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GRANT 053 IMPROVEMENTS TO GEOCHEMICAL ANALYSIS

J.D. Kinrade, W. Kostiak and J.C. Robbins 

Scintrex Limited, Concord

ABSTRACT

Improved techniques were developed for the analysis of geological materials. 

The actual analysis was conducted with a compact flameless atomic absorption 

spectrophotometer, the Scintrex AAZ-2, while flux digestion was used for decom 

position of the sample. The flux, designated "Geoflux" is a member of a new 

class of low temperature fluxes used to decompose geological materials. The 

principal metals under consideration were gold, copper, lead, zinc, nickel, 

cobalt, silver, mercury, arsenic, antimony and tin. A good correlation with 

reported values was found for the first seven metals. Of particular interest 

was the procedure for gold, which did not require the use of acids. Efficient 

decomposition procedures employing the flux could not be found for antimony, 

arsenic, mercury or tin.

INTRODUCTION

This project is concerned with the development of improved methods for the 

analysis of geological materials using the Scintrex AAZ-2, a compact flameless 

atomic absorption spectrophotometer.

The methods developed are based on successful aspects of a previous E.T.D.F. 

project (Kinrade and Robbins 1983) where it was shown that good recoveries of a



wide variety of base and precious metals could be obtained using fusion tech 

niques. These methods involved mixing a sample with an inorganic salt, a flux, 

which when heated, melted to form a corrosive non-aqueous solution. Such fluxes 

not only avoid the use of strong acids but are usually considerably faster in 

operation that the common acid attack. The metals considered in this study were 

those most commonly used in exploration geochemistry: copper, lead, zinc, 

nickel, cobalt, silver, gold, antimony, arsenic and mercury.

The standard extraction procedure for geochemical determinations is the combined 

HN03/HC1 attack at a temperature of some 80-90 0C over a period of at least 3j 

hours and preferably 10-12 hours. The attack is a partial attack in that the 

silicate materials are not totally decomposed but rather that metals bonded more 

or less loosely to the silicate tetrahedra, chains or sheets are leached from 

their environment. Foster (1971) presented data on the extraction efficiency of 

various types of acid as a function of both rock type and elements (zinc, 

copper, cobalt, and nickel). Only the mixed HF-HC104-HN03 attack was consis 

tently found to give recoveries comparable to the values determined from emissi 

on spectroscopy.

A given acid digestion is by no means a universal solvent but requires modifica 

tion for specific elements. While the standard HN03-HC1 attack is for instance 

suitable for Cu, Zn, Pb, Co, and Ni, Ag is precipitated by the chloride and gold 

is only partially extracted. The form of the metal is also important. Nitric 

acid attacks many but not all sulfides. Mercury(II) sulfide is hardly attacked 

at all, those of antimony and tin form sparingly soluble oxide-hydrates, and 

lead sulfide is oxidized by more concentrated acid to the sparingly soluble



sulfate (Bock 1979, p. 196). The list of substances which do not dissolve in 

hydrochloric acid includes ignited oxides of Al, Be, Gr, Fe, Ti, Zr, and Th, the 

oxides Sn02, Sb205, Nb205 and Ta205, zirconium phosphate, monazite, xenotime, 

sulfates of strontium, barium and lead, alkaline earth fluorides (except of 

beryllium), spinel, pyrite, sulfides of mercury and some other metals, chromite, 

ores of niobium and tantalum and various ores of thorium and uranium (Bock 1979, 

p. 69). Hydrofluoric acid on its own works faster than mixtures of it with 

other acids (Langmyhr 1965). Hydrofluoric acid attacks may result in residues 

of sparingly soluble fluorides of magnesium, calcium, strontium, barium, uranium 

(IV) and the rare earths. Quartz and silicates of high aluminum contents are 

attacked only slowly by hydrofluoric acid: zircon and topaz must be attacked at 

high temperatures (greater than 400 0C). The method is not suitable when Sn02 or 

pyrite is present (Bock 1979, p. 58-60). A need exists for a more versatile 

solvent.

A number of metals and their compounds that are more or less resistant to attack 

by acidic or alkaline aqueous solutions can be dissolved by fusion techniques. 

These techniques take various forms but, in general, the material to be 

decomposed is mixed with a suitable salt or mixtures of salts which melt at an 

elevated temperature to form a corrosive, non-aqueous solution. After the 

reaction has taken place and the melt is cooled it can usually be dissolved in 

an aqueous solution. The composition of the flux can be chosen so that for a 

given sample either a total digestion can be achieved, e.g. fusion of silicate 

rocks with lithium metaborate (Van Loon and Parissis 1968) or partial as in the 

selective extraction of cassiterite (Sn02) in a silicate gangue by fusion with 

ammonium iodide (Bond 1970).



There are significant drawbacks to the fluxes that are presently in common use, 

revolving around either the high temperatures called for or the specialized 

containers required to confine the fusion reaction. Lithium metaborate fusions 

for instance are typically made at 1000-1100 0C requiring the use of carbon 

crucibles. Sodium hydroxide on the other hand has a very low melting point 

(318 0C) but the fusions are normally carried out in a platinum, or platinum/gold 

crucible.

The fluxes that have been developed at Scintrex are the outcome of work done 

during the earlier ETDF project on field methods for the preparation of rocks 

and soils in the determination of tin and tungsten. The strongly oxidizing 

fluxes fall into two main series: an acidic flux (FX series) and a more basic 

flux (TR series). In general, the basic flux is used for metals and oxides that 

are normally attacked using strong basic leaches or fusions, e.g. sodium hydro 

xide, sodium carbonate. The acid flux is used to replace strong acid attacks. 

The metals and their compounds successfully tested to date by the acid flux in 

geochemical applications include gold, silver, titanium, chromium, zirconium, 

nickel, tin and iron. The base fusion has been used for molybdenum and 

tungsten.

ANALYTICAL METHODS DEVELOPMENT

A comparison of the AAZ-2 detection limits for the metals of interest versus 

their average lithospheric abundance (Rosier 1972) is presented in Table 1. In 

all cases the instrumental detection limit was lower than the crustal abundance 

of the element. The AAZ-2 is therefore well suited to this type of analysis.



The majority of the methods development work was carried out on eight geological 

standards submitted for comparative analysis by the Geology-Chemistry Group of 

the Central Research Center, People's Republic of China. These samples, which 

are described in Table 2, were used since they represented a wide range of rock 

types with highly variable well documented values for 30 metals.

Copper

In order that a comparison could be drawn between the efficiency and time 

required for an acid digestion versus the flux decomposition, the samples were 

initially acid digested. The procedure was as follows:

1. Ten milliliters of concentrated nitric acid was added to 0.5 grams of 

material in a pyrex beaker.

2. The sample was then digested at 80 to 90 0 C for three hours.

3. One milliliter of concentrated hydrochloric acid was added and the sample 

was digested further until the final liquid volume was approximately 0.5 to 

l milliliter.

4. Fifty milliliters of 0.1N nitric acid was added to the beaker.

5. The sample was digested for approximately one hour.

6. The contents of the beaker were transferred to a 100 milliliter volumetric 

flask and diluted to volume with 0.1N nitric acid.

7. The sample was centrifuged and then analyzed for copper.

The results are presented in Table 3. In general, the agreement between the 

reported and experimental values is quite good. If shorter digestion periods 

were used, however, much poorer recoveries were obtained from the samples.



Having demonstrated that a reasonable recovery could be obtained for copper 

using an acid digestion, the next step was to test the efficiency of a flux 

decomposition. The following procedure was employed:

1. A half gram of sample was mixed with three grams of the Scintrex flux, 

Geoflux, and placed in a glass test tube (e.g. 25 x 200mm).

2. The tube was heated over a Meker burner (propane flame) until the flux 

melted and then the heating was continued for a further four minutes.

3. The tube was allowed to cool and then twenty-five milliliters of 2N sulfuric 

acid (or deionized water) was added.

4. The tube was shaken to dissolve the flux and then ten milliliters of this 

solution was withdrawn and placed in a second screw-capped test tube with 

ten milliliters of methyl isobutyl ketone (MIBK) and 200 microlitres of 

ammonium pyrrolidinecarbodithioate (APDC).

5. This tube was shaken for two minutes and the organic phase was analyzed for 

copper. In order to carry out the analysis on the AAZ-2, ten microlitres of 

the organic phase together with ten microlitres of a mercury matrix modifier 

were placed on the tungsten filament and then the instrumental program for 

copper was initiated.

The results are presented in Table 4 and in Figure l as a correlation diagram. 

Comparing the recoveries from the fusion with the reported values indicates that 

this new technique does show promise.

The solvent extraction step using APDC was used for two reasons. First, high 

salt contents will tend to interfere with the atomic absorption determination; 

thus, extracting the metal away from the aqueous solution of the flux greatly



reduces interference problems. Second, some of the metals of interest occur in 

very low concentrations in nature so that a preconcentration step would be

advantageous.

In principle not all metals would require the extraction step (i.e. if their 

concentration in the sample were high); however, it would be far simpler if the 

same sample preparation technique were applied to all metals. In such a case 

the same solution could be used for the analysis of all of the elements of 

interest. For this reason APDC was chosen as the chelating agent of choice 

since experimental work coupled with the reports of previous workers (Stary 

1964, Kinrade 1978) indicated that copper, silver, arsenic, antimony, mercury 

and lead could be extracted under the same conditions. Carrying out the 

extraction from solutions more acidic than pH 1.0 minimized the extraction of 

iron; thus, iron-rich geological matrices could be analyzed without problem. 

For this reason a 2N sulfuric acid solution was used to dissolve the flux. 

Simply taking up the flux in deionized water resulted in a solution with a pH 

around 1.2. Extractions could be carried out at this pH though some iron would 

extract. This level of iron was not found to interfere with the various 

analysis.

Initially the analytical data obtained from the extracted organic solutions 

showed very bad scatter. This was believed due to the fact that some of the 

metals were present as very stable APDC complexes. During the ashing cycle of 

the instrument these stable complexes would volatilize intact from the filament



and covolatilize a number of the other metals with a resulting scatter in the 

analytical results.

In order to overcome this problem, an attempt was made to convert the metal- 

organics back into their inorganic form by back extraction into an aqueous 

solution. The diethyldithiocarbamates (APDC, DDDC, NaDDC, etc.) degrade very 

quickly in the presence of acids (Stary 1964), especially oxidizing acids. 

Therefore the MIBK phase was shaken with a variety of nitric acid concentrations 

(0.1N, 0.4N, IN, concentrated), with nitric acid in conjunction with hydrogen 

peroxide, and with nitric acid in conjunction with phenol. All of these back 

wash solutions succeeded in decomposing the excess diethyldithiocarbamates but 

failed to break down the metal APDC complexes and render them aqueous soluble.

Another technique which has been used to release metals from chelating agents is 

based on exchange reactions. In this case an element may be displaced from its 

chelate compound by any element which forms a more stable chelate. For example, 

Gottschalk (1963) established a series representing the behaviour of metal ions 

extracted as diethyldithiocarbamates from solutions at pH 8.5 to 11:

Hg(II) > Ag(I) > Cu(II) > Tl(III) > Bi(III) > 
Pb(II) > Fe(III) > Co(II) > Cd(II), T1(I) > 
Ni(II) > Zn(II) > In(III); Sb(III) > Te(IV), 
Mn(II)

In principle, then, a given element could be displaced from its chelate compound 

by any element to the left of it in the series. Note, however, that a change in



pH, organic solvent, etc. may result in a change in the sequence of the elements 

(Zolotov 1970). For example, if the series is re-evaluated at pH 5, Ni(II) is 

shifted to the left of lead, and will thus displace it from its diethyldithio- 

carbamate complex (Eckert, 1955).

Hg(II), Co(II) > Cu(II) > Ni(II)
Cd(II) > Fe(II), Fe(III) > Zn(II) > Mn(II)

In the present work, therefore, the MIBK phase was shaken with a 0.1 N nitric 

acid solution containing 1000 micrograms/millilitre mercury (II) in order to 

release all metals less stable than mercury. A problem arose with the purity of 

the mercury salts, however. Regardless of the analytical quality of the mercury 

compound used, the concentration of other metal impurities was too high to 

tolerate. These metal contaminants could not be removed from the aqueous 

mercury solution.

An alternative to back extracting the organic phase with an aqueous mercury 

solution was to leave the extracted metals in the organic phase and release them 

from the chelating agent right on the filament. In this case the mercury was 

extracted as a bromide into MIBK. This effectively separated the mercury from 

all traces of contamination. Analytically then, 10 microliters of the organic 

metal APDC phase was placed on the tungsten filament of the atomic absorption 

spectrophotometer and this was followed by 10 microliters of extracted mercury- 

bromide (500 ppm.). In principle the mercury should immediately exchange with 

the various metal chelates (Pb-, Cu-, As-, Sb-APDC, etc.) and form Hg-APDC. 

This mercury chelate would then readily volatilize from the filament and leave
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the other metals in their elemental or oxide form, depending on the purge gas 

used (argon with trace oxygen, or argon-hydrogen). For example, in the case of 

the lead complex:

(l) Pb-APDC * Hg2* -*. Hg-APDC * Ph2"1"
(2a) Pb2* + 2e -* Pb0 (in argon-hydrogen)
(2b) Pb2* ^02 + 2e -* PbO (in argon)

In fact, these reactions do appear to take place on the filament since the 

metals of interest no longer volatilize from the filament when ashing is 

applied. For example, in the absence of mercury the Cu-APDC complex will 

volatilize from the filament if any ashing temperature is applied. In the 

presence of mercury, however, an ashing temperature of about 600 0C could be 

applied to the sample. The bad scatter encountered in the earlier analytical 

results now disappeared when mercury was used in conjunction with the same 

solutions.

Having developed a suitable extraction procedure, the question arises as to how 

much poorer the detection limits for the various metals would be if the extrac 

tion were left out. Without the extraction, the salt content of the sample 

solutions would have to be diluted to some level where their effect would be 

negligible. It is this dilution factor coupled with the instrumental detection 

limit which would determine the overall sensitivity of this procedure. Using 

0.5 grams of sample, 3 grams of flux, dissolving the cooled melt in 5% nitric 

acid and finally diluting the solution to the point where the matrix did not 

interfere with the analysis resulted in a detection limit of 10 ppm for copper



11

in the original geological samples. Therefore if background levels of copper 

were high, straight dilution and analysis could be carried out. If, however, 

the background levels were low, the solvent extraction step would be recom 

mended. As little as 40 ppb copper in a geological sample could be detected 

using fusion followed by solvent extraction.

Silver

Initially the samples were acid digested. One gram of sample was mixed with 15 

milliliters of concentrated nitric acid and digested for 8 hours. These solu 

tions were then diluted and analyzed. Only those samples with an appreciable 

silver content (greater than 80 ng/g) could be analyzed by this technique. The 

results are presented in Table 5 and in general the silver recoveries were low 

by 15 to 705S.

The next step was to test the efficiency of the flux toward silver-bearing 

samples. These samples were mixed with the flux, fused and extracted accord 

ingly to the same procedure as used for copper. A comparison between the 

reported and experimental values is presented in Table 6 and Figure 2. The 

agreement between the two sets of results is quite acceptable (a correlation 

coefficient of 0.9991).

Employing the extraction step, as little as 20 ppb silver in the original sample 

could be detected. If dilution of the sample solution was used instead of 

extraction, the detection limit for silver in geological samples would be 7 ppm.
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Lead

A comparison between the reported lead values and the results generated from the 

fusion-extraction-atomic absorption is shown in Table 7 and Figure 3. Again the 

agreement is quite good (a correlation coefficient of 0.9995).

Solvent extraction permits 50 ppb lead to be detected in the geological samples 

whereas the detection limit would only be 250 ppm if only dilution were used.

Cobalt

Initially the effectiveness of an acid digestion was evaluated for cobalt by 

analyzing the same solutions used in the copper analysis. The results, 

presented in Table 8 show a very good correlation between the experimental and 

reported values (correlation factor s 0.9434).

The efficiency of the much faster flux digestion was next evaluated. The cobalt 

and nickel extractions were carried out from solutions buffered with acetate 

(Q.5% v/v acetic acid) in the pH range of 2.0 to 4.0. A comparison of the 

fusion-AAZ results and the reported values is presented in Table 9 and Figure 

4. A very good agreement (correlation coefficient - 0.9744) exists between the 

two sets of data.

An alternative extraction procedure was also developed for cobalt wherein pH 

adjustment was not required. Following dissolution of the cooled flux in 2N 

sulfuric acid, the procedure continued as follows:

1. Remove 2 milliliters of this solution and place in a second test tube with 8 

milliliters of distilled or deionized water.
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2. Add one milliliter of 2C^ ascorbic acid and one milliliter Of 6 molar 

ammonium thiocyanate.

3. Add 2 milliliters of MIBK and shake for 2 minutes.

4. Analyze the organic phase for cobalt.

The results of the analysis using this procedure are presented in Table 10. 

Again, a good correlation exists between the two sets of data (correlation 

coefficient ~ 0.9660).

Both of these extraction procedures have a detection limit of approximately 50 

ppb in the original sample whereas only 25 ppm cobalt could be detected if 

straight sample dilution was used.

Nickel

The geological standards were fused and then extracted with APDC between pH 2 

and 4. The resulting experimental values were in good agreement with the 

reported values (Figure 5, Table 11; a correlation coefficient of 0.9865). 

Using solvent extraction, 50 ppb cobalt could be detected in the original 

sample. Simply diluting the sample to the point where the matrix would not 

interfere with the analysis resulted in a detection limit of 25 micrograras of 

nickel per gram of sample.

Zinc

The sensitivity for zinc by flameless atomic absorption could be considered as 

too good. On the primary zinc line (213.9 nm) the working range for zinc is 

sub-part per billion. This sensitivity can be reduced somewhat by changing the
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purge gas from argon to helium. Even under these conditions, however, back 

ground concentrations of zinc in the various reagents cause major interference 

problems. A solution to this problem was to use a secondary zinc line 

(307.6 nm) having a working range on the AAZ-2 of l to 6 parts per million. The 

use of this line circumvented the problem of background zinc contamination of 

reagents but was too insensitive to analyze most digested rock samples. There 

fore, a simple solvent extraction procedure was again sought.

Originally the zinc was extracted with APDC from acidic solutions of the fused 

geological samples. Iron, however, severely interfered with this procedure. As 

a result, an alternate method was developed using thiocyanate as the complexing 

agent. The procedure was similar to that for cobalt.

Following dissolution of the cooled flux in 2N sulfuric acid, the sample was 

treated as follows:

1. Remove 4 ml of this solution, place in a second test tube and add 4 ml of 

0.1N nitric acid.

2. Add 0.5 ml of 20% w/v ascorbic acid and 100 microliters of 6 molar ammonium 

thiocyanate. (The presence of the ascorbic acid was to reduce the iron from 

Fe(III) to Fe(II) and thus prevent its interference in the thiocyanate 

extraction.)

3. Add 2 ml of MIBK and shake for 2 minutes.

4. Analyze the organic phase for zinc.

This method was evaluated on 12 geological samples, 8 from the Bureau of Geology 

of the People's Republic of China and 4 phosphate rock samples from the Egyptian
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Nuclear Materials Corporation. A comparison of results is presented in Table 12 

and Figure 6 (the Egyptian samples appear as single points since no range of 

values was given). The agreement between the two sets of data is very good (a 

correlation coefficient of 0.9838).

Gold

In general, the literature procedures described for the decomposition and 

extraction of gold-bearing samples are time consuming and require the handling 

of hazardous chemicals (sodium bromate-hydrobromic acid (Thompson 1968, Lakin 

1965), hydrobromic acid-bromine (Thompson 1968), sodium cyanide (Marinenko 1968, 

Olson 1965), aqua regia (Huffman 1967), hydrobromic acid (Chow 1963), hydro 

bromic acid-bromine-phosphoric acid (Holbrook 1964), etc.). One aspect of the 

previous ETDF project (Kinrade and Robbins 1983) was the discovery that the 

present flux could readily decompose gold-bearing samples. The samples were 

digested in approximately 4 minutes with the flux and the gold was then 

extracted as the bromide into MIBK. The procedure, in detail, is as follows:

1. Dry and crush the sample to at least -100 mesh.

2. Should the sample contain any sulfides, ignite over a Meker burner.

3. Mix 6 grams of flux with 1.0 gram of sample in a glass test tube.

4. Heat the tube until the flux melts and once all gas has evolved the fusion 

is continued for about 2 minutes.

5. Allow the tube to cool. Add 30 ml of 5% v/v nitric acid and 10 ml of 3N 

hydrobromic acid.

6. Centrifuge the solution.

7. Add 10 ml of MIBK and shake for l minute.
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8. Transfer the MIBK phase to a second tube containing 25 ml of Q.IN hydro- 

bromic acid and shake for 30 seconds.

9. Analyze the MIBK phase for gold.

Table 13 lists some of the experimental results obtained from the fusion-atomic 

absorption. Comparing these values to those obtained by other laboratories 

and/or procedures, one finds reasonably good agreement (a correlation coeffi 

cient of 0.9515). Note also that only one gram of sample was used for the 

fusions while all other work was conducted with 10 to 25 grams of sample.

The fusion procedure was much faster that the procedures reported in the litera 

ture but was still unattractive from the viewpoint of handling strong acids. 

The first move towards further simplifying this procedure was to replace the 

hydrobromic acid with the salt, sodium bromide. With at least 8% w/v sodium 

bromide, instead of the hydrobromic acid in step 5, the extraction of gold was 

quantitative; however, the backwash step number 8 was still required to remove 

the interfering metals. Since the most desirable system would be one involving 

no acids, the next step was to remove the necessity for nitric acid. From this 

work evolved the following revised procedure.

1. Dry and crush the sample to at least -100 mesh.

2. Should the sample contain any sulfides, ignite over a Meker burner.

3. Mix 6 grams of flux with 1.0 gram of sample in a glass test tube.

4. Heat the tube until the flux melts and once all gas has evolved the fusion 

is continued for about 2 minutes.

5. Allow the tube to cool and add 30 ml of an aqueous 10% w/v sodium bromide 

solution.
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6. Centrifuge the solution.

7. Add 10 ml of MIBK and shake for l minute.

8. Analyze the MIBK phase for gold.

This procedure has the advantage of being fast, and not requiring either acids 

or a backwash step. A number of gold-bearing samples were analyzed using this 

procedure and compared to the results obtained when using the methodology 

advocated by Thompson (1968). Thompson's procedure used 10 grams of sample and 

a hydrobromic acid-bromine digestion.

1. Dry and crush the sample to at least -100 mesh.

2. Place 10 grams of the sample in a 25 x 200 mm screw cap tube.

3. Should the sample contain any sulfides, ignite over a Meker burner.

4. Allow the sample to cool and carefully add 25 milliliters of concentrated 

hydrobromic acid.

5. Add 6 to 8 drops of bromine and cap the tube.

6. Shake manually a few times to mix the contents and then loosen the cap 

momentarily to relieve any pressure build up. Place the tube in a 

mechanical mixer and mix for 2 hours.

7. Add 25 milliliters of distilled/deionized water and mix.

8. Allow to settle or centrifuge the mixture.

9. Remove 25 milliliters of this solution and place in a second test tube with 

10 milliliters of MIBK.

10. Cap and shake the tube for one minute.

11. Remove the upper layer to a third tube containing 10 milliliters of 0.1N 

hydrobromic acid. Cap and shake for 30 seconds.

12. Analyze the MIBK phase for gold.



18

A comparison of the data is given in Table 14 and Figure 7. The agreement 

between the two sets of data is very good (a correlation coefficient of 0.9998) 

and demonstrates the effectiveness of this much simpler methodology.

A one gram sample was used in the fusion procedure in order to keep the experi 

mental setup as simple as possible; five grams or more of sample proved 

unmanageable. In general, most gold analyses are performed on samples of 10 

grams or more, where this larger sample size is recommended in order to compen 

sate for the so-called "nugget-effect". This effect might be expected to occur 

in samples from placer deposits where one could calculate the probability of 

actually obtaining a representative sample, given the assumption of some 

particle size (e.g. l milligram (Clifton 1969)). These large particles of gold, 

however, would occur with less frequency in rocks and soils and therefore sample 

inhomogeneity should be less of a problem. To date the validity of this belief 

appears to be borne out by the fact that this laboratory has encountered no 

sampling problems when working with one gram (-200 mesh) rock and soil samples.

Antimony, Arsenic and Mercury

Antimony, arsenic and mercury tend to rapidly volatilize when subjected to 

heat. During analysis on the flameless atomic absorption spectrophotometer, 

therefore, these elements would readily leave the filament during the ashing 

cycle unless some form of stabilizer ("matrix modifier") was used. For example, 

in the absence of a matrix modifier no ashing may be applied during an antimony 

analysis; the antimony subsequently atomizes at approximately 1300 0C. In the 

presence of 100 ppm nickel, however, antimony atomizes at approximately 2100 0 C
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and an ashing temperature of l000 0 C can be used to remove any matrix. Likewise, 

silver, copper, cobalt, manganese, vanadium and chromium have been used to 

stabilize antimony and arsenic during analysis and selenium was used to 

stabilize mercury.

Recognizing that these three elements had to be stabilized during their analysis 

it was not surprising to find that they would readily leave the sample during 

fusion unless some form of stabilizer was present. Considerable effort was 

addressed to the problem of finding such a stabilizer. A variety of salts 

(Cr203, Cr03, CoS04, CuS04) in a range of concentrations were added to the flux 

before fusion with the sample. These salts all served to partially stabilize 

antimony and arsenic. The maximum recovery obtained from any given sample was 

50%. Additions of selenium to samples containing mercury did not prove effec 

tive in suppressing its volatility. Attempts were also made to improve the 

recovery of these three metals by varying the composition and identity of the 

flux and by changing the identity of the chelating/complexing agent. Again, 50% 

was the highest recovery obtained.

It would appear from this work that the principle employed was correct; however, 

none of the metal stabilizers tested could totally prevent volatilization of the 

antimony, arsenic or mercury. Therefore, either a stronger stabilizing compound 

or a lower melting flux is required.

Tin

The primary metals of interest in this study were copper, lead, zinc, nickel, 

cobalt, silver, gold, arsenic, antimony and mercury. It was also decided to 

re-evaluate the decomposition of tin-bearing samples.
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The 1981-82 ETDF program considered the use of fluxes for decomposing tin and 

tungsten-bearing samples. At this time it was found that poor tin recoveries 

were obtained from a variety of soil and rock samples. This recovery problem 

was believed due to the incorporation of a fraction of the tin in minerals such 

as biotite, hornblende, muscovite and garnet which are not readily decomposed.

In the present work a number of alternate methods were evaluated for extracting 

tin from geological samples prior to analysis by atomic absorption spectros 

copy. Though many of these methods at first appeared promising, no suitable 

decomposition technique was found. This work is summarized below.

i) Reduction to Metallic Tin

Since it is chemically easier to dissolve metallic tin than it is to dissolve 

tin oxide (the common geological form of tin), attempts were made to reduce the 

tin present in samples to the metallic form and then dissolve this material in 

the appropriate solvent.

The first reducing agent used was zinc dust. The sample was mixed with zinc and 

placed in a 5(^ v/v solution of hydrochloric acid. In the case of pure tin 

oxide, all of the material was reduced to metallic tin and this then dissolved 

in the acid. When a geological sample was used, however, the resulting tin 

metal appeared to form an alloy of unknown composition with other metals in the 

sample. This alloy or compound was subsequently found to be acid insoluble.

Similar experiments were conducted using hydrogen as the reducing agent. In 

this case the sample was roasted in the presence of a flow of 8% hydrogen
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balance argon. Again, pure tin oxide could be reduced to tin metal; however, 

tin in a geological sample, or when mixed with pure iron oxide, would become 

reduced to a form which was insoluble in concentrated nitric acid, hydrochloric 

acid, nitric plus hydrochloric acid or sulphuric acid.

An attempt was also made to decompose the reduced sample by fusion with 

potassium pyrosulfate. The results were inconclusive since the high levels of 

sulfate in the resulting solution interfered with the analysis.

ii) Sublimation with Ammonium Iodide

A half gram of sample was mixed with 3 grams of ammonium iodide in a test tube 

and heated over a Meker burner. The tin iodide would then sublime and collect 

along the upper portion of the test tube. This material was then dissolved in 

25 milliliters of 0.5 N sulphuric acid. An aliquot of this solution was 

removed, adjusted to pH 1.7 and extracted with 8-hydroxyquinoline into butyl 

acetate. The organic phase was then analyzed for tin.

A number of problems were encountered with this procedure. First, tin bound up 

in silicate lattices was not attacked by this procedure. Second, the efficiency 

of the extraction appears to be matrix dependent (e.g. large quantities of iron 

and copper suppress the extraction of tin). Various masking agents were added 

to the system to prevent matrix interference. These agents, however, did not 

prove to be effective.



22

lil) Iodide Extraction

Tin (II) iodide is known to extract into organic solutions with a high degree of 

efficiency (Morrison 1966). Therefore, an attempt was made to extract the tin 

iodide generated during an ammonium iodide sublimation. The sublimed material 

was dissolved in various acid solutions (sulfuric, hydrochloric, nitric) and 

then extracted into a variety of organic solvents (butyl acetate, methyl 

isobutyl ketone, xylene). In all cases the recovery of tin was very poor. 

There are two possible reasons for this. First, it was determined that high 

levels of some metals (e.g. Cu, Fe) would prevent the extraction of tin. 

Second, the tin appeared to volatilize as tin iodide from the tungsten filament 

of the AAZ-2 during the ash cycle. Attempts to suppress this volatilization 

failed (e.g. using matrix modifiers: nitric acid, mercury bromide, cadmium 

nitrate).

SUMMARY

The present research program was concerned with the development of improved 

methods for the analysis of geological materials using the Scintrex AAZ-2, a 

compact flameless atomic absorption spectrophotometer.

The standard geochemical decomposition procedure is the combined nitric-hydro 

chloric acid attack at a temperature of some 80 to 90 0 C for at least 3 hours and 

preferably 10 to 12 hours. The methods developed in the present work were based 

on successful aspects of a previous ETDF project where good recoveries of a wide 

range of base and precious metals were obtained using flux digestion 

techniques. Such fluxes not only avoid the use of strong acids but are
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considerably faster in operation. The metals considered in this study were 

those commonly used in exploration geochemistry: copper, lead, zinc, nickel,

cobalt, silver, gold, mercury, arsenic, antimony and tin.

The analytical procedure involved mixing a half gram of sample with three grams 

of flux in a glass test tube and fusing for four minutes, either individually 

over a propane flame or in a batch with an electric heater. The tube is allowed 

to cool and twenty-five milliliters of deionized water or 2N sulfuric acid was 

added.

The analytical working range of the AAZ-2 is in the low ppb to sub-ppb range 

Generally, then, when metal levels exceed 25 parts per million, the solutions 

could be analyzed directly after dilution. For lower metal concentrations, when 

matrix interferences become a problem, an extraction procedure was used. In the 

case of copper, lead and silver, an organic APDC solution was added and the tube 

was shaken for 2 minutes. For nickel and cobalt the pH of the solution must be 

adjusted to between 2 and 4 before extraction. Zinc is extracted from the 

aqueous solution using thiocyanate as the complexing agent. Gold is simply 

extracted as the bromide following dissolution of the cooled flux in a sodium 

bromide solution. These methods were evaluated by analyzing a set of well 

characterized geological standards. A comparison of the experimental and 

reported results indicated the fusion-extraction procedure to be highly 

effective.

Though tin, mercury, arsenic and antimony may be readily analyzed on the 

Scintrex AAZ-2, attempts to obtain a complete recovery from geological samples 

proved unsuccessful.
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Element

Antimony

Arsenic

Cobalt

Copper

Gold

Lead

Mercury

Nickel

Silver

Tin

Zinc

Table 1 
Grant GR053

CRUSTAL ABUNDANCES VERSUS AAZ-2

Crustal Abundance

0.5 microgm/gm

1.7

18

47

0.0042

16

0.083

58

0.07

2.5

83

DETECTION LIMITS

AAZ-2 Detection Limit

0.002 microgm/gm

0.003

0.001

0.0004

0.002

0.0008

0.007

0.003

0.0006

0.014

0.00009



Table 2 
Grant GR053

DESCRIPTION OF GEOLOGICAL STANDARDS

Sample No. Sample Type Surrounding Rock Type

GSD-1 river sediment Mai-Fu Kwan granite

GSD-2 river sediment Tai-Mao Mountain
biotite granite

GSD-3 river sediment phyllite, porphyritic
granodiorite; porphyry 
Cu-Mo ore

GSD-4 lake sediment Triassic limestone

GSD-5 lake sediment Triassic limestone,
diorite; copper in 
skarn

GSD-6 river sediment clastic rock, acid
volcanics, granite 
porphyry; porphyry 
Cu-Mo ore

GSD-7 river sediment Precambian schist,
marble; lead-zinc 
deposit

GSD-8 river sediment acid to intermediate
volcanics



Table 3 
Grant GR053

COPPER IN GEOLOGICAL STANDARDS - ACID DIGESTION

Reported
Sample

GSD-1

GSD-2

GSD-3

GSD-4

GSD-5

GSD-6

GSD-7

GSD-8

Acid Digestion - AAZ

19.7 ppm

4.55

212

45.3

67.2

364

37.9

2.8

Range

19.8

4.11

165

34

128

368

35.6

3.5

- 23.2

- 5.60

- 186

- 40

- 144

- 399

- 40.0

- 4.8

Accepted Value

21.7 ppm

4.9

177

37.2

137

383

37.3

4.0



Table 4 
Grant GR053

COPPER IN GEOLOGICAL STANDARDS - FLUX DIGESTION

Reported 
Sample Fusion - AAZ Range_______Accepted Value

GSD-1

GSD-2

GSD-3

GSD-4

GSD-5

GSD-6

GSD-7

GSD-8

25.3, 23.5 ppm

3.46, 3.12

182, 190

34.1, 22.8

89.8, 119

449, 434

25.1

3.5, 7.5

19.8

4.11

165

34

128

368

35.6

3.5

- 23.2

- 5.60

- 186

- 40

- 144

- 399

- 40.0

- 4.8

21.7 ppm

4.9

177

37.2

137

383

37.3

4.0
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Table 5 
Grant GR053

SILVER IN GEOLOGICAL STANDARDS - ACID DIGESTION

Reported 
Sample Acid Digestion - AAZ Range_______Accepted Value

GSD-3 0.44 ppm 0.540-0.700 0.590 ppm

GSD-5 0.10 0.336-0.400 0.370

GSD-6 0.03 0.275-0.450 0.350

GSD-7 0.83 0.910-1.20 1.10



Table 6 
Grant GR053

SILVER IN GEOLOGICAL STANDARDS - FLUX DIGESTION

Reported 
Sample Fusion - AAZ Range_______Accepted Value

GSD-1 0.016, 0.018 ppm 0.036-0.070 0.047 ppm

GSD-2 0.052, 0.048 0.050-0.080 0.070

GSD-3 0.540, 0.450 0.540-0.700 0.590

GSD-4 0.063, 0.070 0.070-0.100 0.085

GSD-5 0.310, 0.290 0.336-0.400 0.370

GSD-6 0.310, 0.250 0.275-0.450 0.350

GSD-7 1.04, 0.960 0.910-1.20 1.10

GSD-8 0.040, 0.050 0.050-0.080 0.064



Table 7 
Grant GR053

LEAD IN GEOLOGICAL STANDARDS - FLUX DIGESTION

Reported 
Sample Fusion - AAZ Range_______Accepted Value

GSD-1 10.9, 11.0 ppm 20.1-29.6 24.5 ppm

GSD-2 23.5, 22.7 25.3-40.5 30.8

GSD-3 32.7, 40.6 37-45 40.6

GSD-4 25.3, 20.1 26.2-37 30.9

GSD-5 94.2, 97.7 105-124 113

GSD-6 21.3, 23.7 25-34.6 28.5

GSD-7 321 333-369 350

GSD-8 16.3, 12.7 17.9-24.5 21.3



Table 8 
Grant GR053

COBALT IN GEOLOGICAL STANDARDS - ACID DIGESTION

Sample

GSD-1 

GSD-2 

GSD-3 

GSD-4 

GSD-5 

GSD-6 

GSD-7 

GSD-8

Acid Digestion - AAZ

23.4 ppm

1.7

7.4 

14.4 

15.7 

19.9 

21.6

3.6

Reported 
Range_______Accepted Value

17-25.3

1.9-4.0

10-13.9

15.5-21.3

16.5-22.7

22.6-27.5

18.4-23.7

3.0-5.0

20.6 ppm

2.8

12.0

18.2

19.3

24.7

21.0

3.7



Sample

GSD-1 

GSD-2 

GSD-3 

GSD-4 

GSD-5 

GSD-6 

GSD-7 

GSD-8

Table 9
Grant GR053

SALT IN

Fusion -

14.4, 15

2.33, 1.

10.0, 10

17.9, 15

18.6, 18

26.4, 22

24.7, 20

3.2, 3.2

GEOLOGICAL

AAZ

.5 ppm

89

.6

.5

.8

.1

.3

STANDARDS - FLUX

Range

17-25.3

1.9-4.0

10-13.9

15.5-21.

16.5-22.

22.6-27.

18.4-23.

3.0-5.0

DIGESTION

Reported
Accepted Value

20.6 ppm

2.8

12.0

3 18.2

7 19.3

5 24.7

7 21.0

3.7
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Table 10 
Grant GR053

COBALT IN GEOLOGICAL STANDARDS - FUSION, THIOCYANATE EXTRACTION

Sample

GSD-1 

GSD-2 

GSD-3 

GSD-4 

GSD-5 

GSD-6 

GSD-7 

GSD-8

Fusion - AAZ

15.2 ppm

2.1 

11.3 

18.2 

19.3 

27.6 

22.5

2.7

Reported 
Range_______Accepted Value

17-25.3

1.9-4.0

10-13.9

15.5-21.3

16.5-22.7

22.6-27.5

18.4-23.7

3.0-5.0

20.6 ppm

2.8

12.0

18.2

19.3

24.7

21.0

3.7



Table 11 
Grant GR053

NICKEL IN GEOLOGICAL STANDARDS - FLUX DIGESTION

Reported 
Sample Fusion - AAZ Range_______Accepted Value

GSD-1 61.5, 50.0 ppm 63.9-86.8 76.4 ppm

GSD-2 5.9 4.5-7.0 5.5

GSD-3 27.9, 21.5 23.5-30 26.1

GSD-4 35.9, 31.6 36-45 40

GSD-5 26.4, 28.0 31.5-38.8 34.5

GSD-6 73.1, 66.5 71.1-85.9 78.8

GSD-7 48.2, 49.8 49.6-58.5 53.7

GSD-8 2.6 1.8-5.0 3.0



Sample

GSD-1

GSD-2

GSD-3

GSD-4

GSD-5

GSD-6

GSD-7

GSD-8

l

3

1/38

2/54

Table 12 
Grant GR053

;INC IN GEOLOGICAL STANDARDS

Fusion - AAZ

51.3 ppm

34.5

41.3

88.5

196

113

181

32.3

234

209

61.5

51.3

- FLUX DIGESTION

Reported 
Range Accepted Value

68-89.3 79.2 ppm

37.5-50.3 43.8

46-57.8 52.1

88-120 102

219-263 241

135-152 143

221-251 238

39.3-47.3 43.6

240

230

60

70
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Table 14 
Grant GR053

 COMPARISON OF GOLD ANALYSES

Sample Fusion - NaBr Thompson Procedure

UM3 - Ultramafic 75 ppb 54 ppb

CI0731588 - Gossan 570 557

CIP Feed A* 390 430, 400

Mill Feed Comp A* 2700, 2800 2650, 2700

Leach Feed Comp A* 380, 460 400, 410

CIP Tail Comp A* 350, 390 350

* from Pinson Mines Nevada


