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ABSTRACT 

A biogeochemical prospecting program was conducted during the 
summer of 1967 at a molybdenum deposit to determine the distribution of 
molybdenum and associated elements in plant organs and soils and to evaluate 
the effectiveness of plant prospecting techniques for detecting this and sim
ilar de po sits. 

New and modified methods for the collection and preparation of 
soil and vegetation samples, and the spectrographic analysis of organic 
material in mobile trailer laboratories (separately developed during earlier 
work) were simultaneously used under field operating conditions. A sample 
grid of 144 stations was established over the deposit and the following mate
rials were collected where possible at each station: B horizon, Ah horizon, 
bark (collected at breast height, 4 feet 6 inches from the ground}, second 
year twig and needle. Alpine fir, Abies lasiocarpa, was sampled at all sta
tions and lodgepole pine, Pinus contorta, at 60 stations. Shallow seismic 
determinations of the depth and nature of surficial material were carried out 
simultaneously with the field operations. 

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

An examination of the results of the plant prospecting program 
show that plant analysis provides a substantially increased magnitude of 
anomalous to background molybdenum concentrations, an increased ground 
surface areal extent of the molybdenum anomaly, and a more definite 
demarcation of its boundaries as compared to soil analysis. 



BIOGEOCHEMICAL PROSPECTING FOR MOLYBDENUM IN 
WEST-CENTRAL BRITISH COLUMBIA 

INTRODUCTION 

A biogeochemical investigation involving collection, preparation, 
and analysis of plant and soil material was c arried out in west -central 
British Columbia, during the summer of 196 7 at the Lucky Ship molybdenum 
deposit of Ama x Exploration, In c. The investigation was condu cte d to deter
mine the distribution of molybdenum and associated elements in plant organs 
and soils to evaluate the effectiveness of plant prospecting techniques for 
detecting this and similar deposits . 

The property is southeast of Morice Lake whi ch is about 55 air 
miles south of the town of Smithers, British Columbia (see Fig . 1) and is on 
the east flank of the Morice-Nanika ridge atlat. 54° 0l'N. and long. 127 ° 30 1 W. 
Access to the property is provided by a 6-mile company road w hich joins the 
Moric e -Nanika section of the Morice Lake Forestry Development road at 
Mile 49 from Houston, British Columbia. 

The landscape containing this deposit was c h osen for biogeochem
ical investigation primarily because the nature of the mineralization and bed
rock geology c aused an anomalous molybdenum concentration to develop in 
t h e soil in a conc e ntric fashion about a granite plug. A preliminary examina
t i on of the landscape in 19 66 showed that the soils and vegetation were suit
able for a biogeo c h e mic al investigation (Fortescue and H ornbrook, 1968, 
Section E). The circular pattern was first established by over 300 molyb

denum results from a soil survey condu c ted by Amax in 1964. The B horizo n 
soils were collected by Ama x along several travers e lines in a sample grid 
where most of the stations were at 100-foot intervals. Sin ce 1964 Amax has 
carried out extensive geochemical and geophysical explorat ion of the deposit. 
Diamond drilling show e d that mineralization occurs in several forms but is 
generally confin ed to a ciTcular zone about the granite plug. Some experi
mental work in biogeo c hemistry car ried out in 1964 b y company staff in con

junction with the DepaTtment o[ Geology, University of BTitish Columbia indi
cated that l odgepo le pine and alpine rir contained suffic ient molybdenum for 
detection in a plant prospecting program. In 1967 the writer's party es tab
lished a sampling grid over the deposit in such a way as to cover the ore zone 
using stations that weTe previously used by Amax for their soil survey. Soil 
and vegetation samples were co ll ected from 144 stations in the sample gr id. 
Samples were prepared and analyzed spectrographically in two mobile tra i ler 
laboratories that were stationed at Smithers, British Columbia , for the 
summe r operation. Colorimetric analyses we r e compl ete d in the Geological 
Survey of Canada, at Ottawa . 

Project No.: 630040. 
Manuscript r ece ived: May 28, 1968 ; revised September 12, 1968. 
Author's address: Geological Survey of Canada, 

601 Booth Street, 
Ottawa 4, Canada. 
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Index map of west-central British Columbia 
showing the Amax molybdenum deposit and the 
Trailer Laboratory site near Smithers. 

Shallow seismic determinations of the depth and nature of the sur
ficial material were carried by a two - man crew under the direction of 
G. D. Hobson of the Geological Survey of Canada. A report describing the 
results of their work is found as a contribution by G. D. Hobson in 

Appendix D. 
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General Description of the Landscape 

Geology of the region has been described by Armstrong (1944) and 
Duffell (1959) and a generalized geological map of west-central British 
Columbia is shown in Figure 2. The property is situated in a transitional 
zone between the Coast Mountains and the Interior Nechako Plateau. In this 
zone the rocks are mainly volcanic and sedimentary and are cut by local 
plugs of granitoid rocks. The ridge containing the deposit is formed mainly 
of volcanic and sedimentary rocks of the Hazelton Group comprising inter
bedded breccia, tuff, dacite, rhyolite, basalt, argillite, greywacke, chert , 
conglomerate and minor limestone which are intruded in places by stocks of 
granitoid rocks . These rocks are part of the main belt of Hazelton rocks 
which trend northwe st along the eastern contact of the main body of the Coast 
Range Intrusions. Local geology around the property is shown in Figure 3. 
The largest geol ogical feature is an elongate quartz feldspar porphyry pluton 
plunging almost vertically in the Hazelton Group host rocks. At the southeast 
contact of the pluton is a 400-foot by 600-foot granite plug surrounded by a 
20-foot to 100-foot wide zone of highly silicified rock. The silicification 
grades outward into massive quartz feldspar porphyry of the main pluton on 
the Southwest, west, north and east and into the host volcanic and sedimentary 
rocks on the south and southeast. The molybdenite occurs spatially around 
the periphery of the granite plug. The molybdenurn mineralization varies 
considerably in nature and amount and generally occurs as follows: molyb 
denite in complex quartz veins in stockworks; wide-banded quartz-molybdernte 
vein systems and as thin coatings of molybdenite on dry fractures. 

Alpine glaciation is still active in the higher mountains of the region 
and features such as drumlins and crag-and-tail effect on ridges due to 
glaciation are widespread. The surficial material overlying the ridges is 
glacial till but in valley bottoms thick fluvioglacial deposits occur. 

Podzolic soils overlying the deposit are similar to those described 
by Farstad and Laird (1954) in the Nechako, Frarn;oise Lake, and Bulkley
Terrace areas. The typical podzol soil is developed on a parent sand and 
gravel, low lime till under an alpine fir and lodgepole pine type of vegetation. 
A typical soil profile is shown in Figure 4. The horizon shows much varia -
tion in colour and thickness. The usual colour was yellow-orange over a 
darker brown which was occasionally reddish; rarely was a greyish colour 
observed. In the B horizon, thicknesses less than 12 inches or more than 
20 inches were not common. 
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HORIZON DESCRIPTION 

Ah horizon - less than 1 inch, up ta 6 inches 

Ae harizan - light grey sandy, 1/2 inch up ta 2 inches 

B horizon - light yellow orange sand y, 

4 inche s up to 10 inche s 

B hor izon - da rk brown sandy, 

8 inches up to 16 inch es 

C horizon - light ye llo w brown to greyish 

sand to glociol till 

Figure 4. Ske tch represen li ng a typica l pod,,,01 so il pr ofile occurr ing 
near the Lucky Ship molybdenum deposi t, Br itish Colum bia . 

Rowe (1959) has described the forest as Montane trans i tio n section 
of the Montane Forest Regi on as follows : 

"The forests of the relatively low - lying land on t h e north ern 
half of the Nechako Plateau are transitional in composition between 
the Montane and the Sub alpine. Relationship to the latter region i s 
most apparent , as the c h aracteristic forest type consists of spruce 
(Picea glauca P. engelmanni and their iniergrades) and alpine fir 
(Abies lasiocarpa). However, blue Douglas Fir (Pseudo tsuga 
taxi folia var. glauca) is also scattered through out, and its presence 
has led to the inclus i on of this section in the Montane Forest Region. 

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 . 
commutatata) and lodgepole pine (Pinus contorta var. lati fo lia). 
Under the pre sent conditions of environment, Douglas fir appears to 
be losing the position of prominence that it formally had in the vegeta
tion pattern, except perhaps in the drier, open forest types . On t h e 
eastern side of the section, there is a g r adation into the no r thern 
Columbia forest with the appearance of mixed stands of Engelmann 
spruce, western red cedar (Thuja plicata) and western hemlock 
(Tsuga heterophylla) and of Engelmann spruce with Douglas fir. 
Westward, the hemlock appears again in the foothills of the Coast 
Range. Along the rivers and lakes, black cottonwood (Populus 
trichocarpa) is commonly found. Numerous grassy openings and 
parklands with groves of aspen occur, particularly in the western 
half of the section . 

The major part of the northern interior plateau is a rolling 
uplant at about 2, 500-foot altitude, and only a few hills and low 
mountains exceed 5 , OOO feet. The underlying bedrock is of rathe r 
flat-lying Paleozoic and Mesozoic sediments, with some local 
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Tertiar y sediments and lavas. Large sections were flooded by post 
glac ial lakes , remnants of whi ch still remain in the comparatively 
broad, flat valleys, and there has been a thick deposition of lacustrine 
deposits. Upper slopes and highlands are covered with g lacial drift. 
The soils are grey wooded or podzolic under coniferous stands, and 
g re y -black or immature under the more open mixed and hardwood 
forests of the l owlands . " 

Locally alpine fir and lodgepole pine are the dominant species 
present and the latter becomes more common only in the open slide areas. 
Othe r species present are characteristic of the region. An occasional white
bark pine Pinus albi caulis cngclm was observed in exposed areas at the top 
of the ridge. Slide alder Alnus sinuata commonly occurs as thickets growi ng 
in peaty soil in local ca tch basins along drainage courses on ridge flanks but 
may also randomly occur as a single shrub . 

The relief is not as rugged as in the Coast Range but is more 
rugged than in the plateau. The main mountain ran ges in the zone such as 
the Taht sa , Kasalka and Sibola trend northcastcrly transverse to the gene ral 
trend of the Coast Mountains and they arc characterized by peaks up to 7 , OOO 
feet high at their western extremities. On the east , plateau-like areas, 
common at about 4, 500 feet e l evation, eventually merge with the main 
Nechako Plateau. Drainage is into the long narrow lakes separating the 
transitional zone ranges . These lakes occupy valleys that arc erosional 
rather than orogenic in or i gin according to Duffell (1959). Data on the cli
mate is not available for the property but monthly, seasonal and annual tem 
peratures recorded at T clkwa , 55 miles north, arc shown in Table 1. Rain
fall in the area varies cons iderably and the precipitation for t h e area includ
ing the property is much like that of similar areas throughout rest of the 
central interior o f British Columbia. 

Table l 

Monthly, Seasona l, and Annual Temperatures in Degrees F, 
at Telkwa, British Columbia, 55 Miles North 

of the Lucky Ship Molybdenum Deposit 

MONTH TEMPERATURE MONTH TEMPERATURE 

December 18 June 53 
January 16 July 56 
February 21 Au gust 56 

Winter 18 Sum1ncr 55 

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

Spring 38 Fall 39 

Annual Temperature 38° 
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Local contamination on the steep hillside was a factor that could 
have had an adverse effect on the results if the sample stations had been 
chosen indiscriminately. The major uphill source of contamination was 
groundwater run-off car rying dissolved metals from open trenches and drill
holes. Sample stations were located to avoid any possibility of contamination 
from these sources . 

DISCUSSION OF METHODS 

Methods of Establishing the Sample Grid over the Mineral Deposit 

In previous plant prospecting programs (s ee Fortescue and 
Hornbrook, in press, Section G) only one traverse line was established across 
the strike of an elongated mineral deposit. Information obtained from such a 
program concerning the lateral distribution of elements in the vicinity of the 
deposit was restricted to a profile presentation of elements along the traverse 
line. The characteristics of the mineralization at the Lucky Ship property 
provided an opportunity for a more sophisticated application of plant pros
pecting techniques than was previously possible. Because the anomalous 
metal distribution in the landscape has such a marked geometric configura
tion, the program provided an excellent test of the effectiveness of plant 
prospecting techniques. The degree to which the circular pattern is repro
duced by the plant results could be readily determined because of the geomet
ric nature of the pattern and a measure of the effectiveness of the plant pros
pecting techniques was thus determined . To obtain meaningful results, a 
grid pattern was used fo r sampling otherwise the circular characteristics of 
the anomalous molybdenum distribution would not become apparent in a plan 
anomaly map. Sample stations were established on previously cut traverse 
lines and these lines were selected so that they intersected enough of the 
doughnut- shaped zone of mineralization to provide effective coverage of the 
anomalous areas as well as background remote from the deposit (see Figs. 
3, 5, 6 and 7). A total of 144 stations were established at 100-foot intervals 
and where possible a sample tree and soil pit location was selected at each 
station. 

Methods of Collection and Preparation of Material 

Alpine fir occurred in sufficient abundance and uniform density 
throughout the area so that it could be sampled routinely on a grid pattern. 
Lodgepole pine was sampled only on the baseline and line SS because it did 
not grow in sufficient density to be sampled on lines 8W, ZW and 3E (see 
Fig. 3). One tree each of slide alder and whitebark pine were sampled at 
station III in the strongly anomalous zone defined in Figure 7. 

The following materials were collected where possible at each 
station: B horizon, A horizon (humus), bark (collected at breast height, 4 
feet 6 inches from the ground), second year twig and needle . Previous 
experience has shown that it was only necessary to collect these organs to 
sample representatively the metal distribution in the trees (see Fortescue 
and Hornbrook, in press, Section G) . At only one station, No. 10, was it 
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impossible to sample an alpine fir tree. After collection, all samples were 
taken to Smithers, British Columbia for preparation in the trailer laborato
ries . Collection and preparation techniques have been described in detail by 
Fortescue and Hornbrook (1967) and are briefly reviewed in Appendix A. 

During a 4-week period 288 samples of soil and 620 samples of 
vegetation were collected and prepared for analysis. 

Details of height , age and breast height diameter were recorded 
for each sample tree at all stations. Alpine fir and lodgepole pine sample 
trees were commonly 50 feet high, 9 inches thick at breast height , and about 
100 years old. 

Colorimetric Method of Analyses 

Plant ash, humus ash and mineral soil were analyzed colorimetric 
ally at the Geological Survey of Canada, Ottawa , for molybdenum, copper, 
zinc, nickel and lead after decomposition with HF, HN03 and HC104 . Stand
ard methods for the colorimetric determinations were used for each element 
as described briefly in Appendix B. 

Scan Spectrographic Method of Analyses 

The scan spectrographic method was used to provide semiquan
titative results for the determination of barium, strontium, manganese, tita
nium, chromium, cobalt and silver in plant and humus material ash. These 
results, which are not necessarily absolute, were examined mainly to deter
mine if there was a significant activity or anomalous distribution that could 
be related to the economic metal distribution in the vicinity of the molyb 
denum deposit. 

Although the method was not relatively accurate it was relatively 
precise as compared to the colorimetric method described above. Previous 
work by Hornbrook (Fortes cue and Hornbrook, in press, Section G) has shown 
that the method produces satisfactory results for b iogeochemical investiga
tions of this type. The method is described in detail in Fortescue and 
Hornbrook (1967) and a brief review is given in Appendix C. The results in 
Table 2 for the coefficient of variation of indium, which was added to every 
sample, show that the required precision was maintained for the analyses of 
bark, needle, twig and humus ash batches of sample material. For each 
sample material in Table 2, the coefficient of variation is shown for a batch 
of samples which were collected from the group of sample-stations indicated. 
Each batch contains up to a maximum of 15 samples depending on the number 
of adjacent stations available for sampling in each group. 

PRESENTATION OF RESULTS 

The metal content is recorded as ppm in ash for all organic mate -
rials unless described otherwise. All results for metals in bark, twig, 
needle and humus ash and mineral soil were compiled as tables which are on 
file at the Geological Su rvcy. Results required to illustrate certain inter -
pretalions developed in this paper, have been extracted from the tables and 
arc usually plotted in the form of a distribution profile. 
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Table 2 

Coefficient of Variation for the Internal Reference Standard Indium 
in each of the 52 Batches of Like Samples of Humus and 

Plant Ash Analyzed Spectrographically 

GROUPS OF SAMPLE MATERIALS 
SAMPLE SPECIES 

STATIONS HUMUS BARE TWIG NEEDLES 

3-1 7 l 6 23 26 l l 

18-30 28 l 5 l 9 17 
Q) 

33-47 25 8 26 30 Q) ,_. 
,_. ..... 

E-< 
._ 

48-60 33 36 27 31 

63-77 21 25 25 23 

78-90 0 25 0 34 

91-105 l 5 9 26 27 
Q) Q) 

10 6-120 29 H 31 28 p_ ~ 
E ·p_ 

16 
Cl!~ 

121-135 15 30 31 v; Cl! 

136- 150 27 l 5 26 26 

Q) 

91-105 8 23 l 3 Q) ~ 
Q) ..... 
,_. 0.. 

106-120 1 3 27 l l ...., 
Q) 

Q) ...... 
...... 0 

121-135 l 3 12 H 0.. 0.. 
E Q) 

136- 150 l 3 25 25 
Cl! 00 

r.n 'Cl 
~ 

Percentage coefficient of var iation 
Standard deviation 

l 00 x 
mean 

n 

where standard deviation 

i=l 

(xi - x) 2 

N -1 
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Description of the Anomaly Maps 

Amax data obtained from the analyses of B horizon samples coll
ected in 1964 were used by Godfrey {1964) to constru ct the anomaly map 
shown in Figure 5 which has been slightly modified by the author to incorpor
ate additional data from further sampling carried out in 1965 and 1966. Over 
300 molybde num determinations in B horizon soil were used to construct this 
map. 

An additional soil anomaly map (see Fig. 6) was constructed using 
144 molybdenum determinations in B horizon soil obtained during the 1967 
program. A third anomaly map (~Fig. 7) was constructed using 143 mol
ybdenum d ete rminations in second year alpine fir needles. Needles were 
used because they have the highest concentration of molybdenum of anyalpine 
fir organ sampled. 

The three anomaly maps we re constructed on the same scale and 
with the same molybdenum concentration level isograds and to simplify the 
comparison of molybdenum among them they have as common points of ref
erence, the sampling grid and the outline of the granite plug. 

DISCUSSION OF RESULTS 

Regional Background, Local Threshold and 
Anomalous Concentration of Molybdenum 

On the Amax anomaly map for molybdenum distribution in mineral 
soil (se e Fig. 5) background concentrations are much less than 25 ppm and the 
local threshold level about the deposit is approximately 25 ppm. Low, mod
erate, and strongly anomalous concentration levels over the deposit are plus 
50 ppm, plus 100 ppm, and plus 200 ppm. A frequency distributi_on plot of 
the 1967 results for molybdenum in mineral soil and second year alpine fir 
needles was constructed to compare the distribution of molybdenum in th ese 
materials (see Fig. 8). The regional background concentration in needles 
and soil is 1 . 0 ppm and 2. 5 ppm respectively and the threshold concentration 
of the same materials near the d eposit is 25 ppm and 17. 5 ppm respectively . 
The background and threshold concentration levels show an excellent agre e
ment with e ach other and with the Amax data. The l ow, moderate and high 
anomalous values of 50 ppm, 100 ppm and 250 ppm in mineral soil compare 
we ll with the Amax data but the anomalous molybdenum conce ntrations in the 
needle ash is considerably different. The low, moderate and high anomalous 
values of molybdenum in needles are 17 5 ppm, 500 ppm and plus 7 50 ppm. 
Howeve r in all three sets of data for molybdenum distribution in this land
scape thre e distinct concentration levels can be defined: (1 ) anomalous con 
centrations; (2) local threshold level and (3) regional background level. The 
local thr e shold level (s ee Figs. 5, 6 , 7) defines the boundaries of the pluton 
e xcluding the quartz-feldspar po rphyry breccia section in the northwest part 
of the pluton (see Fig. 3) and the low and moderate anomalous levels define 
the approxima~extent of significant peripheral molybdenum minerali z ation 
about the granite p lug. High anomalous concentration levels are probably due 
to a local higher grade molybdenum section within the minerali zed zone 
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I 
LOG ppm MOLYBDENUM I 

IN SECON D YEAR ALPINE FIR N EEDLE ASHI 

I I 
I I 
I I 
I I 
I I 
I 
I 
I 
I 
I 

1.8 2.5 3.8 5 7.5 10 

LOG ppm MOLYBDENUM 
IN B HORIZON SOIL 

I 
I 
I 
I 
I 
I 
I 

17.5 25 37.S 50 75 100 175 250 375 500 750 1000 2000 

1.8 2.5 3.8 5 7.5 1.0 17.5 25 37.5 50 75 100 175 250 375 500 750 IOOO 2000 

Figure 8. Frequency distribution of molybdenum in second year alpine fir needle 
ash and B horizon soil calculated from the results of colorimetric 
analyses of 143 samples of each material. 
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possibly modified by some contamination. The anomaly maps and d efined 
concentration l evels show an excellent correlation to the mineralization and 
geo lo gical features of the lands cape. 

Co1nparison of Amax Geochemical Soil Results and 
Soil and Plant Ash Results of Pre sent Study 

A comparison of the distribulion of molybdenum in lhe landscape 
based on the results of B hor izon analyses compl eted during the biogeochem
ical program (see Fig. 6) is essentially the same as previously determined 
in 19 64 by Amax w hose geochemical soil survey program was much greater 
in scope and sampling density (see Fig . 5). The major features of molyb
denum distribution that arc si1nilar in both sets of soil results (se e Figs. 5, 6) 
are: (1) the moderately anomalous concentric zone periphe ral to the granite 
plug; (2) the slrongly anomalous horseshoe-shaped zone that is around the 
granite plug and ope n to the south; (3) background and local threshold levels 
of molybdenum concentrations that were obtained over the core of the granite 
plug. The location and size of the highly anoma lous areas within the 
horseshoe-shaped zone are not exactly coincident for these two surveys. 
Minor features , including anomalous concentrations of molybdenum in zones 
adjacent to stations 60 and 123 and background concentrations in the vicinity 
of stations 77 and 114, are common to both anomaly maps. Therefore th e 
anomaly map (Fig. 6) based on the soil results obtained during the biogeo

chemical program, provides a satisfactory representation of the molybdenum 
distribution in the landscape in the vicinity of the mineral deposit. 

Distribution of molybdenum in alpine fir needle ash (see Fig. 7) is 
remarkably similar to its distribution in soils (sec Figs . 5 and 6). All major 
and minor features of the mineral soil results described above in Figures 
5 and 6 are also present in Figure 7. Therefore needle ash results not only 
provide information on the distribution of molybdenum in the landscape e qual 
to that obtained from mineral soils but have several features that are advan
tageous in prospecting. 

Comparison between the Results of Soil and 
Plant Prospecting Tc chniquc s 

Features that illustrate the advantages of plant prospecting tech
niques relative to soil prospecting techniques became apparent dur ing a com
parison of the results in Figures 5, 6 , 7 and 8 . Background concentrations 
for thi s comparison were considered to be the threshold concentrations of 
17. 5 ppm and 25 ppm for soils and needle ash respectively in the vicinity of 
the mineral deposit . 

The magnitude of the difference between anomalous and background 
molybdenum concentrations is substantially inc rca sed in alpine fir needle ash 
as compared to B horizon soils (s ec Fig. 8). This increase is commonly by 
a factor of two to four times . Concentrations of 500 ppm and 750 ppmmolyb

denum are common and frequently l, OOO ppm concentrations are obtaine d in 
needle ash whereas in B h orizon results concentrations of 2 50 ppm or more 
arc rare. 
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Plant prospecting has an increased sensitivity compared to soil 
prospecting because the ashed needles of an alpine fir tree usually contain 
more molybdenum than the soil on which the tree was growing, particularly 
in the moderately anomalous zone (see Figs. 6, 7). The higher content of 
molybdenum in ash is of course primarily due to the concentrating function of 
the ashing in the sample preparation procedures. This relationship was also 
observed in other biogeochemical studies by Warren (1965) . The effect of the 
relationship is most apparent at the south end of the sampUng grid whe re 
concentrations up to 17 5 ppm molybdenum in needle ash arc found compared 
to threshold concentrations of 17. 5 ppm or less in B horizon soil. Thus plant 
prospecting techniques have increased the areal extent of anomalous molyb
denum conditions in this landscape. 

The improved discrimination between anomalous, local threshold 
and regional background molybdenum concentration in needle ash results rel
ative to B horizon soil results is most evident in Figure 8 . The effect of the 
improved discrimination is shown by the sharpness of the contrast between 
anomalous and background molybdenum concentrations particularly on the 
east side of the sampling grid where it is more abrupt for needle ash results 
(see Fig. 7) than it is for soil results (~Figs. 5, 6) . Therefore in this 
case needle ash results provide a more ddinitc demarcation of the boundary 
b etween anomalous and background concentrations than can be obtained from 
the soil results. 

Comparison of Alpine Fir and Lodgcpolc Pinc Results 

Alpine fir and lodge pole pine trees were sampled on lines 5 Sand 
baseline to perinit a comparison of their c l ement response in background and 
anomalous areas. The analytical data for molybdenum in the sample trees 
on line SS has been used to construct the horizontal distance against con cen
tration profiles in Figure 9. The molybdenum content in the ash of second 
year needle organs of both species is similar as shown in Figure 9. However, 
at every station except two, in the oven-dry results, alpine fir needles contain 
more molybdenum than lodgcpolc pine needles . A similar relationship 
between alpine fir and !odgcpole pine was also observed in the molybdenum 
r es ults in a company report b y Schindler (1 9(,5). This feature is apparently 
caused by the ash percentage of lodgcpolc pine needles being consistently 
about one half that of alpine fir needles. This results in an apparent doubling 
of the molybdenum content in lodgcpolc pine ash relative lo alpine fir ash. 
The molybdenum concentration levels determined in alpine fir and lodgepole 
pine are comparable to that obtained by Warren and Delevault (1965) and 
Schindler (1965). Therefore both species are equally useful for plant pros
pecting when the molybdenum content is de termined in only the ash of second 
year needles . It would be possible in most sa1npling ci r cumstances to sub
stitute one species for another in the event the first species was not availab l e 
for collection at all sample stations. 

Slide Alder and Whitcbark Pinc Results 

A sample of the bark, twig and needle organs was collected from a 
w hitebark pine and slide alder growing close to station III within the extent o f 
the zone of mineralization about the granite plug (sec Fig. 3) . Neither species 
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Table 3 

Comparison of Molybdenum Content in Single Samples of Ash and Oven
dry Bark, T w ig, and Needle Organs from Whitebark Pine, Slide Alder, 

Alpine Fir, and Lodge pole Pine Collected at Station III 

Tree 
Species Whitebark pine Slide alder Alpine fir Lodgepole pine 

Material ash oven ash oven ash ove n ash oven 
dry dry dry dry 

Bark 100 2 1750 42 75 2 17 5 4 

T w ig 500 1 5 1000 22 500 12 500 11 

Needle 250 5 1000 3-1- 750 29 1000 21 

g r ew in sufficient abundance or uniform density to be suitable for sampling on 
an extensive basis over the m ine ra l deposit. Table 3 shows the molybdenum 
content in the ash and oven· dry bark, twig and needle organs of the whitebark 
pine, slide alder, alpine fir, and lodgepole pine trees sampled at station III . 
High molybdenum co n centrations s h own are expected because station III is in 
the zo n e of anomalous molybdenum values . Although results from only one 
alder tree were obta ined, they show that its organs contain more molybdenum 
than any of the other species growi n g at that station. Warren (1962) and 
Warren and Delevault (1965) also fou nd similar high molybdenum concentra
tions in slide alder. The concentrating ability of alder suggests its use in 
regional prospecting for molybdenum and associated elements particula rly 
when it is growing in peaty soil in local alder thickets on wooded ridges, 
mountain flanks , and in stream beds. Alder predominantly grows in peaty 
soil in small bogs or swamps that are frequently metal-accumulating. 
Several metal-accurnulating alder swamps occur on the property for exampl<
at station 60 (see Figs . 6 , 7), w h ere a swamp has produced a high concen'..-a
tion of molybdenum in the so il and se co nd year alpine fir needle samples. 
Wooded ridges simi lar to the Morice-Nanika ridge could have their metal 
potential quickly evaluated by a regional sampling program to determine the 
metals in alder ash. The results shou ld be representative of most landscapes 
as alder swamps usually occur at several random locations. The metal con 
tent in each of the alder swarnps represents t h e concentrated metal potential 
of a drainage area muc h greater than the swamp; hence anomal o us metal 
concentrations, readily detectable in ash of any alder organ are indicative of 
the presence of metals in ext r emely large areas. In an exploration program 
local detailed sampling would follow up anomalies indicated by rapid biogeo
chemical evaluation of regions. 
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Figure 11. Comparison or mo l ybdenum con tent among ash and ovt'n-clry 
hw1rns and B hor i ;1.on soi l co ll uc tud on li nu 2W . 

Comparison of the 1964 and l 9b7 Biogeuchernical Rcsulls 

During August 1964 an experimental biogeochemical survey was 
undertaken by J. N. Schi ndler (1965), and the results were published by 
Warren and Delevault (1965) . Molybdenum content was determined in ash of 
combined alpine fir second year twigs and needles and in B horizon samples 
collected along an 1, 800-foot line (located between lines 2 Wand 3 W fo r most 
of its length (see Fig. 7)). Molybdenum results for the ash of second year 
alpin e fir needles and B horizon collected along l i ne 2 Win 1967 and the 
results of the 1964 survey are plotted on Figure 10. It is significant that the 
results of the earlie r survey cou l d be so closely reproduced after a three 
year period du r ing which extensive exploration took place including diamond 
dr i lling and road bu i lding in the vicinity of the traverse line. The excellent 
agreement suggests that the results of plant prospecting surveys are not as 
susceptible to contami nation and annual climatic conditions as they are often 
assumed to be. 

Comparison of Molybdenum Content Among Ash and 
Oven-dry Humus and B Horizon Soil 

The molybdenum concentration in ash and oven-dry humus and B 
h or i zon soil at station s 33 to 60 on line 2 Ware plotted in profile in F i gure 1 1 . 
An examination of t h e molybdenum distribution in the three sample types 
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shows the following relationships: (1) the patterns of ash and oven -dryhumus 
are similar in spite of the lar ge var iations in ash percentage of humus; (2) 
except at 4 stations the humus ash contains more molybdenum that B horizon 
soil sampled at the same station; (3) approximately half of the oven -dry 
humus samples contain more molybdenum than the B h or i zon samples. 
Therefore humus ash is enr i ched in molybdenum compared to B horizon and 
frequently oven -dry humus contains more molybdenum that the B h orizon. 
Similarly the humus ash is found to b e enriched in copper, zin c, lead, and 
nickel. This type of enr i c hment phenomenon was also o bs e r ve d at Cobalt , 
Ontario, by Boyle and Dass (1 967) for l ead, zinc, copper , arsenic, antimony, 
molybdenum, silver, cobalt, manganese and mercury . The enrichment of 
lead in humus was also observe d by Warren and Delevault (1 96 0) . Therefore 
the humus hori zon in many landscapes is suitable and in some cases superior 
to B horizon soil for determining metal distribution in a landscape as in the 
case of the Lucky Ship property. However , there are many inherent disad
vantages to sampling the Ah h orizon including the extr eme variation in chem
ical composition and physical properties. 

Results of the Examination of the Burl Growths on Alpine Fir 

Through out the s outhe rn part of the sample grid a wart-like growth 
or burl is common on alpine fir, lodgepole pine and oth e r indigenous species. 
The burl frequently forms a partial co llar as much as 6 inches thi ck about 
the main stem of a tree . Propo rtionate] y smaller burls are found on branc h es 
and shrubs. Samples of bark collec t ed fro m the burl and from the normal 
stem of the same tre e at a point opposite the l ocation of the burl, we r e ana

lyzed for the ir molybdenum content. 
Spectrographic analyses showed no obviou s difference between the 

concentration level of molybdenum in the burl bark and stem bark samples 
and their concentration levels were similar to trees that had no burls. How
ever, burl growths o n trees are known from other molybdenum properties in 
British Columbia (Godfrey, personel communication) and their presence 
should be investigated further. 

General Observations of the Analytical Results 

An examination of the molybdenum co n centration in alpine fir 
organs reveals that needles and twigs contain substantially more molybdenum 
than bark and that needles contain slightly more than twi gs . Therefore the 
molybdenum content in needles was primarily examined to evaluate its appl
ication as a plant prospecting technique. 

In individual organs of alpine fir and lodgepole pine the following 
preferential c oncentrations of nickel and copper occur in second year tw igs, 
th e latter also observed by Warren~ !:l.: (1966); lead weakly concentrated in 
twigs because concentrations are at background levels in this landscape, also 
observed by Warren and Delevault (1 960); zinc has a relatively uniform dis
tribution in all organs; bar ium and strontium in bark (see Fortescuc and 
Hornbrook, in pr e ss, Sc c tior> G} ; Litaniuman<l silve r in seco nd ye ar tw igs a nd 
needles; and manganese is slightly concentrated in needles and Lwig s. 



- 2 3 -

A detailed study of the results was carried out to determine if there 
was any significant pattern in the distribution of any c lement in the landscape. 
No persistent relationship was observed between the distribution of any e le
ment and that of molybdenum . Therefore it would appear that none of the 
elements has a potential as a pathfinder c l ement in the Lucky Ship property 
type of landscape. No relationship was revealed b etween the distribution or 
absolute conc e ntration of an e l ement and the age, h eight, or br e ast-he ight 
diameter of the sample trees. There is, of course a pronounced relationship 
b etween the con centration of elements and lands cape conditions w h en the 
sample tree is growing in abnormal conditions such as in a coppcr
ac c umulating swamp. 

SUMMARY AND CONCLUSIONS 

Plant analysis provides a substantially inc rca sed magnitude of 
anomalous to background molybdenum concentrations, an increased ground 
surface areal extent o f the molybdenum anomaly, and a more definite 
demar c ati o n of it s boundaries compa r ed to soil analysis. These findings and 
evaluations suggest that a plant prospecting progra1n to determine molyb
denum in alpine fir needle ash at all of the stations sampled by Amax during 
the 19 64 soil program wo uld ha ve provided more effective and us eful knowl
edge than was obtained frorn the . soil program. Experience gained during the 

summer program indicated that plant prospecting could be faster, easier and 
pr o bably less expensive than e quiva l ent programs in w hich soils arc sampled 
at the same stations. An additional advantage of plant prospecting is that 
sampling can be carried out during the w inter w h e n other geochemical 
methods arc not applicable. 

The examinati o n of al 1 analytical r esults and the compar iso n of 
some to r clcvcnt geo l og i ca l, geochemical and biogcoc h cmica l data r eveals 
the following: 

l. The second year needle of alpinc f ir is the optimum plant organ to 
sample and analyze to d etermine effectively molybdenum distribu tion 
in landscapes similar to that of the Lucky Ship property. 

2. The reproduction of thc l 9(J4 biogeochcmical results in l 967 shows 
that r esult s of plant prospecting programs arc not as adversely 
susceptible to contamina tion from a disturbed lands cape or annual 
c limatic changes an d conditions as they arc comm.only assumed to be. 

3 . At stations whe r e alpinc fir is nol· ava ilable fo r sampling , lodgepole 
p.inc may be substi tutccl bccausc it ha s a s i m ilar content of molyb
denum in its n .::!c dlc a s h. 

4 . Slide alder, w hich has a highc r content of molybdenum than othc r 
species examin ed, could be successfu lly used in regional evaluation 
of lands c ape metal potential be cause it preferentially grows on moist 
peaty so il in metal-accumulating ca tch basins on wooded ridges and 

mountain flank s . 
5. No c l ement exhibi ted a variation o r distribution in the lands cape that 

was persistently similar to molybdenum that wou ld suggest its use as 
a pathfinder element. 

6. The Ah h orizon (humus ash) is en ri c h ed in molybdenum, coppe r, 
l ead, zinc and nickel relative to the B hori zo n . 
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7. In alpine fir and lodgepole pine, molybdenum is concentrated in s ec 
ond year needles . 

8 . Silver, nickel and lead arc present mostly at background concentra
tion levels. 

9. Erratic high copper concentrations are found due to the presence of 
1netal-accumulating swamps in the v icinity of th e sample station. 
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APPENDIX A 

Plant prospecting collection and preparation techniques 

At each station the Ah horizon was sampled for a humus sample 
first to avoid any possible contamination by the mineral soil horizons . Next 
the sample tree was cut down and the foliage and bark collected. A clean cut 
wood w heel was obtained from the stem at breast height for growth ring count 
to determine the age of the tree. The soil pit was dug with a mattock where 
the humus was sampled as close to the sample tree as possible and a repre
sentative sample of the B horizon collected using hand tools. All samples 
were put in paper bags that have a high wet strength in the event of high sam
ple moisture content . 

In the sample preparation laboratory foliage, bark and organic soil 
were cabinet dried at 50 degrees centigrade (for up to 3 days in the case of 
organic soil). The material is then subsampled; foliage separated to needles 
and twigs; bark reduced to small fragments; before it is oven dried overnight 
at 80 degrees centigrade. Mineral soils were cabinet dried as long as nec
essary and then sieved to obtain the minus 80 mesh portion for colo rimetric 
analyses. The plus 80 minus 10 sieved portion of the humus sample was 
retained in sealed plastic vials. 

A 10-gram amount of each sample of organic material was dry 
ashed in a muffle furnace on a time -temperature controlle d cycle in which Lhe 
temperature slowly increases to 435 degrees centigrade and then is main
tained at that temperature for the r emainder of the 10-hour cycle. The ash 
was thoroughly mixed and stored in sealed plastic vials. 



- 27 -

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 millilitres 
of concentrated HF, 5 millilitres concentrated HN03 and 2 millilitres 
of 70 per cent 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 IN 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 (1962) 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 interferenc e 
due to aluminum, Stanton ( 19 62). 

(5) The performance of these methods in the r.ormal working range 
(20-1, OOO ppm) is within 25 per ce nt of the total amount of metal 
present. 

(6) Molybdenum was determined by a method described in North (1956). 
This method involves a fusion w ith modified Na 2 C03 flux, leaching 
with water and a final determination of molybdenum with zinc dithiol 
rather than dithiol as described by North. The performance of this 
method is similar to that of the other four. 

References 

Almond, H. 
1955 : Rapid field and laboratory method for the determination of copper 

in soil and rocks; U.S. Geol. Surv., Bull. 1036A, pp. 1-8. 

Gilbert, M.A. 
195 9: Field and laboratory methods used by the Geological Survey of 

Canada in Geochemical Surveys No. 1 Laboratory methods for 
determining copper, zinc, and lead; Geol. Surv. Can., Paper 
5 9-3. 

North, A. A. 
1956: Geochemical field methods for the determination of tungsten and 

molybdenum in soils; The Analyst, vol. 81, p. 660. 



- 28 -

Stanton, R . E . 
1962: The field determination of zinc with dithizone in the presence of 

aluminum; Imperial College of Science and Technology, London; 
Geochemical Prospecting Research Centre, Technical 
Communication No. 19. 

Stanton, R. E., and Coope, J. A. 
195 8: Modified field test for determination of small amounts of nickel 

in soils and rocks; Bull. Inst. Mining Met . , London, vol. 623, 

p. 9. 



- 29 -

APPENDIX C 

Scan spectrographic method of analyses 

A ten milligram portion of ash, held in suspension in a sugar solu
tion, was placed on top of a sugar-impregnated, 1/2-inch graphite platrode. 
It is then dried to a thin layer - like icing on a graphite cake . The sugar solu
tion contains indium as an internal reference standard for control of the anal
ytical precision. The sample platrode was rotated at ten rpm and exc ited by 
means of a high voltage spark source. The spectrogram was re co rded on 35 
millimetre film during a 20 - second exposure in a Jarrell-Ash 1. 5 metre 
Wadsworth grating spectrograph . By matching the sample film with a stand
ard film in a densitometer - comparetor , a visual estimation w as made of the 
concentration of the elements detected. The results are recorded on special 
data recording sheets which are forwarded to the computer centre for pro 
ces sing . Concentrations on an oven dry basis and in ash w ith statistical 
information are printed out on a separate page for e ach element. 

The indium results (see Table 2) show that the required precision 
was maintained for the analyses of each plant organ and organic soil ash. 
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APPENDIX D 

HAMMER REFRACTION SEISMIC SURVEY TO 
ASSIST BIOGEOCHEMICAL PROGRAM 

LUCKY SHIP, BRITISH COLUMBIA 

George D. Hobson 

A seismic r efraction survey, using a portable hammer seismograph 
was conducted over five cut lines on the Lucky Ship property of Amax 
Exploration, Inc. in north-central British Columbia to assist the investiga
tions of a Geological Survey of Canada biogeochemical team. The property 
is near Morice Lake, about 42 miles southwest of the town of Houston 
(Fig. D-1). The seismic survey was carried out between July 5 and August 9, 
1967. 

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

Fifty reversed refraction seismic profiles were completed along 
the five control lines. These reversed profiles were surveyed at intervals 
of 100 feet along the cut lines except at locations where surface topography 
or the presence of rock outcrop indicated that the seismic method was not 
appropriate or not required. A number of short, single-ended profiles, were 
also completed to provide the biogeochemical team with overburden data at 
actual sampling sites where reversed profiles were unobtainable. 

Surface elevation vari es between 3, 035 feet at station 33 and 4, 065 
feet at seismic station 30. Horizontal and vertical survey control were 
supplied by the biogeochemical team. The control lines had been cut by Amax 
Exploration, Inc. through predominantly fir and some pine forest. These 
trees range up to two feet in diameter. 

The geology of the project area has been described in detail in the 
body of this report; a brief geological background to the seismic survey is 
included in this section. Till covers the lower part of the slopes as a result 
of glaciation; no till is present at higher elevation. The tops of the hills are 
generally exposed outcrop with talus down the slope intermingled with or cov
ered by a thin layer of soil. The central part of the project area is occupied 
by a granite plug in a quartz porphyry pluton which in turn is surrounded by 
Middle Jurassic sediments and volcanics of the Hazelton Group . 

A histogram of observed seismic velocity versus frequency of 
observation is depicted in Figure D-2. These velocities are as observed and 
are uncorrected for dip . The velocity of seismic energy through bedrock 
appears to be in excess of 9, 300 feet per second. It is difficult if not imposs
ible to make any correlation between seismic velocities and Pleistocene 
materials in this area due to a lack of data. 

Thickness of overburden varies from nil at several seismic stations 
to a thickness of about 50 feet beneath station 63. In general, the thickness 
of overburden is thin, that is less than 15 feet, and consists of a layer of 
humus overlying a mixture of unconsolidated glacial material and talus. The 
overburden is dry. Overburden thickness has been contoured in Figure D-3. 
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Figure D - 1. Seismic locations on cut line grid, Lucky Ship project, British 
Columbi a. 

The b e drock surface is identified w ith a seismic velocity in excess 
of 9, 300 feet per second . The mineralization of this prospect occurs in a 
z one concentric about a granitic plug. The contact between this plug and the 
surrounding quartz porphyry is well defined. Bedrock seismic velocities 
have been plotted at the seismic control points on a plan map of the area 
resulting in a contour suggesting the contact between the quartz porphyry and 
the surrounding Middle Jurassic sediments and volcanics. Figure D-3 also 
show s the areas of rock outcrop in the project area, the granitic plug as indi
cated on company maps and the contact between the quartz porphyry and the 
Middle Jurassic sediments and volcanics based upon seismic velocities. 
Velocities l e ss than 14, 500 feet per second have been correlated with the 
quart z porphyry while velocities greater than that value have been associated 
with the Middle Juras sic country rock. This contact contour corresponds 
very favourably with the boundary of the mineralized zone . A few anomalously 
low velocities within this area are probably due to the fine fracturing in the 
quartz porphyry into which the mineralization elements have been deposited. 
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Personal communication with T . Godfrey, Amax geologist , indi
cates that veloc ities in excess of 14, OOO feet per second were obse r ved for 
Middle Jurassic sediments and volcanics over a limit ed survey area about 
3 miles from this project site. 
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Figure D-3. Thickness of overburden, geological contacts, Lucky Ship, 
British Columbia. 

Cross-sections for the 5 control lines are not included in this 
report because such presentations were meaningless on a publication scale. 
The general thinness of overburden and the considerable topographic relief 
made such a presentation impractical. The basic and computed data are pre
sented in Table D-1; this table and Figure D-3 should be adequate for any 
further interpretation. 

There are no drillhole data available within the project area for 
correlation between seismic velocities and bedrock or overburden materials. 

Extremely good velocity contrasts between overburden and bedrock 
permit accurate determination of overburden thicknesses. Also the contrast 
in rate of transmission of seismic energy through the quartz porphyry and the 
surrounding Middle Juras sic sediments and volcanics permits the contact 
between these formations to be established fairly accurately. 
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