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A SIMPLE CHEMICAL METHOD OF TRACING ORE ZONE MINERALIZATION

through 

LIGHT NON-RESIDUAL OVERBURDEN

by 

E. O. Chisholm

INTRODUCTION

The method of prospecting by using trace elements as a guide to the 
mother lode is not new. Prospectors have used it for many years. It is called 
panning, and as everyone knows the method has led to the discovery of most 
of our gold mines. The use of chemical analyses as distinguished from 
mineralogical identification, however, is a new application of this old principle 
and has given the modern prospector a powerful new tool in his search for ore.

In the panning method, the prospector looks for small amounts of gold 
in the soil or weathering to lead him to an ore deposit. In the chemical method, 
trace amounts of elements such as copper, lead, or zinc are sought in the soil 
or rock overlying an ore body. By the use of one of the chemical methods re 
cently developed, his chance of finding mineral deposits is improved because 
the chemical method is two thousand times as sensitive. The chemical dis 
persion pattern associated with an ore body is likely to be of very considerable 
extent as compared with the ore itself and will provide a correspondingly 
larger "target" for the prospector to shoot at.

The dithizone test affords a rapid, simple, and delicate test for the 
presence of zinc in soil and water and is suitable for use under field conditions. 
It has been used with success by the United States Geological Survey! recently 
to outline a zinc-rich area in the residual soil over a primary zinc deposit In 
Tennessee. The purpose of this studywas to discover if the dithizone method 
could be used to trace a gold-bearing zone containing associated zinc mineral 
ization under shallow, non-residual overburden.

The results obtained indicate that the method can be used to guide pre 
liminary trenching in overburden up to 6 feet in depth. A series of tests made 
on the water near lake shore outcrops indicate that favourable prospecting

' " " " " " " " Teltthatzones may be located from the water within 5 feet of the shore. It is felt 
this simple field test should find a wider use in prospecting, because li can 
reduce the labour costs associated with blind trenching by outlining favourable 
zones beforehand.

The author is indebted to the officials of Nor-Penn Mines, Limited, for 
their co-operation while conducting the tests; to Richard Bouska, prospector 
of Kenora, for helpful suggestions; and to F. W. McCamus, undergraduate 
student at the University of Toronto, who ably assisted with the work.

TYPE OF ORE DEPOSIT TESTED

Geology

A mineralized shear zone was tested on the property of Nor-Penn Mines, 
Limited, which is located 12 miles south of Kenora, Ontario. The shear zone lies 
at the contact of a highly altered basic flow and a massive rhyolite agglomerate,

1 H. E. Hawkes, and H. W. Lakin, "Vestigial Zinc in Surface Residuum 
Associated with Primary Zinc Ore in East Tennessee," E con. Oeol., 
Vol. 44, 1949, pp. 286-295. ;
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as shown in Fig. 1. It strikes in an east-west direction and has been traced 
by a series of cross-trenches and outcrops for a distance of 3,500 feet.

The massive rhyolite agglomerate (Fig. 3) marks the north limit of the . 
shear zone (hatched). Mineralization and values cease abruptly at its contact, 
and it forms a convenient horizon marker.

The original rock in the mineralized zone has been metamorphosed to 
mariposite, sericite, and talc-carbonate schist. This weathers to platy frag 
ments for a few feet below the overburden and makes trenching difficult. Flat 
X-ray blast-holes are necessary to open up fresh rock surfaces for sampling.

The rocks to the south of the mineralized zone are comprised of inter 
bedded acid tuffs, and basic lava. Local shear zones and carbonate replace 
ments occur here also.

Mineralization

The mineralization occurs in lenses within the sheared zone, which 
ranges in width from a few feet to 200 feet. It consists of scattered pyrite and 
minor amounts of sphalerite, chalcopyrite, and galena. Gold values are 
associated with the sphalerite, galena, and chalcopyrite.

In general, it can be said that the higher the zinc content, the higher the 
content of gold in the shear zone. The sampling of the property is in the pre 
liminary stage. Grab samples of massive mineralization from the rock trenches 
have given assays of zinc as high as 6 per cent. The average would be much 
lower. The zinc content of the rock below the soil that gave most of the positive 
test obtained is estimated to be less than l per cent. Massive mineralization 
is occasionally encountered in stringers of mixed sulphides, 2 inches in width, 
but the bulk of the mineral is disseminated throughout the schistosity planes of 
the schist.

METHOD OF TESTING 

Equipment and Preparation of Test Solutions

The method of Huff1 was adopted with modifications by the author.
Dithizone (Diphenylthiocarbazone). - A 0.0016 per cent, weight/volume 

solution dissolved in CENCO, technical-grade carbon tetrachloride. It should 
be freshly prepared each day by diluting a 0.016 per cent, weight/volume stock 
solution. It is a brilliant green colour. As strong sunlight and heat decompose 
dithizone, stock solutions should be stored in dark glass or paper-wrapped 
bottles and kept cool when not in use.

In summer weather, the sensitivity of the dithizone solution decreases 
after a week, and it is advisable to prepare a fresh stock solution each week. 
The sensitivity should be tested frequently on weak solutions of zinc, prepared 
by shaking a granule of zinc for a half minute in a test tube of pure water.

Pure Water. - A good supply of pure water free from copper, lead, and 
zinc ions is essential. The test is sensitive to 1/lOOth of a part per million 
of copper, lead, or zinc. Commercial distilled water is usually contaminated 
by the copper or zinc stills used and should be avoided. Traces of heavy metals 
can be removed by distilling in a pyrex-glass still. Natural lake water procured 
well off shore was found to be satisfactory locally. If faint traces of heavy 
metals are found in the water, it can be purified by shaking with dithizone 
solution or by passing it through a laboratory demineralizer.

Ammonium Hydroxide Buffer Solution. - A 2.0 normal solution of 
reagent-grade ammonium hydroxide can be prepared by condensing ammonia 
gas in redistilled water.

Lyman C. Huff, "A Sensitive Field Test for Heavy Metals in Water," 
E con. Geol., Vol. 40, 1945, pp. 7-8. 

Vil
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Acetate Buffer Solution. - A mixture of 9 parts 2 normal sodium acetate 
solution and l part 2 normal acetic acid. It can be purified by shaking with 
dithizone solution.

Glassware. - A small glass-stoppered bottle of 50 c.c. capacity, was 
used for mixing the soil sample and water. It was graduated at 20 c. c. and 
35 c.c.

A 30 c.c. pyrex test tube, with graduations at 3 and 10 c.c. 

A 100 c.c. pyrex graduate.

Six glass-stoppered reagent bottles for stock and buffer solutions. Gum- 
rubber stoppers or pure corks will serve, but ordinary rubber stoppers will 
contaminate solutions with zinc.

A 15 c. c. porcelain crucible for measuring soil samples. 

Glass droppers or pipettes.

Sampling Tools. - A 5-foot length of steel X-ray rod was used for 
punching holes in the soil to bed rock. Two lengths may be necessary.

A steel scraper of the type used underground to remove rock powder 
from drill-holes.

Procedure for Soil-Testing

There are two methods for soil-testing: (1) the monocolour method, 
and (2) the mixed colour method.

The monocolour method is so named because in alkaline solutions the 
intensity of the colour produced in the organic or dithizone phase indicates the 
amount of metal present. In the case of zinc, it is some shade of pink.

In practice no delicate adjustment of the alkalinity of the solution was 
necessary. Three or four drops of ammonia buffer added to each sample 
produced the desired alkalinity.

The method of testing the soil sample was as follows: A 15 c.c. sample 
of soil was procured at the locality under test. This was obtained from as near 
bed rock as possible by punching a hole through overburden with a steel bar. 
Samples of soil were obtained from the bottom of the hole with a scraper. The 
soil sample was placed in the mixing bottle: 20 c.c. of pure water was added 
and shaken up vigorously with the soil for exactly l minute. It was allowed to 
settle for 30 seconds, and 10 c,c. of the water (now muddy) poured off into the 
30 c.c. pyrex test tube. Three c.c. of 0.0016 per cent, dithizone solution and 
3 to 4 drops of ammonium hydroxide buffer were added.

The test tube was corked and shaken vigorously for one minute. The 
muddy water and dithizone solution formed a coarse emulsion. In order to 
separate the organic phase, the test tube was centrifuged by whirling on a 2- 
foot length of twine for a half a minute.

The organic phase now containes all the heavy metal dithizonates, and 
if zinc is present it will be coloured some shade of pink. The intensity of the 
pink colour indicates the amount of zinc present.

The ammonia buffer changes the original green colour of the dithizone 
to colourless. The zinc dithizonate produces the pink colour. If a yellow 
colour is present in the organic phase, it means that a dithizone oxidation 
product is present.

The amount of water sample taken from the shaking jar may have to 
be adjusted, depending on the amount of zinc present in the soil in the area. 
This is necessary to bring the test within a suitable colour range.
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An arbitrary colour intensity/zinc concentration scale was used on the 
Nor-Penn property to provide a method of plotting the zinc content anomalies. 
It provides only a rough indication of the total zinc content of the soil, and 
more accurate laboratory determinations would be necessary to fix the exact 
correlation factor between colour and total zinc content. By shaking the same 
amount of sample the same amount of time, however, satisfactory indications 
of the zinc content were obtained.

Mixed Colour Method. - The mixed colour method is so named because 
in neutral or slightly acid solutions the colour produced in. the organic phase 
is a mixture of unreacted green dithizone and a contrasting hue of metal 
dithizonate. In the case of zinc, it is pink. The amount of metal is indicated 
by a change of hues from green to purplish-red, rather than by the intensifi 
cation of a single colour, as in the monocolour method.

The method was used to test lake-water samples within 5 feet of the 
shore line.

Ten c.c. of water to be tested were added to the 30 c.c, test tube. Five 
drops of acetate buffer and 3 c.c. of 0.0016 per cent, dithizone solution were 
added. The tube was corked, shaken for l minute, and centrifuged as before.

The organic phase now contains all the heavy metals and should be a 
mixed colour between the green of unreacted dithizone and reddish-purple. 
If no heavy metals are present, it will remain the original green colour of 
the dithizone solution.

An arbitrary colour/concentration scale was used here as well to 
afford a method of plotting zinc content.

The following table shows the comparative colour values and zinc 
content for both monocolour and mixed colour tests.

Table l 

Colour-Zinc Content Table Using Standard Dithizone Solution

Ammonia buffer Relative Acetate buffer 
monocolour range zinc content mixed colour range

Very deep pink

Deep pink

Medium pink

Light pink

Faint pink

Colourless

5 units

4 units

3 units

2 units

1 unit

0 units

Light purplish- red

Light red-purple

Light purple

Pale blue

Blue-green

Green

EFFECT OF FOREIGN MATERIALS

Lakin, Stevens, and Almond* observed that copper is the only metal 
that might be expected to occur in sufficient quantity in soils to affect the 
zinc values adversely. As the Nor-Penn mineralized zone contained dis 
seminated chalcopyrite in small amounts, it became necessary to determine 
whether zinc or copper contributed to the colour changes. It was found by 
working with solutions prepared from metallic zinc and pure copper and a 
mixture of the two that a differentiation could be made between colour changes 
due to the copper and those due to the zinc. This was effected by the following 
test.

1 H. W. Lakin, R. E. Stevens, H. Y. Almond, "Field Methods for the Deter 
minations of Zinc in Soils," Econ. Geol.,Vol. 44, 1949, pp. 296-306.
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If 3 drops of C. P. HC1 are added to the positive test for zinc, the 
colour reverts to the green colour of unreacted dithizone. If, however, 3 
drops of the acid are added to the positive test for copper, no colour change 
takes place. If 3 drops of the acid are added to the positive test for a mixture 
of zinc and copper (red), a change to a mixed colour takes place, intermediate 
between pink and green, i.e. bluish to purple.

By the use of this test, it was found that the amount of copper in the 
Nor-Penn soil was negligible.

TIME INVOLVED IN TESTING

The time expended in making a single test is short, an average of 4 
minutes per test. This can be reduced slightly by running two tests concur 
rently. The sampling takes a slightly longer time, depending on the depth of 
overburden. It was found that two men could complete 70 determinations a day 
in the field.

SAMPLING ERRORS ENCOUNTERED

As experience was gained in the technique, anomalous results disap 
peared. The main source of error was accidental salting. The test is ex 
tremely sensitive, and great care is necessary to avoid contamination of the 
glassware, water, and reagents. Frequent blank tests were necessary to check 
the buffer solutions. Pyrex glassware was used to avoid contamination from 
the lead of soft glass. Stoppers were tested on a blank before using. Glass 
ware and stoppers were rinsed 3 times before each test. The sensitivity of 
the dithizone solution was checked each day on the weakest zinc solution avail 
able.

Clay suspensions would not clarify satisfactorily, and filtering was 
attempted. It was found that even high-grade filter paper contaminated the 
solutions. Centrifuging the solution on a piece of string solved this difficulty, 
and even very muddy solutions gave satisfactory tests.

Organic matter, such as algae in the lake water, may on decomposing 
release zinc to the water. Water used in the test was renewed each day.

Some difficulty was experienced at first in judging the colour changes 
and the intensity of colour. It was found that after handling several tests, two 
operators arrived at identical colour evaluations in most cases. The sample 
was viewed by transmitted daylight from the sky, since reflected green colour 
from foliage altered the lighter colours.

RESULTS OBTAINED

The results of soil tests made at 10-foot intervals along picket lines 
were plotted as profiles, shown in Fig. 2. A distinct anomaly was obtained in 
the area tested, between line 400 west and 1000 east. This corresponds with 
the mineralized zone outlined by trenching and geological mapping. Indication 
of a second, weaker anomaly was obtained on lines 00, 400E., 600E.,andlOOOE. 
This is approximately 150 feet south of the major zone.

The trenches show the mineralization to be 14 lenses of variable width. 
This is also reflected in the anomaly.

The cut-off of the anomaly at the rhyolite contact to the north is quite 
sharp. It tapers off more gradually to the south, as illustrated on lines 600 
and lOOOE. This is thought to be due to the drainage slope to the south at this 
location.

The blanketing effect of dense glacial clay strata is illustrated in Fig. 
3. Positive zinc tests were obtained in the sand and clay within a few inches 
of the mineralized rock surface, but negative tests were obtained in the clay 
strata if it reached a thickness of more than l foot. This indicated that samples 
must be taken within a few inches of the rock surface to avoid the blanketing 
effect of clay strata. The usefulness of the tests in non-residual soils is thus 
limited to conditions of light overburden, where samples may be obtained from 
near the bed rock.
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Samples may be taken from a greater depth by means of a small auger 
with an extension handle. It is thought that a depth of 10 feet might be prac 
ticably attained in this way.

Positive water tests for zinc were obtained up to 5 feet from the shore 
in the vicinity of the main mineralized zone and in other carbonated shear 
zones outcropping along the shore line.

The results are shown in Figs, l and 2. Negative water tests were 
obtained along the shore off barren outcrops. At distances greater than 5 
feet from the shore opposite a mineralized zone the zinc content of the water 
drops off quickly to zero. Wave action apparently makes no difference to 
the zinc content of the water along the shore line, probably because of its 
vertical motion. It was possible to predict the mineralized shear zones with 
some confidence by testing the water along the shore line from a canoe.

The results of the study indicate that tile dithizone test may be used 
to trace ore zone mineralization containing zinc through light non-residual 
overburden. Its effectiveness is limited by the blanketing effect of glacial 
clay strata.

Tests on lake water conducted within 5 feet of the shore indicate that 
zones containing zinc mineralization may be easily spotted from the water.

RECENT DEVELOPMENTS

Since this test was conducted last fall, I have received word of some 
recent advances made in the ditiiizone technique by H, V. Warren and R. E. 
Delavaut, of the University of British Columbia. Instead of using soil samples, 
they use the twigs of trees growing over mineral deposits. The zinc content 
of five or six different types of trees tested in one instance was 15 times as 
great over the vein as over the normal country rock; in other instances, it 
was three to four times as great. Evidence of mineralization below the surf ace 
was noted f or distances up to 300 feet from the sources and through at least 
30 feet of overburden.

The remarkable ability of plants to absorb metals into their structure 
was shown by one alder tree growing in the middle of an ash heap near the 
copper recovery plant at Britannia Beach. Ash from this tree contained 2 
per cent, copper.

The method used there, in brief, consisted of gathering l gram of 
samples of twigs from 1/Sth to l/4th inch in diameter. The type of tree does 
not appear to make any difference. The twigs are burned, and the dithizone 
test is applied to the ash.

An improved quantitative technique that can be used in the field has been 
worked out and gives an accuracy of 5 per cent. This technique consists of 
adding measured amounts of a standardized dithizone solution until a neutral 
grey colour is obtained in the solution. The amount of copper contained in the 
plant ash can be calculated from the amounts of dithizone added. In effect, it 
is a chemical titration of the plant ash using dithizone reagent, and it greatly 
improves the accuracy of the results over the colourmetric method used in 
the soil test mentioned previously. A mining development concern that has 
used the method in British Columbia assures me that the results are very 
encouraging and in places spectacular. The fact that this test may be carried 
out in the winter-time increases its usefulness.

The method has been adapted f or field use,and the extra time involved 
in making the titrations is negligible when compared with the total time spent 
from start to finish in sampling and making an analysis. The time in shaking 
the samples with dithizone has been reduced from minutes to seconds by 
Delevaut, by the addition of a xylene emulsion to the water before adding the 
dithizone.

CONCLUSION

In conclusion both the above dithizone techniques have been used for 
prospecting in the field with success and offer a new tool in the search for 
drift-covered ore bodies.


