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In regions glaciated in the Quaternary, mineral exploration 
can be hampered by the scarcity of bedrock outcrops and 
by the complex nature and thickness of the surficial glacial 
sediments that mantle, and often conceal, the bedrock and 
mineral deposits beneath.  

In this day and age, both “Conventional” and a variety of 
newer “Deep Penetrating” geochemical exploration  
techniques are being employed for Mineral Exploration in 
Glaciated Terrains.
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“Conventional” geochemical exploration techniques 
attempt to use the primary glacial sediments themselves 
(mainly till), or products derived therefrom (i.e. heavy 
minerals, fine fraction, etc.), in the context of their glacial 
depositional history – i.e. understanding the glacial 
sediment stratigraphy and ice movement direction(s). 

Techniques involving the sampling and analyses of 
surficial till or secondary sediments derived therefrom, 
have been successful in exploration in areas of generally 
thin glacial drift (a few to 10s of metres). 

Conventional Geochemistry
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Provided the glacial history and stratigraphic framework 
have been established, overburden drilling techniques 
can be successfully employed in mineral exploration in 
areas of thicker (several 10s to 100s of metres) glacial 
drift. 

In addition, drainage sediments (i.e. lake and stream) 
have been successfully used to detect secondary
hydromorphic dispersion associated with concealed
mineralization in glaciated terrains.    



21st IGES, Dublin, Ireland - Aug. 28th to Sept. 3rd, 2003

Modern Geochemical Techniques For Exploration
In Glaciated Terrains: An Overview

Hope Bay Greenstone Belt, NWT, Canada
An example of working out the glacial history and stratigraphic
framework of an area and using fine fraction till geochemistry to 
locate gold mineralization.

Piling Project, Baffin Island, Nunavut, Canada
An example of using regional HMC and stream silt geochemistry 
with fine fraction till geochemistry to locate BHT-style 
mineralization. 

Conventional Geochemistry
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Hope Bay Greenstone Belt, NWT, Canada

Glaciated Landscape

Au-bearing shear zone

Last Ice flow direction

NNW (avg. 335o) 
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- Unraveled ice flow history and glacial stratigraphy;

- Last ice flow was to the NNW (avg. 335o) and it smeared 
till along the E and SE sides of the outcrops;

- Therefore by digging through the relatively thinner
glaciomarine sediments on the E and SE sides of the 
bedrock ridges we were able to collect till, the chemistry 
of which was indicative of the bedrock geology and/or 
mineralization in the valley to its SE.
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Hope Bay Greenstone Belt, NWT, Canada

- Glaciomarine sediments overlying till;

- Till collected, on S-SE slopes of 
bedrock ridges, by digging through the
glaciomarine sediments.
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- 5931 till samples were collected across the entire area;

- 500 gm to 1 kg of till were collected, coarse fragments 
removed, dried and sieved to -250 mesh (<63 microns);

- Au was determined by FA/AAS and an additional 32 
elements by nitric/aqua regia - ICP-ES;

- QA/QC was facilitated through the analyses of reference 
control standards and duplicates.
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- Sampled till - SSE slopes

- Coherent till anomalies

- Several new targets in the belt

- South Patch mineralization     
identified by till geochemistry 
and  proven up by drilling.

Patch
Lake

South Patch
Anomaly

Madrid
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Piling Project, Baffin Island, Nunavut, Canada
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•Government geology maps, airborne geophysical data and lake sediment
geochemical data used to target potential BHT province;

•BHP carries out a reconnaissance geological survey coupled with HMC and 
stream silt sampling which confirm area to be prospective for BHTs;

• Ground picked up and alliance formed with Falconbridge to  jointly explore 
combined properties; 

•Regional geological, till geochemistry and airborne hyperspectral surveys 
conducted;

•Target scale prospecting and rock sampling, till geochemistry and “Beep Mat” 
geophysics carried out; and,

•Initial results produced  bedrock samples with 40% combined Zn / Pb with 
1000 g of Ag. 

Piling Project, Baffin Island, Nunavut, Canada
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There is still a need for further evaluation of Tuktu, as well as other as 
yet untested, targets in this project area. 

Gossan Mineralization
Piling Project - Tuktu Showing
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Talks and Posters:

On the  

Application of Conventional Geochemical Techniques 

In Glaciated Terrains 
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High Mobility of High Mobility of 
Palladium in Surface Palladium in Surface 
Environment may Create Environment may Create 
False AnomaliesFalse Anomalies
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In recent years, considerable effort has been focused on 
the development of surficial geochemical techniques to 
“see through” thicker, compositionally complex, 
sedimentary (glacial, marine, etc.) sequences.
In this context, i.e. discovery of economic mineral 
deposits concealed beneath thick cover, a number of 
modern “Deep Penetrating” surficial geochemical
techniques, that focus on giving an in situ response 
vertically above the target mineralization, have been 
developed. 

Deep Penetrating Geochemistry
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These techniques include a variety of selective 
extraction, soil gas, physiochemical, electrochemical 
and biological (bacterial and microbial, etc.) methods. 

The key to the successful application of these 
targeting techniques for “seeing through thick cover”
is understanding the processes controlling the 
elements/compounds “vertical redistribution” to the 
near surface and their modification / redistribution 
within the near surface environment. 
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What are selective extractions:
Analysis of  a sample to selectively release the metals
associated with a specific component of the sample.

Why are they Used in Exploration:
- Areas with cover, in particular exotic overburden;  
- Particular fraction of sample desired 

(Carbonate,  Mn Oxide, Fe Oxide, Clay, Organic);
- Measure  a component of the chemically rather

than mechanically transported elements; and,
- Separate recent chemical signature from background 

geological signature of the parent material.
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Emphasize secondary chemical processes
Hydromorphic Dispersion
Evapotranspiration
Electrochemical dispersion
Gaseous Diffusion
Seismic Pumping
Organic/Bacteria/Microbial Activity

+  Others?

Limit chemical contribution from resident surficial
medium sampled
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1. Ore forming primary geochemical 
signature during ore formation

2. Release of elements during ore 
weathering (e.g. oxidation)

3. Transport of elements through cover 
to the surface

4. Accumulation of elements at surface

Geochemical signature at the surface 
varies according to the deposit type, 
type and depth of cover, surface 
environment.  Ore

Host 
Rock

Cover

Water Table

Fault
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Examples:
- Water-Bound  Ions (MMI)
- Cyanide Extraction (BCL)
- Carbonate Extraction (Na Acetate)
- Organic Extraction (Organomet )
- Amorphous Mn Oxides (Allegro)
- Amorphous Mn Oxides (Enzyme Leach)
- Amorphous  Fe Oxides (Foxy)
- Crystalline Mn or Fe Oxides 
- Sulphides (Aqua Regia)
- Near Total Extraction (3 or 4 -acid)
- Total (Fusion)
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Climate and geomorphology are radically different 
throughout the world resulting in a range of processes at 
work in  transport through cover and in the media where 
dispersed elements will be trapped at the near surface.

In geochemical exploration,  recognition of the nature of 
the local (soil) cover is particularly important as this 
provides a useful indication of both the potential mobility 
of elements of interest in the surficial environment and of 
the potential effectiveness of specific (soil) components 
(horizons) as geochemical sample media.
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Caber

Crandon

Caber Deposit, Quebec. Canada  /
Crandon Deposit, Wisconsin, U.S.A.
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Caber Deposit, Quebec. Canada
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Crandon Deposit, Wisconsin, U.S.A.
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Kimberlite Detection

Ekati Area, N.W.T., Canada
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Impala Kimberlite Pipe D54 - Ultramafic Body

Big Horn Kimberlite Pipe Mamba, Ronza and Garter Kimberlites

Marlene - Mafic Body / Sulphides

Jenelle - Metaseds / Sulphides
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Dwarf Birch

Mottled Collivium/Till
Lake Sediment

Local Till
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Land Based Targets:

Geophysical Expressions

Geochemical Expressions
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N
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Geophysics: 
EM Colour Drape on Magnetics
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Lakes:  

Bathymetry

Geophysical Expressions

Geochemical Expressions



21st IGES, Dublin, Ireland - Aug. 28th to Sept. 3rd, 2003

Modern Geochemical Techniques For Exploration
In Glaciated Terrains: An Overview

Mamba

Ronza

Garter

D54

N
100 m

Bathymetry 
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Geophysics: 

Gravity Colour Drape on Magnetics



21st IGES, Dublin, Ireland - Aug. 28th to Sept. 3rd, 2003

Modern Geochemical Techniques For Exploration
In Glaciated Terrains: An Overview

Gartetr

Ronza

Mamba

D54

N
100 m

Lake Sediments: Factor-1



21st IGES, Dublin, Ireland - Aug. 28th to Sept. 3rd, 2003

Modern Geochemical Techniques For Exploration
In Glaciated Terrains: An Overview

Garter

Ronza

Mamba

D54

N
100 m

Lake Sediments: Factor-4



21st IGES, Dublin, Ireland - Aug. 28th to Sept. 3rd, 2003

Modern Geochemical Techniques For Exploration
In Glaciated Terrains: An Overview

  
 
 
There is a distinct geochemical expression in soils/tills
and lake sediments over kimberlite pipes compared to
other geological and/or geophysical targets in the northern
environment around the Ekati area, NWT, Canada. Surficial
geochemistry can be effective for prioritization and
discrimination of geological and/or geophysical
expressions which are variably related to kimberlites,
mafic bodies, metasedimentary units, etc.. 
 
  

Conclusions and Recommendations
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Talks and Posters:

On the  

Application of Deep Penetrating Geochemical 
Techniques 

In Glaciated Terrains 



21st IGES, Dublin, Ireland - Aug. 28th to Sept. 3rd, 2003

Modern Geochemical Techniques For Exploration
In Glaciated Terrains: An Overview



21st IGES, Dublin, Ireland - Aug. 28th to Sept. 3rd, 2003

Modern Geochemical Techniques For Exploration
In Glaciated Terrains: An Overview



21st IGES, Dublin, Ireland - Aug. 28th to Sept. 3rd, 2003

Modern Geochemical Techniques For Exploration
In Glaciated Terrains: An Overview



21st IGES, Dublin, Ireland - Aug. 28th to Sept. 3rd, 2003

Modern Geochemical Techniques For Exploration
In Glaciated Terrains: An Overview

Electrochemical Transport of Metals Due to
Redox Gradients: Highly Predictive and 

Somewhat Problematic

- But Whose Problem Is It ?
Stewart Hamilton (Ontario Geological Survey)

Gwendy Hall (Geological Survey of Canada)

Beth McClenaghan (Geological Survey of Canada)

Eion Cameron (Eion Cameron Geochemical)

Keiko Hattori (University of Ottawa)
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