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EXECUTIVE SUMMARY

As part of a Geoscience BC funded study, a geochemical orientation survey was carried out over the blind Central
ZoneCyAu porphyry deposit at Seaerral B& The ébgectivewfghisisthdg wagstooj e c t
test various widely used fil and selective extractions in a challenging cover environment to determine which
performs the best at detecting the mineralization. In addition, the study aims to provide the mining industry with
guidance on the optimum combination of soil horizon andraction method for detecting deeply buried
mineralization in areas of thick glacial cover.

In the study area, GAu mineralizationis associated with small monzonite intrusions emplaced along the western
margin of the Hogem batholith. Mineralizationnsists of disseminated and fracture contropgdte, chalcopyrite

and bornite(z molybdenite)with intense, texturally destructive albite alteration associated with a-phate
stockwork of quartz veinlets. Surroundingsthlbitic core is a broad zorad weak to strong, pervasive and fracture
controlled potassic alteration characterizgdkbspar and secondary biotite. Potassic assembigigeie laterally

into propylitic alteration Supergene enrichment consisting of an upper oxide zone with natigercapd a lower

sulphide zone with secondary chalcocite occurs on the upper surface of the hypogene mineralization beneath a
package of younger conglomerates and sandstones that bury the mineralization to the west. These sedimentary rocks
are interpretedot be part of gpostmineralsedimentary basin formed against the Pinchi Favtich truncates the
intrusions and host rocks to the west.

The study area lies in a wide, flabttomed valley underlain by Quaternage glacial andlaciofluvial sediments,
consising of sands, gravels and conglomerateéser the mineralization these reach 40 metres in thickness.

Soil samples were collected from Ah, Upper B, Lower B and C horizons from pits dug alotrgrieecs over drill
defined mineralizationTransectl passes ovea part of the mineralized body that subcrops beneath Quaternary
sediments. In addition to the Quaternary depogitansect?2 crosses mineralization that underlies the jpaisieral
sedimentary basin. Here sulphides occur at depths of apptek380 metres below the surface.

Results show that conventional soil sampling (K80 mesh, Bhorizon, aqua regia) is ineffective in this
environment. It fails to detect anomalies for the ore elements (Cu, Au, Mo and Ag) or the pathfinder elements (As
Sh, Se, U, W, Cd and Ca). Laboratory specific extractions like MMBEGS) and lonic Leach (ALEhemex),

Enzyme Leach and Bioleach (Actlabs) also performed poorly. These methods, which are widely recognized as being
capable of detecting deeply buried memalization in a variety of environments, did not produce convincing
responses here. In fact none of the methods that tested the B horizon, the traditional soil sampling medium, did very
well. The most robust responses for ore and pathfinder elementfonectd the base of the organic layer in the

Ah horizon. An aqua regia digestion carried out on samples from this layer identified high to moderaist cont
apical or rabbiear responses for Cu, Au, Ag, W, As, Sb and Ca on both lines. A sodium pyrogteokgach
performed almost as well, producing convincing responses for Cu, Au, Aandis.

Field il pH and conductivity measurements were found to be very effective at locating the position of the
mineralization down to a depth of 300 metres. Condlifgtiand Inverse Difference Hydrogen (IDH) anomalies
define what is interpreted to be a reduced chimney over the mineraliZBltierpresence of a reduced chimney is
supported by soil gas hydrocarbons method (SGH), which defines coincident apical atdarabdsponses. The
presence of a reduced zone over the mineralization is also supported by high contrast U and W anomalies directly
over the mineralization. These elements are highly insoluble under reducing conditions.
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Results of this study show thatander to be successful, a soil sampling program ovetepuary glacial sediments

in northrcentral British Columbia should collect the Ah horizon samples and use an aquweditection limit
ICP-MS analyses. In additigrfield based soil pH and conductivity measurements should be utilized in order to
identify potential reduced chimneys over blind sulphide mineralization.
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INTRODUCTION AND OBJECTIVES

Exploration geochemistry in British Columbia has up to now relied on traditional methods, such as stream sediment
and soil geochemistry, to detect metals dispersed mechgnaall hydromorphically from outcropping sources.
These methods have proven to be highly effective and there has been a long and impressive history of discoveries
using them. As exploration maturity increases, however, mining companies are faced withaltargehof
exploring more and more in areas of transported cover where traditional geochemical methods are less effective.
Much of the central interior of British Columbia is covered by an extensive blanket of glacially derived sediments
that completely msks the underlying bedrock. In order to deal with this cover, government, industry and academic
institutions have invested heavily in developing airborne and ground geophysical methods to see through the exotic
overburden. Unfortunately, geochemical expt@n has not evolved as rapidly, despite the availability of a wide
range of partial and selective extractions provided by the commercial laboratories. Reasons for this are varied and
range from a general lack of understanding by the exploration commafribe use and interpretation of these
methods toskepticismabout their effectiveness. It is only through well documented, nonbiased, comparative field
testing of these methods that the exploration community can gain the knowledge and confidence deegoply
penetrating geochemistry (DPG) to routine exploration programs.

There are relatively few examples of comprehensive comparative studies of DPG methods in BC. Cook and Dunn
(2007) evaluated a number of par t-Aggplospéce Bheyrshoweslthtt8d s o v e
horizon soils were more suitable tharh@rizon tills for detailed geochemical sampling. Of the methods tested, they
concluded that Mobile Metal lon (MM) and Enzyme LeacM produced superior contrast responses to
conventimal aquaregia digestion, although the latter method did detect mineralization in areas of thin cover. Lett

and Sandwith (2008) carried out soil orientation surveys to test the effectiveness of a variety of selective and partial
extraction methods at the ddse Mountain, Shilo Lake and Soda Creek properties in the area of Quesnel and
Williams Lake. Their study found that the most anomalous Cu and Au values, reflecting bliadi Cu
mineralization, occur in the C and lower B horizons with an agge digestia. A discussion of the performance

of the various partial and selective extraction methods is still in preparation at the time of writing.

Outside BC, there have been a number of important studies of DPG in a variety of climatic and physiographic
environmets. Perhaps the landmark study has been the Deep Penetrating Geochemistry project, carried out by the
Canadian Mining Industry Research Organization (CAMIRO). This study was funded by 26 mining companies, the
Ontario Geological Survey and Geological Syreé Canada. Phase | considered movements of elements and ions
from buried mineral deposits and nuclear waste facilities in arid andasahenvironments. It showed that metals

and ions can be transported to the surface by advective transport in ghggesuwsm waters (Cameron et al., 2002)

and can be effectively detected by paréatraction methods. In Phase I, a variety of test sites in arid;agenand
temperate boreal forest environments were studied. It was found that in all environmeats grattiselective
extraction anomalies were detected in soils above buried mineralization (Cameron et al., 2004) and in some cases
through appreciable thickness of complex transported cover.

This study builds upon these important contributions by examitikegeffectiveness of a variety of partial and
selective extractions over t he Cent rirmhortheeatraleBC dte Ser eng
Central Zone is an ideal test case Bi*G methods. ltcomprises a well defined mineralized bodyhwét measured

resourceof 182.6 Mt grading 0.29 % Cu and 0.28 g/t Au (Rennie and Scott, 2088)west dipping bodiies

beneath several tens of metres of Quaternary glaciofluvial sedirméetaipdip part of the zone subcrops beneath

the Quaternary covewhile the deeper western part is also overlain by at least 250 metres ahipesil

sedimentary rocks deposited in a half graben basin along the nearby Pinchi Fault. As this is quite a recent discovery,

the study area is relatively undisturbesttl coveed bypristine pine and spruce forest.
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This report documentthe results of a soil pH, conductivity and DPG orientation supzgyied outby thesenior
author at the Kwanika Central Zone in August 2009.

This project is funded by Geoscience BC and caroietdin partnership with Activation Laboratories Ltd., Acme
Analytical Laboratories Ltd., ALSChemex and SGS Mineral Services who provided generous support for the
Analytical work.

OBJECTIVES

This project set out to address the following questions:

e Is soilpH effective at identifying sulphide mineralization through the Quaternary glacial sediment
and posimineral cover?

e Can soil geochemistry be used to reliably detect blind cegplerporphyrystyle mineralization
through the transported cover?

e If so, in whch horizon is the signal the strongest?

e Are there any benefits to using laboratory specific methods over generic methods?

e Which of the methods tested performs the best?

e What is the recommended strategy for soil sampling in areas of deep Quaternary tseckerem
central B@

BENEFITS TO THEMINING INDUSTRY

Independent, nonbiased studies of commercially available partial and selective extractions are few and far between,
particularly in BC. These studies are important as they provide the exploration ogynwith valuable insight into

the appropriate sampling strategy and combination of analytical methods for a given environment. Without this type
of study, the exploration geologist must rely on information provided by the commercial laboratories, mbtepro

their own methods to see through transported cover. Without knowledge of the relative performance of these
methods in different cover environments and for different deposit types, the exploration geologist could choose an
inappropriate method ontheats i s of a | aboratoryés marketing rather
be an expensive mistake. While all of the methods tested in this study have their merits, it is important to recognize
that none of them can be used blindly in all eowiments. One size does not fit all. This study and others that have
preceded it (Cook and Dunn, 2007; Lett and Sandwith, 2008) provide the exploration geologist with the knowledge
and tools necessary to make an informed decision and therefore to maXimibeniefit of their investment in
geochemistry.

Another benefit of this type of study is that it gives mining companies a set of exploration tools and kntéavledge
help them improve their success rate for exploration projects in covered areas:-pBeefpating geochemical
methods can be used to effectively prioritdr@l hole locationdo test geophysical targets. Geochemical data can
provide an additional layer of informah to help discriminate potentially mineralized and barren targets, thus
reducing drilling risk and ultimately protecting share holder value.

LOCATION AND ACCESS

The Kwanika project is situated in the Omineca Mining Divissdmorth-central British Colmbia, approximately
140 km northwest of Fort St. Jamasd (55°30Nj, 125°18ly; Fig. 1). It is accessible by wefthaintained Forest
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Service roads from Fort St. James via the community of Takla Landing. Serengeti Resources Inc., the owner, holds
the title to28 contiguous mineral claims covering an area of 8,960 ha (Rennie and Scott, 2009).

126°0'0"W 125°Q'0"W 124°0'0"W

GERMANSEN
LANDING

KWANIKA ¥
CLAIMS AW
x

55°0'0"NA =55°0'0"N

) FORT ST JAMES

T T T
126°0'0"W 125°0'0"W 124°0'0"W

0 25 50
T Kilometers

FIGURE 1. LOCATION OF THE STUDY AREA.

SURFICIAL ENVIRONMENT

The Kwanika Central zone lies in a broad,-flattomed valley containing aextensive cover of glacial till and
outwash sediments. Locally, elevations range from 900 to 1200 metres, but in the study area itself there is only
about 40 metres of relief. Drilling has shown that the cover varies in thickness from a few metresib roeares

in thickness in the immediate deposit area (D. Moore, pers. cad®@). Outcrops are rare and only seen in the
bottom of the Kwanika Creek valley, which is deeply incised into the Quaternary sequence (Rennie and Scott,
2009). Away from the vier valley, the surface is wetlrainedandgently slopingand covered by relatively open
lodgepole pine and white sprua@odland (Fig. 2)
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FIGURE 2. A TYPICAL SAMPLE LOCAT ION AT THE KWANIKA C ENTRAL ZONE .

Three types of soprofile are present in the Central zone area. These are for the most part developed on a parent
material of cobbleich sand and gravel. Podzols (Orthic Ferhamic, soil nomenclature based on the Canadian
System of Soil ClassificatiofCanada Soil Surve€ommittee, Subcommittee on Soil Classification, 1978]) are the
most widespread soil type, occurring on well drained, gentle slopes within the pine and spruce forest. A typical
profile (Figure3) includes a thin LFH horizon consisting of partially decomposeod, twigs, needles and mosses

and a thin (<m) black to dark brown, organicch Ah horizon. The organidch layers overlie a distinct white to

grey or pinkish, sandy textured Ae or Aej horizon of variable thickness. Below this, the B horizoreisipnaidan

upper Bf horizon (upper B), enriched with iron oxide, and a lower, medium to chocolate brown, BC horizon (lower
B), which grades into medium to dark grey sand or gravel of the C horizon.
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FIGURE 3. A TYPICAL PODZOL PRO FILE FROM THE CENTRA L ZONE.
Brunisol the second soil typés commonat the base of slopes adjacent to boggy are@s 4a). A typical example

has a surficial LFH and Ah horizon up to 4cm thick overlying an undifferentiated-tmloxen Bm horizon. The

third soil type is represented by Organic soils. These occur in depressions and fieaggyFm4b). Profiles consist

of an upper thick, peaty Om horizon that can be tens of centimetres thick, overlying a lower greygoelGe
horizon. A mottled Bg hdzon was noted at one locality. In all cases, the lower part of the profile is water saturated.
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FIGURE 4. SOIL PROFILES FROM THE KWANIKA CENTRAL ZONE AREA. A. BRUNISOL. B. ORGANIC SOIL .

GEOLOGY

REGIONAL SETTING

The Kwanikaproperty lies in the northern part of the Quesnellia Terrane, or Quesnel Trough, which consists of a
belt of Early Mesozoic volcanic and intrusive rocks sandwiched between highly deformed Proterozoic and Paleozoic
strata of the Slide Mountain Terrane te #hast and deformed Upper Paleozoic strata of the Cache Creek Terrane to
the west (Garnett, 1978ig. 5). The Quesnel Trough hosts numerous alkalic, transitional andi&alic porphyry
coppergold deposits, including Mt. Milligan and Lorraine. Porphgtyle mineralization is associated with island
arcrelated, Upper Triassic to Lower Jurassic volcanism and plutonism (Nelson and Bellefontaine, 1996).

In the Kwanika area, Quesnellia is bounded by the Pinchi Fault to the west and by the Mansonlieaahgsb The

Pinchi Fault juxtaposes Permian Cache Creek Terrane rocks to the west against the Upper Triassic Takla Group
rocks of the Quesnel Terrarnte the eastKig. 6). Porphyry coppegold mineralization occurs in the Takla Group

rocks and is assoced with several irregulashaped monzonite stocks that intrude along the western margin of the
multiphase Hogem batholith (Rennie and Scott, 2009). Host rocks include diorite, quartz monzonite and granite
phases of the batholith as well as Takla Group sitidevolcanic rocks.

Page p

[(@’ Heberlein Geoconsulting

Extracting value from geochemistry



/\

Gedoscience BC GEOSCIENCE BC REPORT 2040B

126°0'0"W 125°0'0"W 124°0'0"W
1 1

)

N\ GERMANSEN Legend
DING

- Major_Faults
I Kwanika_Claims
Quaternary
Hogem Plutonic Suite
- Quesnel Terrane

Cache Creek Complex

. ———155°0°0"N

55°0'0"N -

k<.. X FORN -
| ~

T T
125°0'0"W 124°0'0"W

0 25 50
1Kilometers

FIGURE 5. REGIONAL GEOLOG ICAL SETTING .

LocAL GEOLOGY

Two zones of porphyrgtyle mineralization occur at Kwanika. These are: the Central Zon@@Euvhich is the
focus of this study, and the South Zoj@&+Mo-Au-Ag). Mineralization at the Central Zone is developed in and
around a nortimortheast trending monzonite stock that dips shallowly to steeply to the wedb)(Fipe intrusion
consists of a mediwgrained, equigranular to feldspar porphyritickp made up of plagioclase andf&ldspar,
with lesser amounts of amphibole, biotite, quartz, and tourmaline. Highest grade-golaberineralization (>0.6%
copper equivalent) occurs within, and immediately adjacent the intrusion. The monzonite inttadeariably
copper and golanineralized diorites and monzodiorites of the Hogem Batholith Intrusive Seaeétt, 197Bas
well as Takla Group andesitic volcanic ro¢k#g. 6).

Mineralization is associated with a careneof intense, texturallydestructive albite alteration associated with a
multiphase quartz stockwork. Surrounding the albdre is a broad zone of weak to strong, pervasive and fracture
controlled potassic alteration characterized bfelispar and secondary biotite (Rennie &udtt, 2009H. Samson,

pers. comm 2009. This alteration grades laterally into propylitic assemblages. Dominant sulphide minerals include

pyrite, which is ubiquitous to the deposit, chalcopyrite and bornite. Molybdenite is also commonly present.

Subsegent to themineralizing eventthe intrusive and volcanic units were locally rotabgdistric (?) faultingand
overlain to the west by a clastsedimenffilled, half-grabenshaped basindeveloped up against the Pinchi Fault.
The sedimermatry rocks which consist of conglomerates, sandstones and siltstpaeilly cover the Central Zone
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(Fig. 4). Theythicken to the west and attain a maximobserved thicknesgrom drill holes) 0f435 malong the
Pinchi Fault Outcropon the propertyis rare as much of the area is covered by 20 metresof Quaternary
glaciofluvial sediments

A zone of sipergene enrichment consisting of an upper oxide zon&iningnative copper and a lower sulphide
zone with secondary chalcocigad covelliteoccurs on the uppemudace of the hypogene mineralizatiah the
contact with the post mineral sedimentary rocks.
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FIGURE 6. LOCAL GEOLOGY OF THE KWANIKA CENTRAL ZONE AREA (COURTESY OF SERENGETI RESOURCES INC.).
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EXPLORATION HISTORY

Copper mineralization was first recognized along Kwanika Creek in 1964. Initial exploration carried out by Hogan
Mines Ltd. (later Bow River Resources Ltd.) consisted of geochemistry, trenching, prospecting, mapping and two
X-Ray drill holes totalling 26.5netres. The property was subsequently optioned to several companies, including
Canex Aerial Explorations Ltd. (1965), and Great Plains Development Company of Canada Ltd. (196RiyeBow
Resources Ltd. (1972) and Pechiney Developments Ltd. (1973). 661974, these companies carried out
several geophysical surveys (magnetic and IP), soil geochemistry, bull dozer trenching as well as percussion and
diamond drilling programs totalling 2,707 metres. The historical drilling foceseal small area along Wanika

Creek and was successful in defining a poorly constrained, 36 Mt (nd0X48ompliant) body of mineralized
materia) grading approximately 0.20% Cu with minor Mo. No significant work was carried out on the property
again until 1989 when the area sveestaked by W. Halleran, who recognized the copgpkt affinity to the
mineralization (Buskast al, 1989). Eastfield Resources Ltd. optioned the property that same yeforiaed a

joint verture with Northair Mined.td. The joint venturecarried out a aggressive exploration program consisting of

line cutting, prospecting, mapping, rock and silt sampling on the Swan 1 to 8 claims. Samples from previous drill
holes were also reanalyzed. Four diamond drill holes (549 metres) drilled west of the pyedefiséd
mineralization in 1991 detected sporadic copper mineralization along the east side of the Pinchi Fault.

Based on the results of tihéstorical exploration, Serengd®iesources Inc. staked the current clabatveen 2004

and 2006. In 2005the conpany conducted a 530ine kilometre airborne magneti@and radiometric survey, and
collected 11 rock samples to assist in porphyry target identification (Osatenko, 2005). The airborne survey identified
a small magnetic anomaly on the east side of the kndsposit, with similar anomalies trending to the north
northwestand south.Over the course of 2006 and 2007, Walcott Geophysics (Watantipdout several ground
basednduced polarization (IP) surveys to further investigate the trend of magnetic awmal

Results from a 2006 IP survey identified a significant chargeabitigmalyover thehistorical mineralizatiorand

defined anorth-northwestcontinuation otheanomaly into a area of glaciofluviatover(Fig. 7). Drill testing ofthe
chargeabilityanomalylater that summeconfirmed the copper grade of the known mineralizationdiscbvereda

new zonewith porphyry characteristicgpproximately 2 knto the north (hole K06-04, 0.32% Cu and 0.15 g/t Au

over 18.3 m)In November and December 200&¢e diamond drillholes (1215 m) were drilled in the vicinity of

hole K-06-04, resulting in the Central Zone discovery higde06-09 - 0.69% Cu and 0.54 g/t Au over 111 rRjom
20062009, Serengeti drilled 62,280 m of core into the Central and SoutsZdafining a measured resource of
182.6 Mt grading 0.29 % Cu and 0.28 g/t Au (Rennie and Scott, 2009) and an additional inferred resource of 28.5
Mt grading 0.19 % Cu and 0.20 g/t Au.
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FIELD METHODS

SAMPLING PROCEDURES

Two Transects of soil pits (52 locations) were sampled aches€é¢ntral zone (Fig. and8). The eastvesttransect
(Transect 1)which comprises 24 sample sites, passes over the portion of the deposit that subcrops beneath the
Quaternary cover (Fig. 9). The Transect extends from the Pinchi fault in the veggtraximately 350netreseast

of the depositwhere drilling indicates that there is no mineralizatiBnnorthwestsoutheast line, Transe{
comprising 29 sample sites crosses the portion of the deposit that underliesrangost sedimentary basim this

area, the mineralization is present at a depth of approximatelyn@@@sbelow surface and is masked by both the
postmineral sedimentary cover aad overlying veneer of Quaternary glacial outwash sediments (Fig. 10). The two
transects provide flerent challenges to the methods being tested. Sample sites are spacedcatfervals in

inferred background areas and at 25 m intervals over the deposit itself.

At each site a 50 by 5€entimetrehole was excavated down to the C horizon to explesecomplete soil profile.

Each hole was photographed and described using a geochemical coding form and codes proposed by Hoffman
(1986), along with the details of the immediate area. Parameters recorded include colour, texture, abundance and
shape of coae fragments, dampness and profile typeariety of samples were collected from each sample hole as
summarized in Table 1. Fisampleswvere taken from the upper B horizon and one each from the Ah, lower B and

C. Ah samples were collected from severaltsmround the sampkite but notfrom the hole itself. This was done

to avoid contamination from excavated material and to ensure enough sample material was collected. Sampling was
done by hand by peeling back therfacelayer of mosses and undecomposeginic matter and sampling the black
decomposed material at the mineral soil interface. The sample was placed into & Huddgaweave sample bag to

allow it to breath and to prevent decompaosition prior to arrival at the laboratory.

Upper B, lower B andC horizon samples were collected in the same way. Material was taken from the sides of the
hole using a trowel and screened-1@ mesh onto a plastic sheet to remover rock fragments and organic debris.
Approximately 500 grams of this material was placedieathable Hubd® polyweave sample bags. Where soil
moisture precluded screening, rocks and other coarse debris was removed from the sample by hand. MMI samples
were collected using the SGS Minerals Services recommended protocol. Material was takancfrotimuous

vertical interval from 10 to 25 centimetres below the top of the mineral soil using a plastic scoop. A composite of
approximately 350 grams was collected and sealed in heavy duty Ziploc bags. At most localities, this constant depth
interval caresponds to a mixture of upper B (Bf or Bm) and lower B (BC) horizons. Finally, samples for pH and
conductivity measurements were collected from the top centimetre of the mineral soil, located immediately beneath
the organic Ah layer. Approximately 100agns of this material, usually from the leached Ae horizon, was collected
and sealed in Ziploc bags for analysis at the camp the same day.
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TRANSECT

TRANSECT 2

FIGURE 8. LOCATION MAP SHOWING THE SOIL TRANSECTS, SAMPLE STATION NUMBE RS AND THICKNESS OF THE
POST-MINERAL SEDIMENTARY BASIN AT THE KWANIKA CENTR AL ZONE.
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