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ABSTRACT 

A biogeochemical prospecting program was conducted during the late 
summer of 1967 at a copper-molybdenum deposit, to determine the distribu
tion of copper, molybdenum and associated elements in plant organs and 
soils, and to evaluate the effectiveness of plant prospecting techniques for 
detecting this and similar deposits. 

New and modified methods for the collection and preparation of soil 
and vegetation samples, and the spectrographic analysis of organic material 
in mobile laboratories (separately developed during earlier work), were 
simultaneously used under field operating conditions. A sample grid of 96 
stations was established over the deposit and the followi ng materials were 
collected where possible at each station: B horizon, Ah horizon, bark (col
lected at breast height, 4 feet 6 inches from the ground), second year twig 
and needle. Alpine fir, Abies lasiocarpa, was sampled at all stations and 
lodgepole pine, Pinus contorta, only at certain stations on the main baseline. 
Shallow seismic determinations of the depth and nature of surficial material 
were carried out simultaneously with field operations. 

Organic samples were analyzed spectrographically for Ba, Sr, Mn, 
Ti, Ag, Cr, and Co and soil and vegetation samples were analyzedcolorime
trically at the Geological Survey of Canada, Ottawa, for Mo, Cu, Zn, Pb, and 
Ni. 

Significant conclusions, among the several determined, in research 
on biogeochemical prospecting techniques are: ( 1) Bio geochemical twig and 
needle results are as equally effective as geochemical soil results in detect
ing mineralized zones. (2) The behaviour of molybdenum in alpine fir 
second-year needles demonstrates the phenomenon of the breakdown of a par
tial exclusion mechanism, and how this can be advantageous! y used to obtain 
an accentuated distribution contrast over mineralized areas. (3) Copper and 
molybdenum were the only elements whose distribution showed a persistent 
relationship to the mineralized zones of the deposit, and the latter, in nee
dles, is particularly useful as a pathfinder element for copper-molybdenum 
deposits. 



Figure 1. 
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Index map of west-central British Columbia, 
showing the location of the Kennco deposit and 
the trailer laboratory site near Smithers. 



BIOGEOCHEMICAL PROSPECTING FOR COPPER 

IN WEST - CENTRAL BRITISH COLUMBIA 

INTRODUCTION 

A biogeochemical and geochemical prospecting program was con
ducted at the Huckleberry Mountain copper-molybdenum deposit of Kennco 
Explorations (Western) Limited, in west-central British Columbia during the 
late summer of 1967. The program was conducted to determine the content 
and distribution of copper, molybdenum and associated elements in plant 
organs and soils of the landscape, in order to evaluate the effectiveness of 
plant prospecting techniques for detecting buried mineral deposits. 

The Huckleberry MountainPrope rty is situated between Tahtsa Reach 
and Sweeney Lake, at 53 ° 40 1N and 127 ° lO'W, about a knoll on the south slope 
of Huckleberry Mountain (Fig. 1). Access is provided from either Burns 
Lake or Houston, south via the Tahtsa Lake Mining Access Road 110 or 130 
miles respectively to the property. The final three - mile section of the road 
into the property was constructed by Kennco. 

The landscape containing this deposit was chosen for biogeochemical 
investigation partly because it has many features similar to that of the Lucky 
Ship Property of Amax Explorations Incorporated. The Lucky Ship molybde 
num deposit is situated 28 miles to the northwest on the east side of Morice 
Lake. Biogeochemical investigations conducted during the earlier part of the 
summe.r at the Lucky Ship Property have been described by Hornbrook 
(l 969b). Included among the similarities that would permit a meaningful 
comparison between each property's exploration results are the following 
significant features: altitude - 3, OOO to 4, OOO feet above sea level , forest 
cover type species - alpine fir and lodgepole pine dominant, soil types -
podozolic, host rock - Hazelton Group, intrusive - central granitoid stock 
with associated mineralization. Also, a favourable recommendation was 
given by Fortescue and Usik (1969), who briefl y examined the vegetation on 
t h e property in 1965 . 

The Huckl eberry Mountain Property has been dormant since 1964 
when Kennco finished their drilling program. Geochemical stream sediment 
and geophysical surveys were also carried out by Kennco on the property. 
Results of this exploration indicated that the quartz diorite intrusive stock 
contained some subgrade copper mineralization, but that higher grade min
eral ization was present in the host Hazelton Group rocks adjacent to the 
stock. 

O r i gin al manuscript submitted by author: 9 June, 1969 
Fina l version approved for publication: 14 J uly, 1969 
A u thor's add ress: Geol og ical Survey of Canad a, 

6 01 Boot h Street, 
Otta wa 4, Ontario. 
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During August, 1967, soil and vegetation samples were collected 
from 96 stations of a sample grid e stablished over the deposit. Samples 
were prepared and analyzed spectrographically in two mobile trailer labora
tories stationed at Smithers, British Columbia. Colorimetric analyses of the 
same samples were completed in Ottawa at the Geological Survey of Canada. 

Shallow seismic determinations of the de pth and natur e of the surfic
ial material were carried out by a two-man cr ew under the dir e ction of 
G. D . Hobson of the Geological Survey. A report des c ribing the ir work and 
the results is found as a contribution by G. D. Hobson in Appendix D. 
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GENERAL DESCRIPTION OF THE LANDSCAPE 

Geology of the r eg ion has b een describe d by Duffe ll (1959). A gen
erali ze d geological map of west - central British Columbia is shown in Figure 2. 
The Huckleberry Mountain Pr ope rty is situated in a transitonal zone between 
the Coast Mountains and the interior Nechako Plateau. Volcanic and sedi
mentary rocks of th is zone are part of the m ain belt of Ha zelton G roup rocks 
which trend northwe st along the eastern conta ct of the ma in body of the Coast 
Range Intrus ions. This belt is composed of inte rbedded breccia , tuff , dacite, 
rhyolite, basalt, argill ite, g reywacke, c h e rt , congl omerate and minor lime 
stone w hi ch ar e intruded in places by s t ocks of gran itoid rocks. The property 
is und erlain by Hazelton Group greywacke , tuff , arg ill ite and andesite host 
rocks which have been intruded by the quartz dio ri te porphyry stock that 
forms the small knoll south of the western ridge ext ension of Huckleberry 
Mountain. The geo lo gy of th e property has be en desc ribed in detail by 
J.M. Carr (1964) as follows: 

" The stock and adjacent dykes are empla ced into altered tuffs and 
tuffaceous sedimentary rocks assigned to the Ha zelton Group, which is mainl y 
of Middle Jurassic age. According to evidence obtained from ver tical drill 
holes and rare outcrops, bedding and foliation in the Hazelton r ocks are gen 
erally inclined at low to moderate angles, partly in a south - southwesterly 
direction. 

"The quartz diorite porphyry is a grey to pinkish rock of dacitic com 
position which weathers buff coloured. It contains closely spaced phenocrysts 
of white plagioclase as much as 1 centimetre long, and smaller ones of bio
tite, quartz, and, in places, pink orthoclase. The groundmass has a f ine 
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Figure 3. Len group claims, Huckleberry Mountain (modified from Carr, 1964). 

granitic texture and consists mainly of the same four minerals . Dykes and 
sheets of this rock occur with unknown attitudes and in apparently diminishing 
numbers away frorn the stock. 

11 Hornblende feldspar porphyry forms dykes and sheets cutting the 
stock and adjacent rocks. It is a rock of dacitic composition which differs in 
appearance from the quartz diorite porphyry mainly in the presence of num
erous aligned hornblende phenocrysts and the scarcity of quartz phenocrysts. 
The groundmass is aphanitic, pinkish, and consists mainly cif quartz and 
plagioclase. The attitudes of the dyke s and sheets are unknown, except that 
most are steep. 

11 The above-described rocks are altered most strongly where they are 
fractured and veined, chiefly in and around the stock. Quartz ve ins up to 1 
inch wide and partly vuggy are numerous in parts of the stock , where they 
tend partly to form sets of sub-parallel veins in various directions. In the 
Hazelton rocks, veins are slender and less conspicuous. Rock adjoining the 
quartz vein s is marginally bleached, or is pink because of orthoclase, or is 
otherwise altered. Mineral in veins partly containing quartz include ortho 
clase, actinolite, calcite , fluorite, and epidote. Veins of the orange-brown 
zeolite, stilbite are plentiful, and heulandite is poss ibly also present. Gyp 
sum veins occur, and disseminated anhydrite was recognized in drill core 
from a depth of about 600 feet below the surface. Biotite formed by alteration 
is partly in veinlets , but is c hiefly finely aggregated in porphyry and abund
antly disseminated in hornfelsed strata adjoining the stock. Chlorite and ser
icite alteration is strongest near faults, in sheared rock containing abundant 
calcite ve ins that ar e mostly post-mineral in age. 
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"All outcrops and drill-holes contain pyrite occurring as dissemina
tions and fracture-fillings, and in quartz veins. Copper and molybdenum 
mineralization is earlier than some, if not all, of the pyrite, and is concen
trated chiefly near the stock, where it is apparently best in the zone indicated 
on ]figure 3. Chalcopyrite is the principal copper mineral and is locally 
accompanied by traces of bornite. Limited surface oxidation has in places 
produced small quantities of copper carbonates. Chalcopyrite, which is gen
erally accompanied by pyrite, occurs partly disseminated in altered rocks 
and partly as coarsely crystalline coatings, nests, and blebs in quartz veins. 
Molybdenite occurs in smaller amounts as fine particles and streaks, in or 
near quartz veins, generally in the vicinity of chalcopyrite but in places 
accompanied only by pyrite. Magnetite in veins and other local concentra
tions apparently formed before the sulphides." 

Company geological, geophysical, geochemical and diamond-drill 
data suggests that better copper-molybdenum mineralization would be found 
adjacent to the stock in the fractured zones, whereas the stock contains cop 
per mineralization only (Black, P . T., pers . comm.). 

Podzolic soils of the area are similar to those described by Farstad 
and Laird ( 1954), in the Nechako, Frans:oise Lake and Bulkley-Terrace 
areas. The typical podzol soil is developed on a sandy gravelly parent till, 
of low lime content, under an alpine fir and lodgepole pine type of vegetation. 
A soil profile typical of that observed at most stations is shown in Figure 4. 
B horizon in soil sample pits shows much variation in colour and thickness . 
The most common colours were orange-yellow over a yellow subhorizon. 
Occa sionally the upper B h orizon had a reddish cast . Thicknesses of the B 
horizon less than 8 inches o r more than 15 inches were rare. At certain 
stations the d eveloped soil was modified by local drainage conditions or by 
the forest fire, which burn ed through t h e area about 50 years ago. In the 
stream valley, north and west of the knoll, a grey to chocolate brown stony 

PROFILE HORIZON DESCRIPTION 
0 

Ah horizon less than 1 inch up to 6 inches 

Ae horizon light grey sandy .5 inch up to 2 inches 

B horizon orange yellow sandy 4 inches up to 10 inches 

10 
tJ) 
Q) 
~ 
(..) 

c 

·= 
~ B horizon yellow sandy 8 inches up to 16 inches 
"' (..) 

(J) 

20 

· o 
D 

·O 
0 

C horizon light yellow brown to greyish sand to glacial till 
D 0 

GSC 
30 0 0 

Figure 4. Sketch r epresenting a typical podzol soil profil e occur r ing in the vicinity 
of the Huckleberr y Mountain copper- molybdenum deposi t. 
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soil was sampled. On the top of the knoll many charred fragments were 
observed in the upper B horizon, in the poorly developed Ae horizon and in 
the thin humus horizon. 

Rowe (1959), has described the forest vegetation as being in the 
Montane transition section of the Montane Forest Region as follows: 

11 The forests of the relatively low-lying land on the northern half of 
the Nechako plateau are transitional in composition between the Montane and 
the Subalpine. Relation:;hip to the latter Region is most apparent, as the 
characteristic forest type consists of spruce (Picea glauca, P. engelmanni 
and their intergrades) and alpine fir (Abies lasiocarpa). However, blue 
Douglas fir (Pseudotsuga taxifolia var. glauca) is also scattered throughout, 
and its presence has led to the inclusion of this Section in the Montane Forest 
Region. 

11 The widely distributed spruce - fir forest has been decimated by fires, 
resulting in an expansion of associations of aspen (Populus tremuloides), 
western white birch (Betula papyrifera var. commutata) and lodgepole pine 
(Pinus contorta var. latifolia). Under the present conditions of environment, 
Douglas fir appears to be losing the position of prominence that it formerly 
had in the vegetation pattern, except perhaps in the drier, open forest types. 
On the eastern side of the Section, there is a gradation into the northern 
Columbia forest with the appearance of mixed stands of Engelmann spruce, 
western red cedar (Thuja p l icata) and western hemlock (Tsuga heterophylla) 
and of Engelmann spruce with Douglas fir. Westward. the hemlock appears 
again in the footh ills of the Coast ran ge. Along the rivers and lakes, black 
cottonwood (Popul us trich ocarp a) is commonly found. Numerous grassy 
openings and parklands with groves of aspen occur, particularly in the west
ern half of the Section. 

11 The major part of the northern interior p lateau is a roll ing upland at 
about 2, 500 feet altitude, and only a few hills and low mountains exceed 5, OOO 
feet. The underlying bedrock is of rather flat - lying Palaeozoic and Mesozoic 
sediments, with some local Tertiary sediments and lavas. Large sections 
were flooded by post - glacial lakes, remnants of which still remain in the 
comparativel y broad, flat valleys, and there has been a thick deposition of 
lacustrine deposits. Upper slopes and highlands are covered with glacial 
drift. The soils are grey wooded or podzolic under coniferous stands, and 
grey - black or immature under the more open mixed and hardwood forests of 
the lowl ands. 11 

Locally, alpine fir Abies lasiocarpa and lodgepole pine Pinus 
contorta are the dominant species, and the latter is only more common in the 
sandy soil on the top of the knoll. An occasional white spruce Picea glauca, 
western hemlock Tsuga hetero~ and black cottonwood Populus trichocarpa 
were observed in the valleys and slopes surrounding the knoll. Other species 
indigenous to the area and the complex bog site east of the knoll are described 

by Usik (1969). 
Alpine glaciation in small cirque glaciers among the higher moun

tains is still active. Drumlins, and crag and tail effect on ridges and hang
ing valleys are among the common features of glaciation. Surficial material 
overlying the ridges and plateaus is till; thick fluvioglac:ial deposits occur in 

the valleys. 
The relief of the region is similar to that described in Hornbrook 

(l 969b), for the Luc!<y Ship Property of Amax Explorations Incorporated. It 
is not as rugged as the Coast Range, but more so than the interior Nechako 
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Plateau. T h e ma in mountain ranges of the region, Tahtsa, Kasalka, and the 
Sibola trend northeasterly, transverse to the general trend of the Coast Range . 
At their western extremities t h ey are characterized by peaks up to 7 , OOO feet 
elevation . On the east , plateau -l ike areas, common at about 4, 500 feet ele 
v ation, eventuall y merge into the main interior Nechako Plateau. Drainage 
i3 into lon g n arrow lakes such as Morice, Nanika, Tahtsa and \Vhitesail 
lakes, that are situated between transitional mountain ranges. These lakes 
occupy v alleys that are erosional rather than orogenic in origin according to 
Duffell (1959) . 

C l ima tic data for the area ar e no t a vailabl e , but at Telkwa, on 
Hi ghwa y 17, 70 miles north of the property , monthly, s e as onal and mean 
annual te mperatures a re reported, and are shown in Table 1 . Rainfall in the 
region may vary consi d erably locall y but total precipitation i s similar to that 
of t h e central interior of British Co l umbia. 

Tabl e 1 

Monthly, seasonal, and mean a:i.nual temperatu r es in degrees Fahrenheit, 
at Telkwa, British Col u mbia, 70 miles north of the Huckleberry Mountain 

copper - molybdenum deposit 

Month Temperature Month Temperature 

December 18 June 53 
January 16 July 56 
February 21 Augus t 56 

Mean Winter 18 Mean Summer 55 

March 30 September 49 
April 38 October 39 
May 47 November 28 

Mean Spring 38 Mean Fall 39 

Mean annual temperature 38 

The main feature of the local topography shown in Figure 5 is the 
nearly circular knoll formed by the intrusive stock. Relief about the knoll 
v a ries between 100 and 200 feet above the stream valleys . Drainage from the 
swamps and streams almost compl etely circumfluent the knoll. On the south 
slope of Huckleberry Mountain, and on the north slope of the knoll, close to 
the s tream valley, s everal small swampy seepage basins occur which were 
a void e d during sample collection. Most of t h e spring run - off from the south 
slope of Huckleberry Mountain drains around the west side of the knoll b ut 
some flows east into the compl ex b og and area of small ponds before draining 
around t he s outh side of t h e knoll. There i t joins the stream from the west 
and even tuall y flows south to Tahtsa Reach . These s tre ams are only full dur
ing spring run - off and flow intermittently thr ough out the remainder of t h e 
ye a r . The small ponds in the complex bo g area east of the knoll have very 
slow drainage . 

Contamination from trenches, roads or t h e old c ampsite was possi
ble, and g reat care was taken n e ar them d ur ing sample collection. The 
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seepage basins and complex bog area were metal accumulating, and an 
attempt was made to avoid taking samples at sites where enrichment was an 
obvious possibility. 

DISCUSSION OF METHODS 

Methods of Establishing the Sample Grid over the Deposit 

Two north-south lines and the main east-west baseline on the prop
erty were selected to comprise the sample grid over the mineral deposit 
(Fig. 5). 

Methods of establishing biogeochemical traverse lines over this min 
eral deposit , utilizing a minimum number of traverses, involved compro 
mises among the following factors: 

1. Orientation and length of each traverse line were established so 
that the lines covered enough of the zone of mineralization to pro 
vide effective coverage of the anomalous areas, and extended suf
ficiently to provide coverage of background areas remote from 
mineralization. 
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2. As far as possible, each traverse line was chosen so that its for
est cover was of uniform density, and the association of plant 
species allowed equal availability of the same sample tree species 
for sample collection at each station. 

3. Information on the depth and lithology of the surficial material 
obtained from the shallow seismic survey (Appendix D), was 
used as a control ; so that, as much as possible, traverse lines 
were established over surficial material of uniform thickness. 

4. Consideration was given to avoiding open areas, swamps, boulder 
trains, peaty soil and seepages. 

5. To avoid unnecessary duplication of the types of sample sites, and 
to reduce the number of sites in stream valleys, all traverses 
selected were oriented to bisect perpendicularly contour lines and 
stream valleys. 

6 . Establishment of suitable traverse lines was facilitated because 
several previously cut lines on the property were available. 

7. A total of 96 stations were established at 100-foot intervals on 
9 , 600 feet of traverse lines. 

Methods of Collection and Preparation of Sample Material 

Alpine fir grew in sufficient abundance and uniform density that it 
was possible to sample it routinely at all 96 stations in the sample grid. 
Lodgepole pine was only sampled at certain stations on the main baseline for 
the purpose of selecting the sample species, and species organ , to collect in 
the bio geochemical survey. The following sample materials were collected 
at e ach station: B horizon (mineral soil), Ah horizon (organic soil, humus), 
bark (collected at breast height, 4 feet 6 inches off the ground) , second-year 
twigs and second-year needles. Previous experience had shown that it is only 
necessary to collect the above sample tree organs for chemical analyses to 
obtain effe ctive data on the distribution of metal elements in sample trees 
(see Hornbrook, l 969b). 

After collection, all samples were taken to Smithers , British 
Columbia, for processing in the sample preparation trailer laboratory. Col
lection and preparation techniques have been described in detail by Fortescue 
and Hornbrook (1967), and are briefly reviewed in Appendix A. During a 
three-week period, 288 samples of vegetation and 192 samples of soil were 
collected and prepared for analyses. 

Measurements of height, age and breast height diameter were 
recorded for each alpine fir and lodgepole pine sampled. Results of the pre
vious biogeochemical investigation, conducted earlier in the summer, at the 
Lucky Ship Property (Hornbrook, 196 9b), showed that there was no relation
ship between the distribution or absolute concentration of an element and the 
above parameters. This observation was confirmed at the Huckleberry 
Mountain Property, and therefore details of these parameters are not tabled 
in this report. A relationship would only be developed if there was a large 
variation in the parameters of the sample trees. Alpine fir and lodgepole 
pine trees were commonly 40 feet high, 7 inches thick at breast height and 
about 45 years old . 
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Colorimetric Method of Analyses 

Plant ash, humus ash and mineral soil were analyzed colorimetric 
ally for molybdenum, copper, nickel, zinc and l ead after decomposition with 
HF, HN03 andHCl04 in the laboratories of the Geolo gical Survey of Canada , 
Ottawa. Standard methods for the colorimetri c determinations were used for 
each element as described briefly in Appendix B. 

Scan Spectrographic Method of Analyses 

The scan spe ct rographic method of analyses was used to provide 
semiquantitative results for the determination of barium, strontium, manga
nes e, titanium, chromium, cobalt and silver in plant ash and humus ash 
material. These results, which are precise but not necessarily absolute, 
were examined mainly to determine if the distribution of the above elements 
could be significantly related to the c opper-molybdenum distribution in the 
vicinity of the mineral deposit. 

Previous work by Hornbrook (l 969c), has shown that th e spectro
graphic method, relative to th e colorimetric method described previously, 
was pre c ise e nough to produce satisfactory results for biogeochemi cal inves
tigations of this type. The method was described in detail in Fortescue and 
Hornbrook (1967) and a brief review is given in Appendix C. 

Presentation of Data 

A great deal of confusion has arisen concerning the problem of 
whether to interpret organic material data on an ash or oven-dry basis 
(Hornbrook , 1969a). A comparison of the molybdenum profiles for ash and 
oven - dry needles in Fi gure 6 r eveals that the profiles are almost identical. 
The ash pe r centage of most bark and foliage o rgans is between 2 and 5 per 
cent, but for any individual organ, the ash perc entage can be r emarkably 
unifo rm. Because the ash percentages ar e uniform, the plant material data 
can be examined with equal confidence on either an ash or oven-dry basis. 

ln the case of organic soil material data, the molybdenum profiles do 
not show complete agreement in Figure 7, because the composition of humus 
samples varies from station to station a l ong a traverse line. Physical and 
chemical variations may create an extreme ran ge in ash p ercentage s amort g 
several humus samples. Variations from 5 per cent to 50 per cent are com 
mon unl ess great care is practiced during sample collection and preparation . 
Ash percentage variations in a plot of humus ash data are manifested in 
apparent contrasts in element conce ntration. A plot of this nature is not a 
valid representation of the actual element distribution. Therefore it is nec
essary to examine and report organic soil material data only on an oven-dry 

basis. 
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Figure 6. Comparison between molybdenum content in alpine fir, second year needle 
ash and oven-dry needles. 

DISCUSSION OF RESULTS 

Selection of Species and Organ of Species for Sampling 

To determine the distribution of a given element in ve getation, it is 
necessary to collect the same plant organ, from the same species of plant, 
at every station, throughout the area investigated. Frequently more than one 
type of plant organ must be collected for analyses of two or more e leme nts . 
Individuals among the various metal elements determined, are preferentially 
concentrated, not only in different species of plants, but in differ e nt organs, 

or ages of the same organ in one selected species of plant. Further, Warren 
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Figure 7. Comparison between molybdenum content in humus ash and oven-dry humus . 

and Del avault (1955), established that systematic and uniform sampl ing was 
esse n tial from all parts of a sample tree's foliage to obtain a truly r epr esent 
ative twig, n eedl e or l eaf sampl e. 

The following demonstrates the steps involved in the selection of the 
sample species tha t will provide the most meaningful results for each e l e 
ment determined. Preliminary sampling and analyses of bark, twig and nee
dles of the dominant species, alpine fir and lodgepole pine, at stations on the 
baselin e, was carried out. Profile plots were constructed from the anal yti
cal results to allow a comparison and evaluat ion of the behaviour of copper 
and molybdenum in each organ. 

The profiles in Figures 8 and 9 show copper is preferentially concen 
trated in the second year twigs of both species to approximately the same 
degree. The profiles in Figures 10 and 11 show molybdenum is prefe r en 
tially concentrated in the needles of both species, but there is considerabl y 
more molybdenum in alpine fir than in lodgepole pine. A more detailed com 
parison of the behaviour of mol ybdenum in the needles of both spec ies is war 
ranted. Background and local threshold levels are approximate l y the same, 
but nea r stations 12 and 33, in anomalous zon es , the content of molybdenum 
in alpine fir has increased enormously relative to lodgepole p ine . Brooks 
(1968), has described the cause of this phenomenon in a simi lar case with 
molybdenum in a different species , a n d it appl ies here as follows: T h is is a 
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Figure 10. Comparison among molybdenum content in the ash of alpine fir bark, second 
year twigs and needles. 
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c as e of a plant showin g a partial exclusion mechanism, where t h e upta ke of 
mol ybdenum b y t h e plant, shows a regular, though restricted in crea s e, with 
a n increa s in g content of mol ybden um in the so il. At a certain thresh o l d con
cen t r a tion, the par t ia l exclusion mechanism breaks down, and the p l a nt 
reflects even more strikingly the increasing molybdenum content in the soil. 
The breakdown has evidently occurred in alpine fir and not in lodgepole pine. 
Therefore, alpine fir is admirably suitable for biogeochemical plant prospec
ting because its molybdenum response is accentuated over anomalous zones. 
Hornbrook (1969b), found that the molybdenum anomaly obtained by its use 
not only offered more contrast than that of lodgepole pine, but frequently 
more than the equivalent anomaly obtained by soil analyses. 

Although the prospect was considered to be a copper-molybdenum 
deposit, the molybdenum profile results in alpine fir second year needles 
more effectively defined its mineralized zones than did copper profile results 
in either alpine fir or lodgepole pine second year twigs. Frequency distribu
tion curves in Figure 12 demonstrate why the copper profile in twigs (Fig. 8) 
has much less contrast than the molybdenum profile (Fig. 9). Copper results 
in twig ash have only a single population while molybdenum results in needle 
ash have three contrasting populations. Further, the range of copper concen
trations in twig ash (50 ppm to 500 ppm, 1: 10), is considerably less than 
molybdenum in needle ash (1 ppm to 375 ppm, 1:375). Evidently there was no 
breakdown of the exclusion mechanism operating for copper in the twigs of 
either species. The nature of the molybdenum response in needle ash sim
plifies the determination of regional background, local threshold and anoma
lous molybdenum population levels. This simplification facilitates plotting, 
examination and interpretation of complex analytical plant results. As 
Warren (1962), pointed out, frequency distribution curves provide the oppor
tunity to carry out the essential determination, of what the normal element 
pattern in the area is, before establishing what concentration levels may be 
considered anomalous. The normal distribution pattern of molybdenum in 
needles is: regional background values - 2. 5 ppm, local threshold values in 
the vicinity of the deposit - 10 ppm, and anomalous values - in excess of 50 
ppm. The excellent discrimination among the contrasting molybdenum pop
ulations in alpine fir second year needles was also found in a previous biogeo 
chemical study of a similar deposit (Hornbrook, 1969b). It is more difficult 
but the single copper population curve for twigs (Fig. 12) will yield statisti
cally copper concentration levels that can be used for plotting anomaly maps . 

Therefo r e, throughout the area investigated, alpine fir second year 
twigs and needles should be sampled and analyzed for copper and molybdenum 
respectively. 

Copper and Molybdenum in B Horizon Soil and Humus 

Geochemical soil sampling of the Ah horizon (organic soil, humus) 
and the B horizon (mineral soil) was carried out at each station in conjunction 
with the plant sampling program. The soil program was conducted to obtain 
results from an establ ished geochemical prospecting method. These results 
were required in o r der to permit a comparative evaluation between biogeo 
chemica l p l ant p rospecting methods and geochemical soil sampling methods 
in d etecting buried metallic mineral deposits. 
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Figure 12. Frequency distribution of copper and molybdenum respectively in alpine fir twig 
and needle ash; calculated from the colorimetric analyses of 96 samples of 
each material. 

Figure 13 shows the copper and molybdenum profiles in oven - dry 
humus and Figure 14 shows their profiles in B horizon soil. Copper and 
molybdenum profiles show similar distribution in both materials although 
there is more copper present in every sample. Both element profiles have 
very good contrast and they accurately define the location of mineralized 
zones on the baseline. In profile plots of second year alpine fir twig and nee 
dle ash (Figs. 8, 10 ), only the molybdenum in needles is as effective in defin
ing the mineralized zones as the copper and molybdenum in organic and min
eral soils (Figs. 13, 14). 
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Figure 13 . Comparison between copper and molybdenum content in oven-dry humus. 

Anomaly Maps 

Six anomaly maps (Figs. 15 to 20) have been constructed to deter 
mine and compare the distribution of copper and molybdenum in each mate
rial sampled. The anomaly maps are: Figure 15 - copper in B horizon soil; 
Figur e 16 - molybdenum in B horizon soil; Figure 17 - coppe r in oven-dry 
humus; Figure 18 - molybdenum in oven-dry humus; Figure 19 - copper in 
oven-dry second-year alpine fir twigs; Figure 20 - molybdenum in oven- dry 
second-year alpine fir needles . The anomaly maps permit a comparison of 
the effectiveness in defining mineralized zones of biogeochemical plant pros
pecting results and standard soil geochemical results. Isograds were arbi
trarily restricted to two concentration levels on each element's map in order 
to avoid unnecessary detail and complications in the comparison. Two con
centration leve ls were chosen for each element that best exhibited their dis
tribution in th e area in each sample material. Small highly anomalous areas 
about one or two stations in stream valleys were not included on the maps 
be c ause they may be produced by metal - accumulating processes in peaty soils 
associated with the drainage system. All anomaly maps, and the plan of the 
prop e rty in Figure 5 have the sampling grid, and an outline of the stock in 
common, to facilitate reference among them. 
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Figure 14. Comparison between copper and molybdenum content in B horizon soil. 

The following observations are warrante d after a study and compar
ison among the six anomaly maps. 

1. The distribution of copper and molybdenum compar e d together in, 
or separately among, B horizon soil, oven-dry humus and oven
dry p lant material, are remarkably similar. 

2. Each anomaly map clearly defines the location of the coppe r
molybdenum mineralized zones peripheral to the stock as shown 
in Figure 5. 

3. The distribution of coppe r and molybdenum in twi gs and needles 
respectively produces a pattern equ ivalent to that produced for 
those elements in B horizon soil and oven - dry humus. 

4. The boundaries of the anomalous zones of interest outline the 
peripheral mineralization about the stock and exclude most of the 
chalcopyrite mineralization within the stock. 

5. The obvious relationship of copper in twigs to the mineralized 
zone shown in the anomaly map (Fig. 19), is not evident when 
part of the same copper results are plotted in profile as shown in 
Figure 8. 

6. The possibility must be consid e red that the anomalous zones, 
which coincide with the circumfluent draina ge patte rn about the 
knoll IF ig. 51, may be partly or enttrely produc e d by the soils 
associated with the streams and the swamps . 
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Figure 15. Geochemical anomaly map showing distribution of copper in B horizon soil. 
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Figure 16. Geochemical anomaly map showing distribution of molybdenum in B horizon soil. 
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Figure 17. Geochemical anomaly map showing distribution of copper in oven-dry humus. 
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Figure 18. Geochemical anomaly map showing distribution of molybdenum in oven-dry humus. 
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Figure 19. Biogeochemical anomaly map showing distribution of copper in oven-dry alpine 
fir second year twigs. 
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Figure 20. Biogeochemical anomaly map showing distribution of molybdenum in oven-dry 
alpine fir second year needles. 
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General Observations of the Analytical Results 

A study of the semiquantitative spectrographic results and the color
imetric results for lead, nickel and zinc was carried out to determine if 
there was any significant pattern in their distribution. No persistent rela
tionship was found between their distribution and that of molybdenum or cop
per in the vic inity of mineralized zones. However at certain places on the 
sample grid, lead and zinc occasionally exhibited a partial relationship to the 
distribution of copper and molybdenum. It would appear that none of the 
above elements studied has a future potential as a geochemical pathfinder 
element in exploration for the Huckleberry Mountain type of deposit. 

Lead and nickel are preferentially concentrated in the twigs , man
ganese in needles , barium and strontium in bark and zinc is uniformly dis
tributed throughout the organs of alpine fir and lodgepo l e pine. 

SUMMARY AND CONCLUSIONS 

Research on biogeochemical plant prospecting techniques at the 
Huckleberry Mountain copper molybdenum deposit shows the following: 

1. All copper and molybdenum anomaly maps clearly define the 
location of known copper and molybdenum mineralized zones 
located peripheral to the stock. 

2. Biogeochemical twig and needle results are as equally effective 
as geochemical soil results in detecting the peripheral mineral
ized zones of the deposit. 

3. Metal accumulating conditions in peaty soils, associated with the 
drainage system, possibly contribute to the intensity of the cop
per and molybdenum anomalies, but these conditions are not the 
cause of the anomalies. On each anomaly map, anomalous zones 
of interest extend beyond the possible influence of either the com
plex bog or the stream syste1n. Further, suspected strongly 
anomalous zones coincident with the streams or bog, were pur
posely excluded from each anomaly map. Thus the anomalous 
zones remaining pr ivide a valid expression of copper and molyb
denum distribution over the deposit. 

4. A comparison of the content and contrast of copper and molybde
num in bark, twig and needle organs of the two sample tree spe
cies indicated that second year alpine fir twi gs and needles 
should be sampled and analyzed for copper and molybdenum 
r espectively . 

5. At a single sample station, the different concentrations found for 
molybdenum in each of bark, twig or needle samples of both 
spec ies illustrates the necessity for maintaining consistency in 
collecting the same organ from the same species of tree at every 

sample station. 
6. The specific behaviour of e l ements in plant organs is demonstra

ted by the frequency distribution curves for copper and molybde
num in twigs and needles respectively. The essential study of 
these curves permits identification of contrasting populations, 
and a c hoic e of plotting methods, that will produce the most 
meaningful r esults for interpretation. 
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7. The method used to plot plant results is as important as which 
element is analytically determined because the obvious relation
ship of copper in twigs to the mineralized zones in anomaly map s 
is not evident when the same results are plotted in profile. 

8. The behav iour of molybdenum in alpine fir second year needles 
demonstrates the phenomenon of the bre3.kdown of a partial exclu 
sion mechanism, and how this can be advantageously used to 
obtain an accentuated distribution contras t over mineral ized 
zon es . 

9. Copper and molybdenum were the only e l ements whose distribu
tion showe d a persistent relationship t o the mineralized zones of 

the d epos it. 
10. The determination of molybdenum in alpine fir nee dles has con 

siderable potential as a bi"geochemical pathfinder element for 
copper-molybdenum d e p os its. 
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APPENDIX A 

Plant and Soil Collection and Preparation Techniques 

At each station, a humus sa1nple was collected from the Ah horizon 
as close to the previously selected sample tree as possible. Next, the sam 
ple tree was cut down, and the foliage sampled using steel secateurs. Bark 
samples were stripped off 1-inch-thick wood discs, that were sawed off the 
main stem of the tree at breast height. The discs were used for growth ring 
count to determine the age of the sample tree. The soil pit was dug with a 
mattock where the humus was sampled, and a representative sample of the B 
horizon was collected using hand tools. All samples were put in paper bags 
that have a hi gh wet strength to resist sample moisture content. The above 
order of sample collection was found by experience to reduce possible con
tamination between soil and plant materials. 

In the sample preparation laboratory, foliage, bark, humus and B 
horizon soils were air dried in heated cabinets at 50 degrees centigrade for 
as long as three days in the case of wet humus. All material was then sub
sampled as follows: foliage separated into needle and twig organs; bark 
reduce d to small fragments less than 1 /4 inch thick; B horizon sieved to 
-80 mesh for colorimetric analyses; and humus sieved to obtain the -10 to 
+ 80 mesh fraction. The subsampled bark, twi g, needle and humus samples 
were then oven dried at 80 degrees centigrade for 10 h ours. 

A 10- gram oven-dry amount of each sampl e of plant organ or humus 
material was dry ashed in a muffle furnace on a time-temperature controlled 
cycle. The cycle permits the temperature to slowly increase to 435 degrees 
centigrade until all the organic material is thoroughly charred. The temper
ature is maintarned automatically at 435 degrees centigrade for the remain
der of the 10-hour cycle. Each ash sample was completely mixed and stored 
in sealed plastic vials for subsequent analyses. 
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APPENDIX B 

Operational Procedure for Colorimetric Analyses 

of Soils and Organic Material Ash 

These analyses were carried out in the Chemical Laboratory of the 
Geochemical Section of the Geological Survey of Canada under the direction 
of J. J. Lynch . 

Procedure: (summary only) 

(1) One hundred milligrams of minus 80 mesh soil material or organic 
material ash is placed in a platinum dish and treated with 5 milli
litres of concentrated HF, 5 millilitres concentrated HN03 and 
2 millilitres of 70 per cent of HCl04 and allowed to digest overnight . 

(2) The mixture is evaporated to fumes of HCl04 and then the sides of 
the dish washed with metal-free water . Fuming and washing are 
repeated four more times before evaporating to dryness. 

(3) Residue dissolved in 5 millilitres of I N HCl and diluted to 10 milli
litres with metal -free water. 

(4) Aliquots of this solution are removed as required for zinc , lead, 
copper, and nickel tests. These elements were determined by 
methods due to Gilbert (1959) in the case of lead and zinc, Almond 
(1955) in the case of copper, and Stanton and Coope (1958) in the case 
of nickel. The method for zinc was slightly modified by the addition 
of sodium fluoride to the acetate buffer to suppress any interference 
due to aluminum, Stanton ( 1962). 

(5) The p erfo rmance of these methods in the normal working range 
(20-1, OOO ppm) is within 25 per cent of the total amount of metal 
present. 

(6) Molybdenum was determined by a method described in North (1956). 
This method involves a fusion with modified Na2C03 flux, leaching 
with water and a final determination of mol ybdenum with zinc dithiol 
rather than dithiol as described by North. The performance of this 
method is similar to that of the oth er four. 
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APPENDIX C 

Semiquantitative Scan Spectrographic Method of Analyses 

A 10 milligram sample of ash, held in suspension in a 5 per cent 
sugar solution, was placed on top of a sugar impregnated 1/2-inch graphite 
platrode. Using heat lamps, the sample was dried to a thin layer, like icing 
on a graphite cake . The sample sugar solution contains indium as an internal 
reference standard for control of analytical precision. During analyses, the 
sample platrode was rotated at 10 rpm, and excited by means of a high voltage 
a. c. spark source. The spectrogram was recorded on 35 millimetre film 
during a 20-second exposure in a Jarrell-Ash 1. 5 metre Wadsworth grading 
spectrograph. By matching the sample film in a densitometer-comparator, 
a visual estimation was made of the concentration of the e lements detected. 
Results are recorded on special data recording sheets which are forwarded to 
the computer centre for processing. For each material analyzed concentra 
tions on an oven-dry basis and in ash were provided with certain statistical 
information computed for each element. 
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APP ENDIX D 

HAMMER REFRACTION S E ISM IC SUR V E Y 
TO A SSIST B I OGEOCHEMIC A L P R O GRA M , 

HUCKLEBERRY MOUNTAI N, BRITISH CO L UMBI A 

George D . Hobson 

A hammer seismograph survey was conducted a l on g selected lines 
over the Huckleberry Mountain Propertyof the Kenn co Expl orations (Western ) 
Limited in north - central British Columbia. The property is l ocated about 60 
miles south of the town of Houston immediately north of the Tahtsa Reach, 
Figure D - 1. The survey was conducted between August 12 - 31, 1967. 

A Huntec model FS - 2 portable seismograph was used to record all 
seisrn.ic data. A 16 - pound sledge hammer struck against a steel plate on the 
ground provided the seismic energy. Explosives were not used as an energy 
source. 

Ninety-six reversed refraction seismic profiles were obtained over 
three lines. The interval between each individual reversed profi l e was 100 
feet. 

Topography varies approximately 230 feet over the project area . 
Station 28 was assigned the arbitrary value of +3600 feet and a ll other eleva 
tions are relative to it. The lowest elevation relative to station 28 is +3369 
feet at station 9. The central part of the project area is a mound with the 
topography dipping away from it in all directions. Elevations were obtained 
by means of a Wild level. The area had been burned over about 50 years ago; 
the lines were cut by Kennco through predominantly fir forest . 

The mound structure in the centre of the project area is a quartz 
diorite stock surrounded by Middle Jurassic sediments and volcanics of the 
Hazelton Group. The sediments include greywacke, tuff, andesite and 
argillite. The area has been glaciated several times leaving till overlying 
bedrock at some locations . The entire area is covered with a loose sandy 
outwash type of material. 

A histogram of observed seismic ve l ocity versus frequency of occur
rence is depicted in Figure D-2. These velocities are as observed and are 
uncorrected for dip. 

The velocity of seismic waves through bedrock appears to be in 
excess of 8700 feet per second. Over several portions of the profiles, it is 
possibl e by seismic methods to distinguish between the dry surface materials, 
the underlying outwash material, and the till overlying bedr ock. All materi 
als above bedrock are essentially dry except in the low-lying swampy areas 
at the edge of the central mound. 

The thickness of overburden over the project area is shown in 
Figure D - 1. The overburden varies in thickness from about 6 feet beneath 
station 49 to about 68 feet at station 18. Cross - sections are not presented in 
this report because the thinness of overburden combined with considerabl e 
topographic relief does not permit the construction of publishable sections. 
All basic and computed seismic data are presented in Table D - 1 so that 
Table D-1 and Figure D-1 should permit any further interpretation to be 
attempted. 
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Figure D-2. Histogram of observed velocity versus frequency of occurrence, 
Huckleberry Mountain, British Columbia. 
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The bedrock surface is identified by a seismic vel ocity in excess of 
8 , 700 feet per second. The velocities of seismic energy in the bedrock for 
mations have been plotted on a plan map of the area but it is impossible to 
contour these velocities to define the contact between the quartz diorite stock 
and the surrounding Middle Jurassic sediments and volcanics . 

Overburden materials can be differentiated on the basis of seismic 
velocities and there is a good contrast between velocities ir. the overburden 
and the bedrock thus permitting re as enable calculations of drift thickness . 
However , bedrock lithology in this area cannot be defined on the basis of 
seismic velocity . 
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