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ABSTRACT 
Experimental investigations were carried oat to establish a 

satisfactory technique and to study some factors—chalcopyrite to 
pyrite ratio, rate of flew, sulphuric acid acidity, and ferric 
sulphates-influencing the leaching of chalcopyrite ore* 

Samples of tiro different ores~Fairview ore and selected 
high grade dbialcopyrite specimen—taken from the Britannia Mine 
nere leached with different chemical solutions at various rates 
of flow* 

The results indicate the presence of pyrite and the chemical 
character of the reacting solutions are key factors in determining 
the order of magnitude of the leaching processes* Rate of flow i s 
of secondary importance and becomes less significant with a low 
pyrite to chalcopyrite ratio* Weak sulphuric acid solutions 
greatly influence the rate of leaching; for the Fairriew ore in
creasing the copper and sine leached up to two hundred times* 
Leaching i s not proportional to acidity above a certain level* 
Weak ferric sulphate solution appreciably increases the magnitude 
of leaching; increases five times the copper leached in the 
Fairview ore* The copper to sine ratio remains reasonably constant, 
approaching unity for higher metal concentrations • 
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EXPERIMENTAL INVESTIGATIONS OF SOME FACTORS INFLUENCING 
THE UNDERGROUND LEACHING OF CHALCOPYRITE ORE 

- A Preliminary Report -

INTRODUCTION: 
Experimental work has been done to determine some of the 

factors influencing the rate of leaching of chalcopyrite ore under 
mine conditions* Experiments were carr i e d out i n the Biogbchemical 
Laboratory of the University of B r i t i s h Columbia, on samples taken 
from the Britannia Mine* 

Four sets of apparatus were used to investigate the 
influence of the following factors over a l i m i t e d range • mineralogical 
concentration of chalcopyrite and pyri t e i n the ore. rate of flow, 
stiphuric acid a c i d i t y and f e r r i c sulphate* Experimental work was con
ducted i n a manner so as to establish a sat i s f a c t o r y technique and 
to eliminate i n s i g n i f i c a n t and unavoidable Influences; only a f t e r 
t h i s i s reasonably accomplished can the major influences be usefully 
investigated and interpretated. In spite of l i m i t e d time and range 
of experimentation some q u a l i t a t i v e and quanitative hypotheses have 
been drawn* Because the work $o date has been empirical, no 
the o r e t i c a l approach to the project has been attempted. The writer 
expects to continue and to elaborate on the experimentation i n the 
near future. 

ACKNOWLEDGMENTS: 
The writer wishes to thank the Britannia Mining and 

Smelting Company f o r suggesting and supporting the project and to the 
o f f i c i a l s who cooperated i n obtaining the samples and f a m i l i a r i z i n g 
the writer with the mine condition pertaining to the subject. A l l 



the work has been carried out i n the laboratory of the Department of 
Geology of the University of B r i t i s h Columbia* Special thanks are 
extended to Dr. R* L. Delavault who designed and made the apparatus 
and guided the writer i n carrying out the experimental work* 
METHOD: 

The method chosen was to simulate as much as possible the 
conditions at the Britannia Mine* In general there are two sets of 
experiments with each set consisting of a sample of Fairview ore and 
of a selected high grade chalcopyrite sample. The leaching history 
of the two samples i n each set 4s somewhat s i m i l a r so that com
parisons may be r e a d i l y made f o r interpretation* 

The ore samples were crushed and put i n glass tubes (hereafter 
known as the ore tube) and attacked by d i f f e r e n t solutions {hereafter 
known as the heads) at d i f f e r e n t rates of flow. The reacted solutions 
(hereafter known as the t a i l s ) were collected d a i l y irrespective of 
volume unless extreme rates necessitated i t . Th* t a i l s were then 
analyzed f o r copper and zinc and f o r i r o n where f e a s i b l e * The con
centrations are expressed i n gammas per l i t r e which i s the equivalent 
of parts per thousand m i l l i o n . 

The results have been plotted on graphs i n a manner to 
i l l u s t r a t e best the effects of the known factors on the degree of 
leaching. No allowances were made f o r temperature as t h i s would have 
involved costly equipment* Moreover, the range of temperature i n t^p 

laboratory was not considered great enough to have an important i n 
fluence on the interpretation of r e s u l t s * However, i t should be noted 
that temperature has a d i r e c t influence on rate of chemical reactions 
and thus diurnal temperature variations may be responsible f o r many 



minor unexplained changes i n the degree of leaching. An adequate source 
of oxygen at the observed rate of weathering would be supplied by oxygen 
dissolved i n the heads solutions and from the atmosphere* Chemical 
assays of ore were not considered t o be e s s e n t i a l , at least u n t i l the 
order of magnitude of the leaching had been established* Amounts leached 
from the ore are a n e g l i g i b l e proportion of v i s i b l e copper contents* 

APPARATUS: 
A complete unit of apparatus as assembled on the i r o n rod 

g r i d i s shown i n the diagram* The i i f f e r e n t parts are b r i e f l y discussed 
under the appropriate headings* 
Glassware: 

A complete set of glassware consists of a heads f l a s k , a 
feeder decantor, an ore tube, and several t a i l s containers* 

The heads f l a s k i s a one l i t r e flat-bottomed Florence f l a s k 
to the neck of which have been attached two glass tubes - an outlet tube 
and an a i r intake tube. The l a t t e r i s an inch longer than the former and 
i s f i t t e d with a stopcock to allow the f l a s k to be mounted on the rack 
without s p i l l i n g * 

The feeder decanter i s a one inch diameter v e r t i c a l tube 
to which a nSn shaped smaller glass tube has been attached about two 
inches from the bottom of the larger tmbe* The smaller tube ends i n an 
upwards c a p i l l a r y and i s nearly obstructed by an inserted platinum wire 
(number 2$ B & S gauge}* By adjusting the length of platinum wire 
inserted i n the c a p i l l a r y the rate of flow may be varied with the l i m i t s 
of 2 ml* per hour up to 200 ml. per hour* The f i r s t feeders used had 
a smaller glass c a p i l l a r y and no platinum wire but they were ea s i l y 
plugged by any small s o l i d p a r t i c l e s . After several weeks of t r i a l and 
error the platinum wire technique was adopted. I t combined the ad-
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vantages of being e a s i l y and quickly flushed out i n the eiient of 
plugging and allowed f o r regulation of the rate of flow. 

The ore tube i s a Pyrex glass tube, J6 inches long and 
one h a l f inch i n diameter. Near one end the glass has been pushed 
i n and the indentations so formed act as stoppers f o r the ore and allow 
fo r the unobstructed passage of the reacted solutions. 

The t a i l s are gathered iu 250 millimeter pyrex bottles 
equipped with a funnel. 

Hardware: 
The f i r s t experiments were assembled on two retort stands 

with the ore tube i n a p o s i t i o n of 2$ degrees to the h o r i z o n t a l . 
The experiments were l a t e r moved to the adjustable s t e e l 

rod g r i d which was i n s t a l l e d on the laboratory w a l l with the ore tubes 
i n a near v e r t i c a l p o s i t i o n . 

Burett clamps and r i n g clamps are used to hold the pieces of 
apparatus on the g r i d . A two inch gap has been cut i n the r i n g clamp 
holding the heads f l a s k to allow f o r the removal of the f l a s k without 
the necessity of lowering the clamp. 
Chemicals: 

The only chemicals used i n the leaching processes are 
sulphuric acid and f e r r i c sulphate. Desired normalities are made from 
a stock solution of concentrated chemically pure sulphuric a c i d . T|pr 
stock f e r r i c sulphate powder i s factory assayed at 70 per cent with 
less than .02 per cent trace element content. Check tests proved that 
the f e r r i c sulphate contained insignificant? concentrations of copper 
and zinc within the l i m i t s i f the experiments. 

The chemical and procedure used i n trace element analyzing 
are those used and described i n the l i t e r a t u r e by the Biogeochemical 
laboratory of the University of B r i t i s h Columbia* 



Ore Samples: 
Two ore samples taken from the Britannia Mine were 

used i n the experiments. Polished sections wer* made i n order to make 
a rough estimate of the mineralogy and i n p a r t i c u l a r the chalcopyrite 
to pyrite r a t i o . 

The Fairview ore was taken from th# second vein at the 
1,000 foot l e v e l . Chalcopyrite, pyrite and minor amounts of c o v e l l i t e 
are the i d e n t i f i e d sulphide minerals with a chalcopyrite to pyrite 
r a t i o of about 2 to 1. An approximate copper assay of the Fairview 
ore would be alrout 1$. The gangue consists of quarts and schist 
country rock; no reactive carbonate gangue minerals were observed. 

The high grade chalcopyrite sample has been selected 
to act as a control i n establishing the major influences a f f e c t i n g 
the rate of weathering and to be used as a comparison to the more 
t y p i c a l Britannia ore - the Fairview. The high grade sample consists 
almost e n t i r e l y of chalcopyrite (90$) with some quartz and a l i t t l e 
p y r i t e ; the chalcopyrite to p y r i t e r a t i o i s approximately 50 to 1. 

The ore samples were crushed i n the rock crusher of 
the Mining and Metallurgy Department, University of B r i t i s h Columbia 
through the courtesy of Mr. Howard. The size of the p a r t i c l e s range 
from f i n e dust up to fragments measuring & of an inch, the average 
being £ of an inch. The unsorted crushed ore was funnelled in t o the 
glass tube f i l l i n g approximately JO inches of i t s length and weighing 
about 220 grams* 
LEACHING HISTORYi 

In describing the leaching h i s t o r y of the four ex
periments the writer has taken the l i b e r t y to interpolate the r e s u l t s 
to i l l u s t r a t e the concentration r e l a t i o n s caused by the various known 



f a c t o r s . Reference to the graphs i l l u s t r a t e s that there i s very 
l i t t l e s t a b i l i z a t i o n , even i n the rate of flow. However, to describe 
the factors influencing the rate of leaching some int e r p o l a t i o n i s 
necessary i f the causes of the r e l a t i v e concentrations ar? to be assessed. 
As mentioned previously diurnal temperatures probably account f o r many 
of the minor deviations• 

The leaching h i s t o r i e s are grouped i n t o two sets - pure 
water attack and acid and f e r r i c sulphate attack. 

Set 1 - Pure Water Attack 
Fairview Ore - The P a i r v i e w ore sample was leached by d i s t i l l e d water 
for a period of 26 days at an average rate of 200 m i l l i l i t r e s per day. 
The concentrations of copper were 7 gammas per l i t r e the f i r s t day and 
steadily increased u n t i l they became uniform at about 16 gammas per 
l i t r e . The sine exceeded that of copper during the f i r s t few days but 
became less than copper with an average of 8 gammas per l i t r e . The 
i n i t i a l zinc over copper concentration i s probably due to the zinc*s 
greater s o l u b i l i t y . 

The rate of flow was slowed down to 75 m i l l i l i t r e s per day 
but with no s i g n i f i c a n t change i n the Concentrations of ei t h e r the 
copper or the z i n c . 

The rate was speeded up to over 200 m i l l i l i t r e s per hour 
and the concentrations dropped to 10 and 5 gammas per l i t r e f o r copper 
and zinc respectively. During the f a s t attack the system was slowed 
down to l e s s than 10 m i l l i l i t r e s per hour f o r a period of 12 hours but 
no s i g n i f i c a n t change i n the concentrations took place. The re s u l t s 

Indicate that the rate has l i t t l e or no effect over a short period but 
over a period of several days the f a s t e r the rate the lower the con
centrations within the l i m i t s of B and 18 gammas per l i t r e of copper. 
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The copper to zinc r a t i o remained f a i r l y constant at about 2 regardless 
of the rate of flow. 

In order to check i f the concentration i s a s o l u b i l i t y 
phenomena the t a i l s were recirculated ten times and samples taken 
of each r e c i r c u l a t i o n . Both the copper and zinc concentration i n 
creased appreciably the f i r s t three times but then became stable at 24 
gammas per l i t r e f o r both copper and zinc. I t appears that s o l u b i l i t y 
i s the major factor i n l i m i t i n g the amount of leaching for t h i s given 
ore and given heads. 

When turning over by 180 degree r o t a t i o n the nearly horizontal 
tube, or changing i t s position from a more horizontal to a nearly v e r t i c a l 
one. only a s l i g h t momentary increase i n concentration occurred a f t e r 
which i t resumed i t s normal magnitude. 

Ho iron was detected i n any of t|ie t a i l s solutions* 
-High Grade Chalcopyrite - The high grade chalcopyrite was attacked i n 
a s i m i l a r manner as the Fairview ore. N 0t u n t i l almost one l i t r e had 
been passed through the sample over a period of four days was any 
copper detected. The copper concentrations then s t e a d i l y increases 
u n t i l i t became s t a b i l i z e d at around JO gammas per l i t r e . The zin c , as 
expected, showed an i n i t i a l concentration of 10 gammas per l i t r e but 
promptly f e l l to 5 and then increased to 14 gammas per l i t r e . Un
int e n t i o n a l changes i n rate of flow or In complete stoppages due to 
plugging were markedly reflected i n the. concentration of both copper 
and z i n c j the f a s t e r the flow the less the concentration. 

After 20 days traces of i r o n were detected and gradually 
increased to 4 gammas per l i t r e . 

The rate was slowed down within the range 150 to 50 m i l l i l i t r e s 
per day. The res u l t s emphasize the inverse r e l a t i o n of leaching to rate 
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of flow* The concentrations varied from 40 i n the fastest to 200 

i n the slowest f o r copper and s i m i l a r i l y from 20 to 140 for zinc* 
The rate was speeded up to 500 m i l l i l i t r e s per day and the con
centrations dropped from 200 to 16 for copper and from 140 to 1J 

f o r z i n c . 
In general the copper sine r a t i o remained from 1 to 

2.5 but showed considerable more flucuation then i n the Fairview. 
A comparison to the Fairview leaching indicates the 

importance of the mineralogy of the ore i n determining the 
magnitude of the factors influencing the rate of copper and sine 
being picked up by the reacting solutions. 

Set 2 - Acid and Fe r r i c Sulphate Attack 
Fairview Ore - The Fairview ore sample was attacked with a .02 N 
sulphuric acid solution at a rate of about 150 m i l l i l i t r e per day. 
The copper concentration quickly rose from 30 to 2700 gammas per 
l i t r e within a few days and became r e l a t i v e l y stable. The zinc 
increased from 200 to 600 gammas per l i t r e and became stable. After 
an i n i t i a l high copper tp zinc r a t i o , i t became uniform between 5 

mnd 1. The t a i l s had a f a i n t blue color probably accounted f o r by 
the presence of copper bearing calcium sulphate. A l i g h t blue 
pfsacij i t a t e formed on the end of the ore tube and remained throughout 
the entire leaching h i s t o r y of the ore. 

After two weeks the normality was increases ted times 
to a .IK sulphuric acid solution and the concentrations showed an 
immediate increase but a f t e r a few days settled back almost to the 
previous concentrations. The copper r£se from 2000 to 5000 and 
s t a b i l i z e d at 2500 gammas per l i t r e while the zinc increased from 



550 to 1500 and s t a b i l i z e d at 1000 gammas per l i t r e . 
Only a trace of itron was detected i n the t a i l s solutions. 
A hundreth of a mole of f e r r i c sulphate was added to 

a l i t r e of .IN sulphuric acid solution and the copper and zinc con
centrations increased from 2,500 to 15,000 and ffom 1,000 to 10,000 
gammas per l i t r e respectively. As the rate was slowed down the 
concentrations both reached a concentration of 19*000 gammas per l i t r e 
but when the rate was increased approximately 6 times the con
centration dropped to about 9,000 and 7,000 f o r copper and zinc re
spectively. 

The leaching emphasizes the important influence of the 
heads but i t i s not a dir e c t r e l a t i o n and appears to be ef f e c t i v e 
only zo c e r t a i n , yet unknown, l i m i t . The rate of flow i s of 
secondary importance and i s effe c t i v e only a f t e r anextended time -
at least several days. 
Hi^h Grade Chalcopyrite - The high grade chalcopyrite sample was 
leached with a .02N sulphuric acid solution f o r a period of 24 days* 
The copper concentration was f a i r l y uniform with an upper l i m i t of 
280 and a lower l i m i t of 150 gammas per l i t r e . The wide range of 
fl u c t u a t i o n i s accounted f o r by variations i n the rate of flow and 
also by temperatures changes. The zi n c , as i n the other experiments, 
showed an i n i t i a l high concentration but soon decreased to 30 gammas 
per l i t r e from where i t gradually increased to 100 gammas per l i t r e . 
The copper zinc r a t i o fluctuated over a rather wide range of 1 to 1. 

The i r o n concentration increased from & to 16 gammas per 
l i t r e . 

The normality was increased to .IN sulphuric acid and 
both the copper and zinc approximately doubled t h e i r concentrations 
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to 320 and 220 gammas per l i t r e respectively. 

One hundreth of a male of f e r r i c sulphate was added to 
the .IN sulphuric acid solution causing the concentrations to i n 
crease from 320 to 1100 f o r copper and from 220 to 12Q0 f o r z i n c . 
Three days l a t e r the concentrations s t a b i l i z e d around 2&QQ and 2200 
gammas per l i t r e f o r copper and zinc r e s p e c t i v e l y . 

A small amount i>f l i g h t blue precipitate formed on the 
end of the ore tube when the copper concentration reached the order 
of magnitude of 3*000 gammas per l i t r e . 

The rate of flow was decreased to 2 m i l l i l i t r e per hour 
and the concentration of both copper and zinc increased to 3*6o0 gammas 
per l i t r e , maintaining the copper zinc r a t i o of unity. 

The heads was changed to pure water and within two days 
the concentrations dropped to les s than 50 gammas per l i t r e - the 
order of magnitude experienced i n the water attack of the same type ore. 
This s i m i l a r i t y of concentration witnessed i n the pure water heads 
i n the two experiments on the high grade chalcopyrite indicates the 
importance of the heads i n determining the order of magnitude of the 
leaching; processes. The rate of flow merely determines the range of 
fluctuation f o r a given concentrations which has been already es
tablished by the character of the heads s o l u t i o n . 

Iron i n the t a i l s of the pure water heads dropped frpm 
10 to 4 gammas per l i t r e . This again exhibits a para l l e l i s m to the 
other high grade chalcopyrite experiment and further i l l u s t r a t e s 
the importance of the heads, In determining the character of the t a i l s * 

COMPARISON OF RESULTS: 
By comparing the re s u l t s of the four experiments several 
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g e n e r a l i z a t i o n s of the factors influencing the rate of leaching 
are noted* 

The mineralogical composition, and i n p a r t i c u l a r the concentration 
of p y r i t e , appears to be the key fact o r i n determining the rate of 
chemical leaching f o r a given reacting solution. Pyrite - the so-
c a l l e d sparkplug of chemical weathering of ores - and not chalcopyrite 
i s the important mineral i n e stab l i s h i n g the rate and the magnitude 
of copper and zinc going into solution. This i s c l e a r l y i l l u s t r a t e d 
by comparing the leaching h i s t o r i e s of the two types of ore i n each 
set. In the case of the water attack the time required for copper 
to be detected i n the high grade sample bears evidence that the 
r e l a t i v e concentration of pyrite determines the speed of leaching, 
but with s u f f i c i e n t time the r i c h e r ore ultimately provides more 
copper than the leaner ore. Besides determining the order of magnitude 
of leaching the mineralogy also determines r e l a t i v e influence of rate 
of flow on the d i f f e r e n t types ore; i n general p y r i t e concentration 
lessens the effect of changes i n the rate of flow. 

The rate of flow i s shown to have an inverse effect on the 
rate of leaching as i l l u s t r a t e d i n the graphs by the antipathetic 
r e l a t i o n of the concentration curves and the rate of flow curve. This 
r e l a t i o n i s not a direct one and depends on the mineralogy of the 
attacked ore. The high grade ore was considerably more sensitive to 
changes i n the rate of flow than the Fairview. In the sulphuric acid 
and f e r r i c sulphate attack the fluctuations caused by changes i n rate 
of flow become less s i g n i f i c a n t than i n the water attack as the acid 
and f e r r i c sulphate i s not dependent on pyrite f o r t h e i r generation. 
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The copper zinc r a t i o f o r a given heads i s f a i r l y constant 

with the greater the leaching of copper and zinc the closer t h e i r 
concentrations approach one another. The zinc concentrations 
fludfcuate much more than the copper and i s probably explained by 
i t s greater s o l u b i l i t y and by the a n a l y t i c a l method used being 
more sensitive f o r zinc than copper. The high concentrations of 
zinc are rather surprising as no zinc minerals were observed i n 
the polished sections, unless the zinc i s contained i n the 
chalcopyrite and i t s greater s o l u b i l i t y allows i t to be e a s i l y 
leached. T^e extent of the experimentation did not show any 
decrease i n the zinc concentration with time. 

The weak (.02N) sulphuric acid solution had a tremendous 
influence on both the r i c h and lean copper ore. I t increased the 
concentrations of copper from those of jure water by about 200 
times i n the F a i r v i e w ore and about 10 times i n the high grade 
chalcopyrite ore. However, by increasing the normality 5 times 
the concentrations i n both ores increased only s l i g h t l y which 
suggests that increasing a c i d i t y i s e f f e c t i v e only over a l i m i t e d 
concentration range above which further increase i s uneffective. 

The addition of a hundreth of a mole per l i t r e of f e r r i c 
sulphate to a .IN sulphuric acid solution caused an extremely 
s i g n i f i c a n t increase i n the concentratiofas of copper ^nd z i n c . The 
Fairview increased by about 5 times and the high grade chalcopyrite 
by about 10 times. The greater increase i n the ore lacking p y r i t e 
{high grade chalcopyrite) bears witness to the importance of p y r i t e 
i n generating f e r r i c sulphate as only a part of the f e r r i c 
sulphate i n the heqds becomes ef f e c t i v e i n the 
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leaching process of the F a i r v i e w ore where there i s considerable 
f e r r i c sulphate present p r i o r to that added by the heads. 

Changing the po s i t i o n of the tube appears to have 
only a s l i g h t momentary effect on the degree of leaching which i s 
probably accounted f o r by small portion of the ore at the top of 
the tube coming i n contact with the solutions f o r the f i r s t time. 
For the size of tube and the rate of flows used i n the experiments 
the p o s i t i o n of the tube i s not a major factor i n determining the 
degree of leaching* The near v e r t i c a l position o f f e r s l e s s change 
for the solutions to channel along the lowest part of the wall of 
the tube and therefore reducing the surface area of ore i n contact 
with the reacting solutions. 

In examining the graphs i t i s noted that a change i n 
heads was accompanied by an appreciable lower rate of flow. This 
unexpected change may be caused by the d i f f e r e n t v i s c o s i t y of the 
heads solutions and the presence of a c o l l d d a l solution of f e r r i c 
i r o n . These unavoidable changes plus the rate of flow fluctuations 
serve to emphasize that the technique i s s t i l l i n i t s experimental 
stage and many d i f f i c u l t i e s are yet to be ironed out i f a simple 
and conclusive int e r p r e t a t i o n i s to be made* 

CONCLUSIONS t 
The r e s u l t s , l i m i t e d as they may be both i n range of 

experimentation and i n time and despite the numerous d i f f i c u l t i e s 
encountered (especially i n t r y i n g to maintain a constant rate of 
flow), the following hypotheses are t e n t a t i v e l y presented. 

(a) The mineralogy and i n p a r t i c u l a r the presence of py r i t e 
i s the key f a c t o r i n determining the degree of leaching and es~ 
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ta b l i s h i n g the order of magnitude of copper and ssinc going into 
solution. I t becomes l e s s s i g n i f i c a n t when the ore i s attacked 
by sulphuric acid and f e r r i c sulphate solutions. Th® degree of 
influence of the other factors are dependent on the concentration of 
pyrite i n the ore. 

(b) T^e character of the attacking solutions determine the 
order of magnitude of leaching f o r a given type ore. 

(c) The rate of flow determines the range of fluctuations i n 
the leaching over a given magnitude which has been determined by the 
mineralogy of the ore and by the character of the attacking solutions. 
The concentration of copper and sine going into solution varies i n 
versely with the rate of flow, becoming less important with increased 
leaching. Ores carrying appreciable quantities of pyrite are l e s s 
effected by the rate of flow than those having l i t t l e or no p y r i t e . 

(d) Weak sulphuric acid solutions (.02N) have a tremendous 
e f f e c t , 200 times the copper concentration f o r the Fairview ore. 
i n increasing the rate of leaching. I t s influence does not vary 
d i r e c t l y and becomes less s i g n i f i c a n t f o r higher normalities (.IN). 

(e) Weak f e r r i c supphate solutions ( .01 moles per l i t r e of 
•IN sulphuric acid solution) have a considerable influence (5 times the 
concentration of copper from the Fairview ore) on the leaching pro
cess. The influence i s much less i n ores carrying appreciable 
quantities of p y r i t e . 

The writer regrets the paucity of data on which these 
statements are based and hopes that further experimentation w i l l 
elaborate and v e r i f y or contradict t h e i r v a l i d i t y . 
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