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is intimately related to the surrounding minerals. In addition, 

minute inclusions of impurities seem to be constantly present in the 

actual crystals themselves. These observations agree with those 

of Poole (personal communication), who has also been studying the 

minuragraphy of Barberton gold, and of Crook (1939).

The ubiquitous presence of inclusions in gold must be 

considered when discussing the mode of occurrence of trace elements in 

native gold. Whereas the larger inclusions and adhering particles of 

quartz and sulphides can be removed from the gold grains h; treatment 

with acids, It seems unlikely that any method can bt devised to remove 

completely those minute inclusions which occur in the gold crystals, 

or possibly, even in the actual gold lattice, therefore, while 

arguments can be advanced to suggest that certain trace elements occur 

in solid solution wilh gold, the possibility of them occurrinq as 

mineral illusions must be takfen Into consideration. However, it is 

considered that the cleaning process devised wns sufficiently effective 

to ensure a negligible amount of contamination by the inclusions.

(c ) The extraction of the gold *rom the samples

The extraction of the 

geld had to be carried out in such a way that a ..laximum amount was 

obtained with a minimum amount of contamination by extraneous material. 

Chemical methods which might affect the trace element composition
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of the gold had also to be avoided. The normal methods cf 

extraction of gold from the host rocks, such as amalgamation and 

cyanidat.ion were considered but were not used for the following 

reasons. In amalgamation, the mercury dissolves the gold but, 

according to Seidell (1940), v.ill also dissolve small amounts of 

silver, copper, and other base me\.als. Thus extraction by amalgam­

ation would tend to have a refining effect on the gold.

According to Rose anu Newman (1937), cyanide solutions will 

dissolve gold and silver and some of the other base meta’ s which may 

be associated with the gold. Copper and zinc are readily dissolved 

by cyanide solutions; iron, lead and tellurium are much less soluble, 

while aluminium, arsenic and platinum are insoluble. In addition, 

the cyanide solutions may attack partly decomposed sulphides and 

certain minerals such as pyrrhotite, arsenopyrite 3nd stibnite affect 

the dissolution process. Therefore, in view of the possible 

alteration of the composition of the geld during extraction by 

cyanidation oi amalgamation, it was derided not to use them.

Samclin'. in polished saction using a drill as described by 

Haycock (1931) w s  considered and rejected because of the possibility of 

contamination by the drill material. Moreover, the amounts of material 

which can be extracted from a polJshed nectiot'. is limited and 

need r.ot necessarily be representative of the gold in the rock*

The method decided upon was the fo-'lowing. To e;ct: - *+. the

- 22 -
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maximum amount of gold the G samples were c t J s  led in an iron 

percussion mortar of the type described by Wager and Brown (i960) to 

between -60 + 120  mesh (Tyier mesh siies) The use of an iron nwrtar 

limited contiminatior to surface iron on the gold. Nylon mesh was 

uied for sieving the- samplas. As sooi. as the larger | icles of 

gold were liberated from tho grngue material, they wer~ removed from 

tne mortar to prevent any gai.gue mirerals being hammered into them.

It was found that only a very small amount of golu passed through 

Into the >120 mesh fraction.

The gold was then concentrated .nd extracted by paming on a 

superpanncr• Only in those cafes where v , little gold was obtained 

from the rl20 fraction was. tha -120  fraction also treated on the 

superpanner.

■’"he extraction of the grains of gold from the S samples could 

not^ however, be carried out as described above, because of the much 

larger size of the gold grains. It oeemed c1',  ous that if these 

samp.es were crushed, considerable contamination by hammering gangue 

r.aterial into the gold and wrapping gold around impurities, wouid 

occur. To overcome this, the gold wns liberated by dissolving the 

remainder of the rock in hydrofluoric acid. Thii. acJr* '♦tacks quartz 

and the silicate minerals readily but has little effect on the node 

r»ets 1 s and mrta.’ M c  sulphides (sea tacle V I I ). To test the effect 

of hydrofluoric acid on th-’ base metals present in gold, a gold alloy

• .2 4 / . .  •
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known to contain alurinium, antimony, lead, copper, iron, magnesium, 

manganese, nickel, Silicon, tin and tine, was placed in a 50% solution 

of hydrofluoric acid and heated at 60°C on a water bath for 4 

we-;ks. After this treatment, the alloy was spectrographically 

analyzed and found to have the same qualitative trace element composition.

Before placing them in the ucid, the samples were broken into 

pieces of haif an inch to an inch in diameter by wrapping the rock in 

paper and striking it two or three times with a hammer. The fragmented 

samples we? ? pla ed in polyth«ne beakers which were then filled with a 

1*1 mixture of 6 t %  hydrofluoric acid and distilled water. Th« beakers 

were heated in a water bath at approximately 60°C until dissolution 

was complete. The tir ' required to dissolve :he rocku varied from 

one xo two weeks, deceiving on t'le size of the sample. The 

gnld-sulphide cor trate remaining after dissolution was washed 

thoroughly in running wa*er for half an hour anci tnen by decantati.cn 

with distilled water and Jried. The go\r* was sorted out from the 

sulphides b> hand using a binocular microscope.

(d) The cleansinci of. lbs  «Qld

Examination o.f tha gold concentrates 

Ui^ler a binocular microscope, showed thai >st of the gold grains had 

p articles of sulphicias, cxides and quirtz adhering to them. This 

was e , tally the case for the larger jiNsins from the S samples 

which 3d to enclose completely, silpbid* crystals. Occasionally 

the gold had a dull, reddish surface due to a coating of iron oxidt.

9• / 25 ..•



Both Crook (1939) and Fer'yanchich (1959) have discussed the 

reroova. of these surface impurities adhering to the gold. Crook

c. eaned the gold p. t id e s  by heating them in a platinum crucible 

in a solution of hydrochloric and hydrofluoric acids fcr 4 to 8 hours. 

Fer'yanchich used CM hydrochloric acid to clean gold nuggets.

Following Crook's method, the gold from the samples was 

piaced in a nixture of equal parts of concentrated hydrochloric and 

hydrofluoric adds and distilled water and heated in a water bath 

for 24 hours at ‘iCPc. Crook's recommended time was found to be 

totally inadequate. This treatment removed all the silicates and 

s^me v>f the oxides and sulphides.

The majority of the sulphides, such as pyrite and arsenopyrite, 

are not attacked by hydrochloric acid but ere readily soluble in 

nitric acid. hbwever, this latter ecid it, also liable to at+ack 

silver and other metals alloyec with the gold. In the process of 

pa-ting, which involves the removal of silver from a silver--old 

allo y us?ng nitric acid, the silver must predominate in the alloy 

and for complete porting, the ratio of silver to gold should be 

5 t2 . However, if go]d predoi inatts in the alloy, only s-lver on or 

near the surface will be dissolved. Therefore, in native gold 

samples containing approximately It# silver, the loss of silver due 

to parting by nitric acid, should be verv small. Siiniia-ly, the 

loss of base metals in the gold should be negligible.

- 25 -
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To test the above premises as regards the a'.tack of nitric acid 

on native gold alloys, portions of an alloy containing 42.5* silver 

were cut up into small pieces to increase the surface area and were 

ther heated in 20 cc of boiling concentrated nitric acid, for 10 

minutes. The amount of silver lost was determined by weighing the 

samples before and after parting. Tests were carried out on 15 

different portions of the plloy and the loss was found to vary with 

the size of the sample and the surface area. The maximum amount of 

silv e r  lost was U96& on a sample weighing 450 mgm. Only in two 

other cases was the loss greater than 1*  and the average loss for the 

remaining samples was 0.-6%. Tnese recul+r .«ould seem to justify 

the above p r a is e s  that the loss of trace elements ^nd silver from 

the native gold would be negligi-le during the removal of the 

sulphides from the gold surface bv nitric acid.

Tbs majority of the samples were, therefore, treated with 

a boiling 1 * 1  nitric acid solution for 10  minutes. The acid wa~ 

then poured o ff  and the samples washed Dy decantation with distilled 

water. This treatment removed most of the remaining impurities 

3nd those grains which were still contaminated by adhering material 

as seen jnder the binocular microscope were discarded.

..27/..



The larger grains in some of the S samples, however, enclosed 

too many crystals of sulphides to be removed by nitric acid. In 

these cases, the grains w ee  cut open using a stainless steel scalpel 

to expose the sulphides, which were removed mechanically, if possible.

For the cleansing of these samples, 3 process of pressure oxidation 

of thr sulphides was devised. The samples were placed in an 

autoclave at 150 C with a small amrunt of distilled water. Oxygen 

uivler pressure was allowed to pass through the autoclave for 24 hours. 

The total pressure in the autoclave was 200 lbs/sq. inch and the 

oxygen partial pressure 142.95 lbs/sq. inch. After removal from the 

autoclave, tf- ♦ coating of oxides remaining on the gold grains was 

removed witn dilute hydrochloric acid.

Table VII was compiled to show the effect of the three acids 

used in the cleansing process on gold and some of its trace constituents. 

Unfortunately, mur.h of the data on solubilities are contradictory and 

the table reflects the generally accepted solubilities as given in 

the references consulted. The i»olubiiities given are for the native 

elements only and do not necessarily hold for alloy constituents.

This is especially true in the case of the trace constituents, which 

may be protected from the acid attack by the jald. The scl ty 

varies with the strength of the acid, the temperature of the solution 

and the physical state and purity of the metal. The results quoted 

in the table are for 1 t1 mixtures of the acids and distilled water 

at a temperature of approximately 60 C.

- 27 -
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Table VII Solubilities of certain native elements if.

hydrochlorict hydrofluoric and nitric acids.

Element HC] HF HNO
—  3

A B A B A B
~

Aluminium s s i s i i

Antimony i i i i i i

Arsenic i X 1 ? 8 i

Bismuth si 1 i ? 8 8
Cadmium s 8 ? ? 8 8
Calciun s • ? ? 8 S

Cobalt s 8 ? ? 8 S

Copper sl sl i sl s s

Gold 1 4 i ? i i

Iron s s ? 8 8 8
Lead 1 i i i S S

Magnesium s ? i i s 8
Manganese s 8 ? s 8 $

Mercury i i i i 1 1
Molybdenum si i 1 i e S

Nickel si sl ? ? s 8
Palladium si sl ? ? s sl

Plat inum i i i i i i
a

Silicon 1 I s s i i

Silver 4 1 t▲ ? s s

Tellurium i i i ? s i»

Tin d sl ? ? d s

Titanium s s ? s s s

Vanadium i 1 s sl s 0
m

Zinc s s ? s s 6

N.Bj ~ soluble; si - -lightly soluble;

i - insoluble; d - decomposes;

? — uncertain due to lack of informa.ion.

A - solubilities from Hodgman (1954) 

g - solubilities from Coraey and Hahn (1921).
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( e )  Homxaenlzation cf the

To obtain reproducible results for 

each sample, it was decided to nelt the individual grains in the 

sample together to form one homo.Teneous bead. Before melting the 

grains, however, the samples were carefully re-examined under the 

binocular microscope to ensure the purity of the samples. The method 

use«4 to form the beads was sinr.lar to that described by fcsterhuizen 

(1962). The grains vvtre p^accd in a large cup graphite eloctrode 

and an arc Wa3 struck on the edge o? the electrode crater and allowed 

to wander for a *.im'* interval just sufficient to melt the groins. To 

avoid significant volatilization from the gold, the arc was not 

struck on the grains themselves. Fig. 1IA, page 74- * shows the 

arrangement of the electrodes during the bead formation. The 

following table gives tne arcing condition? usod.

Spectrograph* A.R.J-. gratinc spectrograph.

Fy o it.i11 nn; Anode excitatlci, d .c . arc, 220 volts, amps*

Slit width-. 10 microns.

Waveler,3th region- 3250 - 4430 Angstrom units.

Emu Is iont Kodak sf'cctrum analysis No. 1 film.

Time: 5 - 8  soconds, dependirg on the size of the simple.

As is shown in table V III, which summarizes the results of all 

the lines emittec jring the bead formation, silver and copper were

. . . . /2 9 • ••



Table VIII . Tho spectral lines emitted during the honogen*
ization of the G and S amples of native gold.

Line:
lalsnalix:
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Table V III . The spectral linr-a emitted during the homogeiw
lz*tlon cf the G and S saaples of native gold.

Line:
z m

Silver
j a m
1000

m i
800
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12AS
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Table V III. continued.

Line;
Intensity;

j
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Table V I I I .  continued.

- very weak; tr ■ tr?.C6; 

N.P. Intensity measurc=:er.tp aw * by visual estimation.
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the only elements lost from the majority of the samples. However, 

except perhaps for the loss of tin and zinc from G 39 and G 1, 

respectively, the losses are considered in all cases to be negligit_e. 

Silver is prosent in large amounts in native gold and the lin«‘ ‘» 

detected are of su :h great intensity, that it is not surpri j  that 

they are always preseni. The assumption of negligible loss o ; 

silver .» further substantiated by the fact that the relatively intensr 

silver line , 4055 .264 , is absent from more than 90% of the spectra.

The copper lines are also very intense and could be expected to appear 

at very low concentrations.

.. homogenization, the beads were all washed in boiling 2N 

hydrochloric acid to remove any surface oxidation layers or 

impurities and were, subsequently, re-examined under the binocular 

microscope to check their cleanliness. lhey were w e ig h t , flattened 

and rolled into strips which could be cut up for spectrographic analysis, 

fire assay and atomic absorption a ^ l y s is .

To check that the melting of the individual grains did 

homogenise the samples, a large sample of ro\d was formed into a bead 

and cut up into snail pieces from which five further portions, each 

weighing 10 ragm, were taken. These 13 mgm samples were made into 

beads, as described above, and spectrographicaliy analyzed uM er ♦-he 

following arcing conditions.

. .3 0 / . .  ,



Spectrographt Large Hilger-Watts, I.ittro# type, 

spectrograph with quartz optics.

Excitation i Anode excitation, sor.stant current 

d .r, , ?20 volts, 4 amps.

' .?ctroHp qau:

. 0 • ;_-nc , :: - imc r.ecjuir j to burn the

settles cor. J iatoly.

il 5C Mri film half tone plates

- .-eui ft? 2360 A - c?CO

o t/'.« plate, tie liitensiiies of various silver

gold, cc. i.'fi ino i ■ w  i nes ware measui ..•* .p j a microphotoroeter.

A ca»U . t* ci ve for Lhe pl?+e wcis drawn on a Respectra sp^ctro- 

r •) *uist ng boar^ nd the log intercity r^tlo of the silver, copper, 

a(M ti<>* . ‘-.vs t- t ”i gold lines w<3;re -alculat-i- T^t/le IX yives 

the re: <’ r. obtained for these ra 'los nrt he stardsrd deviations 

a id co*fJfi;;ients of variation foi the t ,/<• sampi's.

The results indicate t h .t , .vitb .n the lituiv i .'l: accuracy of the 

spectrographic analytical m* .f.^d, ill f i-<e samples c-c**,' 'in  approx»nv>tely 

the same amounts of rop,**-", silver and iron. In ther words, it can 

be argued that these three elements are \ dformly distributed throughout 

th« sample aid .->at t-e ethod of homogenizing the o l d  grains is valid. 

r< elerp ,its si cl. ,is silver, coppor and iron, which ji i present in the 

in relativ e]/ large amounts, distribute then*;s "«*• uniformly

t.he 'iam during the bead formation^ it see .. likely that



Table IX The Intensity ratios, standard

<?f variation tfaj.wL-.ted for, f ive beads from one sample, to 

determine .the homogeneity of the j.uncU.

1 2 2 4
c.

i

l0 Aa^i22 
10y/u 2590

-0.69 -0.84 -0.89 -0.73 -0.71 -0.77 0.079 10.3

l f  Afl.2325
logAu 2590

-0.85 -0.90 -1.13 -0.71 -0.79 -0.88 0.142 16.2

, 3  296V 
l0yAu 2932

-0.73 -C.61 -0.71 -0.66 -0.81 -0.70 0.068 9.7

yAu 2590
-l.*4 -0.77 -0.92 -0.82 -0.94 -0.90 0.095 10. o

. Fe 2599 

yAu 2590
-<.45 - a s -0.32 -0.36 -0.40 -0.38 0.043 11.3

Fe_2220 

A % u  2932
-0.29 -0.15 -0.24 -0.16 -0.22 -a 21 o . a ? 24.8

mean waivej s - standard deviation = ;
V n

100s
coefficient of variation =

T. hie x Tha limits of lmau^itlfig-lD. the a d d *  U5£,d. far the Clfiafl&iflfl 

of the samples, (from the manufacturer 's  specif iyatiOftS )•

Element HC; (3Ot52L) -H F l & D

Pb 0.0000256 0 .0 0 1 *

Fe 0.0001,* 0.0008% nil

As 0.000002$ nil 0.00000045^



Li mits ir?,CRr.l£ies_tr> the high purity or^ohlte electrodes 

and-XCdS-^ sad 6Pe<?tr;>qraphlc analysis, ( frorr.

manufacturer's reports).

Impurities Ele:trodes

/.GKSP t 3806 ■iGKSP .k  395,1 , .0 & ?  L *01 fl AGKSP L

A minium 0 .4 p. p. m. 0.1 p.p.m. 0.7 p.p."u X

Copper 0 .9 p.p.m. x x x

Iron 0 .6 p.p.m. C.2 p. p. U). 0.8 p.p.m. 1

Magnesium 0.8 p.p.m. 0,6 p.p.m* 1 .0  p.p.m . 0

Silicon 1.6 p.p .m . 0 .5 p .p .m . 0 .9  p.p.m . 0

Sodium X 0 .2 p.p.m . 0 .8  p.p.m . X

x - omplete absence; C - oarely visible;

r.uirbers indicate relntive inlens-ty.

Other elements sought! B , Ca Pb, Mn, K, Ag, Sn, T i , V.

Table X II Hie limit? i f  ilHB'irUUs I d thfi.

cocioer oxide and Iron sponcie. C fxm  the nan,.factU^M.'S 

reo ^ts )•

Element Cooper Iron

Si)icon 5 p.p.m. 1 p.p .n .

Calcium 2 p.p.m . -

Iron 2 p.p.tf. -

Silver 2 c.p.m. <1 p.p.m .

Magnesium 1 p .p»m. 1 p p.m.

Sodium 1 p .p .m . 1 p.p.m .

Aluminium 1 p.p.m . -

Manganese - 3 p .p .n .

Nickel - 2 p.p.m .

Copper - <  1 p.p.m .

ments soughti As, Au , B , be, B i, Cd, Co, Cr, Cs

Hg, In , Ir , K, L i , Mo, Nb, Os, P, Pb, Pd, Pt, Rb, Re, Rh, Ru, Sb , Se, 

Sn, S r , T a , T « , T i , T I ,  V, W, Zn, Zr.
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the other .niior elements present will also be evenly dispersed in 

the gold. This conclusion wes confirmed when the reproducibility 

of the log intensity ratios of various trace elements was calculated 

for the spectrographic analysis of the samples (see table XXVI)

( f ) Precautions takan to prevent contamination of the samples

As the analytical methods used werp very sensitive, being 

capable of detecting concentrations down to 1 p .p .m ., great care was 

taken to prevent contamination of the samples. Crushing of the samples 

was carried out with an iron mortar only and the samples were sieved 

tlirougî  a nylon mesn- perspex sieve. Only analar grade chemical 

reagents and distillea water were used for the cleansing of the 

saikoles. High purity graphite electrodes and rods, manufactured by 

National Chemical Products, were emp^yed for the spectrographic 

analyses. TabJes X, X I, XII 1 1st the limits of impurities in the 

acids, electrodes and metals used.

The gold beads were flattened and rolled on an anvil and roller, 

both highly polished and cleaned before use. For cutting up the 

large gold grains, a stainless steel scalpel was used and for the 

cutting of the rolled geld foil, a pair of dentist’s pliers was used. 

The anvil, roller, scalpel and pliers were used only for their 

re' pective purposes.

. .3 ^ / . . •
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At each stago during the preparation of the samples for 

analysis, the gold was carefully examined under the binocular microscope 

to check the? purity.

B. THE QUANTITATIVE DETERf.'.INATION OF COPPERf IRON AND SILVER IN 

NATIVE G P U

( * )  I ntroduction

A great deal of work has been carried out by 

rthPT".■*orker6 on the quantitative determination of impurities in high 

purity geld. Two reviews, one by Beamish (1961) and other by 

Finkelstcin (1962), dealing with the analysis of high purity gold have 

been published recently. Of the individual papers, those dealing with 

spectrographic methods of analysis include papers by Vors--tz (1957), 

Kuranov and Ruksha (1959), Kuranov, Ruksha and Sviridova (1959), 

Degtyareva and Ostrovskaya (i960 ), Esterhuizen (1962) and Strasheim,

De Villiers and Brink (1962). Atomic absorption spcctroscopy has 

been applied to the analysis of vei} fine gold by Schuler, Jansen 

and James (1962) and Strasheim, Butler and Abskew (1962). Polorography, 

flamp photometry .nd spectrophotometry have also been applied to the 

determination of impurities in gold.

However, very little work has been done on the quantitative 

analysis of native gold. Spectrographic methods were usxl by Raikhbaum 

et al (1940), Raikhbaum (1941) and Wilska (1952) for the quantitative 

determination of trace impurities in native gold. In the first paper,

• .3 3 / ..  •
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Raikhbaum and his co-workers determined silver, copper and tellurium 

in gold nuggests of 3 to 5 mgm, while in his later paper RaikbKaun 

described a method for the quantitative analysis of gold flakes of

0,5 to 2 mgm. Wj.l.ska determined the amounts of copptr, iron, 

manganese and aluminium in gold.

A microanalytical chemical method for the quantitative 

analysis of gold nuggets was developed by Fer 'yanch.. *.h (1959). After 

cleaning,the nuggets were dissolved in aqua regia in the presence of 

tartaric acid and ihe precipitate of silver chloiide and the filtrate 

were analyzed separately for the determination of the trace elements.

For the determination of the fineness of native gold, the fire 

assay technique Jv>s been in jse for centuries and has recently been 

thown b-, Hanrahan (1962) to be extremely reliable. The specific 

gravity method for the determination of fineness has been discussed 

in detail by Caley (1949). The method is very simple but is, 

unfortunately, only reliable to 1%.

4 f  all the techniques mentioned above, the spectrographic, atomic 

absorption spectroscopic and fire assay methods seemed to be the 

most suitable for the quantitative determination of silver, copper and 

iror. in the gold sa:nples. As the silver content in the samples 

was too great to be determined spectrographically, the fire assay 

technique was used. Spectrographic methods were at first selected 

fox the quantitative determination of coppcr and iron, though it was

« •3 4 / ...
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decided not to work in solution but to keep the gold in its native 

form. The risk of contamination during  ̂ ssoluti^f. was considered 

to be high and it "ras thouqht that alemcnts could be added to the 

gold from the reagents. However, as will be explained in the 

following isection, suitable standards for spectrographic analysis 

could not be prspared and the copper and iron contents were eventually 

determined using atomic absorption spectroscopy.

(b) The attempts to prepare homogeneous gold a l i m  for., use

For quantitative spectrographic analysis, 

reliable standard samples are required and therefore an attempt was made 

to prepare gold alloys with varying amounts of silver, copper and iron.

A scudy of the phase diagrams cf gold-silver, gold-copper and gold-iron 

alloys, as given by Harsen (1958) showed that silver, copper and iron 

were capable of complete, or partial, solid solution with gold. The 

sol ibility curves for these metals in gold arc sliowti in figures 2, 3, 

and 4. From the curves i'- is seen that silver jnd copper are both 

capable of complete solid solution in gold while up to 5 6 %  iron can 

enter the gold lattice. Therefore, it appeared ttet there should 

be nc difficulty in the silver, copper and iron forming homogeneous 

alloys with gold.

Strasheim, D« Villiers and Blink (1962) described a method for 

the preparation of gold alloys containing iinpurities of copper, iron,

. .3 5 / . . .



Figure 2 The gold-silver phase diagram showing complete 
solid solubility between gold aijd silver. 
(After Hansen, 1958).

A t o m i c  p e r c e n t  g o  i d

Figure 3 The gold-copner phase diagram showing complete 
.solid solubi'ity between gold and copper at 
elevated tamperatures. (After Hansen, 1958,'.

«  atomic 11

Flpure L The gold-iron phase diagram showing approximately 
562 solid solubility of iron tr. gold. (After 

Hans6n, 1958)•



txlver, palladium, lead and zinc. The method involvsd the preparation 

of fo*.J preliicinary standards by compressing the gold and impurities 

into pellets, sealing these pellets into evacuated silica tubes, heating 

the tubes until the oellets were molten and shaking them to ensure good 

mixing. The fir^l set of standards was prapared by diluting the prelim­

inary standards with proof gold. Ctoen and Roberts (1945) also described 

tha preparatl'n of gold alloys, their method being to shake the molten 

alloys, under vacuum, for periods ranging from a quarter of an hour to 

an hour. The alloys were allowed to cool slowly in the furnace or 

were else quenched rapidly to prevent segregation. The ingots were 

sampled to test their homogeneity and if they were found to be irihomo- 

e'eneous, they were annealed for periods of twelve hours or more.

Kuranov (1959) prepared standard alloys for the analysis of high purity 

vld by first making binary alloys of the impurities which he hoped to 

introduce into the spectrographically pure gold. In this way he lowered 

the melting points of th* impurities to within the range of the melting 

poirrt of gold. The impurities were added to the gold in a graphite

c.Tucib'.e and were covered by charcoal. A high frequency furnace was 

used with an inductor to ensure intense mixinq of the melt.

Initially it was decided tc follow the method of Strashcim,

De Villiers and Brink (1962) and the required amounts of gold, silver, 

copper and iron to give a gold alloy containing 2C% silver, 0.5% 

copper and 0. 2% i r o n  were weighed out from spectrographicalJ y pure 

metals. The alloy constituents were then welted as described above..
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