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The Assay and Valuation of Gold-Bullion.* 

(Spokane Meeting, September, 1909.) 

THE Bureau of the Mint of the United States Treasury 
maintains 13 ofEces for the purchase of gold-bullion, and this 
paper describes an investigation to establish the reasonable dif- 
ferences in the assay-results a t  the various institutions which 
may be commercially allowable in the settlements between 
them. Beginning with the comparative assay of proof-gold 
at the Philadelphia mint and the Utrecht mint, which shows 
0.00002 as the closest agreement now possible, nine tables of 
comparative results, taken from the regular work of the service, 
are given. .These tables begin with very fine gold, produced 
in an electrolytic refinery, showing close agreement in the 
assay-results, and follow through decreasing gold fineness and 
increasing amounts and complexity of base metals to very im- 
pure and complex bars produced at  cyanide-mills, some of 
which give widely-varying results. Next is given a series of 
results on samples, prepared and sent out to various labora- 
tories in the service, to test the influence of different metals 
and various combinations upon the agreement of the assay- 
results ; 11 samples were sent out and each one was assayed 
from 44 to 71 times, making a total of 623 assays. To these - 

i r e  added 107 assays of identical samples of coin-gold. 
On a previous occasion,' I have endeavored to show the 

degree of accuracy that may be expected in the ordinary every- 
day analysis of various materials, and on another occasion,2 I 

- - -- 

* This paper in fall was read at  the Seventh International Congress of Applied 
Chemistry, London, May 27 to Jane 2, 1909, and was presented at  this meeting 
in advance of its appearance in the A n n u l  Report of the Director of the Mint for 
the Year 1908-1909, through the kind permission of the Director. 

t Assaper, Mint Bureau, U. S. Treasury, Washington, D. C. 
The Actual Accuracy of Chemical Analysis, Trans., xxvi., 370 (1896) ; Jour- 

nal of lhe American Chemical Society, vol. xviii., No. 9, p. 808 (Sept., 1896). 
* The Accuracy of the Commercial Assay for Silver, Journal of the Ameriean 

Chemieal Society, vol. xvi., No. 8, p. 506 (Aug., 1894) ; Accuracy in Silver Assay- 
ing, Journal of the Society of Chemical Industry, vol. xv., No. 6, p. 434 (June 30, 
1896). 



THE ASSAY AND VALUATION OF OOED-BULLION. 781 

have called attention to the accuracy of the commercial assay 
for silver. The present paper deals chiefly with an effort to 
establish certain commercial standards of agreement or accu- 
racy in the assaying of gold-bullion for purchase in the various 
laboratories of the U. S. Mint Service. 

Besides the coinage-mints a t  Pbiladelphia, New Orleans, Den- 
ver, and San Francisco, and the large assay-office on Wall street 
in New York City, all of which purchase and refine bullion, 
the Mint Bureau of the U. S. Treasury maintains eight smaller 
assay-offices, scattered about through the mining-districts of 
the country, which purchase bullion and ship i t  to the mints to 
be refined. These smaller offices were established as an aid to 
the mining industry of the country by giving the small miners 
the opportunity to sell their bullion easily and quickly for 
cash. 

Owing to the particular and rigid methods of book-keeping 
of the Treasury Department, the mints are compelled to treat 
the bullion sent to them from the assay-offices in exactly the 
same manner as the bullion deposited directly by individuals, 
and the prices are carefully determined a t  which the assay- 
office bullion should be charged against the mint in the 
Treasury accounts. Naturally, discrepancies sometimes arise 
between the mints and the assay-offices. A very large propor- 
tion of these are small and are easily adjusted. In'fact, most 
of them adjust themselves automatically, as they are on both 
sides of the account, and the gains and the losses over a period 
of time will counterbalance each other. On rare occasions, 
however, the differences require adjustment by umpire-assays 
in the laboratory of the Bureau of the Mint at Washington. 
For several years I have been gathering data upon the subject, 
and have had a series of assays made in order to establish 
standard limits af differences which might be considered as 
allowable on different classes of bullion. 

The methods of assaying followed in the various institutions 
are substantially the same, and have grown up as the result of 
many years of experience, so that with careful work on pure 
bullion the results obtained at different institutions ought to 
agree very closely; but with impure bullion, that is, bullion 
containing other constituents besides gold and silver, the 
chances for variations in the results increase. The action of 



different impurities varies widely. Only small amounts of 
some impurities induce excessive variations in the results, while 
comparatively large amounts of others have but little eEect, 
and, on the other hand, a combination of several impurities in 
a bullion may be most disastrous to any agreement of the assay- 
results. 

The bullion is  handled in the same manner at all the insti- 
tutions. I t  is weighed as received, and then melted. Gener- 
ally, a simple melting with soda or borax, or both, is sufficient, 
but sometimes it is more or less refined in the pot. I n  the case 
of large melts, 1,000 oz. or over, or of very impure bullion, a 
small sample may be dipped or poured out from the well-stirred 
pot and granulated in water. The granulations are used for 
the assay-sample. I n  general, however, the metal is cast into 
bars, and these bars are chipped, top and bottom, to obtain the 
assay-samples. The bars are again weighed and the assays 
made, when the value of the deposit is calculated from these 
data. If, however, the various assays made on a deposit do not 
agree well enough to satisfy the assayer, the bar is remelted, 
with or without refining in  the pot. 

The determination of gold in ores by the fire-assay, when 
properly executed, is justly regarded as one of the most accu- 
rate of analytical methods. With ordinary care and an excel- 
lent bead-balance, 1 part of gold in more than 20,000,000 parts 
of ore call be readily and accurately determined. The deter- 
mination of 1 part of gold in 5,000,000 parts of ore is very 
easily done. Urltil recently, however, i t  was rare for com- 
mercial ore-assaying to attain to the accuracy of 1 part in 
5,000,000. 

The ability to determine gold in ores with such great accu- 
racy is due to the fact that very large amounts of ore, up to 
0.25 kg., are taken for the assay, and on a high-grade button- 
balance the resulting bead call be weighed to 11200 mg. I n  
assaying bullion, however, such extreme accuracy is out of the 
question, for the simple reason that there is a limit to the 
amount of bullion that can be taken for the assay. To obtain 
the most accurate results the assay-sample must be weighed on 
the same high-grade balance on which is weighed the resulting 
cornet, and the sample also must be weighed with the same 
degree of care and accuracy as the cornet. Now, the load that 



THE ASSAY AND VALUATION OF HOLD-BULLION. 78 3 

a very sensitive bead-balance will safely carry is generally lim- 
ited to 1 g., and the amount of metal generally taken for a 
gold-bullion assay is 0.5 g., or one-half of the maximum load 
of the balance. 

Another point in bullion-assaying which militates against 
extreme accuracy in the results lies in the fact that the cornet 
which is weighed is itself gold, and, in high-grade bullions, it 
is a very large part of the sample taken for the assay, so that 
even slight errors in the handling of the cornet, resulting in 
slight losses or gains in its weight, count heavily against the 
highest accuracy of the results. 

About two years ago samples of proof-gold were exchanged 
between the Philadelphia mint and the Utrecht mint, and these 
samples were assayed in comparison with the utmost care at  
both institutions, with the result that the Utrecht proof was pro- 
nounced slightly the better by both mints. The difference in 
the results of the assays at the two places was only 0.00002. 
This is by far the most careful and exhaustive comparison of 
gold-bullion assays known to me, and undoubtedly represents 
the limit of accuracy at present attained in such work. 

Table I. shows a series of results obtained by three assayers 
working in the same laboratory up011 fine gol[l from an electro- 
lytic refinery. Each assayer worked upon the same sample 
in each set of assays as averaged, the samples being cut from 
both the top and the bottom of the bars. While there is a 
possibility that there may be some difference in composition 
between the top and bottom of the bars, yet in such high- 
grade material as this any such difference must be slight, and 
eight tests upon the subject showed a maximum difference be- 
tween the top and bottom of only 0.0001, which is considerably 
less than many of the diEerences between individual assaj-a. On 
the whole, then, the figures may be taken as fairly representing 
the ordinary run of commercial work upon such high-grade 
bullion. I t  will be noted that in several cases the figures ex- 
ceed 1,000, which is due, in part at least, to the high grade of 
the material. I t  may also be due in part to the presence in 
this electrolytic gold of unusual impurities in very small 
amounts. These data emphasize the necessity of averaging a 
large number of assays to get a satisfactory determination of 
the fineness in such very high-grade material. 



784 THE ASSAY AND VALUATION OF GOLD-BULLION. 

TABLE I.-Fine- Gold Assays. 

Average. 1. 
- - -- 

999.7 
999.7 999.5 

999.9 
999.7 999.8 

999.6 

3. 1 Average. 

Table 11. shows results obtained by various assayers in a 
single laboratory in assajing granulation-samples from a wide 
variety of bullion. 

The figures given in Table 111. are all taken from a single 
shipment and show the accuracy that can be obtained upon 
material of fairly uniform composition, being mostly gold and 
silver, with but little base metal present. This table shows, 
first, the results obtained a t  the assay-office where the bullion 
was originally purchased; and, second, the results obtained upon 
the same material when shipped to a mint. I n  some of these 
samples there is undoubtedly a difference between the tops and 
bottoms of the bars, but the figures show the agreement that 
may be expected between two institutions in arriving at  the 
value of such deposits. 

Table IV. gives the assays of 14 bars which were referred to 
the Bureau laboratory for adjustment, although the average 
differences between the mint and the assay-office were only 
slight. 

The handling of bullion produced at mills using the cyanide- 
process of gold-extraction has given a great deal of trouble. 
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TABLE 1V.-Comparison Between Assay-Ofice, Mint, and Bureau. 

Gold Fineness. 
-- 

(736.6 807.5 850.2 853.1 866.8 868.3 876.4 878.2 879.1 884.0 886.0 892.8 897.4 899.5 

1 735.4 806.7 849.4 852.7 865.2 866.9 875.4 877.6 878.6 883.0 885.4 891.9 896.2 897.8 
Mint .......... 4 1 735.1 807.3 849.9 852.5 865.9 867.5 ....... 877.7 878.5 883.9 885.2 891.7 896.6 898.9 

736.0 807.5 850.1 853.0 866.6 867.5 875.9 878.1 879.2 883.7 885.5 892.8 897.1 898.7 
Bureau.. ..... 1 736.1 807.5 850.2 853.1 . 866.7 867.8 875.8 878.3 879.4 883.8 885.9 892.1 897.1 898.6 

Highest ........... 736.6 807.6 850.3 853.4 867.0 868.6 876.4 878.4 879.4 884.1 8Y6.O 892.8 897.4 899.5 

Lowest. .......... 735.1 806.7 849.1 882.5 865.2 866.9 875.1 877.6 878.3 883.0 885.0 891.7 896.2 897.8 

Difference ........ 1.5 0.9 1.2 0.9 1.8 1.7 1.3 0.8 1.1 1.1 1.0 1.1 1.2 1.7 

Silverfineness..l79.0 181.0 133.0 142.0 127.0 112.0 120.0 117.0 115.0 113.0 109.0 88.0 99.0 95.0 
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Even when properly prepared such bars are likely to be trouble- 
some, but when, as not infrequently happens, the precipitates 
are not properly purified before being cast into bars they may 
give no end of trouble. - 

A very mild case of variation in cyanide-bars is shown in 
Table V. As received, these bars were chipped and the chips 
assayed. Since the figures thus obtained were considerably 
higher t.han the shipper's figures, the bars were then carefully 
bored and the borings assayed. Finally, the bars were remelted, 
with small losses in each case, and granulations taken. The 
granulations were then assayed. 

TABLE TT.-Assay of Cyanide-Bars. 
-- 

~ o l d  Fineness. 

[ 394.1 381.6 380.7 381.6 440.8 
Chips. .. ....... . . . 392.7 383.2 381.7 381.8 410.9 I 392.0 381.3 381.5 381.5 440.3 

392.0 383.4 363.4 382.8 440.4 

Borings ... . . . . . . . . . { El:! 381.6 380.7 381.6 440.8 
381.3 381.5 381.5 440.3 

Granulations. ... . 382.3 382.7 382.5 440.4 
382.8 382.4 381.2 440.1 
382.2 383.2 381.4 440.1 

-- 
Silver fineness ........ 370 370 370 3i 0 357 

Table VI. exhibits the results obtained by sainpling three 
cyanide-bars, high in gold and very low in silver, in three 
different ways. The assays show a wide variation on the chip- 
samples. While the drill-sample assays are fairly concordant 
for this class of material, the dip-sample assays agree much 
better and are to be preferred. 

An assay-office had received a cyanide-bar which showed 
546, 545.5,546.2, 546 fine in gold. This was coilsidered satis- 
factory, and it was shipped to a mint, but the chip-samples there 
yielded most varying results, as follows: 544.6, 535.2, 543, .. 
535, 542.4, 555.6. The bar was then remelted, and granula- 
tions showed 550.2 and 551.2. Another cyanide-bar received . 
at the same assay-office from the same mill showed 592, 593.9, 
592.9, 593.3 fine in gold, and was accepted. I t  was shipped 
to the same mint, where chips showed 603.6 and 590, while 
borings showed 588 and 588.6. The bar, which weighed 559.65 



TABLE V1.-Assay of Cyanide-Bars. 
Sampled in three ways. 

Gold Fineness. 

................ 
833.1 

Chips. 828.1 
830.7 
842.1 

Dips. ........ 

Silver fineness ...... 5.5 8. 8. 

Weight .............. 1169.06 oz. 1228.40 oz. 1171.16 oz. 

oz. Troy, was remelted, with a loss of 1.78 oz., and granulations 
from the melt showed 601.8 and 601.8 fine in gold. 

Having had a great deal of trouble with some bars from this 
mill, while others gave but little trouble, the assay-office gave 
one of the bad bars a very thorough treatment by melting and 
refining in the pot. As  received, the bar weighed 643.30 oz. 
Troy, and was probably about 847 fine in gold. It was melted 
seven timee, when i t  weighed 502.01 oz., showing a loss of 
141.29 oz. in weight. The final bar was 933.4 fine in gold and 
21 fine in silver. The gold-loss from this excessive course of 
meltings was only approximately 3.75 oz., most of which could 
undoubtedly be recovered from the slags. 

The details of the meltings are shown iu Table VII. I t  should 
be noted that the fourth melt shows practically no refining, and 
the weight was only slightly reduced, so that no practical 
change is shown in the assays. 

From an extensive series of tests made at the San Francisco 
mint it was found that, as a rule, in the cyanide-bars from sev- 
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TABLE VI1.-Cyanide-Bar, Melted Seven Times. 
Original weight, 643.3 oz. Troy. 

The average of the 68 assays showed the mass to be 407.16 
fine in gold. 

Gold Fineness. 
847.0 847.0 
847.2 846.6 

First melt, 557.22 oz ..... 848.0 846.3 
847.8 844.6 

-- 
I 847'6 847' 

865.8 866.7 
Second melt, 544.46 oz.. 1 866.1 866.6 

866.8 867.5 
869.2 869.1 

1 867.9 867.4 

I 
877.3 877.3 
877.3 879.4 
875.7 876.6 
873 8 875 8 

1 877:4 8;8:7 

Gold Fineness 
( 878.3 878.7 
1 879.0 871.4 

Third melt, 536.44 oz... { 

~ o u r t h  melt, 535.55 02.. { 

876.7 877.3 
876.8 876.8 
875'4 877*5 
878.9 874.6 
879.2 874.1 
876.0 865.7 

era1 California plants, the chip-samples taken from the outside 
of the bars would be about 2.5 fine less in gold than the boring8 
when taken away from the edges of the bar, and that the bor- 
ings gave satisfactory samples of the bars. 

Thirteen miscellaneous deposits were united in a mass melt 
and cast into 17 bars weighing 2841.77 oz. Each bar was 
chipped twice, and each chip was assayed in duplicate for gold. 
Table V I I I .  shows the number of' times the stated fineness was 
obtained : 

TABLE VII1.-Mass-Melt Assays. 

877.5 881.6 
877.1 878.0 
876 8 879 5 

8i9: 
876.1 877.5 
876.9 878.0 

875.4 875.2 

I 877.0 878.9 
877.8 879.4 
863.4 877.7 

1 876.7 876.9 

( i:::: :;B 
916.8 917.3 

~ ~ t h  melt, 511.88 02. ... 
917.1 916.9 

Sixth melt, 504.82 OZ... 

( 930.0 928.8 . 

933.5 933.3 
933.2 933.4 

Seventh melt, 502.01 oz. 

933.7 933.4 

Flnenes I Number. 
1- 

Fineness. 

406.0 
406.2 
406.4 
406.6 
406.8 

405.0 
405.2 
405.4 
405.6 
405.8 

... ... 
1 

... 
4 

Number 
- 

3 
5 
3 
7 
3 

Number. 
- 

5 
4 
3 
1 

-- 

Fineness. 1 Number. 1 Fineness. 
- 

407.0 
407.2 
407.4 
407.6 
407.8 

- 

8 
6 
8 
2 
5 

- 

408.0 
408.2 
408.4 
408.6 
408.8 
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When made from the highest grade of metals our coin-gold, 
000 gold and 100 copper, does not segregate. The gold used 
may contain a very small amount of silver, but should be as free 
as possible from all other impurities, and the copper should be 
of the highest purity possible. Occasionally, in practice, how- 
ever, there will be a slight segregation due to some impurities 
present in minute amounts. On one occasion an inside strip 
cut from a double eagle was assayed six times and yielded the 
following gradually decreasing figures : 900.2, 900.1, 899.9, 
899.85, 899.5, 899.45. On another occasion a double eagle was 
cut as indicated in Fig. 1 and the follo~ving results were 
obtained : 

*. I B. C .  i D. 

~ 0 1 d  G O I ~  
Fineness. Fineness. Fineneas. Fineness. 

r h99.12 900.47 899.70 
899.45 900.38 899.85 899.58 

One of our most annoying and yet very interesting and in- 
structive cases was a lot of foreign-coin gold, the product of a 
mint which is very careful in the manufacture of its coins; 12 
deposits of this material mere received at the Philadelphia mint 
from the New York assay-office. I t  was supposed to be 916% 
fine in gold, the balance being copper, and very uniform in 
composition, but the New York assays showed considerable 
variation. At  Philadelphia one man assayed each deposit in 
duplicate, and he was checked by another man with a single 
assay, as shown in Table IX. 
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TABLE 1X.-Foreign- Coin GolhAssays. 
Gold Fineness. 

F , ~ ~ ~ ~ ~ ~ ~ , . ~ ~  .,,,,,, 917.6 9164 916.4 917.6 917.5 917.1 915.6 917.3 917.6 914.7 917.0 917. 
(918.3 917.9 917.9 917.8 917.9 917.5 917.3 917.3 917.5 916.8 916.9 917. 

Secondassayer ... 917.2 917.3 917.7 917.3 916.5 916.3 917.2 916.3 916.0 915.8 915.4 916.0 

This bullion was diluted with copper to bring i t  down to the 
United States standard. While our standard is 900 fine, and 
the law allows a variation of one one-thousandth up or down, 
so that legally the coins may run from 899 to 901 fine in gold, 
yet the working-limits adopted at the mints are much narrower 
than the legal limits, and generally no gold ingots are passed 
by the assayer below 899.7 fine nor above 900.2 fine. 

I n  making ingots from this metal an unusual number of 
melts had to be rejected and remelted for want of uniformity. 
I t  was expected that the coins made from this bullion would 
run low, but none of those regularly tested did. I n  fact, two 
from one delivery were most unusually high, viz. : 900.6 and 
900.7. Thereupon 12 coins were selected from the same delivery 
and 46 assays were made upon them, with the following results : 

Gold Gold Fineness. Fineness. I Fineness. 
4 assays showed . . 9.u0.0 5 assays showed . . 900.4 
7 assays showed . . 900.1 4 assays showed . . 900.5 
3 assays nhowed . . 900.2 1 assay showed . . 900.7 1 11 aasGs showed . 

. I 46 - 

The trouble wit,h this metal undoubtedly arose from the 
presence of a small amount of some impurity causing a segre- 
gation of the gold, but enough work to decide what this was 
could not be given to the matter. I n  a similar case, with a dif- 
ferent high-grade foreign-coin gold at the San Francisco mint, 
the trouble was traced to the presence of a minute amount of 
antimony. 

In  order to get a much wider range of comparison, and to 
test the influence of the different metals and of various com- 
binations upon the gold-assay, a. series of samples mas prepared 
in the Bureau laboratory and sent out to various laboratories 
in the service for assay. I n  preparing the samples the. metal 
was thoroughly mixed by stirring when molten and remelted 
as often as appeared necessary. They were finally cast into 
small bars, ancl when sufficiently ductile were rolled out thin. 



792 THE ASSAY AND VALUATION OF GOLD-BULLION. 

The strips were cut into small squares, and these were mixed 
up and the samples for each institution taken out of the mixed 
pile of pieces. I n  the case of the brittle bars, they were ham- 
mered out and rolled until they crumbled to pieces. The 
larger pieces were then cut up, and the whole mixed before the 
samples mere taken out. 

All through the preparation of the samples very great care 
was exercised, so that in each set every sample sent for assay 
should be identical, and thus eliminate from the assay-results 
all chances of difl'erences being due to diff'erences in the sam- 
ples operated upon, and to confine the differences shown to the 
actual assay-work. I11 one very base sample, which will be 
further noted, i t  was liot possible to adhere to this rule because 
the metal was too hard. 

In  making such small melts it is practically impossible to 
adhere to ally predetermined composition with any degree of 
closeness. 

The first sample sent out was gold about 105 fine in silver 
and about 10 fine in copper; 71 assays of this sample were 
made in nine laboratories, with the following results : 

Gold 
Fineness. 

3 assays showed . . 584.1 
3 assays showed . . 884.2 
5 assays showed . . 884.3 

I Gold 
Fineness. 

6 mqays showed . . 884.4 
11 assays showed . . 884.5 
14 assaysshowed . . 554.6 
19 assaysshowed . . 884.i 

Gold 
Fineness. 

7 assays showed . . 884.8 
3 assaysshowed . . 884.9 
- 

71 

The averages obtained in the different laboratories were : 

Gold 
Fineness. 
884.517 
581.517 

A sample approximately 500 fine in silver, 110 fine in copper, 
and 50 fine in lead was assayed 64 times in nine laboratories, 
with the follo\ving results : 

Gold 
Fiueness. 

3 assays showed . . 341.9 
4 assays showed . . 342.0 
1 assay showed . . 342.1 - 

64 

Gold 
Fineness. 

2 assaysshowed . . 340.9 
7 assaysahowed . . 341.0 

11 aasaysshowed . . 341.1 
7 assaysshowed . . 341.2 
2 assaysshowed . . 341.3 

Gold 
Fineness. 

3 assaysshowed . . 341 4 
7 assaysshowed . . 341.5 
9 assaysshowed . . 341.6 
3 assaysshowed . . 341.7 
5 assarsshowed . . 341.8 

-- 
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The averages obtained in the different laboratories were : 

Gold 
Fineness. 
341.016 

Gold 
Fineneas. 
341.163 

Gold 
Fineness. 
341.600 
341.863 
341.913 

Two samples were both about 25 fine in mixed base metals, 
while one was approximately 360 fine in silver, and the other 
was about 450 fine in silver. The first sample was assayed 61 
times in nine laboratories, with the following results : 

Gold 
Fineness. 

1 assay showed . . 617.6 
4 assaysshowed . . 617.7 
3 assarsshowed . . 617.8 

Gold 
Fineness. Fineness. 

4 assaysshowed . . 618.5 
9 assaysshowed . . 618.6 

9 assays showed . 618.0 6 assa~sshowed . 
. 6 1 s 4 ~ ~  - 

The averages obtained in the different laboratories were : 

The second sample was assayed 60 times in nine laboratories, 
with the following results : 

Gold 
Fineness. 
618.388 
618.467 
618.480 

Gold 
Fineness. 
617.725 
618.025 
618.138 

The averages obtained in the different laboratories were : 

Gold 
Fineness. 
618.233 
61 8.283 
618.320 

-- 

Gold Gold Gold 
Fineness. Fineness. Fineness. 
528.67 1 529.175 529.267 
528.800 629.238 1 529.283 
528.963 529.250 529.300 

Gold 
Fineness. ? assaysshowed . . 528.6 

i asaysshowed . . 528.7 
3 assays showed . . 528.8 
3 assaysshowed . . 528.9 

Having on hand some ferruginous bullion, I attempted to 
prepare a sample for this work, but experienced considerable 
difficulty in gett'ing a satisfactory metal, owing to the seyara, 
tion of magnetic globules on solidification. By melting sev- 
eral times with niter. I finally obtained a sample that did not 

'Old i 
Gold 

Fineness. Fineness. 
4 assnysshowed . . 529.0 7 asaaysshowed . . 529.4 
7 assaysshowed . . 529.1 2 assaysshowed . . 529.5 

12 assaysshowed . . 529.2 1 away showed . . 529.6 
10 aasaysshowed . . 529.3 - 1 60 
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show visible segregation, and i t  must have been close to satura- 
tion with iron. I t  was about 763 fine in gold and 185 fine in 
silver, so that  the entire base metals, including the iron, were 
only about 52 fine. 

This sample was assayed 47  times in nine laboratories, mith 
the following results : 

The average results obtained in the different laboratories 
mere : 

- --- -- - - - - -- 
Gold Gold 

~ineness .  ~ Fineness. 
2 assaysshowed . . 762.9 6 assaysshowed . . 763.4 
5 assaysshowed . . 763.0 4 assaysshowed . . 763.5 
3 assaysshowed . . 763.2 2 assaysshowed . . 763.6 
5 assaysshowed . . 763.3 9 a~saysshowed . . 763.7 

I t  having been supposed that much of the difficulty mith 
cyanide gold bars was due to the zinc left in the slimes and 
going into the bars, a sample was prepared which was nearly 
590 fiue in gold, about 245 fine in silver, slightly over 130 fine 
in zinc, and containing a little copper and very little lead. 

This sample was assayed 50 times in eight laboratories, with 
the following results : 

Gold 
Fineness. 

4 assaysshowed . . 763.8 
5 assaysshowed . . 763.9 
2 assaysshowed . . 764.0 
- 
47 

Gold 
Fineness. 
762.975 
763.175 
763.300 

Gold I Gold Gold 
Fineness. 1 Fillenem. 1 Fineness. 

1 assav showed . . 588.9 I 7 assavsshowed . . 589.3 2 assavsshowed . . 589.7 
3 a ~ s a ~ s s h o w e d  . . 589.0 7 amG88howed . . 589.4 asiaisshYwed . . 589.8 
4 assays showed . . 589.1 I 9 assays showed . . 589.5 assays ~howed . . 589.9 
3 assaysshowed . . 589.2; 6 assaysshowed . . 589.6 

1 

Gold 
Fineness. 
763.417 
7ti3.467 
763.500 

The average results obtained in the different laboratories 
\\-ere : 

Gold 
Fineness. 
763.700 
763.683 
763.833 

A simple inspection of these results shows very clearly that 
zinc alone does not materially militate agaiust agreement in the 

Gold 
Fineness. 
589.567 
589.800 

Gold 
Fineness. 
589.040 
589.400 
589.400 

Gold 
Fineness. 
5b9.417 
589.475 
589.483 
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assay-work itself, and if it is the cause of the trouble with cyan- 
ide-bars i t  must be owing to its causing segregation, and thus 
preventing the proper sampling of the bars by chipping or bor- 
ing. Other elements may also be active in producing segrega- 
tion in such bars, either by themselves or through combinations 
with the zinc or other metals present. A low-grade and very 
base bar along this line was prepared to run about 100 fine in 
zinc, 200 fine in copper, and 50 fine in lead. I t  was about 268 
fine in gold and 370 fine in silver. This bar was very hard, 
and it was impossible to prepare identical samples for the vari- 
ous laboratories. I t  was eimply cut into pieces and a piece sent 
to each institution. 

This sample was assayed 44 times in eight laboratories, and 
while the difference between the highest and the lowest result 
is only 1.7 fine, yet the results are scattered all along through 
the range, and there is only a slight concentration of the results 
about one point. This is, of course, due in part to the fact that 
the samples assayed were not identical. 

The results obtained were : 

Gold 
Fineness. 

1 assay showed . . 268.0 
3 assays showed . . 268.1 
ti assays showed . . 268.2 
6 assays showed . . 268.3 
4 assays showed . . 268.4 

~in&ss. a in en&. 
3 assayeshowed . . 268.5 I 3 aesaysshowed . . 269.1 
3 assaysshowed . . 268.6 1 assay showed . . 269.3 
3 aaaayaahowed . . 168.8 / 3 aaaaysshowed . . 269.6 
1 assay showed . . 268.9 I 3 assaveshowed . . 269.7 
4 assaps showed . . 269.0 - - 

4 

I t  has long been known in a practical way that the prewnce 
of arsenic in a gold-bullion prevents any agreement in the 
assays. Fortunately, however, the presence of arsenic very 
plainly reveals itself in the melting of the bullion, and when 
found the melter proceeds to refine the bullion in the pot, and 
ultimately removes it very completely before the bullion can 
be accepted. 

Three testrsanlples containing arsenic were prepared, and 
they yielded mosl astonishing and interesting results. The 
first sample was approximately 785 fine in gold, 107.5 fine in 
silver, 100 fine in copper, and 7.5 fine in arsenic. This is only 
a small proportion of arsenic, and yet it completely prevented 
any agreement whatever in the assay-results. This sample was 
assayed 65 times in ten laboratories. The lowest result obtained 
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was 779.7 fine in gold, and the highest 792.4, with an extreme 
difference of 12.7 in the fineness. Moreover, there is the utmost 
divergence in the results as well as no agreement whatever ; 30 
results were obtained only a single time each, 11 only twice 
each, 3 only three times each, and only a single result was ob- 
tained four times. I n  only three instances did one laboratory 
obtain the same result twice. 

A sample approximately 675 fine in gold, 200 fine in silver, 
100 fine in zinc, 24 fine in lead and copper, and only 1 fine in 
arsenic, yielded a slightly better set of results, but still very 
widely divergent. This sample was assayed 62 times in ten 
laboratories. The lowest result obtained was 671.4 fine in gold, 
and the highest 681.4, showing an extreme difference of 10 in 
the fineness; 31 results were obtained a single time only, 10 
only twice each, 2 only three times each, and only a single re- 
sult was obtained five times. I n  three instances one laboratory 
obtained the same result twice, and in one case a laboratory 
obtained the same result three times. 

I t  would appear, however, that the influence of arsenic 
upon the assaying of high-grade bullion containing only trifling 
amounts of base metals is far less injurious. While the results 
on a sample running approximately 865 fine in gold, 130 fine 
in silver, 1 fine in arsenic, and only 4 fine in other base metals 
cannot be considered satisfactory, yet they are very much 
better than those yielded by the other two arsenical bullions. 
This sample was assayed 53 times in nine laboratories, with 
the following results : 

Gold 
Fineness. 

1 assay showed . . 864.1 
1 assay showed . . 864.3 
2 assaysshowed . . 864.4 
2 assays showed . . 864.7 
2 assays showed . . 864.8 
2 assays showed . . 865.0 
3 assays showed . . 865.1 

The averages obtained in the different laboratoriee were : 

~ 

I Gold 
Fineness. Fineness. 

4 assaysshowed . . 865.2 3 assaysshowed . . 865.9 
8 assaysshowed . . 865.3 1 5 assaysshowed . . 866.0 
2 assays showed . . 865.4 2 assaysshowed . . 866.1 
4 assays showed . . 865.5 1 3 assays showed . . 866.2 
1 assay showed . . 865.6 
3 assays showed . . 865.7 
4 assays showed . . 865.8 

1 away showed . . 866.6 - 
53 

Gold 
Fineness. 
864.933 
865.183 
865.200 

Gold I Gold 
Fineness. Fineness. 
865.233 865.500 
865.286 866.517 
865.300 865.717 
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As in so many other directions, antimony behaves similarly to 
arsenic in assaying gold-bullion, but its influence is not so pro- 
nounced. A sample of bullion approximately 723 fine in gold, 
245 fine in silver, 1 fine in antimony, and 31 fine in mixed base 
metals, copper, lead, zinc, wa; assayed 46 times in nine labora- 
tories. The lowest assay obtained was 721.3, and the highest 
725.1, showing a range of 3.8 in the fineness. However, 24 of 
the results, or just over a half, ranged from 722.8 to 723.9 fine, 
and outside of this range only two results were obtained more 
than a single tirne. 

Finally, some of our gold coin was melted up and assayed 
107'times on identical samples in five laboratories, with the 
following results : 

The actual average of this sample is 899.879 fine in gold. 
With these results as a basis, the investigation of the subject 

is being continued with the hope of ascertaining the causes of 
the variations shown and improving the agreement in the re- 
sults attained. It is, for instance, well known that gold cornets 
are not pure gold. They always carry some silver, and I have 
never failed to find copper in them when tested for with 

Gold 
Fineness. 

6 assays showed . . . 899.6 
10 assays showed . . . 899.7 
26 aeaays showed . . . 899.8 

- - 

great care. On several occasions I have found lead present on 
testing the silver nitrate solution from parting a large number 
of cornets at one time in a platinum basket. The amounts of 

Gold 
Finenesa. 

32 assays showed . . . 900.0 
5 assays showed . . . 900.1 - 

these base metals present in the cornets are, of course, quite 
small, and their influence is corrected by the proof-assay, in the 
same way that it corrects for the silver left in the cornets. I am, 

28 mays showed . . . 899.9 107 

however, carrying on a series of quantitative determinations of 
base metals present in gold cornets, the results of which I hope 
to publish at some future date. 




