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Selective Extractions

Selective Extractions aid in the detection of mineral deposits at depths ranging from a few meters to more than one thousand
meters. Ore bodies are indicated by a host of elements that are distributed into positive and negative patterns at surface,
above (apical) and around the margins (halo or ‘rabbit ears’) of mineral deposits. Trace elements become trapped at parts-
per-billion (ppb) and parts-per-trillion (ppt) levels within amorphous oxide coatings on sand and silt grains in the soil or
sediment in the near-surface environment. The weaker the leach, the better the ability to detect the more deeply-buried
mineralization.

Enzyme Selective Extraction is the most discriminating of the selective analytical extractions used today. It is capable of
detecting extremely subtle geochemical anomalies developed in upper B-horizon soils and in peat over and around blind
deposits. Conventional partial leaches, like aqua regia extraction-ICP, extract metals from sulphides, oxides and silicates,
providing a partial composition of the overburden. Enzyme Selective Extraction on the other hand, tends to detect the very
subtle trace element signatures that have been added to the soil by elements migrating to the surface through a variety of
mechanisms. Trace amounts of amorphous mixed-oxide coating in soil act as an effective long-term collector of this subtle
flux of cations, anions and polar molecules passing through the soil. By selectively removing the amorphous manganese
dioxide from these coatings, the mixed oxide coatings collapse, releasing trapped trace elements. Thus Enzyme Selective
Extraction provides an effective method of detecting the most subtle signatures of blind deposits in the subsurface without
swamping the signal by dissolving the major components of the overburden. At this time, the greatest depth of penetration
for Enzyme Selective Extraction for a mineral deposit is greater than 800 metres.

Bioleach®™. Research on Actlabs’ SGH technique (Sutherland, Hoffman and Southam, unpublished CAMIRO Research
Report) has proven that SGH anomalies are of bacterial origin. BioleachS™ dissolves the remnant bacterial components.
BioleachSM has been specifically designed to extract the mineral signatures associated with these bacteria. This newly
developed leach is currently showing great promise at detecting deeply buried mineralization.

TerraSol Selective Extraction is a more aggressive leach that attacks all components of amorphous mixed-oxide coating
and certain crystalline iron and manganese oxides. The oxidant used in the process also dissolves a substantial portion of
the gold and platinum group elements (PGE) in the soil sample. TerraSol Selective Extraction performs best over shallower
mineral deposits.

Other Selective Extractions

Actlabs has considerable experience at developing and applying a variety of selective and sequential extractions developed
both by Actlabs and also reported in literature. A selection of these leaches are described below. Actlabs’ team of skilled
geochemists can advise on the applicability of each of these selective extractions. Detection limits and available elements
vary depending on background levels of metals in the leach solutions and potential interferences.

Aurzyme LeachS" - similar to Enzyme Selective Extraction, but dissolves native gold. Background levels for most elements
are significantly higher than Enzyme Selective Extraction which may mask some anomalies.

Dizyme LeachS™ - will dissolve both amorphous Fe and Mn oxides. Background levels are going to be significantly elevated
over Enzyme Selective Extraction which will mask some low level anomalies.

Sodium Phosphate Leach - for organic-rich materials such as humus and peat.

Hydroxylamine Leach (cold) - dissolves majority of Mn and Fe oxides (amorphous + crystalline).

Hydroxylamine Leach (hot) - dissolves nearly all Mn and Fe oxides.

Oxalic Acid Leach - dissolves all oxide coatings and a partial attack on weaker silicates.

Multielement-BLEG Leach - for weak cyanide extractable metals (good for Au + PGE).

Potassium lodide + Ascorbic Acid - dissolves all of Fe, Mn and Al oxide coatings (halogens cannot be analyzed).
Water Leach (hot/cold) - dissolves any water soluble component and metals released by hydrolysis of silicates.

Pink Leach - dissolves water soluble, readily exchangeable and pH reactive phases to determine subtle effects of
mineralization in areas of cover.



Case Studies

Glaciolacustrice Clay/Slit, Peatlands and Sand - Trench Study, Cross Lake

Sampling location is critical. The upper
part of the B-horizon, shown in yellow, will
give the best Enzyme Selective Extraction
response. Sampling lower in the
B-horizon will lead to erratic results as
shown in blue and red.

Deep Penetrating Geochemical Techniques in
Exploration (the dos and don’ts). Hamilton, S.,
Hall, G. and McClenaghan, B. PowerPoint
presentation  CIM 2005  Exploration
Geochemisty Short Course, Toronto, ON.

Zn in Soils - Cross Lake VMS, Line 6
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ENZYME SELECTIVE EXTRACTION PRINCIPAL COMPONENT ANALYSIS
(S. HAMILTON, UNPUBLISHED ONTARIO GEOLOGICAL SURVEY POSTER, 2003)




Case Studies

Arid Profiles
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The Spence porphyry copper deposit in the Atacama Desert of Chile is picked up well using Enzyme Selective Extraction.
Cu shows an apical anomaly over Spence but not over the unmineralized eastern fault zone which shows up with Na and
Cl. Trench profiles indicate that near-surface soil sampling is required to see Cu (top 20 cm) whereas other elements like
Re or Se will peak lower in the soil profile (50 - 80 cm). This is opposite to the glacial environment shown for Cross Lake
on the preceding page where Cu peaks at 40 - 100 cm below surface.

Deep-penetrating Geochemistry: Northern Chile. Cameron, E. and Leybourne, M. Paper presented at IGES 2003, Dublin, Ireland.

Carbonate Terrain

Central Tennessee MVT Deposit
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Many people have questioned whether Enzyme Selective
Extraction works in areas of carbonate terrain. The
following example is of a Mississippi Valley type Pb-Zn
deposit in central Tennessee, USA below approximately
400 metres of an intercalated carbonate and shale cover
rock. The surface area is actively farmed fields where
waste limestone from the mine has been used to
“sweeten” the fields to improve crop yield. As a result of
this, there are wide swings in the collector amorphous Mn
oxides. As a result, we have chosen to ratio the metals
to Mn to level the amount of collector available. The two
mineral deposits in red show the deposits quite clearly in
halogens as rabbit ear anomalies. Apical anomalies also
exist with Pb, Zn and Cd.



Case Studies

Salt Lake System - Lake Lefroy, Western Australia

Two gold deposits could be identified by sampling salty sludge below the salt crust on Lake Lefroy, Western Australia by
Western Mining. Rare earths provided ‘rabbit ear’ anomalies indicating the Santa Ana and Intrepide Au deposits.

SANTA ANA: Enzyme Selective Extraction Orientation INTREPIDE: Enzyme Selective Extraction Orientation

Carey, M.L. and Dusci, M.E., 1999. WMC Resources. Exploration Successes in Lake Terrains - Applications of Element Dispersion
Kambalda. In Proceedings Third Australian Regolith Conference, Regolith 98, New Approaches to an Old Continent (eds G. Taylor, C.
Pain) pp. 135-148.

Laterite Study - Brazil
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The Fazenda Nova deposit in Brazil is quite clearly indicated with apical anomalies in arsenic and gold directly over the
deposit. Halo ‘rabbit ear’ anomalies in bromine also occur peripheral to the central apical anomaly. Conventional soil
sampling and analysis does not show an anomaly over the deposit. Drilling to sample the saprolite shows very broad
anomalies but doesn’t specifically indicate targets.



Case Studies

Frank Creek Kuroko Style VMS Discovery

Barker Minerals’ Frank Creek property is located in the Cariboo Mining District of British Columbia. An Enzyme Selective
Extraction soil survey was incorporated on the Titan grid in order to assist in discriminating conductive anomalies caused by
massive sulphide mineralization from graphitic anomalies. It was also used to assist in looking through the glacial overburden
to better reflect possible bedrock sources of anomalies rather than conventional soil techniques which can provide false and
misleading anomalies due to the deep overburden and glacial action which has moved the soil anomalies from their source
areas. Exploration programs on the property, including exploration drilling, a geophysical survey and an Enzyme Selective
Extraction soil survey, have vectored current exploration towards a new Kuroko style VMS discovery.

Reference: www.barkerminerals.com Press release Jan. 29, 2008
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Antimonio Gold Discovery, Mexico

The original target at Antimonio was a set of detachment faults that subcrop beneath about 10 m of alluvium. An Enzyme
Selective Extraction survey revealed a combination of apical anomalies and halos. It was initially thought that the Enzyme
Selective Extraction anomaly was indicating gold mineralization in this fault zone, but drilling showed these faults to be
barren of economic grades of gold. Consequently, deeper drilling was initiated in order to explain the strong Enzyme Selective
Extraction anomaly. This led to the discovery of a sizable gold resource (est. 750,000 oz.) in the rocks beneath the
detachment faults.
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Sampling & Analysis

Many ore bodies are buried beneath thick sequences of exotic overburden, lake beds, barren bedrock or younger volcanic
rocks. Exploration geologists require a cost-effective method of finding blind mineralization through deep cover. Our
Selective Extractions provide the means to do this.
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Pattern recognition is the key to proper interpretation of Selective Extraction data, since anomaly patterns can be different
from conventional geochemical data. Selective Extractions have been shown to work effectively in both acidic and
alkaline environments, and have been used successfully in desert, tropical, glacial and permafrost terrains.

Enzyme Selective Extraction Signature

Sample Collection and Sample Handling

Although Selective Extractions can be used as an analysis method for virtually any surficial geological material, the
sample media most commonly analyzed with this method is B-horizon soils. Research to date (Cameron et al.) indicates
that the upper portion of the B-horizon is optimal. Soil horizons vary in appearance and depth, even within relatively small
areas. Therefore is should be emphasized that material from a consistent soil horizon be collected rather then a
consistent depth.

Samples should consist of about 100 to 200 grams of material depending on the fineness of the soil. Coarser soils
require more material to assure adequate sieved sample material for analysis.

Preparation and Analysis

Sample materials are air dried or dried in special rooms kept below 40°C. It is imperative that the samples not be placed in
drying ovens as it is impossible to guarantee consistency of drying temperature even in temperature controlled ovens.
Samples are then sieved and a 1 gram sample of -60 mesh material undergoes a proprietary selective extraction under
rigidly controlled conditions. The resultant solutions are analyzed by ICP/MS.
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