
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



ANALYTICAL AHD BIOGEOCHE1,IICAL 

S TUDIES OF TUNGSTEN 

ii. thesis 

presented in partial ful f ilraent of 

the requirements for the dec ree of 

l•Ias-t er of Science in Chemistry 

a t 

Hassey University 

BERTRAU FRANCIS QUIN 

1972 



11Knowinc; is not enouch 

We nust ai:)ply 

Willin3 is not enough 

We must, dott 

Goethe 

(ii) 



(iii) 

AB STRJ\CT 

Secti on I: Stu ~ies were carried out t o deternine the 

optimum conditions for the determin ation of t unc- sten with 

a large quart z emi ssion spectrograph . By naking use of 

silver chloride as a carrier, lar ge e lectrodes and t he 

29 47 A analysis line, soils a nd rocks containine as low 

as 10 ppm tungsten could be analys ed with reasonable 

r ep roducibility . Reliable r e sults were not achieved for 

p lant samples however, a nd the pr oductivity of t he method 

was very low. 

In view of these s hortcomings , the use of the 

dithiol colorimetric reagent for the analysis of tungsten 

was investiga ted, and a reliable procedure with a 

dete ction limit of O . 1 ppra and very high productivity was 

developed for the analysis of soi l s, rocks and vee;etation . 

Section II: Pot trials were carried out to investig a te 

the uptake of tungsten by young p lants of Nothofagus 

menziesii (silver beech). It was found that, although 

mos t of the tungsten taken up froo the soil remained in 

the roots, the concent rations of this element in the 

leaves, s teras and roots of the plants were al l re lated t o 

the tungsten concentration in the soil. 

Se c tion III : Bioge ochenical and geoc hemical inve stig ations 

were carried out in an area of t ung s ten mineralisa tion at 

Barryt own , We stland. The results of preliminary inve s ti 

gations showed that the levels of mang anese, tin and lead in 

the soil were associated with t he tungsten leve l, and may 

therefore be of possible use as p athf inders for t ungsten . 

An inve stig ation was carrie d out t o determine 

whether the concentration of tunGsten in plants could be 

used t o predict the concentra tions of this element in 

the soil . It was found that while shallow-rooting species 

such as tree -ferns could be successfully used to detect 

soil anomalies, the relationship between the levels of 



tungsten in soils and tree species was rather less 

distinct. Detailed study of trunk and soil samples 

indicated that this was caused lareely by variation in 

soil properties, particularly pH, which was found to 

affect the solubility of tungsten. 

(iv) 

Despite the unsuitability of trees for indicating 

concentrations of t ungsten in t he soil, it was found that 

tree-trunk analysis could be successfully used to locate 

tungsten-bearinG veins, without restriction in the 

number and types of species used. 
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GENERAL 

INTRODUCTION 



2 

The term biogeochemistry _was first used in 1922 by 

the Russian scientist Vernadsky, who defined it broadly as 

the study of the relationships between life, in all its forms, 

and the geological environment. Biogeochemical prospecting 

is the application of this concept to prospecting for minerals, 

by the chemical analysis of plant _ samples collected from 

suspected areas of mineralisation, and is based on the 

general presumption that an an~alous concentration of a 

metal in the substrate, hopefully caused by the presence of 

a valuable ore body, will result in an anomalous concentration 

of that element in the vegetation growing thereon. 

The first recorded use of biogeochemical prospecting 

was in 1936, when trial plant surveys carried out by 

Palmquist and Brundin of the Swedish Prospecting Company 

indicated the presence of abnormally high contents of tin 

and tungsten in Cornwall; and lead and zinc in Wales, in the 

leaves of trees and shrubs growing in soils containing large 

amounts of these metals. Unfortunately, apart from a patent 

covering the technique used (Brundin, 1939) very little of 

their work was published. 

In the years following this early work, there has 

been a great deal of biogeochemical research carried out, 

particularly in Russia, where understanding of the factors 

affecting the success of biogeochemical prospecting has 

progressed to the stage where all prospecting teams now have 

at least one biogeochemist included. 

Unfortunately, the same is not generally true of 

Western countries, largely due to a lack of close liaison 

between mining companies and university research groups. 

Much excellent biogeochemical research has failed to be 

applied to prospecting because of a lack of appreciation of, 

or interest in, the practical requirements of a prospecting 

method on the part of the scientist. On the other hand, 

many mining companies, for example in Australia, have tried 

biogeochemical prospecting for themselves, but because of 

insufficient study of the factors which can affect the 

success of the method, obtained poor results and rejected 

this type of mineral exploration~ If biogeochemical 



prospecting is to develop further, this situation must be 

rectified. 

3 

In New Zealand, most biogeochemical prospecting 

research has been based on the asswnption that the soi 1 

indicates what is in the bedrock, and arg~e s that if plant 

analysis can be used to indicc. t e what is in the soil, then 

plant sampling is to be p r eferred to soil sampling, because 

the samples are lighter and collection is faster, particularly 

in areas where the presence of thick layers of forest litter, 

humus - rich soil and t ree root s render soil sampling 

extremely slow (Brooks and Ly on , 1966). However time has 

proven that these advantages do not sufficiently outweigh the 

disadvantages such as the necessity for skilled samplers and 

the fact that, in many cases, before the concentration of a 

metal in the soil can be even approximately predicted from its 

concentration in the plant, several factors such as the soil 

pH and drainage must be taken i nto account. Although 

computerised mathematical techniques incorporating these 

factors, for example multiple regression analysis, can be 

used to improve the prediction of soil anomalies from plant 

data (Timperley, Brooks and Pet ersen, 1971), this puts 

biqgeochemical prospecting out of the . reach of small companies, 

requires still more skilled personnel, and severely reduces 

its speed advantages. 

It seems, therefore, that if biogeochemical prospecti~g 

is to be considered by Australasian mining companies as a 

worthwhile tool in the search for minerals, it must be 

demonst~ated that in certain geological, topographical and 

climatic environments, it can give more information than soil 

sampling. For example, the presence of deep soil or an 

unmineralised overburden, or the effect of leaching or soil 

creep, can all prevent the presence of mineralisation from 

being manifested in the upper soil ( from where soil samples 

are taken), or may produce a soil anomaly at some distance 

from the actual source. The extensive root systems of some 

tree species can reach and therefore "sample" deep soil and 

even bedrock thus pinpointing the exact position of ore bodies. 



Some work of this nature has been carried <;>ut in 

North America, and recently in Australia (Severne, 1972). 
For example, Keith (1968) by analysing the covering 

vegetation in the upper Mississippi valley district, 

successfully detected lead and zinc miner~lisation under 

4 

an overl;)urden of loess \there no. soil anomalies were obvious. 

However, where loess was absent, he found that a oil analysis 

gave better results t han plant analysis. Another example 

is provided by the work of Kleinhampl and Koteff ( 1966) who 

found that conifer samples indicated -µraniwn deposits at 

depths as great as '/0 feet. There is, however, very little 

published work dealing with the success of plant sampling in 

areas where, beca~se of factors such as high rainfall and 

rugged topography, leaching, soil creep and landsliding 

obscure the soil-bedrock relationship. 

The application of biogeochenical prospecting has also 

been hindered by the lack of suitable rapid methods of 

analysis for some metals. This has been particularly true 

for tungsten. Althoughprevi·ous workers have studied the 

tungsten content of plants in relation to biogeochemical 

prospecting (Pali;lquist and Brundin, I':npublisho.£17 

Kovalevsky 1966), the success of their investigations were 

severely limited by their method of analysis, naoely the 

emission spectiograph. This instrument, oesides being 

relatively slow in operation, is somewhat imprecise and nas 

a poor limit of detection for tungsten, particularly in 

samples of high alkali-metal content such as plant ash 

(Hi tche 11, 1964). 
Although the faster and more sensitive colorimetric 

methods for the deternination of tungsten in soils and rocks, 

using either thiocyanate o r toluene - . 3, 4 - dithiol ( di thiol) 

have been in use for some years (Ward, 1951; North, 1956), 
they had not been successfully applied to the analysis of 

vegetat -: ~ . ..,_ . The thiocyanate method of Aull and Kinard (1940) 

was too insen~itive for the determination of natural tungsten 

in vegetation, and the dithiol method of Allen and Hamilton 

(1952) was too slow and insensitive to be suitable for 

\ 

' 
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biogeochemical prospecting. There therefore existed a real 

need for a rapid, sensitive, a n d reproducible method for 

the determinat ion of tungsten in vegetation. 

This ne ed became apparent to me some months after 

the discovery in 1970 of tung s t en at Barrytown, 

We stland, by Carpentaria Exploration, whe n, with the 

kind permission and extensive assistance of that company, 

I began an investigation into the feasibility of 

biogeochemical prospecting for tung sten in the area. 

The area involved in the s t udy is shown in 

Fig. 0.1, ind consist s of a g ranite mass of approximately 

a square mile in area, which rises from an altitude of 

approximat ely 100v at its weste rn extremity to about 

1500v in the east, and is surrounded to the north, south 

and east by hornsfe ls and greywacke, and to the west by 

recentQJ.rficial deposits. The tungsten mineralisation a, 

approximately 98-99% scheelite and 1-2% wolframite, exists 

in a series of quartz veins containing discreet crystals 

up to¼" size and as scheelite disseminated in griesen 

veins and veinle ts up t o 2-3mm in thickness. The 

dimensions of the quartz veins are generally obscured, 

but appear to have a strike length of 100-200' with a 

maximum vein size of 0.7m, and tend to occur in swarms 

containing 10-40 veins over a width of 2-3m. 

The annual rainfall of the area is high, approximately 

110", with maximum and minimum monthly averages of 14" and 

4" in October and December respectively, and the leaching 

resulting from this, in combination with the granite 

parent rock, has produced a soil poor in nutrients and of 

low pH. The soil consists of a dark-brown humus-rich 

A horizon approximately 0.3m in depth, and lighter brown B 

horizon of extremely variable thickness and lower organic 

content. Both horizons contain many rock fragments. The 

vegetation is predominantly' . ,tlothofagus Jeruncata (hard 

beech) and Weimannia racemosa (kamahi), with increasing 

aDescription of mineralisation provided by Mr J. A. C. Painter, 
Party Leader, Hokitika, Carpentaria Exploration Co. Pty Ltd. 



49 E so 52 

77 N 

TASMAN SEA 

76 

75 

74 

73 

u 

Fig. 0.1. Map showing geology of Paparoa Range. 
After Bowen (1964). 
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dominance of ~othofagus menziesii (silver beech) at 

higher alt itude s, The pale-grey leached A
2 

soil horizon, 

characteristic of the mor- producing beech species, was 

observed in many flat te r areas. Chief secondary species 

include Quintinia acut i f olia and Myrsine salicina, and 

6 

much of the forest floor is covered in a dense growth of 

ferns such as the ubiquit ous Blechnum discolor (crown fern). 

The tree fe!'nS Cyathea medullaris (king fern) and 

Dicksonia sguarrosa (wheki) a r e common on stream banks, as 

wdre oany s~aller f6~ns such as the Blcchnum species. 

To conclude this e eneral introduction, the aims of 

this project may be summarise d broadly as follows: 

1. To develop rapid, sensitive and reproducible 

procedur es for the de t ermination of tung sten in vegetation, 

soils and rocks, in any concent ration, on a routine basis, 

2. To determine whether biog eochemical prospecting 

has any useful role to play in the detection and pinpointing 

of tungsten ore bodie s, and to compare its success with that 

of soil sampling, particularly in areas subject to leaching, 

soil creep and landsliding , 

3, To investigate some of the f actors which obscure 

the plant -substrate relationsh ip with r e spect to tungsten, 

to assist in the interpretation o f future field work. 



SECTION I 

DEVELOPMENT 

OF 

ANALYTICAL 

METHODS 
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A. INTRODUCTION 
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A literature survey carried out at the beginning of 

this work indicated that, of the methods in use for the 

determination of tungsten, only colorimetry, and possibly 
At 

emission spectrography;-~ad any likelihood of fulfilling 

the requirements of speed, sensitivity and reproducibility. 

The emission s pectrograph was developed into a 

quantitative analytical instrument in the late 1920 1 s 

through the work of Gerlach, Goldschmidt, and others. It 

had however a very poor sensitivity for tungsten, (for 

example, Donati (1927) gave a limit of detection of 100 ppm), 

and hence only ores and concentrates could be analyse d with 

reasonable accuracy, A figure of 69 ppm obtained for t he 

tungsten content of igneous rooks (Hevesy and Hobbie, 1933) .· 

was, even in these early days, considered to be too high. 

In later years, through the use of concentration techniques 

and carriers the limit of deteetion was lowered considerably. 

Because of this and because I had had previous experience 

with emission spect~ography, I decided to investigate the 

suitability of a •uart; optics instrument for the 

determination of tungsten in eoils, rocks and plant 

materials. 

In the early 1930's the colorimetric method for the 

determination of tungsten with thiocyanate was introduced 

(Feigl and Krumholi, 1932) and this and modified procedures 

(Fer 9 yanchich, 1934; Ferv yanchich, 1937) allowed for the 

determination of as little as 10 ~ .g tungsten, An improved 

thiocyanate procedure (Sandell, 1946) provided the first 

widely accepted figure for the abundance of tungsten in 

igneous rocks (1,5 ppm). However this improved sensitivity 

was obtained only through the use of complicated, time

consuming procedures. Also, several workers have criticised 

the thiocyanate method for its lack of precision and 

susceptibility to interferences (Norwit; and Codell, 1954; 

Wood and Clark, 1958; Hobart and Hurley, 1962), The very 

large number of publi~hed procechlres (in excess of seventy) 



would seem to substantiate these allegations. The 

thiocyanatc method, then, did not appear to be the r.10st 

suitable colorimetric method for the rapid determination 

of tung sten at low concentrations, 

9 

The early 1940 Vs saw the introduction of a r.1ore 

sensitive colorimetric 1:1ethod employing toluene -3, 4- di thiol, 

or dithiol (Hamence, 1940; Miller and Lowe, 1940). Later 

workers applied the method to the quantitative analysis of 

several specific types of material, and one of the most 

successful procedures for the analysis of soils was that 

of North (1956), which allowed for the determination of as 

little as 1 µg tungsten (4 ppm) at the rate of forty samples 

per day. ~ore rapid procedures were later developed 

(Bowden, 1964; Stanton, 1970). It appeared then that the 

dithiol method was raore likely to be suitable for t:10 rapid 

detennination of small amounts of tungsten in plants, soils 

and rocks, and therefore this method, rather than that 

using thiooyanate, was chosen for investigation, 

Finally a brie f investigation was made of the use 

of atomic absorption spectr.ophotometry, using n Tcchtron.AA5 

model. However while being eminently suitable for the 

rapid determination of low concentrations of r.iany metals, 

this method of analysis is unfortunately very insensitive 

for tungsten (approximately 100 ppm in t l:e original 

sample using the high - temperature nitrous oxide -

acetylene flame), Because of this very poor limit of 

detection, which is caused by the very refractory nature 

of its trioxide, atomic absorption spectrophotometry was 

not considered further, 

This eection, then, reports on the analytical 

procedures which were developed for the analysie of tungsten 

in plants, soils and rocks. 
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B. EHISSION SPECTROGRAPHY 

1, Review of exi s ting procedures 

Various r.iethods have been employed to improve the 

detection linit for tungsten below that of Donati (1927), 
who detected 100 ppm using an Si02 base, Scobie (1943) 
precipitated tungsten with hydrated Al

2
o

3 
by means of 

sodium bicarbonate, and achieve d a detection limit of 

2 ppm, but Wilson and Fieldes ( 1944) pointed out that this 

method was satisfactory only with low Al2o
3 

sample s, and 

preferred a precipitation of tungsten with tit aniUii1 by means 

o f t annin and antipyri~e, which gave a detection limit of 

0.7 ppm . However the time-consuming nature of these 

concentration procedures qakes them unsuitable for ge ochemical 

exploration programmes requiring rapid analysis. 

A detection linit o f 10 ppm without prior concentration 

was reported by Se rgecv (1947) who mounted carbon electrode~ 

above the s~mple, and once the arc was started and the rock 

powder melted, a naenet placed above the arc caused the 

vapour to diffuse upward and becoMe excited. Howeve r 

Kaufman and Derderian (1949) achieved a detection limit of 

5 ppm in low-grade ores without prior concentration.simp ly 

by ~ixing the specinen with twice its weight of AgCl, which 

s erves to volatilise tung sten rapidly. Because of the 

simplicity and potential rapidity of this procedure, it 

was decided to attenpt to apply it to the analysis of soils, 

roeks and plants. 

2. Apparatus 

The experir.1ents were carried out with a Hi leer ~7 42 

Lar g e Spectrograph with d.c. arc anode excitation and quart~ 

optics (reciprocal dispersion 12 K/rnm at 4000 i). 
A~cing was carried out in an atmosphere of 80% oxygen 

and 20% argon to reduce cyanogen emission and background 

(Cohen, 1969). 
An image of the arc was focussed on the slit via a 

quartz convex lens and the spectra were recorded on Ilford 

Zenith speotrographic plates developed for 4½ minutes in 
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in Kodak D 196 developer at 20°c. 

A Hilger densitoneter with galvoscale calibrated 

in B- values (Boswell and Brooks, 1965) was used for 

densitometry. 

3 . Preparation of standards 

Suitable soil/rock and plant ash bases ( ~litchell, 1964) 

were prepared by mixina together in an agate QOrtar 

HSpecpure 11 mixtures of Si02 63%, Al2o
3 

20~; Fe 2 o
3 

5%, 
CaO 2%, HgO 2%, Na 2co

3 
3.5%, K2so

4 
3.5% and Ti02 1% for the 

soil/rock base, and KH2Po
4 

20%, K
2
so

4 
20%, K2co

3 
20%, 

Si02 20%, Caco
3 

9.5%, IT a 2co
3 

5%, i1gO 5%, Al2o
3 

0.3% and 

Fe 2o
3 

0.2% f or the plant ash base. The nixtures were 

sintered overnight in a nuffle furnace a t 1100°c, then 

ground to a fine powder in an agate mortar . CaWOL1 was then 
< 

added to portions of the bases to g ive concentrations of 

3.16, 10, 31.6, 100, 316, 1000 ~nd 3160 ppn tungsten . 

After addition of the requi red proportion of carbon 

powder or carrier to a weighed portion of the sample, the 

mixture was loaded into graphite electrodes which were 

dried at 130°c for 2 hours before arcing . 

4. Preparation of samples 

(a) Rock and ore sar.1ples 

These were ground to pass 100 mesh and a weighed 

portion mixed with the required proportion of carbon powder 

or carrier before loading into electrodes. 

(b) Soil and strean sediment sanples 

These were air-dried, the 100 mesh fraction coll~ctect 

by dry-sieving , and a weighed portion cixed with the required 

proportion of carbon powder or carrier before loading into 

electrodes. After loading, any humus-rich soil samples 

were heated over a bunsen until all organic material was 

combusted. This was done to prevent the sample spit ting 

during arcing. 

( c) Plant sar.iples 

These were dried at 100°c for dry-weight recordings 
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before being ashed at 500°c in a nuffle-furnace. A 

weic;hed portion of the ash was -then r:1ixed with the required 

proportion of carbon powder or car r ier before loading 

into electrodes. 

5. Inprovei:ient of detection lioit 

(a) Investication of analysis line 

The nost sensitive tuncston lines are shown in 

Table I. 1 wi·ch their intensities and interfering lines 

( Hecgers ~ al, 1961; Ahrens and Taylor, 1961). 
Of t he high waveleng th lines, those at 4302.11 

Kand 4008 , 75 K are suitable only for the determination of 

tungsten in low-iron samples, because of the presence of 

interfering iron lines. The 4294 ,61 Kline is satisfactory 

for high-iron samples provided a high-dispersion grating 

spectrograph is used ( for example , Kaufman and Derderian, 

1949). However because the dispersion of the quartz 

spectrograph decreases with increasing wavelength, even 

the 0.48 X distance between the tungsten and iron lines, 

is sufficient to cause serious interference, and prevented 

the use of this analysis line. 

Of the low wavelength lines, that at 2944.40 A 
is unsuited for high-iron samples because of the presence 

of an iron line at exactly the same wavelength , The 

2551,35 A line, besides being less sensitive, also suffers 

slightly from iron interference. The line at 2896.45 X 
is rather less sensitive again and is unsuitable because of 

the presence of a close molybdenum line, an element that is 

often explored for jointly with tungsten. This leaves only 

the 2946.98 X line, which is fortunately fairly sensitive 

and virtually free from interference, the chromium line at 

2946.84 i being extremely faint. 

It is therefore concluded that the most satisfactory 

line for the determination of tungsten in high-iron samples 

with a quartz medium-dispersion spectrograph is that at 

2946.98 X. This line is not one of the commonest mentioned 

in the literature, but has been used by Wilson and Fieldes 

(1944) and Ivanova (1968). 
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Table I. 1 

Tungsten Analysis Lines 

w. lines Interfering lines 

A Intensity Element A Intensiti 

2551.35 280 Fe I 2551.09 6 

2896. 45 190 Cr II 2896.46 6 
Ho I 2896.44 3.5 

2944.40 300 Fe II 2944.40 3.5 

2946.98 300 Cr II 2946. 84 7 

4008.75 950 Fe I 4008 . 87 5 
Ti I 4-008 .93 80 

4294.6 1 450 Fe I fl.294 .13 14 
'l' . 
-1 II 4294 .12 12 

4302.11 240 Fe I 4302 .19 200 
Ca I 4302 . 53. 110 

I 
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(b) Investigation of electrode size 

Preliminary 0xperiments were carried out using a 

3 to 1 carbon p owder to soil/rock base mixture in standard 

size electrodes (cavity 6~~ deep and 1.5 mm diameter). 

These electrodes gave a detection lir.lit o f approxir.1ately 

100 ppm. Increasing the ratio of sample to carbon 

powder froo 1 to 3, to 1 to 2, resulted inly a sliCTht 

ir.iprovenent in the detection limit. 

Various sizes of electrodes were then experimented 

with, and it was f oun d that the largest size that did not 

suffer from sample spitting and uneven burns durinc arcing 

had a cavity 8 nm deep and 3 1:ir.1 diameter, and gave a 

detection limit of approxinately 50 ppm. Despite this 

improvement, the detection limit was still too low, and 

an attempt was made to iraprove it further by the uae of 

carriers. 

(c) Investigation of silver chloride as a carrier 

The addition of carrie r s can improve the detec·tion 

limit of some P.ietals by convertinc; ther.1 to volatile 

compounds. The P.1etal is . then vaporised nore quickly, and 

as less tine is required,for. arcing , b2\ckground re.diation 

is reduced, allowing lower concen-·:. rations of the netal to 

be detected. 

In most ce oloe;ical samples, tuncsten is usually 

fairly volatile durinc arcine; , because of the formation of 

wo
3

, which sublfr1es q u i ·~e easily (Ahrens and Taylor, 1961). 

However to prevent s pitt ing , it was necessary to mix the 

samples with 2 or 3 times their weicrht of carbon powder. 

Besides reducine the actual amount of sanplc in th~ 

electrode, this reduces the volatility of tungsten, 

probably by the formation of the refractory tungsten carbide. 

The effect of silver chloride on the volatility of tungsten w~s 
investigated using the 316 ppm soil/rock standard. A number 

of different combinations of silver chloride, standard and 

carbon powder were arced. Durine arcine, the photographic 

plate was racked every 5 seconds, so that the tungsten 

content of each 5 second interval could be determined. The 

results, plotted as percentage tungsten volatilised versus 
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time, are shown in Fig . I.1. The pure standard (Fig. I.1(a)) 

showed reasonably fast volatility, about 90% of the tungsten 

being volatilise d in 1½ minutes, compared to the 2 

minutes required to arc the sample to completion (although 

less time was required on the many occasions when part 

of the sample was e xpe lled from the electrode). When 

the standard was mixed with carbon powder, volatilisation 

of tungsten was markedly slower (Fig .I.1(b)), taking place 

largely i~ the later stage s of the arcing, in contrast to 

the previous case , indicating the formation of tungsten 

carbide. 

Whe n both silver chlor i de and carbon p owde r were 

added to the standard, there was an initial spurt of 

volatilisation (Fig . I.1(c) and (d)), followed by a slow 

rise. This indicates that the silver chloride does convert 

the tungsten into a more volatile compound, possibly wc16 , 
but in the presence of carbon powder some of the tungsten 

remains as the refractory tungsten carbide . The final 

samples, containing only silver chloride (Fig . I.1(e) and (f)), 

showed a rapid volatilisation, 98% of the tungsten being 

volatilised within 40 s e conds for the 2 tn 1 ratio of silver 

chloride to standard and within 70 seconds for the 1 to 1 

ratio. Besides exhibiting slightly lowe r volatilisation, 

the 1 to 1 ratio was prone to spitting, which the 2 to 1 

mixture was not, It was concluded therefor e that the 

optimum arcing mixture for tungsten was 2 parts of AgCl to 

one part of sample, using a 40 second arcing period, 

The arcing mixture having been chosen, a series of 

rock/soil and plant ash standards were arced. The standard 

curves are shown in Fig. I,2. The curve for the soil/rock 

standards gave a detection limit of 10 ppm, probably just 

adequate for the detection of anomalous tungsten 

concentrations in rocks, soils and stream sediments, 

The plant ash standards were however less intense, 

giving a detection limit of about 50 ppm, This is caused 

by the high alkali metal content of plant ash, which by 

lowering the temperature of the arc slows the volatilisation 

of tungsten. The plant ash - AgCl mixture was also prone To 
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spitting, The addition of carbon powder improved this, 

but resulted in an even poorer detection limit. However 

because of the relatively low iron content of plant ash 

(approximately 0.1 - 0.2%), this limit of detection could 

be improved to 30 - 35 ppm by using the more sensitive 

4294 ,61 ~ line. While this equalled the detection limit 

for tungsten in plant ash for the spectrog raph method used 

by Kovalevsky (1966)~the very small proportion of natural 

samples that had concentrations of tungsten higher than 

this forced the conclusion that the method was just not 

sufficiently sensitive. 

6 . Investigation of palladium as an internal standard 

The advantage of using an internal standard is that 

i t provides compensation for a variety of errors (Ahrens 

and Taylor, 1961). Often the basic cause of the error is 

difficult to control and may influence the intensity of 

line emission or dist urb the accurate measurement of the 

radiation that has bee n emitte d, In the first category are 

all those factors influencing arc temperature, such as 

change in composition of the arc gas and change in length 

of the arc column caused oy wandering of the cathode spot, 

In the s e cond category are wandering of the arc across the 

spe ctrograph slit, failur e to time the e xposure e xactly, 

and lack of uniformity in photog raphic development technique. 

Another advantage of internal standardisation is that it 

makes it unnecessary to weigh the specimen accurately, as 

only the ratio of the intensities of the internal standard 

and analysis element are important, 

Kaufman and Derderian (1949) avoided using an internal 

standard by running a set of standards on every plate (8 

samples and 4 standards per plate, each in triplicate). 

However as this is very time-consuming, the suitability of 

palladium as in internal standard was investigated. 

Sufficient palladium was added to the silver chloride 

so that its concentration in the analysis mixture was about 

100 ppm, The palladium line .at 3027. 91 A was ehoaen . for .. j.t2 

suitable intensity and lack of interference , Its potential 

as an internal standard for the determination of tungsten 
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was then examined with reference to the several factors 

summarised by Ahrens and Taylor (1961) which r.iust be 

considered when choosing an internal standard:-

Factor 

(i) If the internal s t andard ( i ) 
is t o be added, its con cen
tration in the analysis 
elements s h ould be 
negligibly low; 

(ii) The rates at which ( ii ) 
j_nternal standard and ana
lysis ele1:1ent volatilise 
should be very similar; 

(iii)Internal standard a n d (iii) 
analysis lines should have 
siailar excitation poten-
tials; 

(iv) The inter~al standard line (iv) 
should be free froo self
absori)tion; 

(v) Analysis and intern al (v) 
s t andard lines should be 
rouehly the sane waveleneth, 
so as to reduce errors 
that ~ight occur in ?hoto
eraphic ceasurement; 

Cor.rn1ent s 

Palladium was not 
detecte d in any of the 
samples from the study 
area (limit of detection 
10 ppr.1); 

The rates of palladiur.1 
volatilisation are 
included i n FiG,I,1. · It 
shows little variatior.i 
and is very similar to 
that for tungsten in the 
AeCl oixture chosen 
(Fic; .I.l(e)); 

Excitation potentials are 
sinilar, being approxi
mately 4 ev for palladium 
and 3.5 ev for tungsten; 

The palladium 3027.91 K 
line is free from self
absorption at a concen
tration of lOOppn; 
The wavelengths of the 
two lines are very close, 
beinG 2946,90 A for · 
tun~sten and 3027.91 A 
f or i)alladiur.i; 

(vi) I f the internal s t andard 
is added, it should be in 
a hiGh state of purity 

( vi) Palladium was added as 
extremely pure "Specpure" 
ar.u:1oniun palladate; 

with respect to the ele
r.1ents soue;ht ; 

(vii)The ionisation potential 
of t he internal standard 
and analysis eleraents 
should be sicilar; 

(viii)'i'he atomic weicht of the 
intern al standard and 
analysis elements should 
be sicilar, if either is 
a light elecent; 

(ix) If samples of widely var
iant matrices are to be 
analyse d , the internal 
standard and analysis 
lines should vary in a 
similar way with chanees in 
hlatrix. 

(vii) The ionisation potentials 
are very similar, being 
8. 33 for palladiur.1 and 
7.94 f or tunesten; 

(viii)Neither are light eleoents, 
palladium having an · 
atomic weight of 106.4 
and tunasten one of 
183.85; 

(ix) As all sanples were from 
a cranite (high Si0

2
)· area, 

changes in matrix did 
not have to be considered. 
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As a result of this exanination, it was concluded 

that palladiuo was ideally s~ited as an internal standard 

for tune;stcn. Although palladium has been used extensively 

as an intor~al standard for rnany other elements, to the 

author 1 s knowlcdce i t has not, i_) reviously been used for 

tuncsten, probably because, in the absence of silver 

chloride, it; volatilises r:10re slowly than palladiuo . Other 

eler,.1ent s that have been used as int ernal standa:rds for 

tunc sten _includc . silicon (as Si02, Ahrens 1943), cobalt 

{1aikl:ibaw;i, 1939), and nickel (Ncdler, 19/:.0). 

7. ~eproducibility and precision tests 

Table I. i shows the results of replicat e analyses 

o f natural rock, soil and plant saaplcs, and backerou~d 

saoples containinc added tungsten. 

7hc precision and.reproducibility of the rock and soil 

analysis is satisfactory, being less than 15% above 50 ppc. 

However replic~te analyses of p lant ash sanples were 

unsatisfac tory , part ly due to coononly-occurPinc uneven 

burninc a nd opittinc durinc arcinc (in non carbon powder 

sanples). A further problen with plant ash that was very 

difficult t o overco~e was the error caused by the lar3e 

variation in alkali netal content between plant species, 

and even within a p articular species, Although the internal 

standard co1:1pensated for ·chis to sor.1e extent, it did lead 

to Greater error. 1'::ultiple analysis of each saoplc 

allowed r.10re accurate deter1:lination but decreased the 

speed of analysis. 

In conclusion then, it i,$ considered that. the 

cethod develo~ed has a just-adequate sensitivity , and 

satisfactory reproducibility, 

tungsten in soils a~d rocks, 

lir.1it for plant ash, coupled 

for the deternination o f 

However the poor detection 

with the lack of reproducibility, 

cakes this nethod rather less than ideal for the analysis 

of tunes:ten in vegetation. 



Table I.2 

Reproducibility a nd ~ccovery Tests 

Sa1:1ple Nunber of Spread I-:e a n 
Deter1~1il1 a ·t ions 

Soil 5 22-37 28 

Soil 5 54-69 60 

Soil 5 290-360 330 

Soil( 200 P;?D added) 5 180-230 210 

Rock 5 2000-2450 2310 

Plant 5 /:.0~110 72 

P lan~(1001~m added) 5 60-120 83 

19 

Coefficient of 
Variation( %) 

24 . 3 

14. 7 

10,1 

13,3 

11.7 

49.2 

35.6 



8. Final spectroflra2hic operatin~ condit ions 

Table I-3 Gives the f inal conditions choocn. 

20 

1\.pp1·oximately 150 sanples, mainly soils, a nd a 

few rocks and plant s, we re a nalysed usin~ the above 

conditions. Ab out 2 5 sai;1ples could be a nalysed per ma n 

day. 7in a nd molybdenum, whic h are both very sensitive 

by eraission spectrocraphy , were also de t ermined in a large 

proportion o f the soil samples (analy s io lines 2839.99 h 
a nd 3170.35 K respectively ). 

9. Conclusion 

Because of the unsuitability o f emission 

spect roaraphy for the determination of low concent r a ti on s 

o f t u nc;s ten in pla nt ash, and bec c;iuse o f the time-con suminc; 

nature of this method of a n aly s i s, a n investiGation, 

described ir: "the neJ~t 
.,_ . sec1.,1.on, was carried out to de~ermine 

the suitability of dit!lio l f o r the r apid analy sis o f small 

con centr ations of t ungsten . 



Table I.3 

Spectrographic Operating Conditions 

Excitation 

Electrodes 

Anod~ 

Johnson - Matthey graphite 

21 

( cavity 8mm deep x 3 mri1 diameter) 

Sample Matrix 

Internal standard 

Arc g ap 

Gas 

Optical system 

Current 

Exposure 

Slit width 

Slit lengtr: 

Wave length rane;e 

Photographic plates 

2 p arts silver c hloride to 1 part 
sample 

Palladiuu ( 100 ppr.1) 

4 mn 

20% a r gon/80% oxyc en 

Image o f arc focussed at slit with 
F958 convex quart z lens 

7 A d .c. 

40 seconds 

0.015 mm 
12 mr.1 

2800-5000 1 
Il:fo:Pd Zenith 

Phot ographic processi~g 4½ minutes at 20°c in Kodak 19b 
Developer 

Analysis line s Palladium 3027.91 K 
'.i'ungsten 2946.98 X 
I,]:olyb denw,1 3170.35 A 
Tin 2839.99 K 
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C. COLORHIETRY 

1. Review of existing procedures 

The term Udithiol 0 was first a pplied t o toluene -3, 

4 -dithiol by Clark (193 7 ), who used it as a reagent f or 

tin, with whic h it forms a red cor.iplex. I n 1940 Hamence 

reported ·the u se of the c om:._ wund a s a :i"ea e;ent for the 

detection of tun3"sten and moly½denum , with whic h it forms 

blue-green a nd yel low-g reen complexes Pe s pe c tive l y . At 

the same time it s reac ti on s were under investigation by 

r:i ller a nd Lowe ( 1940) f o r the a nalysis of the t a ntalum 

a nd tungsten eroup s of the Noye s a nd Bra y quali t a tive 

scheme, riil le r ( 1941) f ound tha t rheniur.1 also f orms a 

green complex with dithiol. Later ( Hil l er , 19 43), s he 

s tressed the importance of the reagent for detecting tungsten 

i n the presence of large amounts o f alw:i.inium, beryllifil1, 

chromiw:1 , uranium, vanadium, zin c and phosphate, a nd 

reported the possible use o f the reagent for quant itative 

measurement of t ungsten, by dissolving the first-formed 

pre cipita te o f t ungsten , - dithiol in n - butyl ace t a te 

which g ave a detecti on limit a 1 fA rz . 
For the detection o f tung s ten in the presen ce of 

molybdenwi1, Har.1ence ( 19 40) reco1:l.filended the prior rer.10val 

o f oolybdenurn by ~recipitation with hydrogen sulphide. 

Howeve r 1:liller ( 1944) reported tha t a pre liminary reduction 

with tin (II) c h loride suppresses the reactions of 

r.10lybdenum and rhenium with d iti~i o l without affecting its 

reaction with tungsten, a n d recomr.1ended the developraent of 

t he test for the quant itative analysis of tungsten. 

Specific procedures for the quantitative determination 

of t ungsten in various types of material were soon forth

coming . Following the report o f Wells and Pemberton (1947) 

that cold, dilute hydrochloric acid solutions favour the 

formation of the molybdenum-dithiol complex, and that the 

complex could be extract ed into a:nyl acetate, Bag s hawe and 

Truman (1947) employed this procedure in their method for 

the determination of tungsten in steel. Once the molybdenum 

had been reri1oved from the sample solution, the tungsten 



complex was extracted from ·t!~e hot stronc; ly-acidi f ied 

solution. 
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Bickf ord et _tl ( 1948) determined tungsten and 

molybdenum in ~harrnaceutical products by firstly addinc 

c itra te to suppress the react ion of t unc sten with dithiol 

in s ulphuric acid solut ion , du::,i:-1.g the production and 

rer1 ov al of the molybdenu.n crn.11::> lex, t hen de composinc the 

c itra t;e by d i g estior.. with s u lphuric ac i d before estimation 

o f the tung sten . 

Allen a n d Hami 1-l;on ( 19 5 2) deter1:.ined molybdenum and 

tungsten in biolog ical ma terials using a long a nd involved 

~rocedure incorpor a tinE the extraction of the cupferrate 

cor:1plexes of ·the two metals, followed by precipitation and 

extracti on of the r.10ly!:>denun - a nd tungsten - dithiol 

comp l exe s respective l y . 

One of the fir s t wor~ers to apply the dithiol test 

~o the ~na lysi s of t unGsten a n d colybdenura in ge ochemical 

sanp les was P . G. Je ffe ry. In his raethod for the analysis 

o f ailicate rocks ( Je ffe ry, 1956), fusi on with sodim1 

hydroxide under oxidisine; con diti on.s w.a use d t o extract the 

elements as the soluble tunc s t a te and molybda te respectively. 

Silica was removed by eva p orat ion of the alkaline solution 

with hydrochlor i c acid, and t he cor.iplexe s o f the t wo metals 

wi ·ti1 C< -benzoinoxi1i1e were then extrac·ccd . lvhen the elcr.1ents 

were present in sioilar prop ortions, the ir dithiol complexes 

a re forned in the acid soluti on a nd extracted together into 

light petrolewn f or photomet r ic mcasurer.1ent a t 630 nm (tung sten) 

and 680 nm (1~10lybdenur.i). If the proportion o f either 

element gre a t ly exceeded that of the other, the procedure of 

Allen and Ha1:1i lton ( 194.8 ) was applied f o:c t h e separation of· 

.r.1olybdenum from tungsten . 

In the same year North (1956) published his very 

successful field methods for the determination of tungsten 

and molybdenum in soils . The soils were fused with a 

modified low-temperature ca~bonate flux, the milts were 

leached with water, and aliquots of the aqueous extracts 

used for the determinations. At high temperatures (about 
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100°c) the blue-green tungsten-dithiol complex is 

extracted selectively into isoamyl acetate from concentrated 

hydrochloric acid solutions containing tin (II) chloride, 

whic h prevent s the formation of the nolybdenun complex. 

At low temperatures (20-25°c), the yellow-green molybdenum

dithiol complex is extracted selectively into isoamyl 

ace tate from dilute hydrochloric acid solutions. After 

the isoamyl acetate has volatilised down to a small globule, 

kerosene was added and the colour of the organic phase 

compared visually with a series of standards. 

This method, which allows for the determination of 

4-400 ppm tung sten and 1-100 ppm molybdenum in soils 

(greater amounts of both may be determined after dilution), 

has reasonable sensitivity and rap idity (40 samples per 

day), and as a result, has served as the basis for most 

subsequent dithiol procedures for the determination of 

tung sten and molybdenum in geocheoical samples, most of 

which have been speci f ically for either tungsten or 

nolybdenum. ~:odified procedures for the deterraination of 

tung sten in geochenical samples include that of Bowden (1964) 

who criticise d North's use of a solution of dithiol in 

isoamyl acetate,preferring the addition of dithiol as an 

aqueous, alkaline solution (after Jeffery, 1956), and 

subsequent extraction of the tungsten complex into an 

organi c phase for conparison wi t h standards, Stanton 

(1970) criticised North's alkaline fusion, preferring the 

use of potassium hydrogen sulphate, and, also using 4n 

aqueous dithiol solution, streamlined the technique to 

allow the analysis of 100 samples per day. 

However, despite the abundance of published 

procedures for the determination of tungsten in many types 

of materials, the only published method which was applic&ble 

to the analysis of vegetation is that of Allen and 

Hamilton (1948), whose method, besides being very slow, was 

designed only for the determination of tungsten in the 

range 10-30µg, and is therefore totally unsuitable.for the 

needs of biogeochemical prospectine, which would require a 

rapid method with a detection limit preferably as low as 
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1 ppm in ashed vegetation. 

Besides the need for a suitable method for the 

determination of tunesten in vegetation, there was definitely 

room for improvement in the existing procedures for the 

analysis of g eochemical sanples. As the abundance of 

tunesten in many rocks and soils is only 1-2 ppm (Hawkes 

and Webb, 1961), an analytical method should ideally be 

able to detect concentrations of tungsten at least down 

to this level. However of the existing procedures with 

sufficient rapidity for the needs of modern geochemical 

prospecting, none are capable of detecting tungsten at 

these concentrations. 

In conclusion, the ain of this section was to 

develop rapid and reproducible procedures for the 

determination of as little as 1 ppm tungsten in plants 

and geochemical samples. 

2. Development of the method 

In general terms, the three major points requiring 

i nvestig ation were (i) preparation and decomposition of 

t he sample, (ii) formation and extraction of the tungsten -

dithiol complex, and (iii) elimination of interferences. 

(a) Preliminary treatment 

On ~rrival in the laboratory, plant samples were 

removed from their plastic bag containers and dried 

overnight at 100°c in paper bags. 

Although soil contamination is a poosible source of 

er~or in plant an•lysis (Mitchell, 1960) this was assumed 

to be of very minor importance in the aI"ea surveyed since 

there was little exposed soil, a dense vegetation canopy 

and a relatively high rainfall. Generally howovcr, plants 

aaoplos wcro given ··a prelicinary washing. 

Soil samples were removed from their pla~tic bag 

containers and air-dried. A light crushing was generally 

necessary to separate aggregated particles. The desired 

size f•action was then removed by dry sieving with a nylon 

mesh sieve. 
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Steru~ sediment saaples were also sieved after air

dryine,-, while rock samples were e;round to pass a 100 
mesh sieve, 

(b) Ashing of vegetation 

For colorimetric analysis, it is necessary for the 

sample to be in solution and for plant samples there are 

two main ways of achieving this: 

(i) dry ashing at 430° to 500°c in a muffle 

f urnace, and 

(ii) wet ashing with mixtures of concentrated 

pemltlori~ nitric and sulphuric acids at approxiaately 

100° (Allen and Hamilton, 1952). 
The choice between these two methods depends on the 

volatility of the eleoent concerned. For exacple, if 

volatile metals such as arsenic, selenium or mercury are 

to be determined, it is necessary to use the wet method 

since these met als are all vaporised to varying extents 

at dry ashing temperatures. Other less volatile metals such 

as lead, zinc and cadmium can also be partly lost during 

dry ashine- (i~itchell, 1964), 
Tune sten however is one of the least volatile metals, 

having a boiling point of approximately 5900°c. Similarly, 

none of its compounds that could conceivably be formed in 

plant ash during dry ashing, for exam~le wo
3 

and wc 2 , are 

at all volatile at 500°c, 

In view of this, the dry ashing method at 500°c was 

adopted in preference to the wet ashing procedure, Dry ashing 

also has the advantages that fewer steps are involved, no 

supervision is required during the period of ashing, and 

there is no danger of contamination. At 500°c, the ashing 

~eriod was shorter and the ash wils less adhesive than when 
0 

a temperature of 450 C was used. 

(c) Decomposition of geochemical samples 

The most commonly used methods of decomposing a 

saaple fall into three categories: alkaline fusion, acid 

fusion and acid digestion. The choice of sample attack for 

a specific element is governed by the efficiency with which 
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it converts that element int o a reacting soluble compound 

and by its amenability to the conditions required by 

subsequent treatment . All three types have been used in 

procedures for the determination of tungsten in geochemical 

samp les. 

Jeffery (1 956) used an alkaline fusion with sodium 

hydroxide and nitrate in nickel crucibles for the 

decomposition of silicate rocks. However North ( 19 56 ) 

reported poor recoverie s of tun~sten using this method , 

possibly owine to its occlusion in the leached residue , 

which cont a ined a considerable amount of nicke l from the 

crucibles . 

Wa r d (1951) used another alkaline fusion, consisting 

of e qua l amounts of sodium carbonate and potassium nitra te 

in his thioc yanate method for tungsten , but North (195 6) 

p ointed out that this was unsatisfactory for the dithiol 

method because the larcc a mount of nitri te pr oduced by 

reduction of the nit rate, decomposed the reagent . This 

author preferred the u s e of a flux containing five parts 

by weight of sodium ca r bonate, four parts of so dium chloride , 

and one part of potassium nitrate . The so dium chloride 

present served to lower the f usion temperature of the flux , 

so facilit ating fusion in nickel crucibles over camping 

stoves u s ed in the field . This fusion mixture was later 

used . by Bowden (1 964), who f ound Pyrex borosilicate t e st 

t ubes t o be satisfac·cory for the purpose. 

An acid fusion with potassiuo hy drogen sulphate was 

recommended by St ant on (19 70), who showed it t o be more 

effective than the alkaline fusion of North (1956). In view 

of this, i t was decided to investigate the suitability of 

this method of fusion. 

AlthouGh acid digestion, f or example with mixtures 

of nitric a nd hydrofluor~e;, nitric and perchloric., or perchloric 

and hydrofluoric should all b e as effective as acid fusion, 

the method has sone disadvantaees. The use of hydrofluoric 

acid necessitate.~ the use of p olypropylene beakers (they 

all of cour se require the use o f an effective fuoe-cupboard), 

and an acid digestion generally takes an hour or more 



compared to a few minutes for a fusion. Finally, the 

cost of cher:iica ls per analysis is considerably hiCTher 

f or digesti on than for fusi on . 

J\11 the methods o f decompositi on have the common 

effect ( more complete in some cases than in others ) 

of releas ing the very stable tungstate anion 

insoluble forms in the sample (e. c . as CalvOtl, 
( 

i n the s ilicate-lattice), thus permitting its 

durinc; the acid extraction which f ollows. 

fr om its 

F 2'WOtl or 
' removal 

Stanton (19 70) used a r a tio o f four parts o f 

potassium hydrogen s ... , lphate to one part o f sanple . .11.n 

investigation was carried out to determine whether t his 

was in fact the optimun r a tio for all concentra ti ons o f 
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tungsten . The results ( Ficure I.3) show the ppm tungsten 

extrac ted witi.1 increase in KHSO 
4 

for three samples of 

di f ferent tungsten conc entrations. 

For all three saoples , the aaount necessary t o 

extrac t the maximum amount of tune;sten fr om a 0.2g 

s ample is 1. 0G, or a ratio of five t o one. 

In sar:iples l. a nd B, the tunc_: sten decreases wit,h 

further increase in the r a tio. This effect, not reported 

by Stanton (1970), indicate s tha t e xcess KHSO~ interfe res 
' with the re action o f tungstate with dith iol, possibly 

by the formation o f undissociated K2wo
4
ia the concen-tra ted 

hydr och lor ic acid leachine solut ion. 

Saap le C, because of i t s very h i ch t unCT s ten 

concen tration, was analysed by taking only a 100µ1 aliquot 

of the samp le solut ion. There was therefore too litt le 

KHS0
4 

present t 9 interfere with the forma t ion o f the tungstep

dithiol complex, and this is borne out by the absence of 

a downward trend . 
0 A muffle - furnace fusion temperature of 575 C was 

found t o be ve ry effective for promot.inG rapid decomposit ion 

o f the sample, and allowed test-tubes t o be re-used 15-20 

times before becomine:; very brittle. 

Sanples capable of passinc through a 100 mesh sieve 

were generally used, and c rindine down to a finer size did 
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not increase the.result obtained. Particle sizes larger 
than 100 mesh required a prop ortionately longer period 

of fusi on. 

Table I.~- shows the result s of some analyses after 

deconposition by three methods. The alka line fusion of 

North ( 19 56 ) shows consis tently lower values than the 

acid fusi on a nd dicestion cethods, which cave excellent 

agreenent , It was therefore concluded that the most 

effective method of rapidly decomposing geochemical 

sar.1plcs was a fusion with five parts of ICHSO 
4 

to one 

pa:r-t o f sami)le . 

(d) Extraction of water-soluble tungsten in soils 

A method f or the determinatio~ of water-soluble 

tungsten in soils was developed to cive some idea of what 

prop ortion of the t otal tungsten in the soil was available 

to the plan ·c . 

Due to variations in the uptake mechanisms o f 

different species, and . in the physical and c~enical 

proper~ies o f the soil, any method of extraction will cive 

at best only an approximate indica t ion of the proportion 

of a r:-iiperal that is available to t he plant at any one time. 

ifowever, because the · clay bi..1ding ai.,d prccipi tation of tungstate 

decreases wit h pH (Renney and Rhoads, 1966 ) it was 

considered that the determina tion of water-soluble tungsten 

would give a nore accurate indication of natural 
17 available 11 tuncsten than extraction with solutions such as 

a1JQooiuc ac~tate, acetic acid, disodium ethyleriedia1"line 

tetraacetate, or dilute hydrochloric acid, all of which 

control the pH o:f t~1e sample being extracted. 

1'later-soluble tungsten was deterr.iined by mixinc 

1 g of soil wi~h 10 cm3 of deionised water in glass vials 

for up to 20 hours. Fie;ure I.4 shows the ppm tungsten 

extracted from four soils. In all cases, 10 hours were 

sufficient to achieve gre~ter than 90% extraction. 

After centrifur;ine, the solution was filtered through 

Whatman No. 42 filter paper. The filtrate was then heated 
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Table I. 4 

Comparison of results from different methods of decomposition 

Sample Concentration of tungsten {e12°2 
J\lkaline fusion Acid fu sion Acid digestion 

A 110 1 40 145 

B 115 130 130 

C 25 31 30 

D 7 15 15 

E 95 125 115 

F 250 260 270 
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to dryness to permit the residue to be dissolved in the 

concentrated hydrochloric acid solution nec essary for the 

subsequent colorimetr ic determination of tungsten. 

Due to the humus - rich nature of the soils, some 

org anic matter was also extracted. As this interfered with 

the colorimetric measurement b y producing a yellow colour 

in the organic solve nt , it was necessary to remove it by 

means of a qu i ck ashing once the samples had been taken 

t o dryness. 

(e) Paramet ers affecting the formation and 

ex-traction of the complex 

(i) The nature of the dithiol solvent 

In most previous procedures, the dithiol is added to 

the solution conta in ing the tungsten to be determined in 

one of two ways. The first involves t he addition of dithiol 

(or its z inc derivative) as an aqueous alkaline solution 

(Jeffery, 1956; Bowden, 1964; Stanton, 1970). The tungsten

dithiol complex is t~erefore f ormed in the aqueous layer 

and extracted subsequent ly into an organic solvent such as 

petroleum spirit for colorimetric determination . 

The second type involves the addition of dithiol as 

a solution in isoamyl acetate (North, 1956). Formation and 

extraction of the tung s ten-dithiol complex takes place 

simultaneously during a period of heating , which reduces the 

organic layer to a small g lobule containing the complex. 

This g lobule is dissolved in petroleum spirit for colorimetric 

determination . 

The former method has the advant a ge of being faster, 

tbe formation of the tungsten-dithiol complex being rapid in 

aqueous solution, whereas in .the latter method the reaction 

can only take place a t the aqueous-org anic layer interface and 

is slower as a result , However tl}ere seems no doubt that 

when the dithiol is added as an aqueous solution, either 

f ormation or extraction of the complex, or both, are 

incomplete. 

Table I. 5 shows the absorbance at 630 nm resulting 

from the addition of the two types of dithiol solution to a 



Tab l e I. 5 

Comparison of absorbances from 10 !.t.G t ung s ten using 
different dithiol s~lutions 

Aqueous dithiol soluti on 

0.261 
o. 2 48 
0.230 
0.228 
0,272 

Average O. 248 

Solution of dithiol in 
isoaI!1yl acetate 

0.312 
0,31 8 
0 . 320 
0,310 
0.310 

/1verage O. 314 

32 
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solution containing lO i: g of tungsten. The lower absorbance 

and inferior reproducibilit y achieved using the aqueous 

dithiol solution can only be due t o incomplete formati on 

and/or extraction of the tungsten-dithiol complex. 

A factor that could cause i~cornplete- formati on 

o f the complex is tha t -the t i n ( IV) present in the 

solution (from the oxidation o f tin (II))can form 

tin (IV)-di t hiol, thereby competing with tungsten for 

the dithiol p r esent . When the dithiol is added as a 

solution in isoamy l acetate this problem does n ot arise, 

as the tin-dithiol complex is insoluble in this solvent. 

Incomplete extraction may be caused by t he use of 

petroleum spirit as an extractant, whereas in North 7 s 

method the pet roleur.1 spirit 10: udclcd ... 6nlY, <lnce· _the cor.1plex 

formation and extraction has been completed using the 

more effective isoamyl acet ate. 

(ii) Lengti1 and temperature of heating 

Tungsten is extracted raore rapidly into isoamyl 

acetate at hig her tempe ratures. During heat ing the solvent 

is e radually volatilised down t o a small g lobule. Although 

more isoamyl acetate may be added after coolinc for 

colorirne~ric determination, it is preferable to use 

petroleum spirit f or this purpose. Besides bcinG less 

expensive, it has a weaker odour and, because of its lower 

volatility, saraples may be left f or a longer period before 

absorbance measurement. 

If volatilisation of the isoamyl acetate is t oo 

rapid during heating, extraction of tungsten may not be 

completed, North (1956) using 150 x 16 mm test-tubes 

reported that O. 5 c r.13 of isoamyl acetate was reduced to a 

elobule in 15 minutes at 100°c. Even with constant shaking 

it is doubtful t hat complete extraction was achieved in 

this short time, and this is probably partly responsible 

for the poor reproducibility _of North 9 s procedure. 

In this investig ation, 1 c i:: 3 of dithiol was 

volatilised down to a globule in 45 minutes at 85°c in 

a 115 x 25 mm test-tube, but extraction of 10 ·;.,. g tungsten 
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was only 80% complete after this time, and further heating 

did not complete the extraction. Complete extraction was 

obtained with 150 x 16 r.un and 150 x 12 mm test-tubes, in 

which averaee volatilisation times were 3 and 5 hours 

respectively for 1cm3 of isoamyl acetate. At temperatures 

above 90°c , freqLe.ent rapid volatilisation prevented complete 

extraction. 

This reaction time, althoug h long compared to 

procedures using an aqueous dithiol solution, does not 

affect the produc tivity of the method as the reaction is 

carried out overnight in a water-bath fitted with a constant-

filling device. For this reason the smaller size of 

test - tube ( 150 x 12 nun) was chosen to allow grG1ater numbers 

of samples to be treated at once, 

Figure I.5 shows the colour development with time 

from 10,~ g tungsten in 150 x 12 nun test-tubes. Once 

extraction is complete, further heating for up to a week has 

no effect on the result, the tungsten-dithiol complex being 

very stable. 

Althouch faster formation of the complex can be 

achieved by shaking the sample continuously, the overnig ht 

heating makes this unnecessary . 

3esides ensurinc- a complete extraction, a long 

reaction time allows the use of old dithiol solutions. After 

a period of weeks, or months if stored cool, the solution 

develops a pale green colour caused by oxidation products 

of dithiol. This colour can mask low tungsten values, and 

has been a prime reason for the preference of some workers 

for the aqueous dithiol solution, which is said to be more 

stable (Bowden, 1964). However during the long period o f 

heating used in the procedure developed in this project, the 

dithiol solution is in cont act with the reducing solution. 

This results in the complete removal of the interfering 

colour, either by reduction or volatilisation (Figure I.S), 

and removes the necessity t o make up fresh solutions at 

frequent intervals. 
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(iii) Acidity of the sample solution 

As pointed out by Chan and Riley (1966), the 

foru ation and extraction of the tungsten-dithiol complex 

may be carried out in either (a) a hot strongly acidic 

raedium in the presence of powerful reducing agents such as 

tin (II) chloride, or (b) in a hot weakly acidic medium. 

No explanation of this behaviour has previously been 

advanced, however . 

Fig ure I.6 shows the results of an investigation 

into the effect of acid streng th on the formation and 

extraction of the tung s t en-dithiol complex, in the presence 

and absence of 10% tin ( II) chloride ( W/V). The low 

recovery of tungsten in the less acidic solutions of tin 

( II) chloride is associated with t he formation of a pink 

precipitate of tin dithiol at the aqueous-organic layer 

interface. As ·tin (r:r) is stable in concentrated hydro-

chloric acid, beine air-oxidised to tin (IV) only in less 

acidic solutions, this su[;gests that only tin ( IV) f orr.1s 

a di~hiol complex, and not, as stated by St ary (1964), 

tin (II). 

Further evidence in support of this given b y the 

fact that the addition of a stannic coopound to dilute 

hydroc hloric acid re.salts in a red precipitate immediately 

after dithiol is added. 

This does not occur in concentrated hydrochloric acid 

however, and hence there is no danger of the tin (IV) 

formed by the reduction of iron (III) consuming the dithiol, 

provided the acid strength is maintained. 

I n the absence of tin (II) chloride, complete 

ext raction is attained up to a hycrochloric acid concentration 

of 4 ~ (Figure I.6), the percentage recovery decreasing 

with further increase in molarity. A possible explanation 

for this is as follows. Normally, the tungsten is present 

as the stable tungs t ate anion, the oxygen being lost only 

when it reacts with the dithiol. However as the acid 

concentration is increased, so also is the chloride ion 

concentration, and eventually the tuncsten would be more 
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stable as a chloro species, such as wc1
5

(H20) or wc16 , 

rather than tungstate or tungsten-dithiol . 

In the presence of tin (II) chloride, these chloro 

complexes wou ld not form, as the tin (II) chlor ide species 

would have a much greater attract ion for the chloride ions, 

according t o the reaction 
- ~ SnC1

2 
+ 2Cl , 2-

SnCl L1 .. ; 

and hence complete extract ion o f tun~sten is achieved . 

Of the t,wo alternative solutions in wl1ich complete 

extraction of tunesten is obt ained , the hot strone ly 

acidic tin (II) chloride soluti on was c hos en because 

(a) tin (II) c hlori de suppresses the fornation of the 

interfering molybdenum-dithiol complex (see next section), 

thereby neGating the need for a time -consuraing s ep aration, 

and (b) tests showed that the presenc e of iron (III) 

(which tin (II) reduces to Fe (II)), decreases the 

solubili~y of the g lobule in petroleum spirit, and imparts 

a ye llow c olour into the organic phase . 

By carryine out the leaching of c;e ochemical samples 

after fusi on with 10 M hydrochloric acid, t~e acid 

concentra t,i on is raaintained a t ti:.is level when the 5cm3 

aliquot is added to the tin (II) chloride solution, thereby 

ensuring the stability of the reducing a gent and preventing 

the formation of tin (IV)-dithiol. 

(f) Elimination o f interferences 

Althouah nany metals form dithiol complexes 

(Clark, 1958 ), by taking advantage of the wide differences 

in the solubilities an d conditions of f ormation o f the 

complexes, inte:--ference from most metals is conp letely 

avoided. 
Hany of t!re metals which form dithiol coraplexes 

are g eochemically rare, for exar.1ple rhenium (0.005 ppm), 

mercury (0.08 ppm), platinur.1 (0.01 pprii), palladium (0.01 ppc), 

and osr.lium ( 6. 00 5 ppm). 

from Mason , 1964). 

(Figures for crustal abundances 

Metals which seriously interfere with earlier 

procedures include tin, copper, iron and molybdenum. 



Interference from tin is prevented by the use of 

10 K hycrochloric acid as described in the previous 

s oction. 
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Large ai,10unts of copper can resul~ in the forr.1.ation 

of a black copper-dithio l coDplex . However the use of 

stannous chloride erea tly suppresses its forraation, as 

does the use of a solu-tion o:: dithiol in isoar.1yl acetate , 

as ·Lhe cor.1p l ex is insoluble in this sol vent . The procedure 

developed the ref ore has a r,mch g reater resistance to copper 

in-cerference than do procedures usi:1c an aqueous dithiol 

solution (:for exar.1ple, Bowden, 19 6~. ; Stanton, 1970). 
Laree amounts of iron can interfere, both because 

of the yellow colour of the f erric ion and by the f orr.1at,ion 

of the black iron-dithiol complex . However stannous 

chloride reduces the ferric .ion and suppresses the f ornation 

of the dithiol conplex, which is also, like the copper 

coaplex , insoluble in ieoaoyl acetate. 

In samples of very hic h iron or co~per content 

( c reater than 10 %), some of the black complex may becorae 

dispersed colloidally ,-:;hroue;h the oreanic layer . However 

even if this should h a ppen , a brief c entrifu[;a~ion is 

sufficient to conpletely reoove the interferenc e . ':'his 

problea was encountered in only a few hieh- iron samples, out 

o f the o a ny hundreds of analyses perforc~d . 

Interference fr oo molybdenum ?Oses a more serious 

threat, as the i;10lybdenurn- dithiol complex, besides beine 

a similar colour to tha t o f tungsten ( their absorption 

maxiua are a t 68 0 and 630 nr.1 respectively), is one of the 

few dithiol conmlexes that are, like the tungsten comp l ex , 

soluble in isoar.1yl acetate. '.i'he use of tin ( II) c hloride 

t o reduce inter£'erence fr om molybdenum is incorporated 

in ma ny proce dures f 9r the deteri:1ination o f tungsten with 

dithiol. J\iolybdenum, whi c h exists as t11e 1:1olybdate 

( Hoo4
2
-) ion in the sample solution reac ts with dithio l t o 

f o rm molybdenuo (VI)-dithiol (Gilbert , 19 56 ). However, 

the r.10lybdate ion is more readily reduced than the tungstate 

ion, a nd s t a nnous chloride reduces molybdenum (VI) t o a 



lower oxidation state, probably r.1olybdenu1:1 (III), which 

does not form a dithiol complex. Tungsten remains as 

tune;sten (VI), and its reaction with dithiol is not affected. 

Fi~ure I,'l shows the effect of the tin (II) chloride 

concent ration on the extraction of the tungsten and 

nolybdenum co.-:Jplexes, In 10% tin (II) chloride, 100 µg 

oolybdenuru (equivalent t o 1000 ppm in the oricinal sample) 

c;ave an absorban ce equivalent t o only O. 3 µ g tungsten 

( 3 ppm in sample). Lesse r aaounts of tungsten eave a 

smaller percell"tac e interference; !:>elow 2 µ c; of molybdenum 

(20 ppn in e eochernical saoples of plant ash) there is no 

intei'ference. 

Increasine; t:1e tin ( II) chloride concentration 

beyo,,. d 10% resulted in a p ale yellow colour beinc imparted 

into the o~canic phase. A con centration of 10% was considered 

therefore to be the most suitable. 

The very low percentace int erfe~ence aeans t ~a ~ , 

for prospecting purposes , the 1.1ethod could be assumed 

to be f ree fron molybdenura interference. 

3. Exoeriment al 

At the outset of this wor!:, a Hit,achi 101 

spectrophotometer was used for absorbance ceasureraents, 

However the sir.1pler a nd less e:}'.;pensi ve Bausch and l.;onb 

Spectronic 20 spectrophotometer was found to be just as 

satisfactory for 1:1easuremen-~ and f aster in operation, and 

was thus used f or all subsequent work. In both cases, 

large cells requiring approximately 2,Scm3 of solution for 

me~surement were used, except when raore sensitivity was 

requjred, in which case 0,2 cm3 aicro cells were used. 

A muffle furnace was used for the fusion of soils, 

stream sediments and rocks, and for the ashing of plants, 

Fusions could be done over a bunsen flame if only small 

nur.ibers were beine; analysed, and pla;:it ashing created less 

smoke problems if sar:1ples were given a prelir.linary charring 

on hot plates situated in fume-cupboards. 
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Sanple weighincs were carried out 01_1 a top-weighing 

J.:iettler balance cove::.~inc the l'crnee 0-120 g , with scale 

divisions every 10 me . 

out . 

Pyrex brand borosilicate classware was used throueh

The heat resistant nature of this ~ lass (oeltinc 

point approxir:1ately 650 °c) pernitt.ed the use of it f or 

fusions and pla n~ ashing . 

( i) 

(ii) 

(iii) 

(iv) 

(v) 

4 . Reap.er1 ·ts 

Pot assiun hydroGen sulphate, fused, A. R . 

I-Iydrocl1loric acid, 10 11, A.R. 

Ti n (II) chloride, dihydra·ce, A.R. 

Tin (II) chloride solutions . Prepare 20% (w/v) 
and 10% (w/v) solutions of tin (II) chloride 
dehydrate in 10 ·.: hydrochloric acid. Renew 
solut ions every week. 

Dit hiol ( toluene -3, 4- di~~iol) 

IsoaGyl acetate (boilinc range 125-142°C) 
Dithiol solution. Dissolve t ~e contents of a 

Sca3 aapoule of dit~iol in 500 cn3 of isoamyl 
acetate. Store in a refrigerator. 

Petrolec.i.n spirit (boilinc; ran~e 80 -100°C) 

Standard tungsten solutions. Dissolve 90 og of 
sodiw:1 J..:.unc state in 1 O 1-.i hydrochloric acid 
and dilute to 500 cn3 with this acid to give 
a solution containing 100 (--'" C tune;s·ten per cr.13 . 
Fron this solution prepare solutions containin~ 
10 JJe tunc;sten per cn3 and 11--1 G tune-sten per 
cra3 in 10 ~ hydrochloric acid. 

5 . Procedures 
(a) Determination of tun3sten in vegetation 

Dry the vegetation to constant weight in beakers 
at 100°c. 
Char t:ie samples on i10t pla ·::--es if desired, then 
ash to cor.ipletion in a ::mffle furnace at 500°c, 
cool and weigh. 

Heigh 0.1 g of plant ash into a test-tube 
( 150 x 12 r.u:1, rimmed). 

Add 10 cc3 of 10% tin (II) chloride solution, and 
heat in a water bath for 10 oinutes at 85°c. 
Add 1 cc3 o f dithiol solution and continue heating 
for a nininur.1 o f 6 hours, o :..~ overniGht, at 85°c. 



(vi) 

(vii) 

(viii) 
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'i'ake the test-tube fron the water bath, add 
1 co3(A) or 5 cr.i3(B) of petrolem:1 spirit t o dissolve 
the rer.i.ai::1inc c;lobule of .isoa1:wl acetate. 

Leasure the absorbance of the orgaaic phase at 
630 ~o , by pipettinc off as ouch as required. 

If the absorbance is ~~Gher than the highest 
standai'd, cU .. :::..ute 1 c c:1J o:t" the organic phase w:i.th 
r.10re pctroleur.1 spirit , 

Standa:;.-,ds. ( A) for low rane e of tunc sten conceP..tration. 
Ilake a · serics o:7 standards rej_)rescn-cinc O, 0,2, 0,5, 1, 2, 5, 
10, 20, 40, 60 and Go ppn tungsten by · addinc respectively to 
11 test-tub0s O, 0.02, 0,05, 0.1, 0,2, 0,5, 1.0, 2,0, ,1.,0, 
6 ,0 and 8,0 µc tuncctcn, and continue as in stages (iv) to 
(vii) o: the 9~oc0dure. 

(3) For hich ranee of tungsten concentrations, 
~ ake a ser i es of standards represent inc O, 2, 5, 10, 20, 
50, 100, 200, 400, and 600 p~a tuncsten by addinc respectively 
to 10 test-·cubes O, 0.2, 0,5, 1, 2, 5, 10, 20, 40 and 601--(c; 
tungs ten , and continue as in stages (iv) to (vii) of the 
procedure, 

lTotes . I. Step (i.) is ' not necessary if dry-weic;ht 
data are not required , 

II. An alternative procedure is to weight 
2c of dry vec;etation into a test~-tube, ash the sanple and 
continue as above. '.::'he standards will the n ref er to /-A c; 
tun~st~en per 2 G dry we i.c)1t, vegeta·GionJ i.e. ½ JC pp1:1 dry weie;I1t . 

(b) Deteroination of total tuncsten in soil, 

streaa sedioents and rocks. 

( i) "(·Jeic;h O. 2 G of sar.1ple into a test-tube ( 150 x 12 1:u:i, 

rir.1L1ed). 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

Add 1 c; of potassiuo hydrocen sulphate, r.1ix, and 
f~se in a nuffle furnace for 10 ninutes at 575°c. 
·J\lternati vely f'use over a bunsen f lane until a 
quiescent nelt is obtained and continue heatinc 
for a further 2 ninutes . 

Leach in a water-bati1 with 10 1: hydrochloric acid 
at 85°c until the r.1elt can be broken up with a class 
rod . 

Allow to settle, then tra nsfer 5 cn3 of the clear 
solution into a test-tube (150 ~~ 12 r.u:1, rii:med) 
cont ainine 5 cn3 o f 20% tin (II) chloride solution, 
and heat for 10 cinutes at G5°c . 
Add 1 cn3 of dithiol solution and continue heatin~ 
for a 1:1i:iinur:1 of 6 hours, or overnight, at 85°c. 
~ake the test-tube fron the water bath, and add 5 cn3 
of petroleur.1 spirit to dissolve the rer.1aining globule 
o f isoanyl acetate . 



( vii ) 

( viii ) 

Leas:..i.re tI-:.e a bsod)a r.ce of ·che orc a:1ic ·phase a·c 
6 30 no hy pipettinc off as ouch as required . 

I2 the absorb,r1ce is hicher tha~1 the hiche s ·c. 
sta nda-r'd , dil~tc 1 c r:13 of ·L:1c Oi'['; a i1ic i_Jhasc by 
the :1 e q uil1 e d a u o u:1t . Iioweve:::' if a dilu-ti on o -? 
oorc tha n 10 tioes is·neccssary , a nalyse instead 
by t a kio.1e; a sn:al l aliquot fro::1 the rena i:li~1c 
sa1:1_;_)J.e solu cion, .r:1al:ins u~) to 5 cn3 with 10 i-1 
hydroc hlori c acid, a r:d. ccn-tinue fro:·.1 t'.1e a ddi-'.::.i o n 
o f t 1~e 20% tin ( II ) c hloride solution . 
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S "i::;a nda rds . Lake n se ries of s t ~:idards re~J;.'c s entine 
O, 2, 5 , 10, 20, 50, 100, 200, 300, 4 00 a nd 6 00 :,?n 
t ancsten by · addinc res~e c tively t o 11 test-t:..i.~c s 
O, 0 , 2, 0. 5 , 1, 2, ~; , 1 0 , 20, 30 , ~-0 ar::.c. '50 1-( g tuncsten . 
Dilu-~e to 10 c n3 w:::.-~1-: 10~~ tin (II) chlo::.1 ide solu<::..ion , 
he a t f or 10 ninu~cs a t G5 °c a nd continue a s in staccs 
( v ) t, o (vii ) o f -:.::.~ :c iJ:..'occ di..:rc. 

( i ) 

( ii ) 

( iii ) 

( iv ) 

(v) 

(vi) 

(vii) 

( viii) 

(c) Detcro ination of wa ter -soluble tun"stcn 
i:1 soils 

,.., 
Uei.e:)1 1 c o2 sai:q le Lrc o a clasc 
o f distilled water, seal a n~ Gix 

via l , add 10 ea~ 
for 1 0 ~10:..trs . 

Dec an-:; ;;.:1c supc rn a ·ca ::.1t int o a centri::u ce tube , 
c errcrifucc .?0 11 5 uiiTLl"G es , ·c ::en fi l -i-e r throucI1 
i"ll1a tnan lTo . /:. 2 f il·ce1' 1)aper ( 11. 5 en dianc ·cer ) 
into a 150 x 1 2 r.:n rirn.1ed -:::. est - t ub e , wa s!1inc t:1e 
~csiduc with 2 ca3 o-? distille d water ~ 

~ake t~c filtr ate t o dryness a t 110 °c , then ash 
any orca nic n a tter a t 500°c or over a bu~sen fl ane . 

J\dd 10 c n3 o f tin ( II ) chloride solut ion, a r:.d heat 
in a water - ba c:1 for 10 uinutes at 8 5°c . 

Ad ' 1 3 '" ' . · ' . ~ 1 ,. . 1 ' . 1 ' . o c ::1 o :.: u::..-..~112 0 ..2- so o.~ :L o n anc co2\;inuc 1ea·c::i.nG 
f or a r.,.a .xi1:1u.::1 o7 6 hou:;.'s , or ovcrEiC)Yc , a t 8 5°c . 

~ake the test-tube f roo t~e water - b ath , a nd a dd 
5 ci:13 of pe·~roleuu spirit t o dissolve the rena ininc 
g lob:..tle o f isoany l acetate . 

I~asure the absorban ce of the organic phase a t 
63 0 nr.1 , by pipet/.:.inc o ff as nu c l! as req uired . 

If the absorbance is hiche r t:1&-i the hichest 
s t a ndard; dilut e 1 c n3 o f the o rganic phase by the 
required anount . 

· Standar ds. :r.ra ke a series of s t a nda rds representinG 
o, 0,5, 1, 2, 4, 6, 8 and 10 pp c tuncsten ·by· addinc 
respectively t o 8 test-tubes o, 0.5, 1, 2, 4, 6 , 8, 1oµ c 
tuncsten ~ Dilute to 10 c n3 with 10% tin (II) chloride 
sol ut i on, heat f o r 10 ninutes at 85°c an d continue as in 
stac;es ( v) to ( vii) o f the procedure , 



6. ~estina of aethod 

(i) Reprogucibility t est s 

7able J .6 s hows the r esults of replicate analyses 

o f sone plant, soil and ro<::k sanples. The coeffi cient 
+ 

of variat ion is less than - 11 % above 0.1 µ c . tunesten 

( 1 ppr.1 in c;e oc:1er.1ica l sar.1plcs and :glant ash), wh ich i.s 

conpletely satisfactory f or the requireoent s of nine r al 

explorati on , a nd indeed f or oost othe r purposes. 

( ii ) ~ecove ry tests 

Recovery of tungsten a dde d to soil and p lant ash 

sar.1ples was cor.iplet;e within the prec ision of ·cl;.e neJ.::.hod 

( Table I. 7). 

The U.G. Geolocical Survey standard r ock sauples . 

G - 1 and W - 1 we re a n alyse d by the propose d procedure, 

with nean tunc;sten v alues of 0.5 p~n beinG obtained for 
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eac:: . ~hese values are in c ood a creencnt with the neutron 

activation resul·cs o f I-Iar.ia {Z;uchi et al ( 1962), wh o reported 

a.so P?D f or G - 1 a nd 0.58 ppa for W - 1. 

(iii) Sensi~ivity 

The proposed proced1,1.re allows f o r the _deternina tion 

o f 1 pp1:1 tuncsten in soils, st;rear.1 sedinents, . rocks and 

plant ash. Beers law is obeyed up tc 300 ppn , and a 

standard curve is shown in Fie I. 8 (a) . 

As backeround tuncsten levels in soi l s and r ocks a r e 

about 1 ppr:i , 5 c r.13 o::." petroleun spirit is used t o allow as 

wide a r anee of conccn~ra ti ons as p ossible t o be neasured 

without d i lution beinc. necessary. However sensitivity ma y 

be inproved t o 0.1 ppn , or 2 ppr.1 visually in e eocher.iical 

sar.1ples and plant ash by addinc only 1 cr.13 of petroleun 

spiri·t and using nicro-cells f or absorbance neasurenent. 

This is a si~nif icant i1:1prove1:1ent over the visual detection 

lir.1i t of 4 ppx:1 f or St,anton? s nethod, whic h is only achieved 
" by usinc; 0. 5 cr.1-' o f petroleun spirit. A standard curve 

is shown in Fie. I. 3 ( b) • 

Althouch i t was n ot necessary f or this work, the 

detection lir:1i t for tungsten in vegeta·:; ion could be ir.1proved 

still fur ther by increasinr; the sa1:1ple weiGht used. 
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Table I.6 

Analytical dat a f or replicate deterainations of t unc sten 

in plant , soil and r ock saaples 

Sanple Ht,!r_1ber o f 1:ea n tunes-ten Rance Coefficient 
de·terr:1inat:_ ons c oncen-:.:.? ati o:.1 of varia·tion 

(:.)pl"".) a (%) 

Plant 4 1460 1300-1 6 00 + 10. '-:· -
P l ant '-:- 39.5 37-LD ± 6 . 5 
PlaIYc 4- 2.9 2.5:-3.3 + 4 .7 
P l ant '-:- 0 .2 7 0.20-c.35 ± 24,1 

Soil 20 396 3 50-415 + 4,8 

Soil 5 21. t, 10-23 + 10.7 -
Soi l 5 1.9 1. 7-2,1 + 10.2 

Soil 5 1.0 0,9-1.1 + 9,9 

R.ock '-:- 13500 13050-13950 ± 5,0 

a ~ lant dat a a r e expressed on a n ash -we icht basis 

'.i::'ab le T,7 
R.e cove ry of adde d ,~u:1c sten f :;_~on soil and r,la ~yc ash 

'::'uncs ten added ~uncsten recovered 
(fi e: ) 

1 

2 

4 

6 
() 
u 

10 

(µ[d 

0,95-1.05 

1. 9 -2. 0 5 
3. 8 --4 , 1 

5 . 8 -6. 2 

'7,7 - 8 .2 
9,7-10,3 



(iv) Productivity 

I~ a nuffle-furn ace is uacd ~ o r fusi ona, upwards of 

150 sieved soils , strean sedir.1c:.:ts o r cround r ocks nay be 

ana lysed per r.1an day . ?us inc sao~:J les one a t a t i r.:e over 

a bunsen burner would reduce thia ficur e to about 100, 

w.bich is the productivity of s -ca:Tton 9 s netb.od . 

Ashed plant sao?les cay be analy s~ d a t the r a te 

of 200 o~ ~ore ~er Da n day . '.:'>.e ·cine required to a$ i1 the 

vecetati on will vary creatly with different s pec ies , p lant 

o rc;a ns , san::,le siz e and s a r.1ple container . 

7 . Conc lu s i on 

Sensitive a nd reproducible procedures wit~ extreae ly 

!1ic;h produ c tivity h a ve been developed :::' o ::., the deter!~1inat ion 

of t uncsten in vecetation , tot a l tungsten in soils , strean 

sediuents a nd r ocks, and water s oluble tuncsten in soils . 

Alt~ouch a lone r eaction tine is ne c essa ry to 

achieve the ir.1:-::,r ovcd s ensitivity , thi s h as not a ffe c ted 

the productivit:-/ o f the n e tbod as ·::.he r eaction i s carPie d 

out overnie;ht . 

~he developnent of t~ese ~~oc edures a a de ~o s sible 

the bioce ocher.1ical investica"..:;ions descz,ibed in . the rena ::.:1der 

In C:e course o7 ·cl:is projec t, approxii:,ately 

2000 tuncs t en a n alyses we re car~ie d out . 



SECTIOH II 

T~-IE UPTAKE OF TUNGSTEl-J 

BY NOTHOFAGUS }IBNZIESII 



46 

A. I NTRODUC TION 

In recent years there has been a growing interest 

in the effect o f t ungsten on the metabolism of molyb denum 

by living organisms. Molybdenum, as molybdate, is known 

t o be an essential element f or pla::1ts (a,,d animals), a nd 

Ni c h olas and Nason (1955) demonstrated that one of its 

most important function s was as a constituent o f the enzyme 

nitrate reductase, which reduces nitrate to nitrite . Thi s 

is a n important enz yme because many p l ants absorb their 

nitrogen from t!1e soil in the form of nitrate , whic h must 

then be converted i nt o the ammonium ion (NH
4
+), before it 

can be used in the synthesis of ami~o acids . 

Tungsten, as tungstate , has been shown to function 

as a competitive inhibitor of molybdate uptake and 

utilisation in Azotob acter vinela ndii (Keeler and Varner, 

1957), and inhibits grow~h of those bacteria when nitrate 

is the sole nitrogen source (Takahashi and Nason, 1957), 
Tungstate also acts as a competit ive inhibitor of molybdate 

fun c tion in the fungus Aspergillus niger . ,1hen nitrate 

is the sole ni troe;en source (Higgins, Richert and We sterfield, 

1956). 
More recently, Heiraer, Wray and Filner (1969) studied 

the effect of tun£state,on nitrate assimilation in higher 

plants . They found that tungstate prevented t he development 

of nitrate reductase activity in barley shoots and cell 

cultures of t obacco, and hicher tungstate concentrations 

h ad the additional effec ts of inhibiting nitrate uptake, 

and preventing root and s h oot development in barley. They 

concluded tha t tunGstate probab l y ac ts by inhibiting the 

incorporation of molybdate into nitrate reductase, r ather 

than ~y inhibiting the actual formation of the a p oenzyme. 

Anot her important r ole of ~olybdenum is as a 

constit uent o f the enzyme nitrogenase, whic h is found in 

Rhizobia, the bacteria that exist in the r oot nodules of 

leguminou s plants, and are ree~onsible for the conversion o f 

molecular nitrogen to ammonium ions . Plants of this type 

which have their nitrogen fixed for them are not as dependent 
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on nitrate reductase. 

Tungstate has been found to suppress the function 

of molybdate in nitrogen fixation in several bacteria 

strains (Krylova, 1963; Hwang and Doi, 1965), apparently 

in the same fashion as it does in nitrate reduction. 

Although this does not seem to have been pointed out 

in the literature, these findings are in apparent conflict 

with the re~ulta of field tests carried out by Davies and . . .. . ; 

Stockdill (1956). ~~ey found that, in t~e presence of 

molybdate, the addition of tungstate does not adversely 

affec~ the growth o~ the leg ume white clover, and, in the 

absence of aolybdate, actually results in an increase in 

growth , althoug h this increase was less than that produced by 

an e quivalent amount of QOlybdate. They concluded that 

tungsten was ~robably acting as a substitute for molybdenur.1 

in its role in nitrogen fixation, although less effectively . 

These apparently conflicting results could be 

explained if it is assumed that during the course of a long 

field test, the Rhizobia, i~ the absence of molybdate, 

could genetically adapt the enzyrae nitrogenase to enable 

utilisation of tungstate instead. To the authoris knowledge , 

no physiological expcrinents have been performed to 

determine whether this is so, or to determine whether 

nitrate reductase could also be adapted to utilise tungstate. 

Althou~h the prob l ems would be ma ny , th is is surely a line 

of investigatio1:. that could yield profit~able results for 

the plant biochemist. 

In the meantime, it is of interest to see merely if 

plants can grow in high soluble-tun[;state soils, and to 

determine how much of this tungsten is absorbed by the 

plant . 

There is in fact very little published work dealing 

with the effect of the amount of tungsten in the soil on 

that in plants . This has been caused largely by a lack 

of suitable methods of analysis for plant materials. 

Emission spectrography, b ~cause of its poor 

detection limit (approximately 30 ppm ash weight), has 
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only allo~"ed for the dete:--r.1ination of ·tungsten in plants 

growing in highly mineralised ~re~a ( Brundin, 1939; 
Kovalevsky, 1966 ). Early colorimetric tec~niques ( Aull 

and Kinard) 1940; Allen and H2.;;.1:i.lt on, 19 52) offered 

little improvement) and hc2ce have not be0n employed in 

biogeochemical stL~ies. 

The 2.dvent of neut;.~c:1 2.c·tivc.tion c1nalysis allo~vecl 

for the dete;:'minatio::1 of ir:credL,ly E:inute quantities of 

tungsten, and Bcwen (1960) found it to be present in various 

plant tissues in amo1.,:nts fror.;_ ap1)roxima-tely O . 1 to 3 ppm 
l . l ,_ as.1 weig.-rc . i-I:y:,,e-.rer, ·the e::xtrer:1e ly h ig 11 cost of the 

instruoent, coupled ,·1i th tl1e t;im0-consuming nature of the 

technique, r.i.akes this r:1etho~~ u:i..sui tE:ble f 01" mo.st app lications 

including biogecchemical prospactic~ . 

Romney 2.nd Rho~rls (1 966) studied the uptake of 

radio2.cti ve tu.ncste::::. - 18 5 by bu.sl1 be2.ns gr.o-:m in soil and 

nutrient solutions. rTc-revc:-- "beca.ase of P'"o'.Jlems with this 

technique, such as correcting for (ec2y and se l f -absorption) 

their data w8rc presented c ~ ly as ccLlnts /~in/ e dry 

plant rather th~n 2bso lute 2mcunts, or concentrations of 

tungsten) and ~,ence -.,c -:-3 of ~.i!:1i te -:.: value. 

The deveJ.opncnt cl:...!.rinG this 1: roje-::t of .:t rapid 

colorimetric raethoci f~ r tang ste~ (S o ction I .C) , capable of 

deterr,1inine; as :0,1 2.c O, l pp,n ash t:e:i.gh.t, near.t that more 

thoroue;h biogeoche,:;ic,?.l j nvest:i. r-:c-. tions t; _ :.n had previously 

been pcssible co~1ld !.:,~ c2.rriec cut . 

As a p rclimi~~ry to field wo~k in t~e area of 

tungsten minc~alisation c.'.-C, I3a::-'rytowr:. , :,ot trials were 

carried out ~vith ycung plants of a species common in the 

area, nar.1ely Nothof,:-:-.r.;t~s r,1em~iesii ( Hook . f . ) Oerst. (Fag ,), 

to determine(~) whethe r tungsten can be taken up by plants 

in significent quantities, lz) in wh2.t fa shion t he 

absorbed tungsten is distributed between the various plant 

organs, a nd (3) whether the tungsten concentration in any 

of the p lant org2ns is related to the tungsten concentration 

in the so:..l , 

The r esults of this investigetion are reported in 

this Secti on . 



B. INVESTIGA~ION 

1. ~aterials and oethods 

(a) Settinc-up of experiment 

The plants used were three-year-old specimens of 

N othof agus r.1enz iesii (silver beech), w:·d.ch were grown i ~,. 
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a standard potting mixture , pH 6.8 , in a glasshouse . Their 

mean height was 30 en. 

7hirteen seedlings were used i n the exper iment . In 

order to prevent absorbtion of tungsten on to the walls of 

the clay pots , the soil (approximately 1 k g i n each 

instance), was encased in a plastic bag with a small 

drainaee ~olc at the botton . 

Thirteen solutiona containing 0-250 ng of tunes~en 

as sodiun tungstate were prepared and eac h was added 

gradually to the top of tI:e soil ove :-' a period of t wo 

weeks to produce final concentrations of 2-272 ppo (the 

pottinc mixture initially contained 2 ppm tungsten) . 

Individual data for the ~ots are g iven in Table II.1. 

~he p ots were placed in pctri di shes so that any 

excess solution was reabsorbed by the contents of the pot , 

The i1lants were allowed to t ake u ~) t1..m,3sten f or a f urther 

eicht weeks and then h a rvested. All ~lantc ~ad remained 

healthy throughout the experiaent . 

After har•1osti ::.-1c , the soil was sh2.:ccn from the roots 

and the plants were thorouGhly washed in running water, then 

divided into roots, s~ems and loaves. Each plant orGan 

was dried at 110°c to obtain dry weight s and then ashed 

at 500°c. Ashed weight s were recorded (Appendix 1). 

The tunc sten content of the plant ash was determined 

using the colorinetric procedure described in Section I.C 

of this thesis. To enable comparis on of the distribution 

of t u ngs ten between the different pla nt organs with that 

of known essential elenents, copper and zinc in the plant ash 

were determined by atomic absor~tion s pectrophotometry. 

This involved si1:1ply dissolvinG the ash in hot 2N hydrochloric 

acid before analysing . 

The soils were partially air-dried, then conpletely 



Tnble II.1 

Data for ~uncsten in soil 

pot dry weicht lil['; w calculated total 
no . of soil ( c; ) • added added ppI:1 1-J 

ppr.1 i'Ja 

1 970 0 0 2 .0 

2 7 6 0 1. 0 0.9 2 .9 

3 930 1.9 1.9 3.9 

4 8 20 3 . 9 4 . 4 6 . 4 

5 ~70 7.8 7.4 9.4 

6 900 15. 6 1 6 18 

7 1100 23.5 20 22 
() 940 31. 2 33 35 () 

9 1120 46 . 9 42 44 
10 790 62 . 5 80 8 2 

11 9~.o 95.0 100 102 

12 990 125.0 125 127 

13 940 250 .0 270 272 

aBe cause a verage soil dry weight is ne arly 1000 g , mg 
tunasten added corresponds ap~roxL~ately t o calculate d 
added ppm tt:ncstcn . 

so 



dried at 110°c. The concentratioc of tuncsten on a 

dry-weie;ht basis was calcula·ced fror:i known additions of 

the element ( Table II.1). As a check, tungsten was 

analysed in one of the soils and a value of 285 ppc 

obtained for a calculated figure of 272 ppn . 

(b) Chenical fora of adde d tungsten 
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Tungsten exists, virtually without exception, as 

the tunc state ion i n its ores (Rankar.ia and Sahama, 19 50). 
In the area being studied at Barrytown, 1;1ineralisation is 

represente d o ain ly b y scheelite (CaWOJ), with sane 

wolfranite (LFe ,l-~1'/0Ll). These ore s ;re both rather 

resistant to :)hysical and c .1-icoical weathering , but sor.1e 

tungstate is released, nainly by t he a ·ctack of sulphuric 

acid in acidi c soils, or alkali salts in ~ore basic soils, 

Soluble tungsten is therefore rep resented nainly by 

the extrer:1e::..y s ·cable t unGstate ion, and it is very probable 

tha t it is take;_'} Ui_) by p lants in t:1is foru. 

For this reason, tungsten was added t o the plants as 

a dilute solution of t ~e very soluble sodium tungs tate and 

not, for exanple , as fine l y - g round t unGsten metal. 

2. Results and discussion 

'i'able II . 2 shows ·che data for the tungsten concentrations 

in leaves, stems ac1d roots, on dry-weic-ht and ash-weicht 

bases. 7he low tunc st,en concentration in the control plant 

suggests tlia~ ·che bacl:r;round 2 i-)pm in the potting oixture 

is in a faro relatively unavailable to the plant, possibly 

Ca WO 
4

, as the addit i on of half this ar.10unt (pot 2) as 

soluble sodiur.1 tu!lgstate results in a far e;reatcr concen

tration in the plant . 

The data are plotted in Fig . II .1, which shows the 

relationship between the tungsten concentration in the 

various plant organs and that in the soil. The results 

show that, despite the ::act that the concentration of 

tungsten is far higher in the roots than in the aerial 

parts of the plants, the concent~ations o f this elenent 

in ·c he roots, steras and leaves all f ollow the level of 

tungsten in the soil, although the stern, and possibly root, 
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Table I I . 2 

Data for ·cuncsten concentr a tion s i :n plant or[;ans 

plant ppr.i w plarits 

no . in soil ppr.1 ash u eiGht EPD dri weigh t 
leaveG stens roots leaves s te.:1s r oots 

1 2.0 4 3 4 0,7 0,2 0.6 

2 2.9 12 17 40 0 , 3 1.0 4,8 

3 3 ,9 9 16 90 0, 4 0,8 1 2 .5 

4- 6 , 4 9 9 350 0 . 6 o.s 23,5 

5 9 . 4 28 1 3 500 1.5 0. 6 56 

6 18 38 30 900 2 . 5 1. 5 99 

7 22 30 65 1150 2 .2 3 , 4 110 

8 35 35 38 1300 2 , 4 2.0 220 

9 44 52 80 1 6 50 2,9 5 ,5 1 8 1 

10 8 2 70 95 2300 5 , 2 5.1 230 

11 102 80 80 3500 5 , 3 5 .0 4. 20 

12 12 7 1 50 90 !1,300 12. 4- 5,3 64 5 

13 272 22 0 160 6 000 20.0 9 , 9 69 0 
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concentrations appear to be reachine a lioiting value. 

The data were tested statistically by the use of 

the Spearoan rank correlation coefficients (rs ). This 

is suitable _for handling snall nrn:1bers of sanples, and 

does not require the data to be noroally or log - normally 
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distributed. The data for one variable are ranked in o~der 

of r.1a::nitude a ~1d the deviat,ion of tile data for the other 

variable froo this.order are used t o calculate rs, 

accordinc to the equation (in the absence of tied data): 

whe:.'."e c. is tb.e :1,u:hc;.~ of' ;_)airs o-7 da ta . ii. value o Z +1 

implies that b oth coaponent s o~ a nunber of pairs of data 

have exactly the sane ranki::. 1:::; , w;1ereas ze;:--o i1:1plies a 

con;letely randon ranking . 

The results (Pie . II.1) indicate that ash-weic ht 

data g ives a better indicatio~ oZ soi l concentration than 

dry-weicI~ data, givinc a hi5her rs in two of the three 

cases. 

For bot!1 ash- a nd dry-wcic; ht data, the value of 

r 
8 

decreases in ·cl:.e order 

'.the 

roots ) leaves > ster.1s 

lm11e1' r for stens nay !Je due t o tl:e fact that nuc!1 of s 
the t un c sten in the s teos will be in the process of being 

transported, and therefore the amount of it actually in 

the steos a t a ny one tiLle will be aore sub j ect to variations 

in e;r owth :~ a teo in indi victual :,lants. 

'l.'he hie;h concentrations of -c,tmcsten in the roots 

relative to the aerial parts of the plants are striking when 

coopared with the con centratio n o f two essential elements , 

copper and zinc, in the sar.1e orcans ( Table II. 3) • The 

a verag~ coi)per concentration in the root:;; is only 30% 
hicher than that in the leaves and steos, whi le the zinc 

concentrati on is actually 50% lower in the roots. This, 

plus the fact that the plant~ r;rowing in the i_) ots containing 

the r.10st tuncsten took up a q u antity of this eler:1ent 
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Table II.3 

Data for copper and :::;inc concentrations in plant organs 

Plant co;J2er zinc 
no, leaves stens roots leaves stem.s roots 

1 70 130 160 500 10 40 560 

2 150 130 115 1340 1300 600 

3 110 130 8 5 900 1:: 00 400 

4 170 100 28 0 2330 1060 800 

5 110 1 :!. 5 170 88 0 1040 400 

6 80 110 210 1 400 1300 1100 

7 210 130 200 1100 1120 600 

8 110 85 120 1140 940 420 

9 1 40 18 0 270 1600 12 40 1000 

10 150 200 120 11 8 0 1300 540 

11 150 120 150 18 00 1500 740 

12 110 130 140 1300 13 40 500 

13 1 6 0 130 210 16 00 11 40 640 

A·v Efrage 132 130 171 1313 11 8 6 638 

. , 
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sufficient to give theo a higher concentrati on of tungsten 

than copper or zinc in their root s, strong ly suggests that 

while the plants do not seen to restrict the uptake of 

tungsten, there is sone mechani&$ by which transportation 

of this element from the roots to the aerial part s of 
' 

the plant can be sup~ressed . This poesibility has also 

been sugge s ted by Romney and Rhoads (19 66 ), who studied the 

uptake of radioactive tungsten -1 85 by bush beans. 

Although their data we re pre s e nted only as radioactive 

counts, they did show that the tungsten concentration in 

t he roots was far hig her, perhaps by a factor of 30 - 100, 

than those in the aerial parts of the plant . 

The more similar conce ntrationc of tungs ten in the 

roots and aerial parts of the control plant indicates 

that, when the tungsten is taken up ove r a longe r ?eriod 

of time, for examp l e since germination, the root concentration 

effect is possib l y not as marked. 

Table II.4 g ives the data for the total tung sten 

present in the various plant organs, and g ives the perc ent a ge 

of the total a dded tu~gstcn that has been taken u p by the 

plant . 

In contrast with the concentration of tungsten in 

the plant organs (Fig . II. 1), -;::,1-ic amount of 'cungsten taken 

up does not c orrelate very we ll with that added to the soil 

( Table II.4). To test whether the amount of root material 

has any effect on the amount of tungsten absorbed, the 

pe rcentage of the total added tungsten t aken up by the 

plant was p lotted against root weight . ~he results (Fig . II.2) 

show the presence of a significant relationship, particularly 

on a ash-weight basis. The r e lationship is presurneably 

due to the fact tha t , the greater the amount of root 

material, the more soil (and therefore tungsten) it is in 

contact with. 

Table II. 5 shows the data for the percentage of the 

total absorbed tungsten i n the various plant org ans. Apart 

from plants 1 and 2, in which the tungsten taken up from that 
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Table II . L]. 

Data for tungsten uptake 

plant mew 1-l. £ in µ g in ~ g in total IJ_g % root root 
no. added leaves s tems root s in plant :..1.ptak e dry wt ash wt 

1 0 1.0 1.3 7 . 3 9 , 6 6 , 94 0 , 9:t 

2 0 ,98 2 . 8 5 , 8 74 , 4 83 8 . 5 15.35 1.86 

3 1.95 1.7 1.3 112 115 5 , 9 9 .00 1. 25 
, 3,9 1.1 2.1 17 5 17 8 4 , 6 7 , 43 0.50 L:. 

5 7 , 8 5 . 1 3,0 7 so 7 58 9,7 13. 40 1.50 

6 15. 6 .s. 3 5,7 720 733 4 , 7 7 , 25 0. so 
7 23, 5 5 . ~- 12. LI, 780 798 3. 4 7 . 10 0.6 3 

8 31. 2 9 , 8 21. 6 3 570 3601 11. 6 16.21 2. 7 5 

9 ~-6. 9 5,'7 4~- . 8 1810 186 1 4- . O 7,70 1 .10 

10 62.5 17,5 2 5. 7 276 0 2803 ~- . s 12.00 1. 20 

11 95.0 1 ~l. ~- 2 ~ .. 8 527 0 5309 5 . 6 12 . 58 1.51 

12 125 . 0 37, ( 22.5 8120 1313 0 6 .5 13 . 03 1.89 

13 250. 0 52 , 7 68 . 8 73 20 7 ~-<t 1 2.9 10 .63 1. 22 
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:'abl e II,5 

:Uat,a for ,)er:::entag e di strib utio:1 of tm1gste11 

Plant \} i ,., .. soil % in % in % i n 
:.1 0, C: i.)m) leaves stems roots 

1 2 .0 12.0 ::. 5 . 1 72.9 

2 2.9 3,3 7 ,0 89 , 7 

3 3,9 1. 5 1.1 97, 4 

L1, 6 . 4. 0. 6 0 . 7 98 , 7 

5 9 . t: 0 . 7 0, L!, 98 ,9 

6 18 0. 7 0.8 98,5 

7 22 0, 7 1. 2 98 ,1 

8 35 0.3 0.6 99,1 

9 (4. 0 . 3 2. ~- 97,3 

10 82 0. 6 0,9 98 . 5 

11 10 2 0,3 0.5 99,2 

12 12 7 0 . 5 0.3 99,2 

13 272 0 ,7 0,9 98 , 4 

AVERAGE OF Nos. 3-13 0. 6 0,7 98,7 



originally present represents a large proportion of the 

total , the plants show a striking similarity in the way 

the tungsten is distributed be t ween the leaves, stems 

and roots. Plant 9 differed from the other twelve in 
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being considerably large r ( he i g ht 54 cm, see Appendix 1) 

but had only a light leaf cover, and this probably explains 

its highe r percentage of tungsten in the stems. 

C. CONCLUSIONS 

The results of these pot trials fulfilled their 

aims, and allowed the followinG conclusions to !:>e made: 

1 . Tungsten added to the soil in the form of 

tungstate, can be taken up by plants in significant 

quantities . 

2. The large amount of tungsten in the roots 

relative to the aerial parts o f the plants is probably due 

partly to the addition of the tungsten in a soluble form 

over a short period, and partly to the abilit y of the 

plant to suppress translocation of this element. 

3 . I n pla~ts of sioilar size and age, grown in 

the same soil under identical conditions, the distribution 

of tunc sten between the various plant organs is very 

consistent, and the concentrations of this element in the 

roots, stems and leaves are all related to the leve l of 

tungsten in the soil. The relationships were more significant 

on a ash-weight than on a dry-weight basis. This suggests 

tha t ash weight data is preferable in biogeochemical 

prospecting for tungsten . 

4. The concentrations , of tungsten in the stems, 

and possibly in the roots, shows signs of reaching a 

limiting value over the range of tungsten used in the soil. 

However this tungsten is virtually all available to the 

plant whereas in the area of mineralisation where the 

element would be present mainly as calcium tungstate, only 
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a small proportion of the total would be available to the 

plant through weathering at a ny one time (c.f. control 

plant) . Hence far h i c her soil tungsten concentrations 

than those used in the pot trials would b e required to 

prodace the same concentrati on s in the plants. 

5. The total tungsten t ake n up, as a percentage of 

that added, s h ows a sit;nificant relations!1ip with the 

root weight , indicating tha t the grea ter the volume of 

soil reached by the roots, the greater the amount of 

tungsten absorbed. This suggests a ~assive uptake, rather 

than active uptake in response to the plantis growth 

requirements . 

6 . The ability of the plants to survive, while 

cont aining up to 0.07 % tungsten dry weight , seems to imply, 

in view of the reported inhibiting effect of tungstate 

on nitrate reduction, that the plants can obtain reduced 

nitrogen from other sources. There may be sufficient 

ammonium present in the ~)Otting mixture fr om the •)reakdown 

of humu s. On the other hand, 

Podocarp species a re known to 

the root s of many New Zealand 

co~t ain mycorrhizal fungi 

w~ich make reduced ammonia available to the plant 

( Baylis, i .. cNabb and ~Iorrison, 19 63), and several Coprosma 

species show bacteria - containing stipular nodules which 

may function in the fixation o f atmospheric nitrogen 

(Stevenson, 19 53). It is possible tilereforeJ that in the 

p resence of high soil tungstcm , and in the absence of 

sufficient soil ammonium ion, the plants may attain their 

requirements in one of these ways . 

The results of these pot trials have provided much 

information, whic h was to be very useful in interpreting the 

field work described in the next Section , where the plant-soil 

relationship was complicated by many factors, such as the 

presence of ma ny species of treesJ variation in the pH of 

the soil, and the presence of the ore bodies . 



SEC~IOlJ III 

GE OCHEMICAL AND 

BIOGEOC HlliiICAL STUDIES 

OF TUNGSTEN 

AT BARRYTOWN 
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A. PRELIEINARY INVESTIGATION 

1. Introduction 

There is very little published work in existence 

dealing with biogeochernical e xploration for tungsten . 

Palraq uist a n~ Bru~din us3~ ~~~~ t ? c~n iquc in the late 

1930 1 s, finding anomalous concentrations of this elenent 

in t he leaves o f trees and shrubs e rowing i~ high tunesten 

soils in Cornwall, England . However, little of their work 

was published, apart froo a procedure describing the 

saopling and analytical te~hnique used ( 3rundin , 1939). 

In late r years, s everal Russian workers referred 

to the possibi lity of usi~c bioceochemical explo~ation 

:f or t u.ngsten (Vin ugradov , 195 4; l·~alyu!;a, 1963; Kabiashvili, 

196 4), b u t to the author 7 s knrntledge it was not until 1966 
that a ~ actual investigation was carried out (K ovalevsky, 

1966 ) . 
Like Palmquist a nd arundin had done, Kovalevsky 

deteruined tungsten in soils and plants by seraiquantitative 

emission spec~rograph y , and reported a detection lioit of 

30 ppm in plant ash . This allowed for the detection o f 

t u n c stcn in only 210 of the 72 0 plant, samples colle cterl. :1:u1;1 

the mineralised area, but did nevertheless ~rovide much 

inforoation . 

The tungsten mineralisation in t~~ area studied by 

Kovalevsky was r e~)resented by hu bnerite (l'.InWO 
4

) and 

schee lite (Cai•70
4

) in variable proportiori.s . The soi.l. 

o f the are a was of the frozen forest type, with a pH of 

!; . • o to 4 , 5 , The vegetation consisted mainly of pine , birch 

a nd sedge species . 

Kovalevsky found that tungsten concentrations were 

h i g hest in the roots , slight ly lower in the trunk and 

branches (1500 ppm maximum), and lowest in the leaves, 

needles and t wigs of trees and s hrubs. He found that the 

tungs ten concentr a tions in t h e plants did not correlate 

well with those in the soil, and assumed thi s t o be caused 

by the irregular distribution of tungsten in the soil 

profile. However , the highest concentrations of tungsten 



in the woody parts of Pinu s sibirica were found in trees 

gi"' owing over ·tungsten-bearing veins and veinlets. 
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He concluded that branches and trunks should be 

sam~led, rather than leaves, and that sampling points should 

be no more than 5 - 10 ra apart to avoid missinG individual 

ore bodi<::!s . 

7he result s o: Kovalevsky 7 s work, together wit h the 

;.~esults of the tungsten uptake study described in Section II 

of this t hesis, indicated that there was a potential use 

for bioeeochemical prospectina for tungsten . With the 

peraission a nd extensive assistance of Carpentaria 

Exploration Ltd. an investi c~a tion was t!1erefoi"'e carried out 

i~ an area of tunssten nineralisation near Barrytown in 

Westland . 7he results of this investic ation are described 

in this sectior~ . 

The area, t~e eeoloey and mineralisatio~ of which 

are briefly described i n the General Introcluc-tion, is 

shown in FiG. 0 .1 and in nore detail in Fir; . III .0.. 

At the outGet of this investication, very little 

inforoation was available concerning the nineralisation of 

the area . Tungsten mineralisation was thought t o be 

represented nainly by scheelite, with sorae wolframite, in 

association witl1 qua rtz veins, but the sca~city of outcrops 

prevented the tracing of these veins . Associated 

r.1ineralisation included snall a E10unts of arsenopyrites 

and tourmaline . 

~he soil was comp osed of a dark-brown humus - rich 

A horizon approxioat<::!ly 0.3 rn deep overlying a lighter brown 

B horizon whic ~ varied enoroously in thickness because of the 

presence of landslide debris in many areas . The pH of the 

soil wac low but variable, t!1e few sam:_::,les de·::.ermined 

rangine; froE1 ~- . 0 to 6 . 2 compared to t:-ie relatively small 

range o f 4.0 to 4 . 5 in the area i n Russia studied by 

Kovalevsky . 

Veget a tion was represented mainly by Nothofagus 

truncata (hard beech ) and Weir.iannia racemosa (kamahi)', 
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with increasing dor.iinance of N . menzicsii (silver beech) 

at h i gher altitudes . The beech Sj_:>ecies a re well know n 

for the acidi c n a ture of their l i·cter , a n d the re ducing 

co:1dition s resultine; fr or.1 this, i n c onjunc tio:1 with the 11 on 
rainfall, has :Jroduc ed a leac hed A

2 
l~or izon in sor:1e of the 

fl a tter a :ceas ( cause d by reductio:;1 of ti1e f crric ion to 

f crrous ) . 

'.I'he aim of this prelininary inve s tieation was to 

deterninc whethe r a ny w~tals were associated wi th tungsten 

in ·c:1e soi l , and w:1ether the tungsten co:c1 c entration in any 

of ::he corm:10ner p lan-c species i:1dicated tbe concent ration 

o f this cleraent in the soil . By cor.1par i:-ie ~.~1e conce:1trat ion 

of a :1 ... '.nbcr of major and trac e met.a ls in the various p lant 

spec ies, the fe asibility of grouping any of the s~ecies 

t ocether f or the purpose s of bioge ochemi ca l pros pectin3 

wa s assessed. 

2. sa~yline aet~ods 

(a) SaB?iing si~e s 

Soil caraplinc h a d been c a rried o~t by Carpentaria 

Exploratio n Ltd , a t 100 1 intervals up ~id ge s A and Band 

aloq; the b anks o f Granite and Little Gran i·ce Creeks 

( Fig . III.O). Cuts of these sample s ( nu~berine 220) we re 

kindly ma d e available f or analysis . 

In order t o deterI:1ine whet.}:er the con c ent.rat i on o f 

tungsten in the pla nts indicated that in the soil , it was 

decided to c ollect plant sar.1p les fr oe1 near the se soil 

samplinc sites, to e::1able cor.;.p a rison o f plant-soil dat a 

withou·c the necessi·cy of fu r the r ti1~1e-consur.1ine; soil 

sa1:ipline; . 

( b ) Species sanpled 

The crit e ri a for selection of a p articular plant 

species for this prelir.1inary invest i g ation were as follows : -

(i) That it be f airly evenly dist ribute d oyer the 

area being investigated, a nd in suffi cient numbers, so that 

sar.iples could b e obtained a t as n;.any o f the existing soil 

sampling sites as p ossible; 
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( ii) That it be coi:u:ionly found in areas of sir.lilar 

clioatic a nd ecolo~ical environment , go that a ny concluoions 

o ade concerning its proc?ecting possibilities could be 

applied to these other areas. 

As nentionc d before, the ~red~~inant species on 

the ridc:es were Hotho:fagus tru~1cat.:1 ( hard beech ), which 

tended to cive way to~ . menz iesii (silver beech ) at 

hie-her altitudes . Ueimannia racemosa (kamahi) wa s also 

very rauch in evidence . Chief secondary s9ecies were 

Ouintini a acutifo lia a nd ifyrsine salicina. 

'.these five species we re chosen for sanplinc . Leave s 

froi:1 fou r ~:l'e shown in P;i..at e III . 1, tor;etl1er witi1 leaves 

of a i~i~d bee c h species , ll • fusca (red beech), whic½ grew 

only in isolated pockets and was not, found suffic iently 

:1.e a r a ny of the soil siteo -co render s a mplinG wor·chwhile . 

?he l~anahi and beech s:)ecies, with ·::;:ieir low 

nut.rient-requireraents , a re particularly well suited to 

poor -quality .soils such as those over granite , which is 

very re.sista2t t o weathe~in~ and hence yields u~ its 

nutrients very ~lowly . As will be seen later, the soil is 

of even poore!"' qllalit.y on -the ridce crests than down on 

the stream b a nks , due at least in ~ a rt to the leaching 

1Jroduced by ·the 11 on rainfall . 

Ano<;,her aspect which Dade beech a suit able tree to 

Its seed, 

being very larGe , is not carried by birds , a~d win d does 

not carry it o uch further ~han t he he icht of t~e tree . Also , 

bee ch seeds will in genera l gerninate only in beech litter . 

Beec h f crests the ref ore advance ver~, slowly aad tend t o do 

so as a wall of bee ch. I t may be concladed then tha t , 

where beech i s growinc , t!1e soi l it i s growinc in will h ave 

been derived direc t ly fr om bedrock formations r a ther than 

frora miscell a ne ous alluvia l o r colluvial materials of 

uncertain origin . This conclusion applie s to a lesser 

extent to the associat ed kacahi, p lus possibly to the 

aecondary species Q. acuti f olia a nd~ . salicina. 

Fina l ly, all the ab ove-nent ioned s pecies are found 



Plate 111.1. Leaves from the trees sampled 
A. Nothofa~us truncata 
B. N. Fusca 
c. N. menziesii 
D. Weimannia racemosa 
E. Quintinia acutifoli~ 
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widely in New Zealand , particularly in the South Island . 

';i:'he vec;8tatio:: of ·cl;e s-creau banl: s was r;mcl1 nore 

diverse , includinc in a ddition to the above species many 

Coprosoas a nd Podocar~s a nd tree fe~ns , particu:arly 

Cv a ::;I1e a ::,edu.12.a:;.1 is ( kine :l:ern ) an d Dicksm1ia squarrosa 

( . l . ) wne_~i • ~owever because only t~e t~ee ferns were found 

fom2d in ge:1eral furt ~·ccr :_~!' ·the banl: , it was decided to 

saople only t~c tree ferns. (A sraall nuaber of the other 

species wc:rc sa;;\~lec! t.o co1~1p a .i:"e t~1cir r:1etal content with 

those on the ridc cs). 

~ake::-1 only if the chosen S?Ccics were Erowinc within 3 m o f 

tl:e soil .site, i::-i o:..0 cl8r t o reduce the e:c>rO.i:" resulting fron 

fluctuations i~ soil t~ncste~ wit~ distance . 

(c) Plan::;_ o::'r,;a~, s .san:) lcd 

The crite.i:"i a fo~ selection O
.c 
-'- a particular plant 

orc;an fo:.' sar.1plinc we :;.'e : 

( i) 'i.'ha'.."; i-::, be easi.ly a nd i,a)idly sar.~:.:led , 

( ii) '.::':1at i<:;s rer.10val did :.1oc u:1duiy harn the ?lant . 

Sar.r:?les of ti1e ·c1°:.1i1ks, twic; s a nc. leaves o7 ridc;e trees 

were taken . 

a slice beinc c ut fron the o~ter trunk a t chest heicht, at 

depths U? to 2 co, after reaovinG the bark . No t.i:"unk 

sanples were t a!cen fron the secoridary s pecies Quintinia 

acuti.:olia O.i:" Lyrsine salicina because of ·che so.all size 

o f the se trees (averace trunk diaoeter 6 - 3 era). 

Tuie s~r.1pleo we re kept to rot'.Chly uniforn size, about 

1 c c dianeter, a n d were t aken fr on v a rious points on the tree 

to enoure a representative sanple . 

Leaves were a l so t aken fr on various ? Oints o n the tree, 

and both n ew and o ld leaves were saE1pled . 

Due t o the heiel1-t of the b eech trees, few sar.1ples of 

leaves a nd twic;n were obt ained fro1:1 thei:1 . Although nore 
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cou :! d 1,ave been obtained by u sing a loop or cutt i :1g 

ins trur.1ent on a lone pole, tl,c rucc;ed topocraphy of the 

a re a would h a ve n a de t~is nethod o f collection diffi c ult 

and slow. 

The tree ferns on t~e streaa b anks were san~lcd 

by r caovin~ p orti o~ s of fr onds froo d ifferent points on 

~he pla n t sanples , cenerally weichinc about 200 ~ , 

were .s-~orecl in ;_:,lastic bae s se a led with rubber b a nds f or 

tra n s p ortation t o t~c laboratory . On a r~iva ~ they we re dried 

at 110°c i~ p a ~e r b ac s and s t o r ed in t~i s f o~a until they 

were analysed . 

(a) Soilq_ 

Soil sanples we ~'e a i1.1 - dr ied be:7ore the -100 1:1esh 

f racti on was reQovcd by dry - sievin~ . This fr acti on was 

then a n aly sed f o r the f ol l owinc; n etals: 

( i) '.!:'unr;sten 

't'une:;s t en was ana lysed b y the colorinetric procedure 

develo~ed i!1 Se c tion I . C o -7 this the s i s. S0r.1e soils were 

also a naly sed f o r tLncsten by eoissi on spectrography 

(Section I.B). The result s by tje t wo nethods correlated 

well a nd are show~ in Fie . III . 1. 

( l. ~ )\ . - 1 bd ~ 1 ,o y enun a nd tin 

So::ie o f the so i ls were analy sed f o r r:10ly bdenur.1 a nd tin 

by e r.1is s i on s pe c tr oc;raphy , us inG the con dit ions s h ow:1 i n 

'.i'able I. 4. 

( iii ) Othe~ D?ta l s 

Strontiur.1, ma ncanese, z inc , copp er, :1 i c kel , lead 

a nd iron in soils were dete r nined b y a tonic a b sorption 

s p ectrophotonet:..1 y u sinc a '.i'echtron AAS nodel with air

acetylene fl ame . The sarap le ( 0. 2 g ) was t a ken down to 

dryness with 10 cn 3 o f a one ~ o one aixture of nitric and 

hydrofluoric acids in polypropylene beakers over a boiling 

wa~er-bath . Appr<;mir.iately . z_.co.3 of ... 2N hydrochloric acid ~ere 
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-t hen added to dissolve t::e residue. After contirrned 

hcatinc :!ad re_cjuced the sanplc volc.,ne t o 3- 5 cu3, ·che 

;::;upernata :y:_:, l iq: :.:;i .. d wa s t rar.sfe;,~rcd -co a ·ccst - -cubc a nd 
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c.ade u,;:.:: ·c o IO cn3 , n aki:1c a 50 ·e-iocs. dilution . 'i'he so lu·e-ioil. 

as such was analysed for Sr, i~ , Zn , Pb , Cu a nd Ni . 

!3ef o re a n a lyGinc f o r i1° 0 G , 50 J.( 1 o:2 c'.1is 

was dilu-c-ec. ::,o 2 cn 3 ,,.Ji~~I: 2 1T ~:ydro~h~o:-·ic ac id , 

a 2000- f o ld d ilutio~ overai~ . 

(b) P l affcs 

solution 

Sanples of leaves a nc:. t wic s were wa.s l1ed t ::orouc)1 l y 

In .::n-1 7 case, ci-:c l ack of exposed soil, 

=lcn se vec;e-c, a -(:,i on c~:-.op:' an d re lacivcly !1 i ch ra i n f all would 

eff ecti vc 1:,,r pre-ve :1·c seve :c-e c011·c rn:1ination . The pla!Yt 

saa~les were dried a t 110°c, then dry ashed a t 450°c before 

bein2; analy sed for t!.1e f ollowin[; r.ie ·c als : 

( i ) 'i'unc;sten 

7unGsten in Jlant ash was deten~ined usinc the 

color ioetric proc e du re develo9ed i n Section I,C of this 

( ii) Other Qe t als 

S~rontiuo, oaneanese, zinc, copper, lead, iron , 

calc iu!:1 and i:lacnesiun i:1 ~lant as h were dctcrr.1i:1ed by 

a t or.1ic absorpcion S:i_)ect,ro1)hotocctry, usinc; a 'Lechtro:-1 AAS 

Godel wit:1 &i:1 -ace·e-yle:1e flane . '.::'he sanplc ( 0, 1 g ) was 

dissolved i:1 10 cr.i3 of 21T hydrochloric acid ( r.iakinc a 100-

fold dilution) by heatinc in a boilinc water b~th for io 
ninutes. ~~e sol~~i on was a n& l ysed f or Sr , i~ , Zn, Cu, Pb 

and 2c once the residue, i:: any, had settled. 

Before analysinc for calciur.i and oagneoiw3, a 
further 50- folc~ dilution was carried cmt wi·ch 21T hydr ochlori c 

acid containinc 0.8% strontiuo nitrate, which prevents the 

1)hospha te present i~1 the sa1:1~Jle fr or.1 interferi::-i~ with their 

deterr.iina-tion, 

(c) General 

In ceneral , r:1ixed st;andards covcrinc the r anc;e 
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0-20 ppa in solution were used, and analysis was carried out 

usinG the absor~tion uode so t hat it wac ~ot n ecessary to 

draw sta;:~da ::-·d c u rves . '=1:1c co:,di<:; ion s t:sed Zor the ator.1ic 

absorptior:. m"al:,rsis of s o il a n d. plaT t sanples are shown 

in 'ra ble III . 1. ? or -~he ne cals a Ealysed, a re:)roducib::..li·cy 
+ o-7 - 10% was achieved, and '_'able III . 2 s h ows ·t he resul·cs 

( a) Cmmlative i'reg u c ncy jJlots 

Cuoulative frequency studies of sooe of the soil 

data were carried out . A plot of the cunulative frequer.cy 

of the concentrations of the samples, as a perc ent a g e of 

the total nuober of sanples, plotted on probability paper 

a g ainst the concentration value, has beGn shown to b e 

useful for geochemical data interpretation (Tennant and 

White, 1959; Williaos, 1967). In particular, log- normal 

distributions will show a straight line when p lotted on 

log- probability paper. In other cases, curves will ensu e, 

for example when the data are nornally distributed. 

However, if there is more than one distribution set within 

the data, such as could occur in mineralised and unmineralised 

soil samples, a distinct change of slope or a point of 

inflexion in the graph will be observed. This break may be 

considered to occur near the minimum concent ration of 

mineralised samples, although some overlap of distributions 

will occur (Williams, 1967). Generally, however , cumulative 

f r e quency graphs s h ow the presenc e of more than one 

distribution more cle a r l y than do histograms, e spe cially if 

.the distribution. due to mineralisation contains a far smaller 

number of sample s than does the unmineralised distribution. 

(b) Correlation coefficients 

As a preliminary device for scanning large quantities 

of data, Pearson Product Moment correlation coefficients 

were calculated by computer . This particular coefficient 

is quite sensitive to the distribution of data sets, 

requiring normally distributed data for comp lete mathematical 
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Table III.1 

Analysis condition s for atomi c a bsorption spe c t rome try 

Met al Wave l ength (10 Slit width (./\) 

Strontium 46 0 7 . 3 3 . 3 

:r.:ang an e s e 2 794 . 8 3 . 3 

Zinc 213 3 , 6 3 . 3 

Coppe r 32 4'/ , 5 3 , 3 

Le ad 21 7 0 . 0 6 . 6 

Nickel 2320 . 0 3 . 3 

Iron 2 48 3. 3 3 . 3 

Calcium 422 6 . 7 3 , 3 

r:a c;ne s i w:1 28 5 2 . 1 3 . 3 

Table III. 2 

Results fo r r e plicate atomic abso :::-';_)t ion analysis o f a 
t r ee -fern samp l e 

Numbe r Sr En Zn Cu P b Fe Ca 1·-1e 
P:J m i.JPD ppr.1 i.JPD ppm p pn % % 

1 55 1000 6 00 550 2 5 1120 3 , L). 5 , 0 

2 6 0 1000 6 00 550 2 5 1 120 3 . 4 5 , 2 

3 6 0 90 0 5 :S O 510 20 1 050 3 . 1 4 , 8 

4 6 0 950 590 5 4 0 30 108 0 3 , 2 5 , 0 

5 7 5 950 590 550 30 1100 3 . 4- 5 , 0 

6 6 0 950 58 0 52 0 30 10 6 0 3 . 2 5 , 0 
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validity. Norris and Hj el£1 ( 19 6 1) have tested the 
11 robustness 11 of the correlation when applied to non-normal 

data, and found that, in genera l, if the data distributions 

did not depart too far fron1 noroality, then the r e sulting 

coefficient was quite valid . 

With most g eochenical data, badly skewed 

distributions are the ru l e, rather than the exc eption , 

the data in general being closer to a log - normal 

distribution (Ahrens, 195 4 ). 3y c onverting the da t a to b ase 

ten logar ithr.1s before conputation of the corre lation 

coefficients , t~e probleo of skewness is therefore 

large ly overcome . 

The coraputer µr ogr aorne used was wri tten by 

L .H . Tir.11)erley for us e on an IBI>i 1620 II computer 

(Tioperle y , 19 71). Leve ls of significan~2 used in t h is 

tl:c sis were taken f ron the table s of Fishe r and Yates (1957). 

5. Re sult s and discussion 

(a) Analyt ical data 

( i ) Soils 

Ana l ytical data for soil samp les arc given in 

Table III.3. 

The concentrations of tungsten, iron, nanc anese and 

zinc, and to a lesser extent l ea d and stron t ium are seen to 

be considerab l y lowe r in the soils f ror.1 the ridges than 

in th os e fron the strc a@ banks. Althou gh t he difference 

in the tungsten concentrations must be due at least in 

part to the f act that nost o f the outcrops of tung s ten 

bearing veins are near streams rather than on ridges, the 

diffe rence s f or t he other five metals are most likely 

caused by the leaching p roduc ed by the high rainf all, as 

all these metals can exist in soluble forms unde r reducing 

conditions . This is particularly true for iron and 

manganese, whic h arc conve rted to soluble Fe (II) and 

Mn (II) species respectively in a reducing environment of 

low pH , while zinc is usually solub l e . Le ad and strontium 

may become precipitated as their slig htly soluble sulphates 

in re ducing condit ions (Rankama and Sahama, 1950) and this 
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Tab l e III. 3 

Analytical data for soils 

Loe - No . of w + 
Lo Sn Sr l·ill Zn Cu Ni+ Pb Fe 

alit;y· .s:::. .lj_)l c s i:J i.J ;,1 j_)pi:, ppr'.'! pp;:1 : Jj_);::'l :,.ipr.1 i:)~)r.l i.,pj:l iJpm % 

mi n 4 1 4 2 60 30 8 10 15 0, 5 
Strew:1 

94 1800 27 105 490 :!.900 275 61 38 120 6 . 5 banks max 

r:1ean 98 5 , 6 30 20 400 88 23 23 60 3 . 5 

1:iin 3 6 5 L). 0 10 5 7 15 0 , 1 
Ridges 12.( r.1n x 620 80 111,5 4.60 140 150 4,-, 135 3 , 6 

uean 44 29 15 95 ,~6 25 25 40 1.9 

+ 
Data for Sn and Ni in Ridc e soils repr e sent 
25 sar.,iJles only . 

N. B . I-~eans are c e ometric , no t arit hnetic . 



may explain why their ue an streai'.1-bank and ridge 

concentrations are more similar. 

Coppe r and nickel, on the other hand, tend to 
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form insolub l e sulphides i n reducing conditions if sulphide 

is present . In this area sulphide is present, as arse3o

pyrites, and the result an t lack of leachin~ of these two 

metals would e x plain their sioila r conce~trations in 

stream- bank and r i c:gc soils. 

Finally tin, in t he form of cass:it.orite, the coi:1.c10nest 

of tin minera ls, is very resistant to weathering, and the 

ti~ orig inally found within other oinerals and silicate rocks 

is also ~ro1:11Jtly ~reci1:) itated after the decom~Josition of 

the r.iinerals i!'l question (Rankaiaa and Sahaua , 19 50) . 

Sinilar tin concontrat ions in r idge a~d stream-ban k soils 

are therefore not unexµected . 

(ii) Tree data 

General 

An outst andinc feature of the data for trees 

( Table III . L). ) is the differe~ccs that exist "!)etween ·she 

concent ra-1::,ions ii. the different s::iecies , not only of the 

trace metals bur also of the r:1aj or nutrients . 

As the ::_)lant sanplcs were collected at the same gi~o up 

o f soil sit e s, tl,ese observed differences be -::.wee~ species 

are too g reat to be due solely to varyinc soil co:;:1centrations, 

except in the case of t u nc sten, which showed a wider range 

of concentration in the soil than an y of tbe other elements 

analysed. 

The r esults also illustrate the different ways in 

which r.1eta ls are distributed between the l eaves, twigs and 

trunks of a particular sample . For example, the concentration 

of copper in the twies of Quinti n ia acutifolia and Weimannia 

raccmosa are sini lar, and a re approxir.1a te ly twice as high as 

the concentration of this element in their leaves . In f.lyrsine 

salicina however, the copper concentration is lower in the 

twigs than in the leaves. 

When the two beech species are compared , it is seen 

that the concentrations of the various metals in their trunks 
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Analytical data for trees 

Species Ho. of iv Sr I1~ Zn Cu Pb Fe Ca nc As:1 
& or5an sanples pj_)Gl p~-:)1:1 c1 Pl)1~1 :;:---J)i'.1 P1)D et % % % /0 7v 

H.menz iesii 
~lll1 . 0.5 500 o . ~-8 6f!.O 13 0 30 0 .15 18 . 0 2 r; • L., 2 . 3 

leaves 6 nax . 7 1L).Q0 l.1 1_300 330 6 0 O .26 25.0 fl_ . • 7 4, 0 
1:1ean 2.2 3 50 0. 76 910 195 4-5 0.19 ~,Oa.O 3.3 3 C: • J 

r.iin . 0 . 6 550 0.36 fl..90 100 20 0 .05 12 . 0 1.6 1.7 
·twigs r· 1:1ax . '1 2;_ 00 o. (~ 1 8 50 :i /:. 0 !;.O 1..0 30 . 0 2 . 2 2 I: .) • J 

1:1e a11 1.3 1380 0.50 61 0 110 31 0,0'7 2 Ll.- .,5 1.9 2 . :!. 

D.i:.1 • 0 . 2 !:-50 0. 08 1 '/0 80 5 a.oz 4. 2 0. '/ 
tru:iks 2 '7 i:1a1c . 2'75 1950 0.5G 1160 330 110 0 .10 16.5 3 . 1 

1:1ean G. 4 94.0 0 .25 Sfl_.O 185 16 0.06 7 .9 1.7 

IT . trunca·ca 
1:1in . 0.( 350 0.0 8 130 70 5 0.02 2 r: . .) 0. 8 

trunks 5.S ,:1a2: . 300 3100 0. 80 8 10 280 ~s 0.1!:- 23 . G 3 , 6 
1:1ean 6 . 6 1190 0.21 280 130 15 0.05 8 . 4- 1. 7 

,:l . racenosa 
~:112. .. 0 . L). 200 0.46 190 '7 0 20 0 .06 16 . 0 6 . 2 3 . 9 

leaves /:.0 uax . 12 2350 2 . 29 600 250 1 ~-0 0.20 33 .0 25:0 8 .3 
nean 2.2 810 1 . 03 27 5 105 L1 " ,. ., 0.10 23.7 10 . 1 4 , 8 

uin . < 0 .1 900 0, 22 330 170 20 0. 04 v .. . o LJ. ' () 0,5 
t wi5 s 3 '7 nax. 13 2600 2. 45 910 L1. 30 8 0 o.::8 31. 0 10 .2 2.0 

1:iean 0 . 9 1800 o. 93 510 7.80 !:. 1 0.09 21. 6 6.5 1 ? • ._J 

oin . o . 6 4.50 0 . 07 120 55 ~ 0.02 6 . 5 1.5 
t runks 79 r,1ax. 100 3200 1.10 1 !~8 O 1 t;.50 8 0 0.12 30.5 1'.\0 

nean 5. 8 1615 0 . 32 390 16 5 27 0.05 14 .9 /1,.2 

Q . acut.if olia 
r:11a . 0.7 900 0,36 170 60 25 0.07 16 . 5 5 f. .v 2 . ,:. 

leaves 30 1:1ax. '7 3400 2 • /:.1 330 160 1. 90 0 .13 27.5 lq .. 6 7.5 I 

1;1ean 3 .0 1670 0.95 225 92 100 0. 09 21. 2 8.8 S . '/ 

nin . (0 .1 1600 0 . 20 190 130 20 0. 03 16 . 0 2,4 o.6S 
t wic s 23 max . 1S 3300 1. '/ 2 l~oO 330 165 0.09 3:: . 0 7.5 2.3 

mean O.'/ 2350 0.56 500 205 58 o.os 22.7 4 .7 1.5 
i ·~. salicina 

nin. <,O .1 75 0.02 120 60 25 o.o ~. 12.0 3,0 5 . 7 
leaves /1,2 1~1ax. so 2675 0 . 25 270 14.0 120 0.09 29.0 9.0 8 . 3 

nean 2 . 8 725 0.08 170 8'7 86 0.06 18 . 4 5,6 6 . 8 

nin . 0.1 1100 0,02 ,~ o so 5 0.02 13.0 o.8 1. 8 
twigs 41 max . 2 4 5000 0.18 250 300 170 0.08 38. O 4 ,9 ~- . 9 

mean 0.2 3100 0.06 130 120 42 0.04 27.6 2.4 2.6 

lJ • B • Eeans are [;eor.ietric, not arithr..etic. 



are very similar, wi ·th the ::iotable cxce:Jtion of zinc, 

which is approximate::ly t wice as hi[), in No-thofar;us 

aenziesi i (silver beech) as in l! , trunca ta (hard beech) , 

T~ris z inc diff ercnce has nls o been found to be the case 

f o r beech lenves by T::.:::1Jc:i"ley (19 71), who also fom:1d that 

lT . mcnz iesii h2.s a h i c :C.e;.~ c onccn'crat ion o f chroniun 

c~ot analysed for in t~i s study ). 3ccause of the 

sinilarities in t::e net2l co1;.t e n t s o:f these two species, 

it is l i!ce l y 'chat tlwy could oe ·cre ated a.s one s~)ccies 

in biogeochenical prospectine . 

Tungsten 

74 

':!:he res~~h:.s for all t~:e t1~ee: s;_Jecics ( ri:'ablc III. L:. ) 

show ·c!1 a t the nea n tungs t;en concent r a ti on de c reases in the 

orde:c 

tr:.mks > lea-.res ,'· t wics 

Kovnlevsky (19 66 ) also found ·tI,at ··'.:;he t1~unk s (and 

bra n c he s) con-cained :1ic~1er concen-c.ra tions of t une;sten than 

t lre leaves or twics , a nd f o und tha t , for n os t s?ecies, the 

concentration in t!1e twic;s tended ·co reaci: a li1:1i tinc value 

w~i le t~e co~ centra t i on in t~e l e aves was s till increasinc , 

In -t:1e u ~) t ake ex~)erir:1e1Yt desc:cibed in Section II of 

·chis the .sis, it was :found th a t~ the concen-i:".;1 a ·ci on of ·cunr; s ten 

in ~he s tcLls tended t o ~eac h 2 linitine va lue , al~houch the 

con c e:nt.ra tion in the lea ve s L1c 1·e ase d corwt a nt l y over the 

ranee a-c.t aine d i!l t!1e experiue:1·t. . 

This sucze s t s t,:1a t t,he stens o: these three-year-old 

plants were behavine p~ysio logically raore si1:1ilarly t o t he 

t wies than t o the crun!~s o f older trees , 

Tun~ s ten was detected in 348 (90%) of the 390 tre0 

sa~ples analysed. Those that were below the detection 

This limit of O .1 ppr.1 ( ash weight) were all t wic sar.1ples. 

indicates that in un~ineralised areas, the averag e 

concentrati on o f tung sten in at least the twies of trees 

would be less than 0,1 ppo (ash weight ). 



(iii) Tree fern d ata 

General -----
The r.10st outst a ndinc fe a t u re o f t hese results 

( Table III . 5) is that unlike i n t he tree leave s where 

the calciuc?. con cerrtra -'..:;ion is E i~c a tcr t~:an the nacnesit!:-.! 

concen-tr a tion , t ~1 e c oace::Ycra t,i on o-7 calci:.1,:1 i::-1 the t ree 

ferns is less than ·that, of na 0 nesiu;:l , particularly in 

the lcco adv an c ed Dicksonia squarrosa, s ur;c;es-tine that 

a low Ca/ Le ra ci o nay :::, e conne c te d i n sonc way wit 21 the 

relatively pr.ir.1i.·:..: ive pb.ysioloe;y of the tree fer:1s . The 

fern s also ex:1ibic a nuc !1 lower s tr ontiun con cent:ca --'.:;i on 

-:~: :,_an do the ·trees . 

':i:'!:e coqcencr a t ion o f all ·the neta ls analy s ed are 

lower i~ D. sguarrosa than in C, ::1edullaris . Becat:.se of 

.,cl-:.e sliGLtly lowe;-o as!: :Je r ccn-tacc of tl:c f orner Si_::>ecies, 
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thi s d:_f ::erencc would l~ a:Jij±J.y 

we ic;ht bas .::. s. 

less siguifican~ on a dry-

':i.' ;inr- sten 

~~e r a nGc o f tuncsten con centra ~ions in the t wo 

s~ccies is s iLlil a ~ , suecestinc t hat the ~pe c ie s do ~o~ 

di ? fer narkeclly i : ·ci:c i r resp o:2se to tuncs-'cen in tl-:.e .soil . 

( b ) Cw~u lative fre q uency plot a 

Cunula ti ve f::.~c quency s tudies were carried out on 

soil data f or tunc s te~ , canganese, l e ad, tin , iron, 

nolybdenuo , z inc, CO?pe r and nickel. 

Because o-:: ·::; he differe:1ces in the ..:1ean conceEt:-' ation 

of sone eleoents i~ ridge and stre ao-bank soils (Table III.3), 

the effect this could I1ave on ·c~1e cunulat,ive frequency plots 

was investic a t ed, by conparin€; plo·cs for ·::;he total data 

wi -t:1. those for ri dge a nd streau -bank da ·c a ?lotted separately. 

( ~· 
~· l {I . III.2) . 

(i) Tune;sten 

The 1:) lot f o r the total data indica t es the presence of 

two distributions (Fie . III.2(a)). As the streao-bank and 

ridc;e soil data taken separately also show two distributions 
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Table III.5 

Analyt ical data for tr~c - fera leaves 

~ e c ic s Ho. of \l Sr Ln Zn Cu p '.:) Fe Ca j\~g· Ash 
Sc.1DiJ1eS p:;>;.: p~)f;l "!~ Pf.lEl ;::pn ppu % % % % 

Cyathea I :ia . 0 . 2 10 G,0 !~ 120 30 10 O.OL). 1.1 1. 2 4 , 3 
medulla ·,~is 65 ,.1ax . 85 SOO 0 ,70 780 1000 110 0.27 7,9 5. 8 8 . 6 

i:1e a r.: 7 . 3 140 0. 23 ,~ 3 0 210 31 0.13 3 . 3 3 . 5 5 . 9 

Dickso:1ia uin . 3 , G '7 0 0.12 130 '10 5 0.06 0,9 1. 9 3 . 'j 

s qu arr> o sa 12 1:1 a x . 60 200 0 . 2(:. f!.50 330 30 0.13 2 . 3 t; . 0 7 , 3 

r.1e a n 5,6 120 o.16 29 0 1 6 5 18 0 .09 1. 4 2 . 6 5 . 6 

E . B . 1·Iea n s a re cco r 1ct:.>ic, not arithnet ic 
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( Fig . III.2(a)), this indicate s ·tiwt the upper distribution 

is in fa c t due to 1:1ineralisa·::; ion , the lower distribution 

representing the barre~ roc k . 

When the total data are p lotted, t wo distinct 

distrib~tion s are f ound ( Fie , III .2( b )). Superficially, 

this sugcest.s tha t, the uppe:i." di s t ribution is due to the 

~Jresence of wolf rai;1i cc (l-Fe , r:r·] HO ~- ) . When the strcan-bank 

and rid~e data a re p lotted sep a rately (Fj_C , III.2(b)), while 

t here s t ill seen s t o be t wo distributions f o r the stream

b a n k da t a, there i s no evidence of two ~i stribu tions j _n the 

'.t.11"!.is conlc: be e::-:plaincd however if the 

n a nga nese ~1as been leached frou the wol:':rauite on t he r i dge s 

a~d only soae o f the oang a nese der i ved froo the nore 

resiscant c; r a ::i·ci c country rocl:: reuains i:1 t,he soil. 

( iii ) Lea c'. 

:~e p lot for the tot al lea d d a t a i n dicates the 

?resence of t wo dio~ribution3 . This i s als o shown when 

t~e rid~e a :-id strea c - bank data are ~lotted s epara te ly 

( Fi:_: . III.2 (c )) . ii.lt h. oc1c:;b. this co:..!ld be due to the i_.):i.''esence 

of lead oi3eralisatio3 o f soae sort, i~s ~~e sen ce h as n ot 

been repo~tcd , and a more likc!y ex~lana tio n is tha t Pb (II) 

can p a r t ially diadochically re~lace Ca ( II) in calciun 

ui:-ier a ls s uc:1. as scheelite ( Ra nka ca a 2d S ahaDa, 1950). Tha t 

thi s is the true c::-:~)lanati on i s suj_Jported by the fact tha t 

a sar.1plc o f sc!ceelite fro!:1 the are a was found to contain 

190 1Jpr.1 lead. 

( iv ) Tin 

The plot for ti:1 in s tre a n - bank soils a l so indicates 

t!1e :_Jresence o f t wo dist r ibut ions (Fie; . III.2(e)). The 

u pper distribution could be caused b y the pre sence of soall 

amounts of cassiterite (Sn0
2
), a mineral often associated 

wit h tun g sten deposit s. In addition , tin (IV) can replace 

tunc;sten in its o re s, and wolfr aoite , for cxa1:1ple, may 

contain up to 1% tin (Otter.1a n , 19t;.l). That replacenent 

is at least part~ally reeponsible for the second tin 



distributi on is su~~o~ted by ~he fact that a sacple of 
sc~ec l ite fron the a rea was found to contai~ approxi@ately 

300 Pi.::,n tin . Too few .da t a were ava ilable for ridce soils to 

per,:1i-:: c unula·cive f::.0 e quei1 Cy s -tudies , '.JLlt t:-~e sin ilarity of 

the mea~ tin con ccntrat~ o~s in ridce a~~ s t~eao-bank 

soils ( Table III . 3) in~ica~es tha ~ its di s tribution wou l d 

b e ·the s2.ne :.;:1 bo eh cas0s . 

( v) _:::run 

'I\1e da ·~; a f o:;_~ iro ~1 s!1ow only one di.st:.:"ibuti on whet~1er 

they arc 9 lotted for al l soils or for s trca o - b ank an d ridge 

soils Gcparately III .?.( d )). Because the iron present 

L1 t/1e wolfraui·ce is c0 snall coc:=:-a,.-,ecl to ~:1c aaount dor-ived 

0y wea·cheri:1c of ·c I1e cranite , .i·t does 110.JC sl: ow U1) as a 

secon d dist :ci'.)ut·i.rn·" . ':!.'his WOEld probabl:/ a l so be the case 

for calciun , ~he calci~s fr oo the scheeli~c being but a soall 

~rop ortion of t~e ~o~al ?resent . 

( ·..ri) l :olybdenun 

~he ~)l o·c / or ·:~he s treau-bank d a·ca ( Pie . III . 2 ( f )) 

s hows the ;:J r e s e!.:.Cc o:? only one d i s tribut ion , :i.ndicatinc t,!·,at 

nolybclern.1.:~, is ~Jresc:i-c or,.ly i:1 the e:; ra:;:1i t:.ic c ou.ntry r ock and 

not as ninera lisat io~ . 

(vii) 

i::dication o "S:' t wo cEs"cributions. i:owevcr when ·the s tre a n -

bank a~d ridce da t a arc ~lotted se~ara tely ( Fie . III . 2( e )), 

it is evident tha t only one distribution is pres ent , the 

levellinc of the curve ~eing cause d by the data bcinc; 

closer t, o a nor1:1ai t:.ha :-:i a loe -norr:.ial dist,ribution . 

(viii) Co?per and nickel 

Both ·che se e lci:1ents show sine le lo::;-norraa 1 

distributi ons whec the t ot al data f or each are plotted 

( ~ . 
ric; . III .2 ( h )). This is in line with the sir.iilar 

means for ridge a nd s treao-bank soi l s and with the absence 

of minerals of these two eleaents . 



OZ .,_ i-;_c e lei:1c~-::t, s i.nve.st i e:;a t ed, tungs t en , r.ianganese 

tin a nd lead indicate t~e ~resen c e of t wo dist ributions. 

H or nal backc:::·ot,:1d leve ls o -;." r.1anc;a ~1ese in soils are 

considerably h i e~e r than t hose Ba r r y town , an d is 

case f o r i r on . 

(c) Corre lati on Coe::Zic ie~t s 

Cor r elat ion coef:: ic ient s were fi r s t calculated 

:::etween tun1:; s,ce r: anC!. ):/ 0e o·c~~ e :;.·· e l e uent .s analy sed i n the 

soilG, to de t er~i~e ~ r a ny r elat i ons hi ps e x i sted a n d t o 

2.ndicate w~'.e tl:e r ·:.:,hese r ela ce d e l e uent s coulo. b e L'Seful 

::.., at h::i:1der s f o:c ·c tmc;s t e r: . 
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Secondly , c or re:ation c o e ffi cient s we re calculat e d 

bet we e l-:: _ tt:nc s-::.e~:. .::.n ·'.:,1-::e soil a r,ci i ::1 ·:.-;he v a r :'!...OUS .i.Jlaat 

Si.Jec ie s, t o de·c e :,:,::1inc if t:~e co!-::cent,ra t i'::>n of t1..:nc s t e n in 

a ny o:; these s ;_::iecie s cot~ l d 0 e useci t o ~redid:; t he concentratio:-:. ' 

( i ) I nt er-soi l corre l a t ion s 

De cau se of t!,.e ,ii~'fe:r·e nc e s i n tb.e ne a i.1 coecec:cra-:; ions 

of sor.ie e len e nc s fr;_ s t:0 e a;·.1 - b ank an c :--i dc;e soils ( Table I I I . 3), 

( ? i c , III . 2 ), ~~e t wo c roups o7 da t a we re ke~ ~ separ ate 

Streao- j a nk soils 

'I' he r esu l:, s f o2' ·che s t 1°ean- bank soils are c;ivcn in 

? ab : e II I . 6. Ve r y ~i~~ly signific an t correl~ti on s we re 

f ound t o exist between t u ~csten and o a ncanc se , lead a nd t i n , 

The da t a f or thes e three corre l ations are plotted in 

Pi e , III . 3, Correlations o f tunc s t en with all the other 

eler:1ent s were no·:~ oic nifi ca:_·:.-; . 

These res~lts are support ed by ~~e cunu lat!ve 

f~e que n c y plots (?ie. III .2) as, besides tunGs ten , only the 

·t1'.ree elene:its r.:n , Pb a ncl Sn indicat e ·the presence of t wo 

distributions . The ~iche r d i s tribution in e ac h case nust 

be re s p onsible f or t he very hic hly si~nificant correlation 

wi ·ch tuncsten . 
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::.i<lr;e soils 

'i'he resuH;c :f o:.~ the st.:..,e a r:i - bank soi ls a ls o show 

very :_ic;hly si,:nif i c a n<: corrcla-cions between tungste!1. and 

ti~ a nd t~ncsten a nd lead ( ~able III . 6 ) . IIoweve:.., the 

c o:--rela tion be-twee::. ·c uncs·ten and r.~at113a :1c.se 1.r a s not 

oic;:-1 if:.can-::. , probably bccm.wc of ·::.:,c e::-ccensive lea c hine 

o f n a n g anese fros the ridc c s oils . As oeQtioned earlier , 

lea d is less ::1 obile :..:nC.:.c:r- ::-'Ccli.1c :~:1c co:1cli ci. ons , a r~cl tin i.s 

'.::':-:e existenc e o f 

very ~ichly sicnificant r~lat i ons~ips between tungsten and 

lead and tunc ste~ a n~ t:.n, ~~t ~ot ~~nc s~en and raanca nese , 

re dJcing c o~ditionc . 

II::!: . L'.. , 

Discuss::.o n 

'?he CO::.,re lat.i oD, rcsul":.;s SUCCC St t oa·c n a n c anese, 

lead a nd ·cir:. c ould be t~seful pa·:~1fi:1.derc for ,c tuc ste:1. , 

a:i.-ch o:..1ch the cre a ·cer i:10bility n:1d norna lly !-:i:3her 

c on c entra ti o2 s of o a ~ca ~e se ~osc probleas . 'I' o be worth -

w'.:. ile , a p a t:1:?indine:; elei:1e1""!t ~hould, be c ause o:: sone 

)ar"i:;i c u l a :.., ~)ro::ie1.,ty Oi, :Yr' o:"J e1~·cies , :::,::.~ovide a nona lie.s 

or dis~Jersion h a l o s n o rc readily -weable t~1a ;." ·the s o ughc 

'I' o e s t a b lish 

def ini ·ce::_y w=:ethe:..~ I-.:n , Pb a c1d Sn acI1icve Jchis a fr: would req uire 

rat I--:.er r.1 0 :;_~ e wod: ::.ha n tl1e s c ope a,.1.d lene,<:;J~ of thi s the s is 

peroits , but this ~~elioina ry study carried out ha s s u cceeded 

in deno;.1St:,.~ a tinc ,c:,.at this p o s s ibility exist s . 

A fu:.:.-::;:·,er elenent whi c h n a y be of p otenti a l u se as 

a p a t~""!fi;1 de r f o :..~ tunc;stcn is a rsenic, be cau c e o f the 

p r e sen c e of n r sen opyi'i-ces i ::.-: assoc i a t ion with the tuncs t e n 

i:line r ali sation . De cau se o f the tine thc -'c woi.: l d h a v e bee n 

inv o l ved in deve l opinc a relinble a n n lys is p::-' ocedu r e , 

thi s was n ot investicated in thi s work . 
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Lo;:st on , 1966 ) s h own ab ove a 1~e a s f o ::..l ows: 
(ve ry h i chl y sicnificant ) : s icnifi cant n t 0.1 % l eve l 

( hich l y s icnifica ct ) : s icni;icant a t 0 .1 - 1% lev el 

( r ..; r-1 ; ·"'i ~a·~-· - ) i,;J _ _ L..I.L~-- \..;. -- .J : s icni~icant a t 1 - 5% level 

? S ( p ossibly sieni~ic ant ) : s i c cifi cant n~ 5 - 1 0% l eve l 
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( ii ) Plan t - soi l corre lations 

Sorrelationa were calcu~a te~ on both ash and 

clry-we ich·G bases f o r ;:=>la ;:·cs, ·G o exauii1c whether o;.,.e is 

r:1arkedly SL'.;_)e,:,i o r to the othe1~ for bioc;cocl:e::1icc1l 

Drospe c tinc pur~oses. 

' ~ -crec ---e~r:1s 

82 

lea ves s~10,-1 cc. a v ery ~~ich:!.y :::;.i. ._-:;:1 j_::ica:-._·t cor·relatio:1 (bo·c:1 

o;.1 as:: ar'.d dry -wci;:<_·:..; ])ase s) wi ·c~1 ti1a ·c in ·G:1e soi l . 

~1e ~~t a ~~e ~lottcd in ?i0 . III . 5 

5(b) , '.i:'I!e 

(a) 

.sicnifican ce of ·tile corrcln·cion wa s L1e sane wl1cther t:-1e 

~wo tree - fern species wc ~e t a ken tocct~er or cep a ra~ely , 

Uo vei'y hi~)'-]_Y s ic::-d_f:~ca nc correlations were f ound 

between ·t-:..1D.c; s ten in a::y o :: the t ree orc a n s a a d tha ·'.:; i n t,:1e 
. 1 ( ,.., ' ., -,-- T 7) soi ..:.ao_le ..!..L_ . • IIowever :::;ic_;n:::..:'.'" icanc cor relations 

loaves :=:'i:e data are 

~:,1_,:,-ctecl in ?::i..c . II~ . 6 ( 2.) aad a re r.;~w,H1 as ) ro::2.les in 

~-i ~· 
- - L, . 

a core sicni::ican~ correl a tio~ . 

lTo sic;:: if:i_caat correlatio:1.s we:-·c :'oc.E-:.C. 7or any of 

!.:.uu:Jers o:: b eech leaves and twics were ·coo sua l l f o r a:.1 

accura te correlation coef?i c ient t o be detera ined. 

Discussion 

'.i'he abili-c,y of the vece·Gation to pPedict the tunes-ten 

concentration in the sail decreases in the order 

t ree fern s .> snall trees ' l arc;e t r ees 

A possible explanation f or this order is as foll ows. 

'.::'ree f e rns :lave a shallow and localised root s y ster.1, and 

they would therefore t ake up nost of their ninerals fror..1 the 
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sane cle:Y'.:;hs a s soil ca::1~)le.s are ·c ai:c :1 2:.·on (G . 2 - ~ . 6ra ) 

IIence ~,:'ov.::_clec.l ooil a :,d :.,r·e~ ::c1·r: sar:1>:es a re ·:.:; aken 

su:.:fi c::.:.e ::-rc l y c l os~ t, ocet;~:er , t>e ezistence of c ood 

correlationc are q~ite possible . 

'I'~1e ·'.:,:;:-eea sa1:1~)led Ilm·1evc:.· , :_=-,a:.<~ic L:la ::.·ly ·c!c.e l a rccr 

:.::. a c a hi a nd beech Sj_)cc::_es , :-:!a ve ::.'o o·c GJG"GcL:.s which arc f ar 

r oots thcrc::ore o a r9le a : a ~ce v olur~ of soil in which 

/1s a soil 

sao~le re~reoen~s only a soall 1~ac~i on o f ~~ic v o lunc , 

? oor corre lati ons co~ld ~esclt . 

Va ::.·i a ·:.:;i o,1 s itl s oil :)roper ·c. i.es :·:-:..•oc one s -'~·:::.e to 

a no·che1~ c ~·-:1d. also I:avc a n cf::e c ·c on ·'.:;i·1c correla ti oD, 

di['fere::cc in soi::;_ valune::; sac:)lcd 0~· tI:eir ;:-,o o-cs . 

It io a l so Joscible that the ~resence o f ore 

n a y .. 1 0:; be n a :1 :· ... ::·es-cec! , · G!:.e so :'._;l .. i;::nec!::.a ::.c l y above ther.1 

bu·:; are ~)erccratecl b y ·c re e ro ot s, n a y re s u::..·::, i:1 hie): tree 

vah:cs .::_,,. ·ci:e abse:1. c e oZ =~=-cl: soil values . 

(d ' ~ ~ . 
1 c on c l.;..lGl ons 

:~:1 -::.>.:::.c s ec,,:;:::.o:" -::~:c ;_) ossi'.J le ,~sc:.."'ulncss of n ane;an ese , 

lead a nj "'.:-:::..:1 as :)a -i:;h:-inde1·0 f or t v.nes-ce ;_:. ~-:as :.Jeen der.wns-trated . 

I·c h a s a lso been .show,1 ·::;i.a ,.:; the cui1c stcn concentra ti o n 

Dickso:'lia sgGarrosa corre l a ted well wit;I1 i·cs concentrat ion 

:::oweve r Fie . III.S(a) s :wws t~iat even ·che 

existe nce o f a v ery hichly s2.cni7icant relati onship does 

n o t p e rr.::_i-c very r eliable p:,•edic t::..on o7 soil concen-0ra -'.:;ion 

fr o~ the p lan~ concentration . 

:Jeca:..s e r..o r:.ew releva r~·-'.; in:.: ornat i on :L s c a ine d by 

ana lysinc t~~e t:c~ee fern s it is v.nlikely tl1at -'clc.e 

explorati on ceoc::.er.iist. would ,,;ant t o s ·c op soil sa1;1pJ..inG o n 

str ear.1 banks and sar.1p le o::1ly tree fern s. I~oueve r , -the . 

enoroo~.rnly f aster n ~ture o f fern sar.1;:,linc coopa r? d t o soil 

nai::~line ncans that, in case o of speciaJ. arcenc y , and, 

f o r where soil sanples we re dif:.:icult t o obtain , ·t r ee f ern 



ca.:1plinc; a l o ne; s t;.,ean o a :1!: s c oi_-, 2..d ,.)e uscc~ <:- o detec·c 

s oil a r_o::1a lies m.;.c cesc:'\ .. ,l l y . 

r, -
L1e Se 

~ossib~c c a ~ses inc~~Ce va~iation i~ (i ) ~uncsten 

35 

( ~; ) '"'e·"'cer<· a ··e 0 0 , t ':.)J, e ·-- l._J - -J. .._,. ~ ~ .1_ ... I - in -~~~,e soil , ... c-).nc s ·Cen 

·'.:;-,-)c 
J - . o~ oi~cralisa ti on , a s 

doeG i~ n a r~ow veins , one o ~ t~e ~icces~ prob l eas in 

explo~a ti on ic to trace t~c pociti o 2 ol t~e veins . 

aetjodc vc~y dif~ic ~lt, 

.L- -~ 
L< 

it 

veins . 3eca u s e ~unc s ten c onc e~~~a tionG wc~c Zoun~ to be 

( r,.:. a hle -_-:-_-, __ , __ ), · · d · ::1 ' ' · · · 1 · · · · ..., _ " re wa G ecir ec_ c o ::.,cs·.:,pic-..:, sar.1~)..,_2.nc ·co ·crE:11:s . 

or.. asl-: a nd clry-,'leicir::,. bases . 

ash ed before a n alysis , _it i s e asier t o c a lcula te d a t a 

0:1 an ash -we ::.c:I,-::- b aG ~G, a nd so ·chis ;_::>roce durc was a dhere d .to . 
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3 . FURTHER INVESTIGATIONS 

1. Introduction 

~he aims of these further investigations were twofold . 

First) it was hoped to deteri;lit,e the ea use or causes o f 

the poor tree - soil tungsten correlations , arrl secondly, 

to determine whether tree - trunk analysis could be used 

successfully to locate tungsten- bearing veins . 

With regard to the first aim, the resu lts of the pot 

trials described in Section II of thi s thesis indicated 

that) provided that the plants are o f similar a ge a nd siz e , 

and that the physical and c hemical properties o f the soil 

arc const a nt , then a g ood tree -soil re latioGs~ip could be 

obtained . The relative import-ance of these fact ors wou ld best 

be dete :cnined by carrying out a series of further pot trials 

in which t~e f actors are varied one a t a time, but a 

shortage of time necessitated t~e use of field data instead , 

~he tree ferns sampled cove!"ed a wide r ange of size 

and age , yet their tungsten con centration still g ave a very 

highly significant correlation with that in the soil ( Fig .III. 5 ). 

This suggests that t~e absence of a signific ant tree-soi l 

relationship is due primarily to variation in soil 

properties, which bec a use of t~e large r root systems of trees , 

would have a greater effect on trees tha~ on ferns . The 

field results presented i n this section tend to support this 

suppositi on , 

The s e cond aim o f this section is of more direct value 

t o exploration, but require s a good de a l of fiel d work before 

de fin ite conc lusions can be n ade, Restrictions on the time 

and money ava i lable for this work me ant that only a brief 

investigation of this asp e ct could be carrie d out , bu~ the 

results tha t we re obtained a re very promising . 



2 • Inve stig a t ion o f poor tree-soil cor r e lat ion s 

( a ) Varia ti on o f tungs ten with dist a nce i~to trunk 

(i) Sampling 

Trunk slice s were taken from s evera l trees, i n c l uding 

the s pe cies . N othof agus r:1enz .; e si i , We i manni a :;.'ace mosa a n d 

Qu in t i~ia acutifolia, gr owin~ i n an a re a of deep l a n dslide 

mat erial a nd soi l , wh i c h contained a n average of 200 p p m 

tungs ten . 

(ii) Re sult s and discuss i on 

Ta b l e III . 8 s h ows re sult s ty1) ica l o f tho s e foun d for 

the t hr ee spe cies . The t u ngs ten concentrati on is c;cn e rally 

higi1cs t i n the outer tru nk , often de c reasinz s teadily t owards 

·;:; he c en-~re . As t.1-e perc en".:;age a s h de c rea ses t owa rds t he 

centre o f' t h e t runk, t his trend i s no-;~ i=':'Cner al ly true f o r 

d r y -weight dat a . The ba r k genera l l y c ont ain s a lower 

c on c entr a ti on of t ungs ten tha n the outer woo d on a ash-we ight 

b as i s, bu·c a higher c oncentz·ati on or. a dry -weie;ht b as:_o . 

The s e ~e su lts indica te t hat as we l l as being the 

e asie s t to s a mple , the ou-cer trunk contains 1,1ore tungs ten 

an d i s the r efore a l so more s uitable for ana ly s i s . 

The three spe c ies a l s ~ show surpri s i ng simil a rity i::1 

the i r tungs te:.1 c on c ontra tion, pa rti ct.:. l a r l y in the outer 

t r unk , sugge s ting tha t their mode of re s ?onse t o s oil tunesten 

i s simi la r . 

I t i s n ow necessary to exanine the v a ria bilit.y in t!1e 

t ungs t e n con centra ·c ion o f t'.:e outer tru nk a t various p oints 

on the c irc u~.:fere::i c e , for samp ling pu r pose s, a nd t o examine 

t he e f f ect th at the aee o ~ tl"€ tree h as on i·cs t ungste n 

concentra tion . 

( b) Va riat i ons in conce ntrat ion of tungsten in trunk 

and surroundi n g soil 

( i ) Description of site 

Three N. t runcata ·trees g rowing n e a r Ridg e A (Fig . III .o_) , 
which wa s approximate ly east -west, we r e c hose n fo r this 

study , They were of similar diameter ( range 24- 30 cm) and 

were found to be of very similar age ( 70 - 7 6 year s). One 
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Table III.8 

Variation in tungsten concent r ation with distance into trunk 

Species Ag e Diam . 1J o, of ari ;iual rine s Tung sten 
( yr.s ) ( cm ) counted from centr e cone . 

of t runk ( ppm in ash) 

N, . truncata 63 27 0 - 20 10 
2 1-3 0 10 
3 1- 4.0 18 
41- 50 17 
51 - 6 3 18 
.3ark 6 

W. r acemosa 57 12 0-20 2 
21-40 4 
41 - 50 13 
51-57 26 
Bark 7 

Q. . acutifolia 51 10 0 - 20 10 
21-40 20 
41 - 51 25 
Bark 14 
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of the trees was growing on the crest of the ridge, which 

was very narrow a·c this point; the other two wc:re 

approximately 9m down the sides of the ridge to the north 

and south respectively . The slope on each side was approx. 

35°, and the soil consisted of a dark brown A horizon and 

a deep B horizon which was lighter in colour and contained 

many rock fraGments. 

(ii) Sa1;1p ling 

Trunk slices were cu~ at approx. 0.5 m above ground 

level . A furthe r slice at a height of 1. 5 m, and root 

samples, were t aken f:coc -t.he centre tree . Four soil samples 

( bot i1 A and B horizons) were taken at distances of 1 . 5 r;1 from 

each tree , at bearings of north, south , east and west . ·~ter 

air-dryiag , ti:1e 100 mesh frac·c ion was removed for analysis. 

The trunk slices were divided into fotr corresponding 

q uadrats, and the outer 2.5 co o f each removed for analysis . 

The bark was also re1:10ved a nd analysed separately . 

( i ii) Results and discussion 

The resuI-cs of ( Table III . 9) show tha t the variability 

in the lower tru nk :data , given by the range %, or the r ange 

in values as a percentage of the smallest value, lies 

between that for the A and B horizon soils. 

The root concentra tions for the c e ntre tree are higher 

than ti1ose i ;.1 the trunk, and show a greater variability, 

while the data for the higher trunk are lower, and show a 

considerably smaller percentage range . This trend of 

reductions in tungsten concentration and percentage range in 

goine; from roots to lower trunk to higher trunk possibly 

continues through to the brancl1e s and then leaves and twigs . 

However trunk sampling at c hest height (app rox 1.5 m) 

should give a suit able compromise between tune;sten 

con c entratio n and variability, the percentage range at this 

height being considerably lower than that in the surrounding 

soil . 

This demonstrates tha t variation of tungsten 

con c entration over small distances in the soil is a factor 

of more imp ortance in producing poor corre lations tl-a n is 

variation in the trunk . 



Range 
11.verage 

Range 
Averarz,e 

Range 
Aver age 

I-:ei ght (m ) 
Ps.ane;e % 

Table I II . 9 

Trunk and soil variability data 

Wood 
5 . 6--10 . 0 

7 . ~-

Tree 1 . North of ridge 

Bark 
6 . 7- 9 . 4 

7 , 6 

Tree 2 . 0:1 ridge 

1. horiz on 
90- 185 

137 

90 

B hori z on 
80-15 5 . 

127 

A B 
Wood B'.cu·k Ho :::·_: Bark .i.loots ;1or izon horizon 

0 . 5 1:1 

6 . 5-10 . 4 
8 . 2 

·wood 
7 . 2-1 0 . 2 

8 . 3 

Roots 

0 . 5-1. 0 
104 

0 . 5 r.1 1.5 1-:-1 1. Sm 
6 . 8-12 . 6 5 . 8 - 8 . 2 6 . 0- 7 . 7 

9 . 7 6 . 9 6 . 6 

Tree 3 . S outh of ridge 

Bark 
7 . 7-9. 2 

8 . 6 

Averace range 

~-lo :::ic.l 2d i,l< 

0 . 5 0 . 5 
61 .:1, 7 

A horiz on 
110- 140 

125 

per c ent 

'i'lo:id Bar k 

1. .) 1. 5 
27 29 

~-5- 92 
'/0 

85-120 75 - 135 
95 

B horizon 
90-1 35 

100 

112 

A Hori z on B hori z oa 

0 . 25 o.s 
47 87 



( c) Ef'fcct of tree a :,;e or: concentration-2.f 

tunp;sten in outer trunk 

(i) Sa1:1pline1 
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Slices were t, aken fro1:1 e roups o :f trees gr m·1i:r1g close 

to one anothc:;:, at a nunber o-!: si·~es, ·co exanine ·the effect 

of tree a c;e and siz e ot: the tur:c;sten concc!1tr at.ion i n the 

ou·cer trunk . I~ or~8 r ~o averac;e out variations, a complete 

ring was cut out, as:1ed an d uixed before renoving a portion 

for analysis. 

(ii) Results and dis~ussion 

'.t'Ile :~es:.ilts ( 7nble II:;: .10) denonst1~ate that there 

is as r.mch variation in tl-:.c tuncste11 cone cntration in trees 

of the sace sjJecies, ac;e and siz e as there is between 

differe ;Tc species of tree s of di :?fc:c~ent a c e a:id size. 

Por exanple, the tunc;.stcn concent i'.' atio:n i n the three 

similar Q. tr;__ncata spe ciraer.s f :;,•or.1 Site 1 and the two 

si,tlilar .speci.::,e .. -:.s 2.t Si ·c e 2 , show a greater range than do 

tlre Site 3 ~rees , which are all different species and cover 

a f ar wider ranee . of a ce and siz e . 

Sicilarly, a t Site 4, the tungsten concentration 

~~ the sincle g. race~osa s 7cciacn lies between tha~ in the 

two ll . truncata trees . 

These results, with those of part ( b), s e rve to show 

that differences in the size and age, and even the species 

of tree , are of less significance in contra lling the 

concentration of tungsten in the trunk than is the natural 

variation in the properties of the substrate into which 

their roots penetrate . 

Although this does not bode we ll for using tree 

trunk analysis to indicate soil tung s ten concentrations, it 

does not preclude the possibility of their use in locating 

ore bodies. 

Several worke r s have listed the factors which influence 

the metal concentration of trees (Carlisle and Clevelend, 

1958; Warren, Delavault and Fortescue, 19551 but only 

a few have attempted to determine the relative importance 

of these factors ( Timper ley, Brooks and Petersen, 1972), 



Table III.10 

Var iation of t ung st e n concer:tration i n 
a [;e and siz e o f t r ee 

Site No . and t ype Age r anee 
IlO i of spe cie s (yrs) 

1 3 N. t . 70-7 6 

2 2 N. t . 63 

3 1 p. f .' 1 N . f ., 1 l'J • I:1 • 75-220 

4 2 N. t . 
1 W. r . 

N. t . 
hi . m , 
N. f . 
P. f . 
W. r . 

52-53 
so 

Nothofagus truncata 
N. menziesii 
N. fusca 
Podocarpus f errugine us 
We imannia racemosa 
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trunk wit h species, 

Diam . range Trunk tungsten 
range 

(ppm in ash) 

24.-30 7 . LJ. - 8 . 3 

20-27 4 . 6 - 7 . 2 

27- 46 5 . 4- - 5 . 9 

22-23 180- 460 
190 
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and certainly no one has attempted to do this for tungsten . 

An attempt was made thercf ore to detcrr.1ine which soil 

property or properties had the greatest influence on the 

uptake of tungsten by trees . 

(d) Differences in soil properties between sites 

( i) Introduction 

'l'wo sites nearly 1000 r:1 apart on Ridge A (Fig .III.0) 

were chosen for this study, the first '(Site I) be ing that 

used in part (b) (pag e 87 ) , the same trunk and soil sru;1ples 

being used in each case. n second set of three trees at the 

second site (Site II) were treated in t~c saoe way. 

When the trunk and soil (-100 mesh) sanples were 

analysed and averaged, it was found that althoueh Site I had 

the lowest soil concentration of tunc sten, i t had the hie;hest 

concentratio~ of this element ~n the tree trunks (Table III.11) 

This is t;hc very type of result that has caused the poor 

tree -soil correlations, and in t his case, because each result 

is the averace of 12 analyses, t he differences cannot be due 

to randor.1 sanpling variation . 

To investi c ate further the coe1position o f tI1e soils, 

the 24 soils fron each site (12 n horizon and 12 B hori•on) 

were dry-sieved into 10-40, 40-70, 70 -100, 100-200 and -200 

mesh fra c tions . The -1 0 mesh fraction was discarded, and 

composite Band B horizon samples for the other nesh fractions 

for the t wo sites we:..~e r:iade by r.1ix i. ng O. Se; froo each sub-

s ample , The results of the investigation of these mesh 

fractions are tabu lated in Table III.12, and are discussed 

be:'...ow, 

(ii) Tungsten concentration in the various size 

fractions 

The tungsten concentration was found t o increase with 

decrease in mesh siz e for both the II. and B horiz ons at each 

site . Also, each mesh fraction at Site II has a higher 

t ungsten concentration tha."1 the corresponding mesh size from 

Site I. 
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Table III.11 

Tungsten data for trunks aE,d soils (-100 ;;icsh) from Site s rand II 

Site 

I 

II 

Ave . 
( pp1;1 

trunk cone. 
w in as h ) 

8 . 0 

5 , 7 

Avcra 5e soil concentration (ppm W) 
l. .horizon B horizon 

119 113 

152 193 
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'I'able III.12 

Soil siz e fraction dat a for Sites I + II 

Site and 1,esh Total %by J..l c;Win pp:1 Fti 0 %~0 soil %orgarric 
horizon fraction fl)lll W weigt 100g soil ro]ubJe W roJilile W pH matter 

10 - 40 27 67 . Ll, .'. 18 20 1. 3 4. , 7 L1, , 4 5 , 5 
Site I 40-70 43 22 , 9 986 1.3 3 . 1 4 , 4 11. 0 

A 70- 100 60 3 . 1 185 1. 2 2.0 L) • • 6 11.5 
hcriza1 100-2 00 95 3 , 0 289 0 , 7 o. s 4 .• 4 1 3 . 5 

-200 119 2,9 339 0 , 4 0 . 3 4 . 6 10 . 0 

10 - 40 25 65 . 2 1629 2 . 6 10 . 2 !~ . 9 4 . 5 
Site I 40-70 45 25.3 1138 2 . 1 t1, • 6 4 , 9 8 . 0 

B 70 - 100 82 3 , 3 272 1. 2 L 4 4. 8 9 . 0 
lxr.iz:n 100-200 102 3 . 2 330 o.G o.8 4 . 8 10 . 5 

-200 11 5 3 , 0 3 t1,6 0 . 2 0.2 4. 8 18 . 0 

10 - ~.0 40 72.7 2908 0. ~- 0 . 9 4 .3 14 , 0 
SiteII 40'-- 70 75 18 . 4 1383 0 . 6 o.8 ~- . 2 18 . 0 

11. 70-100 80 2. 8 227 1. 4, 1.7 4 . 1 17 . 0 
h:riz m 10 0- 2 0 0 13 6 3 , 3 45 3 0 . 5 0 . 3 4 . 1 17.5 

-200 157 2 , 7 40L1, 0.1 0 . 1 4 , 1 1 5 . 0 

10-4.0 40 7 4 . O 29 60 0 . 6 1. 5 4 , 5 7 . 0 
Si·®II 40-70 125 18 . 0 22 t1,7 0 . 5 0 . ~- Ll, • 0 12 . 5 

!3 70-100 16 6 2 . 8 463 1.0 0 . 6 4 . 3 14 . 0 
i10r.i:zon 100-200 191 3,0 563 0. 6 0 , 3 4 . 3 14 . O 

-200 193 2 , 3 L1,44 0 . 1 0.1 4 , 0 13 . 0 



( iii) li.Doun-t of t unr;st en in the va :c~ious size 

f ractions 
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To ensure tha t t he actual anount of tunc;sten pre.sent, 

as wel l as the co n cer:r;:;r a t,i on , was hie;hes _,c i n t!1e Si_,ce II 

soi ls, the ac tual aaount s 9rescnt i n ea c ~ aesh size were 

calcula t ed b y weighinc every cesh fracti o n of every 

subsample . '.i'he re s ults ( 'l'a ;Jle III.12) show -~ ha ·e, -'che 

perce~Ytac;e by we icht of ·the d ifferent mesh sizes a re 

I[eace w::en the anount s o f tuncsten 

p res~et are ca l c 1.~1a ·ced ( as HC tuncc·cen in 100 c; o f -10 1:ie.sh 

soil , '.i:' able III 12) ·'- 1 1,,.,. -L ·, ·1,""'"'_,_"" __ 1 co·1·'·e,·1_,_ o,:-• L,! 0 V l:...1. LJ U v.._.. i. i V .:.. L, .i. Site II 

soil is i n deed !1ic:::er t::a n t:,.at a ·;:, S :L-t e I . 

( i v) Water-soluble tuncsten in the various siz e 

'.:' o obt aia souc ide a of w~1 ,i-:.:; pr oporti9n of ·c h e t ot al 

tuncsterl :J resent was availa ble t o the pla n ts, the anount 

of water-soluble ~lngsten i~ the various ae sh fr ac t ions was 

det,erE1ined . While the re i s :1 0 CL:arancee that this 

accl.,1~a ·tely r eflc • ts -~I,e 11 available 0 "tt'.n :::_; r:;-t e n ) i t is 

probably a bet·ter c~'.i de _,c han t~1a ·c deternined by usinc; buffe rs 

o r d ilute ac ids as the se, bec a use t:1ey co:".t rol the p!I o f 

t he san:::i le so l ut ::;_on, can cive ::a lse re st~lts f or a n eleG1en ·t 

such as tuncsten , the solubility o f which nay be pH-de?endent . 

'rhe r esults ( '!:' a ble III.12) show that , altl10u Gh 

Sit e r::::: h as ·the !:i.c;hes.,~ to·t a l ·tuncsten , it has a lowe r 

water-soluble ·tune:;st e n , a nd this i s probably res~ o n sib l e f or 

the lower concentra tions o:; tuncsten in the t rees, 

?he cou~se fractions a re se e n to contain aore 

wat er-soluble tuncsten than the fine fractions . Howeve r 

this is :)robably a result of dry-sievinc; , as the coarse 

particles were seen under the r.iicroscope t. o oe coated wi th 

smaller p a rticles. The se snall p articles are bound t o the _ 

larger particles with h ydrous oxides of ir on and alur.1iniu r.1 , 

the p roducts o f weat h e rinc o f the c rani tic parent rock . 

'i'hi s present s a .1 explan~·c ion o f the hic-h water-solub le content 

of the coa r se fractions, because a t a pH of less t~an 5, 
these hydrous oxides can become positively c harc;ed, and as a 



result tuncst a ·ce a ni ons , . liberated by the we a the rinc; of 

scheelit e and wolfraoite , can bind t o t !ren . As this 

tunc;sten. would be no:::'e soluble tha n a re the prinary 

r.1inerals, t!1is could explain the !1ic;hcr wa~er-soh1ble 

content of the co~rao fr actioils . Decnt,se of this , :)lant 

9'J 

con ce~.trations nic;i,t. be e}:pecced to cor::1elat.e be·cter with 

·the coti.i• se fractions ·:.:J1ae with the f.-~ne fractions of 

dry-sieved soils . riowevc:c0 the c:0 e a te:r- variation in the 

tungs t e n concentratio n in the coarse fra ction s prevents t~is 

fron beinc: tl:.e case. 

i =ore evidence ·co S~i.J~::, or <:, <:. he <:.:..'.nc s ::. ate b:::_ndinc; is 

prese~ted in p a rt (c ). 

( v ) -:;II o? ·che va1°ious s i ze fr act::.ons 

'I:'he results ( ? able III .1 2) show ·cha t; the ~JII values 

are all low. ~his is ? artly due to the cranitic parent 

rock whic l~, owinc; -',:; o ·::.he c henical n;;iturc of ·the r.1inerals 

and t;!1eir product$ of decor.l~)osit i on , ~reduce s a 11 ac id soil 

poo r in nc t ri~1ts, a~ d ~artly due t o the p~edooin ance of 

beech s~Jecies, whic h :;_Jroduce a :J a r ·cicularly acidi c ~mr.ms 

( r =i l le r, 19 6 3 ) . 

h closer ins ~Jec·cio:1 o ; the resu1·;:;s reveals ·cha t 

the Si t.e I I sauiJle s ~1ave a . lower p II -'c l:an the co r re spondinc 

r.ies l, f:;.0 ac·cio ns fror., Si·ce 1., b ;--/ an avc rac e of 0 . 3 for the 

A horizon and 0. 6 ]or t~e D horiz on . ':'hi s l owe r pII is 

apparexitly responsib le for t he lower percentace wa·cer

soluble tuncsten at S ite II . 

( vi) Orc;anic con~en-c of the various nesh 

fr ac-tions was detcrr.iine d by l oss of weie;ht after heatinc 

at 500°c. The rcsul~s ( Table III .12) show tha t ·che soil 

a t Site II has.a considera bly hiaher orcanic content tha n 

that at Site I , particularly in the coarser fra c tions , 

which r.mke u p the bt.!lk of the soil . The hic;her o raanic 

content a t Site II is prob ably a result o f the e;rea t er 

a vera ge age and si.ze of the ·crees in thi s a re a ( t!1e area 

arou~1d S ite I hay have bee::i burnt off a b out 8 0 yea rs a e;o), 
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and C"le lower pH cou ld rem,l"c fron thi s, 

Th e inorcanic :,:.-oyert ics of the soil ~re less 

likely t o h~ve caused ·che lowe1, 1)I·I a t Site II, because the 

parent rock, being __ siu:.lar a t bo·~:1 sites, would produce 

sir:iilar ·types and quantities o f p :c, oducts such as clays on 

weathering . 

( e) \'lat er-soluble tunr;sten a n d p H 

'.i.' o exm:1ine further the associa·c ion be t ween water

soluble tuncsten and pH, nany nore soil sanples were tested . 

It was f rn .. m d tl: a ·c , because o f the di~ferences in the 

physical a nd cheuical conposition o f' individua l san:_)les, a n 

associat~ion between the ·cwo f ac t oi"s was obvi ous on ly when 

t he result s f o r nany so i ls fr oD o ne a re a we 1,e avera c ed a.,cl 

coopared with those fr on another , as was t~e case f or 

Sit es I a nd II . 

7he ridc e so.::ln (-100 nesh ) were f ound t o h a ve a 

lowe r a vc:'ace ::ir-r and percent a ce wnt er-solu.b l e tunc.sten 

( 4 . 9 a nd O. 79 respccti vely) tha n ·chose fron the creek bm1ks 

(5,3 aad 0 . 8 5 r espect ively). 'i'he 

soils is probably associate d wi t h 

have undercone. 

l ower pH of ·che ridce 

-~he c;rca -tcr leachi n e; they 

( f ) 'ihe ef :f'ec t of distance :fron source on the 

dist ribution of t unr;sten between coarse a r.d 

fine soil fractions 

The success 9f a plant-soil correla tion will depend, 

ar.10nest other ·things, o n the soil ncsh fraction chosen for 

analysis containine a const an t pr o p o~ti o n o f the total 

present in the soil. i'i.n i :Yvestieation was carric d out 

therefore to deternine if this was the case. 

Si·tes we r e c h osen o n each . of the creel~ banks where 

tw1CTsten-bearing veins outcropped , and a third site .Qn Ridge A 

where the soil was tungsten-rich and contained a.any quart z 

fragr.1ents was selected. A series of 10 soil sar:1ples were 

taken at 100 v intervals dow n fror:1 each of these sites . After 



dryinc , the (a) 10-40 a n d ( b ) -100 fractions were renoved 

by dry -sievi11c a nd a nalysed f or tuncsten . The r a tios for 

(a)/(b) were plotte d for each series ( Fic . III . 7) . They 

show a strikinc; sir:1ila11 ity in. their p a t-tern , parti cu larly 

for the ·cwo creek-bank series , whic h reac~, n nini1:mn a t 

a p?roxinately 6 00 9. 

'i'he in i tial downward c urve could be cause d by the 

phys i cal weather::.nc o f ti.1e scheolitc :i_)a rt iclcs as t!1ey a r c 

novcd fu rthe r fr ~~ the s ource . A possible explanation for 

the s-.lbsequcnt rise in t~rn r a -::~io is 9 s fol lows. 

As the soils we r e dry -s ieved , the coaPsc particles 

arc coat ed wich sualler p articles bo~1ded to ,chen wit h hyd rous 

oxides of iron a n d _ aluniniw:, , l'i.t low p :i" I these oxides becone 

posi~ive l y charced, and tuncst a te a~~ons released by weather

inc of tI~ oiccrals can bind to tlren , for exaople accordinc 

to the reaction : 

2Fe (O H) + + WO 2 -
L!-

- -"·· ""-- ( PeOH) 
2 

WO t1 
' 

1\s pointed mrc on I?C 9'7 , this bindine; would 

explain the hichcr ~e rcentae;e water -soluble tu.ncsten in the 

coa r se f~ actions. 

( c ) Dist r i bution of ~uncotec between oaccetic and 
. 1 

SOl J_ fr actions 

I .. r.iac;nctic scpara -tion of a conposite soil sanple 

was carried ou~ usinG a Frantz I sodynaaic o acne~ic 

separ a tor ( I.iodel L-1). '.i'he 60-80 . nesh . fraction was found 

to be the aost suitab le for soils, a n d, bette r separation 

was achieved by keepine; the curren-t a nd f orwa r d slo:)e consta nt 

and alt e ring only the side slope, 

0 
of 25 . 

'i'h e initial s _cparation was carried out at a side slope 

Portions of the two fractions we re removed for 

analysis, then the less oagnet ic fraction was s eparated again, 

this time at a side slope of 15°, and so on through side 
0 0 0 0 

slopes of 12,5, 10, 7.5 and 5.0 . After each separation 

portions of both fractions were removed for analysis, the 

remainder of the more magnetic fraction discarded, and the 

remainder of the less magnetic fraction reseparated at the 

LIERA".Y 
MASS~',' L:>~:v:.~:-··~'( 
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at the next lower side-slope . Below Sr the vibration of 

the instrument prevented any further differentiation of the 

less magnetic fr action . 

The re sults ( Table IIL 13) clearly indicate that 

the more mae;net ic the fraction, t he higher its tungsten 

concentration , and overall, the nagnetic fraction (that 

capable of separation at a side slope of 5° or greater) 

comprised 8. 4% of the t ot al sample weight, yet contained 

20 . 5% of the total tungsten . As the tung sten oineralisation 

is made up of 98 - 99 % non-mag netic (Flinter, 1959) scheelite 

and only 1-2% magnetic wolfranite (J . A.C . Painter , personal 

cor.munication) this 20. 5% is far in excess o f that due to 

the wolframit e p r e sent . This strong ly supports therefore 

the hypothesis that r.mch of the tung state released by 

weathering is bound to the hydrous iron oxide material . 

( h) Variation in ;:iercentage water - solub l e tungsten 

with distance from source 

Water-soluble t ungsten determinat ions were made 

on the sane s oi ls used in part (f) (?g 99 ) . Alt houeh 

no definite pattern energed, i t was e vident that soils in 

the vicinity of outcroi_)s had a lower pe rcentage w~.ter

soluble tung sten ( approximately O .1 - 0. 3%) than ·those 

further away . This Dight be ex~x.:ctecl t o result in plant 

anoraalies smaller than those shown by the soil, and, as 

shown in Fig . III . _c..;, t~1is is oft 0" the case. 

( i) Discussion and conclusions 

The r0sults of these investig ations have de1:1onstrated 

that tree size and a ge , and even the type of species (at 

least among those investigated) are relatively uniaportant 

factors in causing poor tree-soil correlations . 

The percentage of water - soluble tungsten was found 

to vary between sampling sites, and the pH of the soil was 

implicated as being partly responsible for this, the pH 

in turn being influenced by the organic content of the soil . 

Distance from the source of the tungsten was also 
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Table III.13 

Data for magnetic s epara t iona of soil ( 60-8 0 mesh) 

T:_i:-:. , ·ston conccntr.:i.-Lion Ci)_pr.1) Side slope 
(degrees) ~ore magnetic fraction Le ss oagnctic fr action 

25 

15 

12 . 5 

10 

a 

7 .5 

5 

Current : 1 . 0 Ar.,i:J . 

1940 

1215 

545 

325 

230 

210 

F d 1 20
0 

orwar r s ape : . 

215 

215 

200 

18 5 

12 5 
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considered to have an effect on the water-soluble tungsten, 

due t o the effec ts of physical and chemical weathering . 

When put to the test, it was found that already 

significant correlations, suc h as those fo ~· the tree - ferns , 

were slight ly improved by plottint: w·;ter- soluble instead 

of total tungsten (Fie , III. 8 ) . However the poor tree -

soil correlations were not improved; indicating that the 

level of water-soluble tunc sten in the soil can vary e reatJ.y 

over sr.1all dista;-ices such as those encor.1i1assed by a tree? s 

roots . 

Because (1) the total tungste n can vary markedly 

over small distances, and (2) even where it does not, the 

percentage water-soluble tungsten does, it i:1ust be cone luded 

that the tungsten concentration in the trunks of tree 

species with extensive r oot s y steas cannot be successfully 

used to determi:1e the concentration of tungsten in one soil 

sar.1ple rela tive to thnt in nno t her , 

The failure of bi o&:;eoc !1e1:1ic al exp !oration in this 

a pplication however does not, as is deraonst rated in the 

next section , precl·1-de its us e in the detection of tungsten

bearing veins . 
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3. The use of trunk sar:1pling in locating 

tun½sten-bearing veins . 

( a) Introduction 
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The results of the precedine; investigations have 

shown that the tungsten concentration of trees is no~ an 

accurate guide to that in the soil. However the roots of 

a tree growing in soil overlying tune;sten-bearine; veins may 

extend into the veins, and this being the case, the roots 

will be in an environment of e nor1:10usly higher tung sten 

than the roots of trees even a few feet away. Hence, 

despite the fact that the water-soluble tungsten is variable 

and is generally lower nearer the veins (pc 101), the tree 

will almost certainly contain a significantly higher 

concentration of tu;1gsten than its neighbours whose roots 

penetrate the vein to a lesser extent or not at all. 

An investigation was carried out therefore to 

determine whether the ~osition of tung sten-bearing veins 

could be located by trunk analysis, and to deterr.1ine whether 

hig h trunk concentrations caused by the presence of veins 

could be distinguished fron those resulting raerely from 

hie h concentrations of transported tungsten in the soil,. 

(b) Description of areas 

Two contrasting areas were chosen for investigation. 

( i) l1rea containing transported tungsten 

In this area, the bedrock lay under a considerable 

depth (in excess of 12 9 ) of landslide debris and transported 
0 

soil. The ground slope was 40 , bearing east -west . A 

trench had been dug by Carpentaria staff and at its deepest 

point (12 9 ) had still not reached bedrock. r,1any small tree 

roots, which are responsible for most of the nutrient uptake, 

were observed in the trench down to this depth. Only isolated 

quartz boulders were observed in the trench, and the 

consistent i)attern of vertical distribution of the tungsten 

in the soil indicated that the tungsten had been transported 

from a source some distance uphill. 
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(ii) Area containing tungsten-bearin0 veins 

In t~is area, out c r op s of tun~sten-bearing veins 

were present, and tree s were :found e;r pwinc close t o these 

outcrops in as little as O. 5r.i o f soil , with nany of ·clw ir 

small roots dis;iersecl th:..0 oucl1ou-c the veins. The veins, as 

did those observed in other ou-c,c:..0 ops in tl:.e Barrytown 

area, had a n a ?proxir.ia tely north-south strike . 

( ... ) S 1 . +ll ar.1p_inr; 

Trunk, r oot and soil sai:!i_)le.s were collecte d fron 

the re13ion of tI1e trench in arc.:i ( i ) a n d fron near the 

out crops in area ( ii ). The truak sar.1p les we :.'e taken fror:1 

the east and west s ides of the trees a t a re a ( ii ) and 

fror.1 the u:i_)-and-down slope sides of the trees a t a r ea ( i). 

'I'he soil .sai:1ples were taken ne ar the tree roots a t dept;hs 

of O. 3 - 1 r.i . Troe root sa~9lcs :were washed carefully t o 

renove soil cont amin a tion. 

( c) ~esul·c s a>1d discussion 

(i) 'I'runk co!.'lcentra ·cions 

The results ( Table III .1 () show tha t the :)resence 

of tungsten-bearing veins does 1°esult in very hich 

concentra ti ons of tune-s"cen it1 t,he tree trunks. 

/m outstandin c :feature of ·che se results is ·cha t 

whereas at area ( i ) the tLm[:;s-cen concen-cration i!.1 t he upslo:)e 

side of the -trunks ( tha ·t neares·c t.he source o7 tuncsten) is 

only very sliEht l y hieher t han ·chat ii1 the downslope side, 

the tun1:;sten concentration in the trees near the outcrops 

(area (ii)) are markedly hicher in the side adjacent to the 

veins than in ti.1e opp osite side. 

This uneven distribution of tune;sten in the trunks 

must result fro1:i the roots feedinc; the side of trunk_ ,.1earest 

the veins being in an environnent o f hicher tuncsten, a~d 

is of e;reat significance for bioc;eoche1:iical prospec-ting , 

as it provides a means of determininc whether the high 

trunk values are due to the presence of veins or r.1erely to 

soil tungsten transported from elsewhere. 

Althoue;h sor.1e earlier workers have pointed out the 
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iraportru1.ce of samiJline; a t different points on the tree to 

obtain a representative _sar.1ple _ (Brooks, 1972; Warren, 

Delavault a n d Fort escue, 1955), t o the author 9 s knowledge , 

the p ossibility of utilisinc this effect i n nineral 

exp lor ation has n ot previously been reported , 

( ii ) Distributi on of tunasten in trunk 

In view o f the hieh conccntr~tiogs o f t uncstcn in 

sor:1e of the trees crowine near the veins, it was decided t o 

investic;ate ·che dis·crib ution o f t,uncsten with deptn int o 

the trunk of tI,e .se trees with those fror.i a reas of t ransported 

tuncsten ( ~a ble III . D) . Sli ces froo t wo N. trunca t a 

s pe c ir.1ens were t ake~1 . '=1he results ( Table III , 15) show 

a n initial d e c rease fror.1 the ou·cside t owards the cent re 

followed by a narkcd inc rease. 'l'his trend , wh ich follows 

the sane p at te:;:,n f or ash a nd dry weicht based data, differs 

r:1arkedly fror.1 tha t .? o r the exanples in '.!:' able III. 3 , and 

suce;ests tha t trees crowinc ir: hie; h - t unc sten enviroc1r.1ent s 

1:1a y be capable of stor inc e~(c ess ·cunc s ten in their older 

dornant wood. 

( iii ) Soil versus trunk a n alyses 

Unlike truck analysis , the a n a lysis o f so i ls froo 

t he t wo areas would not distinguish between the t wo areas 

in the absen ce of out croi)S, as chc hic;her ran g e o f soil 

values at area ( ii ) was C-'::..t.D'.Xl. ;:i,'!inly by the physical 

weathering of t-:1e out c rops , which resulted in scheelite 

particles droppinc- on t o t he soil below . 

( d) Transect across veins 

( i) Introduction 

Whea . the soil cover is g reater than the O. 5 r.1 found 

at area (ii), fewer tree roots will penetrate the veins 

and the tree concentrati on oiGht be expected to be lower as 

a result . To deteri:line whet!1er the veins could be located 

under deeper soil, a site was c h osen which lay between 

two outcrops o f tunesten-bearing veins but which was covered 

in a deep layer o f soil . A trunk-saapling transect was 

carried out across this si t e in a direction (east-west) 
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Table III.1~. 

Cor.1paris on of tree .:md soil tuncstcn data for areas -of 
(i) tran s~orted tuncsten, and ( ii) tuncsten -bearinc quartz 

veins 

Area No . of 
sanples 

(i) 7 

( ii) 5 

Ho .of 
species 

3 

3 

T.J concn. 
Ave .root i\ve.ooil 

'\:l con en . W .ca1CI1. 

3 9 (tpslope side) 4 9 5 

3 6 ( downs]o:,J2 
side) 

3 0 0 ( side aclj. 11 5 0 
to veins) 

1 1;. 0 ( side OP._), 

·co veins) 

'.i'able III . 1 S 

31-.0 

12 50 

P-arige :in 
soil 1'/ cmcn. 

230-530 

290-3100 

Distribution of ·cune,:sten in trunks of t wo trees c;rowine over 
tuncsten-bearinc veins 

Ho. of annual riri::;s /i.ve . tuncsten concentration (ppr.1) 
counted f-ron centre ( 1) (2) 
of t:0 Lmk 

asi 1 wt . dry wt . ash wt . dry wt. 

0-10 9£~0 ,·~. 5 £1 0 0.26 

11-20 560 1 • /1, 29 0,15 

21-30 390 1.0 25 0.13 

31-40 115 0.3 45 0,23 

L~ l-53 37 5 1 . 7 63 0.36 

Bark 150 5 .1 Lt 2 1.3 
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perpendict:lar to the st,r ike of the veins, and the sanples 

were a n alysed to deternine if a :;_)eak of higl~ values was 

found above the calculated ~J osit,i on of' ·che veins. 

necause the vei:is are so narrow (General Introduction) 

was considered nc cessa1~y to sanple a t as snall intervals 

as possible, certainly at least as snall as the 5-10 a 

suc;ccs-ced by Kovalevsl[y ( 1966 ). Because of this, it was 

not possible t o restrict sanplinc to o n ly one or two.species 

as suc;c;este4 by sone workers ( Carlisle and Cleveland, 19 58). 

In any ease, t!1e results o::.:' the trunJ: va:;.~iabilit;y study 

( 'I'able II I. 9) succest ·tha t ,che different species respond in 

a sioilar fashion t o tuncsten in the substrate . 

(ii) Sar.1p linp; and a n a 1 ys..; s 

'i'he tra n sect was connenced at approx. 20 1:1 above the 

veins and cont::i_nued to apprm:. ,~ O n belm,; the veins. The 
0 

slope o :f ·the transect was 35 and the bearinc; approxiI:1ately 

east-west . '.2he wid,-:.h of the transect was restricted t o 

apiJrox. L~. r.1 and all ·c.i.1e J.:;rees t1i ·chin this belt with a 

diar.1et er creater ·than 7 c r.i we re s9-npled . In order -to 

reduce sar.1plinc; and analysi s tine , only one sai:1ple was 

taken fr or.1 each t:ree ., beinc t aken ?roo the downslope side 

of the trees above the veins a 1"!d fr or.i the upslope side 

of those below tile veins. 

In the labc1,a tory , ·ci1e bark ,vas 1,enoved fron the 

oute r trunk and both were aaaly sed sei_)arately. 

(iii) Result s and discussion 

~he resuh;s o f the transect a1~e shown diae;rar.matically 

in Fie. III.9. 

Appendix 2. 

Dat a f o r individual trees are civen in 

The wood analyses show a peak of hich values very 

ne ar the veins; it n a y be co!.1.cluded that the posit:j_on of 

the veins could haye been located by trunk analysis, a t 

least within ::: 3 n , an<;:1 p os~ibly 1:1ore accur a tely if nore 

trees had been saz:1pled, and/ or if double sar.1pling of each 

tree had been carried out. 

'i'he necessity for nany trees to be sru:1pled is also 
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shown by the fa c t that soi:1e Jcrees near tl1e veins contained 

only low concentrations of Jcunc ste:.1, probably due 1:1ainly 

t o shallow root syste1:1s; it is those t~ees with deeper 

roots tha t one 1:mst !)e sure of saoplinc; , and this can 

only be ensµred by collcctinG la:::.~ce nunbers of sanplcs. 

Fo:.~ exani_)le , if only 20 trees inateacl o f <~ 0 had been 

saapled in t~is transect the veins could easily ha ve been 

oissed . 

a t the ·co1) of the transect suGcest~ 

the ~resenc e of co~e (non-out c r o~pinc ) vei~s. 

'i'he res1.:l·'.:,s o f tile bark analyse a <li d not indicate 

the p osicion of ·'.:,!·10 veins, a nd !K:nce::orth only trunk wood 

will be saapled . 

(e) ,-, .. . 
0 0 nC..i.U.BlQl1S 

The fe asibility of usinc aultip:e -species trunk

oar.1plinc; to locate ;;unc ste.n bearinc; veins under soil and t o 

distinct.:.ish thi s fron -trans1)or"'.:.ed soil tuncsten has been 

der:10nstrated. 

':t'he reliability of tl:.e ;:ie<;~1 oc.l E1us-c now be tested 

by carryinc o~t fur·::;lier tr ansect s over knovm ·cui1cs·cen-

bearinG veins, and in known unaineralised areas. Only then 

will ·che net.hod be ready for routine a 1Jplicati on in unknown 

areas. 

7his octho~ of locatinc veins is enorn~usly faster . 

tha n soil sanplinG, particula rly in a reas such as Barrytow n , 

where ruge;ecl top o e;ra phy a nd the ?resence o f layc;rs o f tree 

litter and r oot s render soil sar.1pline very slow, an d for 

rela tively little extra expenditure could yield valuable 

inforr.iation addit i onal t o tha ·t provided by other r.iethods. 
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'i'be a ins o:: ·t;I1is the sis, as uentimed in the 

Ge ne ra l Introdu c t ion, were threefold : 
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1. '.20 develop r a pid , scnsiti ve a nd reproducible 

procedures for the deterrdna tion o f t~nc s ten in veccta tion, 

s o ils a nd rocl:s , in a :1y concentration , on a r outine basis . 

2. '.i' o dcterniae \·1!1et~1er bioccochenica l pr-ospe c tinc 

has a ny useful role t o pla y in ~he detection a nd pin

p o in-cine o f tuncstcn c :,e b odies , a r;d to con?a 11 c i ts 

success with t.ha·(; o f soil san:_-:)linc , p a rt;i cula :..1 1:; in a re as 

s ub ject t o leachinc , soil c reeJ a nd l andslidinc . 

3. r;:' o inves-cic; a te sone of the f act o11 s which 

obscure the pla nt -substra te re lations~ip with respect t o 

tU!.,csten, to ass is·c in the in.ter;_)re·t ati on of :'.:L:t,u11 e field 

worl: . 

The result s prescn-t.e d in Sec·~~io:r..s I , II n nd III o f 

this thesis show tl1a ·c the a bove a ins ha ve larc;eJ.y been 

ac:'.1ieved . 

'Y-'bc a n aly-cical secti o n (Sc<;;ti on I) showed tha ,.:; , 

by ca re'.?ul selection of cm1dition.s , a larc;e quar·cz-op·cics 

euissi on s pec troGr a .:_J~ cou ld be c ucccssfully used t o analyse 

l ow concentra ti ons of tunc;sten ::.:1 so i ls a nd r· ocks , but was 

not suitable f or the a nalysis of veceta ti on . 

'.i:'~1e colorinetric procedure dcveJ_o~ed al l owed for 

the detec~ i on o f tuncsten i n veccta tion , so i ls a nd r ock s 

a t concentrations down t o 0.1 i)I.)r.l with extrenely hich 

product i v iJ.:.y . 

'.i:'he results o f the t u nGs ten L~pta ke experi1:1ent 

( Section II) s h owed tha t the use o f p lant, analysis to c a in 

info rna t ion on the con ccn-tr a tio n of ·cune;sten in the so i l 

was a t least feasible. However field results (Secti on III) 

showed tha t while this p lant -soil rela t ionship held f o r 

species with snall r oot systeQs such as tree f erns,variability 

in sc;>il pro p erties such as pI-I, r a -~·J:ier than variabi E . ty in the 

size, a ce a nd even s pecies o f tree, prevented this beinc; -the 



case f or tree speci es. 

Nevertheless it was f o und tha t trunk a na lysis 

could.be successfully used t o loca~e tuncsten-bearinc 
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veins, and tha t ·che ;_)resence o f t11cse cot::_d be distincuishcd 

fr oo tra ns~ortcd so i l tuncsten . 

?I1c s ;>ecifi. c :: i nd j_ncs and ach iever.1e1Tc s o ;- this 

project we ;_~e : 

( i ) '..2he develo;:, ;:1e n-c o:: a :-i. e r.:.iss i on s~ectroc ra~h 

procedu:·e for• ,.:;:,e ana 2-y oi.s of ·tunc;s·cen ir: soils and r ocks 

down t o 10 ~-:>pu ; 

( ii) ~he develo~oc~t. o f a colorioe tri c procedure 

f o r the a n a lysis o f vece<::.a:~i on , soils and r ocks wi-c,h a 

se::-i.siti vi·:::.y of 0.1 ~)_i?n a n d very hich j_Jroduc·c ~_vity ; 

( i ii) i'he der.10ns-'.::.ra ·:::.i o n th a t, the col1centrat :.L on 

of tunc; s ten :;_n ·:::.he v a rious orGa ns of yoi..lf1G p lants o f 

Hothofar,u.s ne:1z ie s ii a:--e 9losely related J.::.o the tunc;sten 

concentra ·c ion . in the soil, al·chou cl~ the crea t 1:1a j ority of . 

thi s tuncsten , when t aken u~_ ove r a shor t period a t least , 

is con cent ;.~ a t ed in ·'.::,J,e i"'o ot s , 

( i V). The deoonstration of the ~ossible use f ulness 

of o a ncanese, lead and tin as ~ a thfinders for tunc s ten ; 

( v) '.i'he deu ons-crati o n ·:::.i1a ·c tree fern sanplinc 

nay be successfully used t o detect ~uncsten anooalies in 

the soil; 

(vi) The deoonstration tha t p oo r tree -soil 

correlations are caused larc;ely by . the va:.-iation in :)ercentage 

water-soluble tuncsten in the soi l, resultinc f roo variation 

in pH and other factors; 

(vii) The denonstration "!:,hat trunk s _c;lr.iplinc; can 1,)e 

successfully used to locate tunGsten-bearinG quart~ veins, 

without restriction of the nur.1ber a n d t ype of species. 



I consider tha~ future s tudies in the areas of 

ttmcste;J. aineralisation should be carried ou-c with ,che 

followinc; ains: 

( t) 'i'o substantiate further -che , .1lidi ty of usinc 

aanganese , lead and ~in , and arsen2-c, as pathfinders for 

tu:1cs-cei'l., 

(2) '.:'o test the reliabj_li·cy of trunk sanplinc 

in t1:.e l ocatinc of tuacsten -bea:.:1inc veins, and to deterr.iine 

throucl-:. u i1at dept,l-:. 0-? soil and debrio ti1is can be done . 

( 3) 'i:'o coopare the success o? tl-:.is i::,etl-:.od of 

l ocatinc veins in areas of different ceolocical, cliaatic 

and topocra9I1ical env2-ron!:1en-cs, to deternine ,-Jhetl-:e r the 

;:-_1et~10d is of ce:1.eral a::_::,plica (:;ion . 



Apeendix 1 11 3 

Fresh, dry and ash we i ght s fo r p ot tria 1 p lant s 

WEIGHT S {eJ PERCEN TAGE S 
P lant Org an Fre sh Dry Ash o.-y7fresh J\sl,,fresh Ash/ dry 

L 2 . 42 0 , 63 0 .12 26 . 1 4 ,9 19 , 1 
1 s 6 . 69 2 . 98 0.21 44 ,7 3 . 1 7 , 2 

R 28 .1 6 , 9 0.91 2 LJ , 7 3,2 15 , 3 
L 6 . 61 3,15 0 ,23 47 , 6 3 . 5 7 , 3 

2 s 11.98 6 , 07 0 . 34 50 . 1 2. 8 5 , 6 
R 57, 4 15 . 3 1. 86 26 . 6 3 , 2 1 2 .1 

L 6 . 87 4 , 07 0 . 19 59 , 0 2 . 8 4 , 7 
3 s 5,95 2 , 79 0 . 1 t;. 47 , 0 2, 4 5 , 0 

R 34 .7 9 , 0 1. 25 26 . 0 3 , 3 13 , 9 
L 3 , 66 1. 80 0 .12 49 , 2 3 , 3 6 , 7 

4 s 9 , 04 4 ,0 5 0 . 23 44 , 8 2.5 5 , 7 
R 25 . 8 7 , 4 0 .50 28 . 6 1. 9 6 . 7 
L 6,79 3 . 37 0 . 18 49 , 6 2 . 6 5 , 3 

5 s 10 . 32 l , . 9 3 0 . 23 47 , 7 2.2 4 .7 
R 46 .1 13 . 5 1. 50 29 .1 3 . 2 11.1 

L Ll, .37 2 . 10 0 . 14 48 .1 3.2 6 . 7 
6 s 7 , 84 3 , 91 0 .19 49 , 8 2 . 4 4 ,9 

R 28 . 8 7 . 2 0. 80 25, 8 2.9 11. 0 
L 5 , 88 2 . 48 0 . 18 1).2 . 3 3. 1 7 , 2 

7 s 8 . 89 4 . 09 0 .21 46 , 0 2 . L1, 5,2 
R 17 , 2 7 . 1 0 . 68 Ll,1. 2 3 , 9 9 , 6 
L 8 , 67 9 , 00 0 . 28 46 ,2 3 . 2 7,0 

8 s 22 . 98 10 . 72 0,57 46 . 8 2 . 5 5,3 
R 51. 0 16 .2 2 , 75 31. 8 5, 4 16 . 9 
L 4 . 61 1.95 0 . 11 L1.2 • 5 2, 4 5 , 7 

9 s 17, 92 8 . 13 0 .56 45 ,2 3 , 1 6 . 9 
R 24 , 5 7 , 7 1.10 31. '1- 4 , 5 11. 0 
L 7 , 51 3 , 38 0 . 25 45 , 2 3 . 3 7 . 4 

1 0 s 11.08 5 . 02 0.27 ~- 5. ~- 2 . 8 5 , 4 
R 30 . 0 1 2.0 1. 20 40 . 2 t1, . 0 10 . 0 

L 5 , 82 2.7 4 0 . 18 47 . 2 3 .1 6 . 6 
11 s 1 0 . 32 5 . 00 0 . 31 48 , 5 3 , 0 6 . 2 

R 40 , 7 1 2 . 6 1.5 1 31.0 3 , 7 1 2 , 0 

L 6 . 77 3 . 01 0 . 25 44 , 3 3 , 7 8 , 3 
1 2 s 9 ,1 2 4.25 . v. 25 46 . 5 2.7 5 , 9 

R 40 , 3 1 3 . 0 1. 89 32 , 5 4 , 7 14 , 6 
L 5, 97 2 , 65 0,24 44 , 3 4 , 0 9 .1 

13 s 1 4 , 22 6 , 87 0 , 43 49 , 3 3 . 1 6 . 2 
R 36 , 0 10. 6 1.22 29, 6 3 .1 11.5 

L . leaves s : s t e n s R . roots . . 
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A:e12endix 2 

Individual plant data for trunk-sanpling transect 

Tree Distance fron Species Trunk W coo m. (wr.1 :in as.1--i) 
no. veins ( r:1) diam (c r:i) wood bark I 

1 18 Weiraannia racer:1osa !}5 45 20 
2 16.5 w. racer.iosa 23 12 6 
3 15 w. raceE10sa 23 25 9 
4 12.5 Quintinia acutifolia 7 20 8 
5 10.5 Eetrosideros lucida 40 15 9 
6 10 Viyrsine australis 8 15 20 
7 8 w. 1~acenosa 20 8 5 
8 8 w. racenosa 7 15 7 
9 8 /1. acutifolia 10 12 4 

10 7. 5 I,i -· australis 13 15 3 
11 5 N. truncata 15 20 3 
12 5 0. acutifolia 7 40 40 
13 3 Q. acutifolia 12 20 8 
1 4 3 Q. acuti folia 15 1~5 6 
15 1.5 Q. acutifolia 10 45 10 
16 1 Q. acutifolia 10 15 6 
17 -2 l-1. australis 7 25 9 
18 -2 Q. acut ifolia 15 77 35 
19 -2,5 Q. acutifolia 15 10 6 
20 -5 N. trunca -t a 38 20 12 
21 -5 I: . lucida 20 65 
22 - 6 Q. acutifolia 13 35 10 
23 - 7 w. racemosa 13 35 15 
24. - 8 .5 Q. acu-c,ifolia 10 15 6 
25 - 8. 5 w. racenosa 13 25 LJ O 
26 -10.~ H. t:r-uncata 15 9 6 
27 - 10,5 T.;J. racer.1osa 15 20 5 
28 -11.5 Q. acutifolia 15 35 30 
29 -12 r, 

!>!.• acutifolia 28 15 20 
30 -13 w. racer.iosa 20 15 5 
31 -15 Q. acut;if o lia 8 12 15 
32 -16 Q. acutifolia 8 11 5 
33 -17 1-T . truncata 30 9 3 
3 4 -18 Q. acutifolia 10 ~- 5 30 
35 -20.5 w. racer,1osa 40 .25 10 
36 -22 Q. acutifolia 13 30 15 
37 -26 H. truncata 13 20 6 
38 -28 N. truncata 30 11 6 
39 -31 i.: .. australis 30 9 20 
40 -37 H. t runcata 35 12 5 
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