedikow, 1986). Locally, the basaltic rocks are silicified and carbonatized. Although 
commonly referred to as picrite (Fox and Johnston, 1980), the basalt does not appear to have any olivine or the chemical 
composition of picrite (P. Theyer, pers. comm., 2004). Medium- to coarse-grained amphibole-rich rocks in this sequence 
mineralogically and geochemically resemble metamorphosed Mg-rich alteration lenses in the footwall alteration zones 
associated with volcanogenic massive sulphide deposits.

Samples of chemical and clastic sedimentary rocks and basalt from drillhole 8326 show a wide variation in both 
major and trace elements. The SiO2 contents vary from 43 to 72% and MgO contents vary from 1.4 to 15.5%. The 
samples have europium deviation (Eud)3 values that vary from –1 to +447%, but there is no correlation between the Eud 

and mineralization or rock type. The highest Eud value occurs in a ‘chert-like’ rock with 3.7% Na2O and 4.5% K2O, but 
there is no correlation with Au content.

Partial leach analyses
Partial leach analyses act selectively on different portions of the soil constituents and strip varying amounts of 

amorphous and crystalline oxide coatings, primarily those of Fe and Mn, from the same samples. Trace elements  
contained within these coatings are released into solution, together with water-soluble components, and other compo-
nents are released through hydrolysis. Elemental concentrations vary not only laterally, but also vertically (at different 

3 Eud = (Eu/(Smn/2 + Gdn/2) – 1) x 100, where n is the chondrite-normalized value
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soil depths) and in different soil horizons within glacial overburden (Hamilton et al., 2004a, b). Studies in various  
terrains have determined that the ideal sample depth or soil type varies from place to place — there are indications that 
the ideal depth may vary over time. Tables GS-8-1 and -2 show the relative concentrations for elements from the same 
samples using the weak extraction method of Enzyme LeachSM and the stronger Terrasol LeachSM for three test pits (Mac 
31, Mac 32, Mac 33) at the Rainbow Au zone; each sample represents a 5 cm depth interval.

Enzyme LeachSM

The locations of sample pits Mac 31, Mac 32 and Mac 33 are shown on Figure GS-8-2, together with the position 
of the Agassiz sequence and the surface projection of the underlying mineralization. On Figure GS-8-3, the sample  
locations are shown in relation to the projected surface position of both the Rainbow ore zone and two thinner hang-
ingwall mineralized zones. Data for selected elements are presented in Table GS-8-1. The complete Enzyme LeachSM 
database for all samples from the three sites is available in Data Repository item 2004003.4

Selected element profiles for the 1 m deep pits at sites Mac 31, Mac 32 and Mac 33 are illustrated in Figures GS-8-4 
and -5; the Enzyme LeachSM data are normalized to the first quartile (lower 25% of the data) and the results are plotted 
as BB (= ‘times background’). All of the profiles show a marked variation from top to bottom. The profile for Au at site 
Mac 31 is not only >50 BB in the top 10 cm of the soil profile, but Au is detectable to a depth of 45 cm. In the other two 
pits, none of the B-horizon soil samples shows a Au response. The sample medium at site Mac 31 is quite similar to 
that at the other two sites, so the difference in Au responses cannot be attributed to selective collection by A, B or C soil 
types (cf. Clark, 1993). The Mac 31 site is closer to or directly overlies the mineralized zone, as indicated by projection 
of drillhole information to the subsurface (Figures GS-8-2, -3). At site Mac 32, only the top 5 cm of the A horizon has a 
Au response; it is considered to be considerably closer to the subsurface projection of the mineralized zone than Mac 33 
(Figure GS-8-2). This indicates that Au forms an apical anomaly and that there is limited dispersion of Au away from the 
immediate vicinity of the mineralized zone.

Arsenic responses are strong at site Mac 31, the strongest being in the A-horizon samples. The Ae- and B-horizon 
samples show weak responses that can still be used to identify the mineralized zone. Tellurium and rubidium are  
anomalously higher in the A-horizon at site Mac 31 relative to the other two sites; in addition, the responses for both 
elements extend deeper at site Mac 31 and are independent of soil type (Figure GS-8-4b).

Manganese responses in the upper portions of the soil profile are highest in the top 5 cm of organic-rich material, 
but do not discriminate between sites Mac 31 and Mac 33. Manganese response is much lower (<10 BB) in the lower 
part of the A, Ae and B soil horizons, and much higher (100–200 BB) in the lower part of the C horizon (Figure GS-8-5) 
at sites Mac 31 and Mac 32. In contrast, the lower part of the C horizon at site Mac 33 has <25 BB Mn, but the lower 
part of the A, Ae B horizons, and the upper part of the C horizon all have <5 BB Mn. The patterns for Zr, Y and REE are 
similar to those for Mn (Table GS-8-2).

Base-metal responses (Figure GS-8-4c) are strong at site Mac 31, with BB values >200 for Zn in the top 5 cm of the 
A soil horizon. Strong responses for Zn, Pb and Cd in the top 10 cm of the profile suggest that the A-horizon anomaly 
will be dispersed over a much larger area than the mineralized zone and may not identify a specific exploration target. 
Base metals in the 10–20 cm depth interval at site Mac 31 are anomalous in comparison to Mac 32 and Mac 33.

Both positive and negative Eud  values are present at all three sites, and the distribution and size of the europium 
deviation (Eud) differs both vertically and laterally. Site Mac 31 has positive Eud values in all samples down to a depth of 
60 cm and shows deviations of up to 300% in both A- and B-horizon samples (Figure GS-8-4a). The uppermost parts of 
the A-horizon soils at sites Mac 32 and Mac 33 have negative Eud values, and the extent of the Eud is considerably less 
at comparable sample depths than at site Mac 33, which is closer to the mineralized zone. This is probably a response to 
the presence of reduced chemical species such as H2, reduced or methylated metals and/or hydrocarbons rising above the 
mineralized zone. This type of environment would allow Eu2+ to form and migrate from the reduced body into the upper 
parts of the soil zone until oxidized by the atmosphere. Oxidation is probably also responsible for the fixing of many 
other metals that have migrated to the upper part of the soil profile as volatile species.

 Oxygen availability from the atmosphere may be a key reaction component for fixing metals, and this is probably 
controlled primarily by sample depth in specific media. A constant sampling depth can be used in this area to identify 
Rainbow zone–type mineralization (cf. Hamilton et al., 2003, 2004a). Samples collected at the 10–25 cm depth interval 

4 MGS Data Repository item 2004003, containing the data or other information sources used to compile this report, is available on-line to download 
free of charge at www2.gov.mb.ca/itm-cat/freedownloads.htm, or on request from minesinfo@gov.mb.ca or Mineral Resources Library, Manitoba 
Industry, Economic Development and Mines, 360–1395 Ellice Avenue, Winnipeg, MB R3G 3P2, Canada.
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Figure GS-8-2: Location of sample sites and three 1 m deep pits at the Rainbow zone, McLellan mine. Geological  
information provided by Black Hawk Mining Ltd.

distinguish the Rainbow zone from site Mac 33. However, Au responses in the uppermost part of the A horizon extend 
beyond the responses in the B-horizon samples and appear to provide a larger target anomaly. Therefore, it may be  
preferable to collect A-horizon samples, instead of using shorter sampling intervals, in areas where the exploration target 
is a narrow vein. Figure GS-8-4 suggests that Au and base-metal responses may be independent of Mn responses (cf. 
Clark, 1992). This, in turn, suggests that normalization of Enzyme LeachSM responses to a constant Mn content may not 
be advisable.

Terrasol LeachSM

Portions of the same samples were analyzed by the Terrasol LeachSM method; selected elements are presented in  
Table GS-8-2. Although the Terrasol LeachSM is a stronger partial extraction, the relative distributions of most elements 
in the three pits are similar to those of the Enzyme LeachSM data (cf. Figures GS-8-4 and -5). Manganese values are 
higher in the upper organic-rich samples and near background in the vicinity of the interface between B- and C-horizon 
samples. The Mn pattern present in Mac 33 is opposite to that seen in the Enzyme LeachSM data, where the higher  
values are in the C horizon and not the B horizon (cf. Figure GS-8-4); this suggests that amorphous Mn-oxides are more 
abundant in the C horizon, although crystalline Mn-oxide may be more concentrated in the B horizon in Mac 33. The 
Eud values are negative for all Terrasol LeachSM samples, and the data cannot be used to discriminate underlying miner-
alization.
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Figure GS-8-3: Geological cross-section along section 11+00 west through the Rainbow zone, McLellan mine. Location 
of sample pits projected onto section (cf. Figure GS-8-2).

Economic considerations
This study shows that both the Enzyme LeachSM and Terrasol LeachSM partial extraction methods are effective in 

detecting buried mineralization at the MacLellan mine. There is a distinctive Eud positive anomaly associated with the 
Rainbow zone mineralization and within soils that overlie the mineralized zone. It is proposed that the REE data will be 
of assistance in discriminating ‘false’ anomalies derived from metals in transported overburden from anomalies derived 
from oxidation of a buried, reduced, mineralized body in the bedrock, because transported metals in glacial till and their 
metal anomalies should not be associated with positive Eud anomalies.
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