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Introduction

Lodgepole pine is the most common tree species throughout large areas of central British Columbia, and many metals concentrate in its outer bark.  Hence, pine bark was selected as the sample medium for a reconnaissance-level biogeochemical survey in the Nechako area. This study is a component of the Nechako NATMAP Project, which is a five-year multi-disciplinary geoscience mapping program designed to improve the understanding of a significant part of central British Columbia (Struik and McIntyre, 1999).  Geological bases used in this Open File are derived from Tipper (1963), Anderson et al., (1997, 1998, 1999), Wetherup (1997, 1998), and the compilation by Williams (1997).


The preferred sample interval was 2 km along roads, trails, and tracks.   In 1996, lodgepole pine bark samples were obtained from 229 sites in the north-eastern quadrant of the Nechako River map, achieving a sample density of approximately 1 site per 8 km2.   Alain Plouffe and his assistants undertook part of the sample collection during a till sampling program, and part were collected independently by the senior author.  Subsequent surveys in 1997 involved the collection of bark at 268 sites in the two 1:50,000 NTS map sheets to the west (93F/13 and 14) and the northern part of NTS 93F/12 (Dunn and Hastings, 1998a,b,c,d) providing an average sample coverage of approximately 1 site per 7 km2.   In 1998 the project was completed by sampling 216 trees in the area lying immediately to the north (NTS 93K/2 and 3) within which the large Mo mine at Endako is located (Dunn and Hastings, 1999a,b,c,d).   Because of irregular distribution of roads and tracks an even sampling grid could not be obtained without incurring considerable extra time and expense.
Rationale for Biogeochemical Surveys
The roots of a single large tree extract elements from many cubic metres of soil, overburden, groundwater and sometimes bedrock.  These elements are then transferred to aerial parts of the tree where they may concentrate.  Data derived from the analysis of an appropriate vegetation sample medium permits geochemical mapping, with enhanced background to anomaly contrast of certain elements, which may outline geochemical ‘provinces’, and assist both in mapping bedrock and in the search for concealed zones of mineralization.

 Whereas till geochemistry provides valuable information on the elemental composition of surficial sediments and their provenance, consideration of analytical data from vegetation penetrating the till provides additional insight to the chemical nature of the substrate.  Locally, comparison of till and biogeochemical data can assist in determining vectors and distance from a mineralised source (Dunn, 1998e). There are commonly some similarities in element distribution patterns derived from the two sample media, but also some significant differences that require some explanation.

Firstly, analysis of a till sample involves sieving and selection of one size fraction from a bulk sample commonly weighing 5 - 10 kg, dug from a single small pit.  The tree roots, however, may extend through several cubic metres of soil (all horizons) and till, on occasion reaching and penetrating joints and fractures in bedrock.  The tree, therefore, extracts elements from a large volume of material of diverse composition, including groundwater.  Some elements that are dissolved in groundwater can be readily extracted by the tree roots, but may not precipitate on till and soil particles.

A second factor of importance is the barrier mechanism established at the root/sediment interface by some plants for some elements (Kovalevskii, 1979).  Because each species of plant has a different requirement for, and tolerance to, a range of chemical elements, some partitioning of elements takes place and there is selective absorption and transference into the plants.  For biogeochemical exploration, conifers are good sample media because they are primitive plants that have a wide tolerance to many trace elements.  The outer bark may, by analogy, be equated with biotite in rocks, in that it is something of a repository for many elements that do not fit elsewhere or are not required for the metabolic function of the tree.

A third factor is that slight enrichments of metals in till samples are unlikely to be reflected in the vegetation as weak biogeochemical anomalies.  This is especially true in the ppb (Au) and ppm ranges of element concentrations common in till samples.  Some elements may not be present in a chemical form that is available for uptake (e.g. Cr structurally bound in chromite).  Some may be excluded from uptake at the roots or only partially absorbed, and some may be taken up but dispersed among tree tissues to the extent that inter-site variations are so small that they cannot be detected.

The net result of these factors is that the geochemical information supplied by the vegetation is different from that of the till.  Just as two methods of geophysical survey will provide totally different information, so will two methods of geochemical survey.  A high correlation between distribution patterns of two geochemical sample media is the exception rather than the rule.  In geological environments where there is sufficient concentration of metals to form a mineral deposit, such a >critical mass= of elements may be sufficient to generate biogeochemical anomalies above (by upward diffusion) or close to (by movement, for example, in electrochemical cells) the mineral source.  Tills, however, usually have geochemical anomalies displaced down-ice from the mineralised source.  Such factors need to be taken into consideration when interpreting geochemical results.

Sample Collection, Preparation and Analysis
To collect samples a paint scraper was used to remove 50-100 g of outer bark from around the circumference of a single mature lodgepole pine.  The scrapings were placed into >kraft= soil bags, and returned to the GSC laboratories in Ottawa where they were reduced to ash by controlled ignition at 470oC for 24 hours.  They were then submitted for multi-element analysis by instrumental neutron activation (INAA) and inductively coupled plasma emission spectrometry (ICP-ES) at ActLabs Ltd. (Ancaster, ON).  The INAA analysis reports the total concentration of elements in the ash sample. The ICP-ES was performed on an aqua regia digest of the ashes, and provided data on the total or near total concentrations of most elements.  Analytical accuracy was monitored by including one sample of a standard pine ash (GSC standard V6) within each batch of 20 samples (Tables 1 and 2).  Analytical precision was monitored by submitting two splits of ash from a single sample within each batch of 20 samples (Table 3 and 4).  

 INAA provided data for 36 elements, of which 31 were in sufficient concentration to be detected and quantified.  Determinations for all 36 elements are shown in Table 5.  In addition, data are included for 24 elements (Table 6) determined by (ICP-ES).  All data reported are concentrations in ash remaining after controlled ignition at 470oC.  For bark of lodgepole pine, the ashing process concentrates the elements with little or no losses except for a few of high volatility (e.g. Br and Hg).  Data in Tables 5 and 6 include the detection levels for each element.  Concentrations below detection are recorded as half the detection level.

Discussion
The interpretation of biogeochemical data should be undertaken with due consideration to chemical requirements and tolerances of plants.  Plants require certain elements for their survival, and they have the ability to concentrate metals by scavenging them from the substrate.  Zinc, for example, is needed for plant metabolism.  Therefore, subtle differences in Zn concentrations between sample sites are more likely to reflect the health of the plant than significant differences in the chemistry of the substrate.  However, major differences in Zn concentrations may reflect the presence of Zn mineralization.  By contrast, plants also have the ability to exclude those elements that would have a detrimental effect on their growth or health.  The ‘barrier' mechanism (Kovalevskii, 1979) mentioned above might result in only weak enrichment of an element in a tree from an environment where that element may be enriched in the substrate.  As a consequence, for some elements there may be no simple relationship between the chemistry of a tree tissue and the chemistry of the soil and underlying parent material.  Brief discussion to assist in data interpretation is given in Dunn et al. (1996) on the role of each element in plant function.  Biogeochemistry is a complex science involving the interaction of many organic and inorganic processes.  However, careful and systematic collection and preparation of plant samples can provide cost-effective new insight into the chemistry of the substrate and its groundwater.
Some noteworthy features of the element distributions in the survey area are:

· molybdenum concentrations (Open File Sheet #3594a), locally in excess of 100 times the normal background concentrations of 2 ppm Mo, occur in the northern part of the survey area.  To the east of François Lake anomalies are mostly over Jurassic felsic intrusive rocks of the Casey and Nithi Phases, reflecting the several Mo showings that occur in this area.  Farther to the east, there are anomalous levels of Mo to the northwest of Tachick Lake, over Eocene Ootsa Lake felsic volcanic rocks that comprise the Bearhead Hills.  At this locality is a quarry into layered felsic tuff that has tridymite, the high temperature form of quartz, on bedding planes.  The high heat source that was required for the formation of tridymite could have provided the engine for mobilizing and localizing mineralization.  The source of the high Mo values in samples from this area has not been identified.  Associated with the Mo are elevated levels of Ba and Sr  (Open File Sheet #3594c).
· Lead concentrations are mostly typical background levels for Pb in pine bark.  Values range from 4 – 115 ppm Pb, with a median value of 20 ppm, except at site #132 in the north central part of the survey area, from where a value of 2600 ppm is recorded.  This sample also yielded the highest concentration of chromium with 320 ppm Cr.  The source of these local enrichments is unknown.
· Cadmium levels are locally high, attaining a maximum of 88 ppm Cd in the west (site #160).  In this area, and in the east near the northwest margin of the Frank Lake pluton that forms the Nulki Hills, there are coincident enrichments of zinc, copper (up to 471 ppm Cu) and nearby enrichment of silver (up to 11 ppm Ag) suggesting a source of mineralization.  
· in the eastern part of the survey area there are persistent enrichments of cobalt, chromium, nickel, vanadium and iron trending just east of due north (Open File Sheet #3594b).  These samples were collected >100m into the forest from the unpaved Kluskus Road that skirts the western margin of the Frank Lake Pluton (Nulki Hills, 93F/16). The immediate suspicion is that these anomalous trends are related to dust, derived from the unpaved road, that has settled on the tree surfaces.  In order to test this possibility, the following year sites of two borrow pits along the Kluskus Road (km 35 and km 36) were visited and samples of rock, soil, road-dust and vegetation collected.  Analytical data for Co and Cr from these samples are summarized in the Table below.

Km 35:




Cr (ppm)
Co (ppm)
Olivine Basalt (oxidized)    


410

  48

Residual soil (-80)



140

  38


Road dust (-80)



  84

  19

Km 36:

Olivine Basalt (unoxidized)


260

    41


Residual soil (-80)



210

    41

Road dust (-80)



130

    24

Lodgepole pine bark (ash)


130

    32

Lodgepole pine bark (dry)


    7

       1.8

Alder twig (ash)



  22

    13


Alder twig (dry)


 
   0.7

       0.4

Concentrations of Cr and Co in rocks, soils, road dust and vegetation at two sites along the Kluskus Road

Levels of Cr and Co are moderately high in the olivine basalts and sediments.  Concentrations of these elements in the ash of lodgepole pine bark are similar to those of the road dust, but this may be fortuitous because the alder yielded substantially lower concentrations.  If the bark anomalies were due to dust contamination it might be expected that similar Co and Cr values would occur in all plant species.  Since this is not the case, it appears that there is preferential uptake of these elements by the pine, which then concentrates them in its outer bark.  From these results it is concluded that there may be some contamination of samples from the road-dust, but the bark chemistry is reflecting a highly mafic zone of rocks that parallels the road and is obscured by the overburden.  The biogeochemical data suggest that this zone may extend into the Tachick Lake area where the overburden comprises glacial lake sediments.
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