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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 

Zone Cu-Au porphyry deposit at Serengetiôs Kwanika project in north-central BC. The objective of this study was to 

test various widely used partial 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 and extraction method for detecting deeply buried 

mineralization in areas of thick glacial cover.  

In the study area, Cu-Au mineralization is associated with small monzonite intrusions emplaced along the western 

margin of the Hogem batholith. Mineralization consists of disseminated and fracture controlled pyrite, chalcopyrite 

and bornite (± molybdenite) with intense, texturally destructive albite alteration associated with a multi-phase 

stockwork of quartz veinlets. Surrounding this albitic core is a broad zone of weak to strong, pervasive and fracture 

controlled potassic alteration characterized by K-spar and secondary biotite. Potassic assemblages grade laterally 

into propylitic alteration. Supergene enrichment consisting of an upper oxide zone with native copper and 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 interpreted to be part of a post-mineral sedimentary basin formed against the Pinchi Fault, which truncates the 

intrusions and host rocks to the west. 

The study area lies in a wide, flat-bottomed valley underlain by Quaternary-age glacial and glaciofluvial sediments, 

consisting of sands, gravels and conglomerates. Over the mineralization these reach 40 metres in thickness.  

Soil samples were collected from Ah, Upper B, Lower B and C horizons from pits dug along two transects over drill 

defined mineralization. Transect 1 passes over a part of the mineralized body that subcrops beneath Quaternary 

sediments. In addition to the Quaternary deposits, Transect 2 crosses mineralization that underlies the post-mineral 

sedimentary basin. Here sulphides occur at depths of approximately 300 metres below the surface.  

Results show that conventional soil sampling (i.e. -80 mesh, B-horizon, 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, 

Sb, Se, U, W, Cd and Ca). Laboratory specific extractions like MMI-M (SGS) and Ionic Leach (ALS-Chemex), 

Enzyme Leach and Bioleach (Actlabs) also performed poorly. These methods, which are widely recognized as being 

capable of detecting deeply buried mineralization 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 elements were found at the base of the organic layer in the 

Ah horizon. An aqua regia digestion carried out on samples from this layer identified high to moderate contrast 

apical or rabbit-ear responses for Cu, Au, Ag, W, As, Sb and Ca on both lines. A sodium pyrophosphate leach 

performed almost as well, producing convincing responses for Cu, Au, Ag, As and U.  

Field soil pH and conductivity measurements were found to be very effective at locating the position of the 

mineralization down to a depth of 300 metres. Conductivity and Inverse Difference Hydrogen (IDH) anomalies 

define what is interpreted to be a reduced chimney over the mineralization. The presence of a reduced chimney is 

supported by soil gas hydrocarbons method (SGH), which defines coincident apical and rabbit-ear responses. 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 that in order to be successful, a soil sampling program over Quaternary glacial sediments 

in north-central British Columbia should collect the Ah horizon samples and use an aqua regia-low detection limit 

ICP-MS analyses. In addition, field 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 mechanically and 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 with the challenge of 

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 masks 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 exploration 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 community of the use and interpretation of these 

methods to skepticism about 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 to apply deep-

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 partial leach methods over the 3Tôs epithermal Au-Ag prospect. They showed that B-

horizon soils were more suitable than C-horizon tills for detailed geochemical sampling. Of the methods tested, they 

concluded that Mobile Metal Ion (MMI
®
) and Enzyme Leach

TM
 produced superior contrast responses to 

conventional aqua-regia 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 Mouse 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 blind Cu-Au 

mineralization, occur in the C and lower B horizons with an aqua-regia digestion. 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 

environments. 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 Survey of Canada. Phase I considered movements of elements and ions 

from buried mineral deposits and nuclear waste facilities in arid and semi-arid environments. It showed that metals 

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

and can be effectively detected by partial-extraction methods. In Phase II, a variety of test sites in arid, semi-arid and 

temperate boreal forest environments were studied. It was found that in all environments partial- and selective-

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 examining the effectiveness of a variety of partial and 

selective extractions over the Central zone at Serengeti Resourcesô Kwanika project in north-central BC. The 

Central Zone is an ideal test case for DPG methods. It comprises a well defined mineralized body with a measured 

resource of 182.6 Mt grading 0.29 % Cu and 0.28 g/t Au (Rennie and Scott, 2009). The west dipping body lies 

beneath several tens of metres of Quaternary glaciofluvial sediments. The up-dip part of the zone subcrops beneath 

the Quaternary cover while the deeper western part is also overlain by at least 250 metres of post-mineral 

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 undisturbed and covered by pristine pine and spruce forest. 
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This report documents the results of a soil pH, conductivity and DPG orientation survey carried out by the senior 

author at the Kwanika Central Zone in August 2009. 

This project is funded by Geoscience BC and carried out in partnership with Activation Laboratories Ltd., Acme 

Analytical Laboratories Ltd., ALS Chemex and SGS Mineral Services who provided generous support for the 

Analytical work. 

OBJECTIVES 

This project set out to address the following questions: 

 Is soil pH effective at identifying sulphide mineralization through the Quaternary glacial sediment 

and post-mineral cover? 

 Can soil geochemistry be used to reliably detect blind copper-gold porphyry-style mineralization 

through the transported cover? 

 If so, in which horizon is the signal the strongest? 

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

 Which of the methods tested performs the best? 

 What is the recommended strategy for soil sampling in areas of deep Quaternary sediment cover in 

central BC? 

BENEFITS TO THE M INING 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 community with 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, who promote 

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 on the basis of a laboratoryôs marketing rather than on sound scientific knowledge. This could 

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 environments. 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 maximize the benefit of their investment in 

geochemistry. 

Another benefit of this type of study is that it gives mining companies a set of exploration tools and knowledge to 

help them improve their success rate for exploration projects in covered areas. Deep-penetrating geochemical 

methods can be used to effectively prioritize drill  hole locations to test geophysical targets. Geochemical data can 

provide an additional layer of information 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 Division of north-central British Columbia, approximately 

140 km northwest of Fort St. James and (55°30ǋN, 125°18ǋW; Fig. 1). It is accessible by well-maintained Forest 



  GEOSCIENCE BC REPORT 2010-03 

 

 

Page | 3  

 

Service roads from Fort St. James via the community of Takla Landing. Serengeti Resources Inc., the owner, holds 

the title to 28 contiguous mineral claims covering an area of 8,960 ha (Rennie and Scott, 2009). 

 

FIGURE 1. LOCATION OF THE STUDY AREA. 

SURFICIAL ENVIRONMENT 
The Kwanika Central zone lies in a broad, flat-bottomed valley containing an extensive 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 metres to over 40 metres 

in thickness in the immediate deposit area (D. Moore, pers. comm., 2009). 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 river valley, the surface is well-drained and gently sloping and covered by a relatively open 

lodgepole pine and white spruce woodland (Fig. 2). 










































































































































































