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The Ordinary General Meeting of .the Society 
was held in the Chamber of Mines, on Satur
day, October 17 th, Mr. li. G. Bevington 
(President), in the chair. There were also 
present :—

36 Members : Messrs. A. McA. Johnston, 
E. H. Croghan, A. Richardson, Prof. G. H. 
Stanley, J. E. Thomas, H, A. White, Prof. J. A. 
Wilkinson, W. A. Caldecott, W. Cullen, Prof. J. 
Yates, H. D. Bell, 1'. T. Chapman, A. A. Coaton, 
J. Coats, M. H. Coom be,.W . M. Coulter, G. A. 
Darling, L. Evans, J. H. Hamill, T. Johnson, 
J. Kennedy, M. Knight, J. Lea, J. P. McKeown, 
J. T. Mitchell, T. T. Nichol, D. W. Perkin, J. F. 
Pyles, 0 . D. Ross, H. Scarf, R. Stokes, J. W. 
Taylor, A. Thomas, J. P, Ward and E. M. Weston.

8 Associates : Messrs. J. Chilton, J. Cronin, 
W. H. Graham, H. G. Kirkland, W. A. C. 
Tayler, A. M. Thomas, W. Waters and J. White- 
house. .

12 Visitors.
The P r e s i d e n t : Mr. Cullen has kindly 

undertaken to act as Secretary to-niglit for Mr. 
Rowland, who is prevented by family matters 
from being present.

The minutes of the previous monthly meeting, 
m s published in the Journal, were confirmed.

N E W  MEMBERS.

Messrs. T. T. Nichol arid A. A. Coaton weie 
elected scrutineers, and after their scrutiny of the 
ballot papers, the President announced that the 
candidates for membership had been duly elected, 
as follows :—
B e a t t y , G e o r g e  H e w i t t , N e w  G och  G . M .,  L t d .,  

P . 0 .  B o x  1096 , Johannesburg. M in e  S m v e y o r .  
F o u a n , J a c k  H e n r y , M .M .  R e d ja n g  L e l.o u g , 

B e n k o e le n , Sumatra, A s s a y e r . ( Transfer frcm  
Associate R oll.) '

M a c d o n a l d , B e r n a r d , Apaitado 33, Guanajuato, 
Mexico. Mining Engineer.

M o s s o p , W i l l i a m  C le m e n t ,  Wolhuter G. M . 
Ltd., P. 0 . Box 1160, Johannesburg. Mining 
Engineer.

S e m p le ,  W i l l i a m  B o y d ,  Luipaardsvlei Estate  
and G. M. Co., Ltd., P. O. B o x  53, Krugersdorp. 
Chemist,and Assayer. ( Transfer from  Associate 
R oll.)

The following gentlemen have been admitted 
as Associates by the Council since the last meet
ing ;—
A s p l a n d ,  C h r i s t o p h e r  H a t t o n ,  Simmei Deep, 

Ltd., P. 0 . Box 178, Genniston. Mine Surveyor 
B r a d i n g ,  T h o m a s , Van Ryn G. M. C o ., Ltd., P. o ’ 

Box 22, Benoni. Cyanider.
D ow i .in g , D o u g l a s ,  Robinson Deep G. M. Co., 

Ltd., P. 0 . Box 148S, Johannesburg. Cyanider! 
H a l f o r d ,  J a m e s  E d w a r d ,  Nigel Deep G .'M . Co., 

L td ., P. O. Box 50, Nigel. Amalgamator.

VISIT TO D YN AM ITE FACTORY.

The President detailed the arrangements for 
the visit to the Dynamite Factory on the 24th inst.

Mr. Cullen stated that programmes would be 
posted to those participating in this visit, during 
the_ coming week and that visitors would be 
divided up into parties on the train. He proposed, 
during the afternoon, to give a resume of a paper 
to be read before the Society at its next meeting, 
and which he thought would prove of great 
interest. He hoped they would have a very 
e'njoyable visit.

Prof. G. H. S tan ley  then read the following 
paper :—

TH E PATIO  PROCESS.

By C. P e r e z  D u a r t e .

The method known as “ Mexican Amalgama
tio n ” or the “ Patio Process” was first used by 
Bartholome de Medina in the year 1557 at the 
“ Hacienda de la Purisima” in Pachuca, State of 
Hidalgo, Mexico. During its period of us-efulness 
various competent metallurgists, both Mexican 
and foreign, have entered into the study of the 
process with the idea of overcoming its disadvant
ages (excessive consumption of quicksilver, long
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tim e of treatment, etc.), but apart from unimpor
tant modifications the system .as at present 
practised is identical with that introduced by its 
■originator.

The.practice ism ore or less as follows :— The 
■ore,' rediiced to a slime by various systems of 
crushing, is stored in specially prepared places 
■called “  lameres.” These floors or- bins serve to 
■collect the amount of. slime necessary to form a 
“  torta” or cake, and at the same time permit by 
drainage and evaporation the escape of the excess 
•of water added during crushing. In general, the 
-slime as formed into the “  torta ”  carries about 
■33% moisture. When a sufficient amount of slime 
■of the proper consistency has been collected it is 
moved to the “ patio," or treatment floor, by 
means of a “  camon,”  which is a sort of scraper 
with a horse or mule .for motive power and a 
peon for its guiding intelligence.

The “ p a tio ” is a large floor having a slight 
slope to allow for drainage, on which the “ torfas’ 
;are formed and treated. It is generally tiled, but 
sometimes paved with blocks of wood. In any 
•case the pavement must be well laid in order to 
reduce as much as possible the loss due to 
amalgam and quicksilver draining through. That 
particular part of the floor on which the “  torta 
is formed is enclosed by means of wood, the 
jo in ts being made tight with clay. It is ca lM  
a “  cajete.” Its dimensions are such that the 
“ torta”  (usually about 150 metric tons) may 
■fill it evenly to a depth of 20 to 25 cm. 
>(S to 10 in.). The slime is allowed to stand in the 
“ ca jete”  for from four to six days during which 
time, weather permitting (for the wet season 
■causes great inconvenience), a part of its water 
cscapes by evaporation and drainage. A t the 
•end of this time the first step in the actual treat
ment is given by “  salting ” * the torla. The 
■amount- of sait added varies according' to the 
richness of the ore under treatment but is about 
40 to 50 times the weight of silver present. The 
•amount also varies with the character of the ore 
■and according to whether the minerals present 
.are inert or retard the reactions. After salting, 
the first “  repaso ” or mixing, of eight hours’ 
•duration is given. This is the mixing or agita
tion of the slime by horses or mules, which are 
•made to walk about therein in order to thoroughly 
incorporate the salt with the slime. In the early 
■days of the process this disagreeable work was 
performed by men instead of horses. Lately 
mechanical mixers were tried at the Hacienda de 
Loreto in Pachuca, and also at the Hacienda de 
Pastita in Guanajuato (both of which are now 
cyanide plants), but the results were not up to 
expectations.

* (Mex.) “  enslamorar ” or “ salar.”

The day following the salting, “  magistral,” or 
sometimes copper sulphate and quicksilver, are 
uniformly scattered over * the “  torta ” and 
thoroughly mixed by eight hours of the “  repaso.” 
The mixing is repeated every third . day, and 
after each mixing the “ torta ” is turned over 
by shovelling. The time of treatment varies from 
a minimum of 20 days to a maximum of 35 days.
In order to add the quicksilver in a finely 
divided form it is placed in canvas sacks which on 
being compressed shower out the quicksilver in 
minute globules. The quantity used should be 
about seven or eight times the silver contents of 
the “  torta.” “  Magistral ”  is the result of a 
calcination of chalcop^rite, by which a part of the 
copper and iron sulphides are changed into 
sulphates. Understanding that copper sulphate 
is the active reagent in the process, it will be 
seen that the amount, of “ magistral ’’ .added is. a 
very variable figure. Generally a good grade of 
“ magistral ” carries about 30% of. copper sulphate. . 
Such quantity should be used as will give 2 to,
2'5 parts of copper sulphate to 1 part of silver. 
Generally less than the total" amount of quick
silver necessary is added the first day, and more 
is added later, as shown to be necessary by the 
“ tentadura” or test. This addition is called 
“  cebar ” or to fatten the “  torta.” The “  ten
tadura ” consists of panning an average sample of 
the “  torta,” and observing the appearance of the 
mineral and the amalgam. Some experience and 
judgment must be called into play at this point. 
A  test is made before and after each “  repaso.”

The accidents most likely to happen during the 
treatment are, that the “ torta” will become 
“  caliente ” (hot) or “ fr ia ” (cold). Tbe heating 
of the “  torta ”  is produced by an excess of 
copper sulphate and results in an excessive con
sumption of mercury, changing it into a proto
chloride, which is without effect on the silver. To 
remedy'this state of affairs more slime is’ added 
or lime, ashes or “  tequesquete ”  (a natural 
carbonate of soda) used. These correctives when 
not carefully used paralyse the reactions in the 
“  torta,” and result in a great loss of silver in the 
residues. Experiments conducted by Prof. 
Velasquez de Leon, late of the Mining School of 
Mexico, show that an excess of lime decomposes 
the silver chloride, and produces silver oxide, 
which is neither decomposed by, nor will amalga
mate with quicksilver. Recent practice favours 
the use of precipitated copper, copper amalgam, 
or zinc amalgam in place of the above correctives, 
the first-named being the most commonly used.

Ing. Manuel Y. Ortega successfully substituted 
sulphuric a'cid for the “  magistral ” at the 
Negocacion de Proaiio (Fresnillo, Zacatecas) with 
considerable resulting economy, but this is only 
applicable in particular cases. Usually the ore
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contains calcite or dolomite which, by causing 
an excessive consumption of acid, results in 
greater expense than when using copper sul
phate.

The “  torta ” is said to be cold when it lacks 
copper sulphate. The remedy is obvious. When 
the appearance of the globules of amalgam 
obtained by panning shows that more quicksilver 
is necessary, the “ to r ta ” is fattened by the 
addition of a small amount. The termination of 
the treatment is guided by the appearance of the 
“ tentadura,” bnt, before discharging, it is customary 
to remove all amalgam from a general sample, by 
panning, and assay the residues. The “  pella ” 
(ball of amalgam) is also assayed and figured as 
a check on the assay of the residues. When 
everybody is satisfied that the treatment is com
pleted the slime is sent to the “  lavadero ”  or 
washer. The washer is formed of three or four 
circular tubs of wood or masonry, 3'5 metres x 
l ' / 5  metres (11 ft. 6 in. x 5 ft. 9 in.) communi
cating one with another by pipes about 18 in. 
above the bottom, and the last of the series 
discharging to the residues dump. Each tub is 
provided with a mechanical agitator of three or 
four arms. All being in readiness, the first tub 
is partly filled with slime, the paddles started in 
rapid movement and enough water added' to fill 
the tub. Violent agitation is continued for from 
30 to 45 minutes and the mass then being reduced 
to a thin pulp, th e ' paddles are moved more 
slowly for two or three hours in order to give the 
amalgam a chance to settle. The communication 
to the next tank is then opened and more slime 
and water added to the first, agitation being 
continued as before. In turn the slime passes to 
the third and fourth tub and is discharged from the 
labt. This is continued till all the slime has been 
washed. The washing of a 150-ton “ torta” will 
take three or four days. During its passage from 
one tub to another and, above all, at its issue from 
the last of the series, samples of the slime are 
taken and panned in order to observe if any 
amalgam is escaping. A t the completion of the 
washing the amalgam is found in the bottoms of 
the tubs m ixed.w ith grains of sand and what
ever else of a high specific gravity may have 
been present in the “ torta.”  Most of this is 
removed by panning in “  bateas ” over a large 
tank of water. The partly cleaned amalgam is 
then carried to the “  azogueria ” or clean-up room 
where it is dissolved in a large excess of quick
silver, thereby floating all impurities to the 
surface, from whence they are removed, leaving a 
pure fluid amalgam.

The excess of quicksilver is removed in a 
“ manga,” which consists of a conical sack made 
of leather in its upper portion and canvas in the 
lower part, with a stout iron ring about its mouth,

and is suspended from the roof. The weight of 
the amalgam, assisted by blows on the supports 
causes the, quicksilver to filter, through the 
canvas, leaving the amalgam in the state of a 
stiff paste. The amalgam is retorted in retorts of 
such variety as would need a separate paper to 
describe them all. A  record is kept of the quick
silver used daring all operations, and the difference 
between this and the quantity recovered repre
sents the loss, which is about 287 gm. of quick
silver for each 230 gm. of silver recovered. 
While extractions and costs vary more widely 
than cyanide extractions and costs at the present 
day, we may give as a rough average an extrac
tion of 85% and a cost of $8 (Mexican money) 
per ton, equal to 16s. The loss by stealing was 
enormous, but impossible to estimate definitely. 
One curious method used to prevent stealing in 
the old times when the “  lavadero ” W'as trodden 
by men instead of being mechanically agitated, 
was to tie their hands behind tlieir backs during 
the process." Even to the present time the 

Haciendas de Beneficio ”  are surrounded by • 
high mud walls, and all the labourers searched as 
they leave the patio.

Theory. O f that which I have read concerning 
the chemistry of the Patio process, the “  Practica 
del Beneficio de Minerales de Plata Auriferous 
Usada en el Distrito de Guanajuato”  (Treatment 
of Gold-Silper Ores in the Guanajuato District) 
written by Professor Vincente Fernandez is so 
strongly in accord with my own observations that 
I  cannot do better than quote largely from his 
work, bringing the equations given into line with
modern ideas. He says, in part, as follows :__

“ I am informed that Don Federico Sonne- 
schmidt was the first to give a scientific theory of 
the process. He states that the salt and the 

magistral ” combine to form chloride of copper 
'yhicli chloridises the silver. The chloride of 
silver is then reduced to the metallic state by 
mercury, which then forms calomel. This theory 
is, in my view, excellent, but there are some who 
advance strong objections. These I  shall 
endeavour to answer.

Those who oppose this theory advance two 
important and potent facts. Namely that it is 
impossible to extract calomel from a “ torta” 
under treatment* by the use of solvents, and that 
the loss of quicksilver is not enough to satisfy 
the reaction that supposing the formation of 
calomel, the presence of chloride of copper would 
raise the loss of quicksilver to a still greater 
amount, as it is strongly attacked. Since this 
does not happen they find the theories of this 
illustrious man to be untenable.

* Later experimenters have succeeded in Qxtractinsr calomel 
from the " to r ta s ” of Paghuca,.—^U.P.p, -
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Let us proceed to study these reactions :
(1) Is chloride of copper formed by the 

sulphate of copper and the salt? If so,'w  y is 
the mercury not attacked 1 (2) Is the silver chlon- 
dised 1 (3) In what form is the quicksilver lost i

(1) Is chloride of copper formed 1 
When two solutions, one of sulphate of copper 

and the other of salt, are mixed in those degrees 
of concentration in which they are used m the 
Patio process, the faint blue colour is changed 
immediately to green, showing the formation of 
chloride of copper. This is formed by double

d" ” S S + c „ o ^ o , - s « , o . s o , + c « c i !
I f  to this solution, freshly precipitated copper 
is added in quantity equal to what the solution 
contains, and the solution then heated the 
greenish coloration disappears and a whitish 
precipitate forms. The precipitate cannot be the 
bibasic sulphate of copper because that reaction 
would require copper oxide

C u 0 .S 0 3 +  CuO =  2CuO.SOa 
Since the copper was added in the metallic state 
the reaction must be CuCl2 4- Cu =  Cu2Cl2. If in 
place of adding precipitated copper to the solution 
we add metallic silver, t h i s  loses its metallic aspect 
and changes to a violaceous powder of the same 
appearance as silver chloride after exposure to 
the light. This is probably a subchloride ot 
silver. It is soluble in ammonia, or in a salt 
solution. Messrs. Durocliet and Malagnti have 
obtained these same results and claim, that 
subchloride of copper (Cu,Cl2) and chloride ot 
silver are formed. The rapid cliloridisation of 
the silver would be impossible with the ordinary 
salt and is attributed to the formation of chloride 
of copper, which in turn passes to the form of a 
subchloride. W e see then that the formation m 
both experiments of subchloride of copper results 
from the reduction of the .perchloride that exists 
when solutions of sulphate of copper and of salt are 
mixed in the same proportions as m the “  torta. 
We infer then that the same reactions proceed in 
the treatment of ores by the Patio process. It 
may be claimed that the matrix affects the 
reactions, but it is impossible that this has any 
considerable influence because the ores are mostly 
quartz or silicates little or not at all affected by 
chemicals in the wet way, and the carbonate 
of lime (calcspar), the double carbonate ot 
calcium and magnesium (dolomite), the fluoride 
of lime (fluorspar), pyrites and oxides of iron are 
not always present, nor are. they in quantities 
sufficient "to take a principal and leading part m 
the reactions. We must, nevertheless, admit 

' the formation of chloride of copper m the process.
W hy is the mercury not attacked 1
To this question we have no satisfactory 

answer. When to the solution of sulphate of

copper and salt, which we studied above, a small 
amount of quicksilver is added, and agitated, two 
precipitates form ; both white, but o n e  pulverulent 
and heavy, the other iiocculent and settling with 
difficulty. The first is blackened by, but the 
second dissolves in, and gives a blue colour to, 
ammonia. The quicksilver becomes granular 
and of a lead colour or sometimes black. By 
washing and rubbing under water the mercury 
may be separated from the heavy, white pie- 
cipitate. The heavy precipitate is calomel, and 
the lighter, subchloride of copper (Cu2Cl2), and 
the quicksilver present has lost in a few hours, 
6 7  of its weight. This may easily be proven, but 
the fact remains that, when they are m ixedm  the 
“ torta,” the quicksilver is not attacked. It may 
be, that the action of the quicksilver on the 
chloride of copper is diminished by the greater 
affinity of the silver of the ore for chlorine in the. 
chloride of copper. Still, when quicksilver, silver 
and chloride of copper are mixed, this theory is 
not confirmed and the quicksilver is attacked 
The experiment must be carried further. Add 
some quartz san d 'to  the mixture. The quick
silver will not then be attacked and .amalgamation 
will be effected. The action of supposedly inert 
bodies in the treatment has been studied. 
Domevko, chemist, of Chili, in his “  Treatise on 
Assays,” of 1876, says that Durochet and Malaguti 
have found the action of mercury on natural 
silver sulphide in a ferruginous matrix greater 
than on that in an argillaceous matrix in the 
proportion of 2 '74 : T76, and add that in this 
direct action of the mercury on the sulphides, we 
must consider in the first place the influence of 
the matrix, the quantity of  ̂ sulphide of silver 
attacked in a silicious matrix being four times 
the amount attacked in an argillaceous matrix m 
equal length of time. Secondly, the presence of 
certain compounds, for instance iron or copper 
sulphide. This “ reaction by presence” may 
explain the fact that, while in laboratory expen 
ments the quicksilver is attacked^ by chloride of 
copper, the reaction is retarded in the “  torta 
by the presence of substances which do not 
themselves enter into the reaction. This we may 
deduce from the last cited experiment and also 
from the experiments of Domeyko.

(2) Is the silver chloridised1?
We have found that when we mix solutions of 

salt and copper sulphate a solution is formed, 
which on the addition of copper produces Cu2U 2; 
with silver, violaceous chloride of silver; and with 
mercury, Hg.2Cl2. These experiments point to 
the necessity for the formation o f chloride o 
copper (CuCl2). Now, when to such a solution, 
containing salt in excess and sulphate of copper, 
as in the treatment'; or in other words, chloride 
of copper and chloride and sulphate of soda, we
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add a small piece of ore, sucli as is treated, and 
some drops of mercury, we observe two facts. 
First, the ore is darkened and presents some 
amalgamated points. Second, the solution con
tains subchloride of copper (Cu9Cl,) partly in 
solution and partly in suspension, and also chloride 
of silver in solution.

The specimen is darkened by a coating 
of black sulphide of copper. This powder 
after_ being removed from the specimen by wash
ing m water, strongly colours ammonia blue 
This reaction may explain the formation of copper 
sulphide :

A g2S +  CuCl2 =  M gU l+ 'C u S  ( 1)
Domeyko says that under these conditions 

Durochet and Malaguti have observed the forma
tion of chloride of silver, subchloride of copper 
and free sulpjiur. I am of the opinion that not 
chloride but subchloride of silver is formed 
according to the following reaction :

A g2S +  CuCJ2 =  A g,C l +  CuCl +  S ( 2)
Accepting either the hypothetical reaction ( 1) 
or the observations of these chemists, we may 
be sure of the fact of the chloridisation of the 
silver, since one supposes the reaction and the 
other confirms it.

The amalgamated points may be due to the 
following reaction :
A g2S +  CuCl2 +  H g =  AgCl +  A gH g + CuCl + S (3 ). 
or to the following :
2Ag2S +  CuCl2 +  2Hg =

2AgCl +  2AgH g +  S +  CuS (4)
.Domeyko says positively tllat the subchloride of 
silver in contact with the salt is converted into 
chloride of silver, which is dissolved, and metallic 
silver, which separates out. The subchloride 
formed in the first two reactions might decompose 
thus, and the resultant metallic silver form the 
amalgamated points noted :

A g ,p i +  NaCl +  H g =  NaCl.AgCl +  AgH g 
The liquor contaius subchloride of copper result

ing from the reduction of the perchloride 
(Reactions 2 and 3), and also contains chloride of 
silver, which is easily proved by diluting, when it 
precipitates before the less heavy chloride of 
copper.

If these reactions, which simulate those of the 
Patio process point to the chloridisation of the 
silver, there remains no reason to doubt its 
formation in the “  torta.”

Before passing to the third and last question, 
wish to call attention to a very interesting 

point concerning the theory of action. Perhaps 
one of the -strongest objections that has been 
advanced to the theory of the chloridisation of 
the silver (the theory of Sonneschmidt), is that the 
amount of quicksilver lost is not sufficient to' 
satisfy the necessary reactions. We may represent 
this theory as follows ;

109

2NaCl |_ = /N a 20 .S 0 3 

A g.S" } :
C u 0 .S 0 3}  tCuCl., ) " /C u S

I 2A g C n  =  / Hg„CI.,
™ ’ . . - n-Hg /  lA g j lg -^
lh at is, m effect, that to extract one equiva

lent of silver we must lose one of quicksilver In 
other words, for eajh 8 oz. (1 marco) .obtained 
we must pay 14-8 oz. of mercury. The actual 
loss in the patio is about 9 or 10 oz. per “  marco ” 
of silver, which includes a heavy mechanical loss 
so this theory is certainly very far from the 
practice.

As the formation of chloride of copper, the 
chloridisation of the silver, and the reduction of 
the chloride to the metallic state, by means of the 
quicksilver cannot be disproved,' some have 
supposed that in all our ores arriving at the patio 
half the silver is in the metallic state and some 
others that the quicksilver is lost in the form of 
corrosive sublimate, which requires for its forma
tion only half the amount of quicksilver-required 
to form calomel.

The first supposition would obviously diminish 
loss of mercury since it would amalgamate directly 
and lead to no formation of calomel.

The second supposition requires only one 
equivalent of mercury for two of silver, but we 
cannot admit it because, for example, in a 
‘ ‘ torta”  containing 6 “  marcos ” of silver per 
“  monton "  (937 gm. per metric ton), the result 
would be that each “  cuartillo ” (456 c.c.) of 
water would contain 11 “  granos ” ('55 gni of 
corrosive sublimate (-12%)*, and as neither'the 
workmen who stand in the “ torta” for hours at 
a time, nor the mules, which in addition eat the 
mud in considerable quantities (as is proved by 
the presence in their intestines of balls of amalgam 
sometimes as large as a lemon), nor the pigeons 
which drink the water collected in the hoof prints 
suffer any ill results, it is clear that the quick
silver lost is not in the form of corrosive sublimate. 
Further, corrosive sublimate in the presence of 
free quicksilver is completely changed into calomel.

(3) I11 what form is the mercury lost ?
In the previous discussion we have given an 

idea, and its proofs, that the silver is chloridised ; 
now for its reduction we may assign various' 
reasons— the sunlight, the iron of the shoes of 
the mules, and the quicksilver. W e cannot 
attribute all the reduction to the first two because 
neither is all the silver chloride exposed to the 
sunlight, nor are mules used to.tread the “ torta ’

th.e " ’eiffhts ;U1C'  measures in the original with a view 
o?,l mZZ* h° '\ the system look* to a Mexican? The

h  1 weights and measures was, if possible
metric exppJi-’i; but is now superseded by the
old u n i t ,?° la,tert P,ace!1111 the interior. Nor were the 
For 1 s t Vi 1.bet'v.e™ «ne part of the country and another, 
“ monton ” 1 “.‘ “ “ t™  mentioned here is the Guanajuato monton and .equivalent to 1,473 k«m. while the Pachuca 

nionton equals 1,280 kum. The “ m arco” mentioned else* 
^here is ajso an old standard and is equal to 230 gin,
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at all plants. (In early days the “  repaso ”  was 
effected by men, who certainly did not wear horse
shoes, and in the Hacienda de Pastita in Guana
juato the agitation was effected by 'w ooden  
stirrers moved mechanically.) The quicksilver 
then must be the reducing agent. In what form 
is it lost.'? N ot in the form of corrosive sublimate 
because we have seen that this would be present 
in sufficient quantity in the water of the “  torta ” 
to produce effects on men and animals which are 
not apparent. Further, that it could not exist 
in this form in the presence of an excess of 
mercury. Hence, it must be lost in the form of 
calomel.

The P r e s id e n t : The thanks of the Society are 
due to Mr. Perez Duarte for putting this exposi
tion of the Patio process before us. O f course, it 
is a process which many of us connected with 
metallurgy have read of in various works of 
reference, but I  have certainly never seen it so 
thoroughly gone into. The paper is the more 
interesting on account of its having been written 
by a Mexican who is actively engaged on the 
Patio process. The process, if not dead, is dying, 
and therefore it is very fortunate for us to have 
this description by one who is working it, and thus 
place it on record in our Journal.

Mr. W. A. Caldecott (Past-Presicknt) : Our 
President has already pointed out the extremely 
interesting nature of this paper from an historical 
point of view, and that it was written by a 
Mexican gentleman, who was educated as a 
metallurgist in the city of Mexico, and has been 
familiar with the Patio process all his life. The 
paper was originally written in Spanish, and 
translated for our Journal by the kindness of 
Mr. Walter Neal o° the Dos Estrellas Company. 
The term “ patio,”  or court-yard, is also of interest 
historically, since during former disturbed times 
in Mexico the owner of the mine naturally 
preferred to carry on his metallurgical operations 
in his own back-yard, surrounded by a good high 
wall, and thus prevent too great a discrepancy 
between the silver extracted from his ore, and 
that which he actually recovered as bullion. From 
a humanitarian standpoint it is a good thing that 
the patio process is practically defunct, inasmuch 
as the unfortunate mules or horses employed in 
treading the salt, blue-stone, and mercury pulp do 
not last many months.

'1 he process was invented at Pachuca the year 
before Queen Elizabeth came to the throne of 
England, and during her reign the English seamen 
were so active in capturing Spanish treasure ships 
on theSpanishMain, that theirreputation as pirates 
still lingers. I  was informed that some of Drake’s 
or Hawkins' men, during ope of these patriotic

expeditions, were captured by the Spaniards and- 
were sent as prisoners to Pachuca, where they 
were employed in treading the “ torta” during the 
brief remainder of their lives. In fact, men were 
used for this purpose up to the year 1793, and 
mechanical devices only came in of late years 
when the process was nearing extinction.'*'

As illustrating the rapid changes which have 
recently taken place in the treatment of silver 
ores, Mr. Bernard MacDonald of Guanajuato has 
kindly sent me a paper,f published in 1899, in 
which the author, Mr. Roberto Fernandez, refers-in 
rather a deprecatory manner to certain modern 
processes, presumably the early trials made of the 
cyanide process, and says that if the Patio process 
were better understood, it would be more generally 
used. He also incidentally mentions ores carry
ing 1,000 gm. to 2,000 gm. of silver per metric 
ton as being of medium grade, but I  need hardly 
say that with the cyanide process silver ores 
carrying only a fraction of these amounts are 
nowadays proving very profitable propositions.

TH E TH E O R Y  OF BLA STIN G  W IT H  H IG H  
EXPLO SIVES.

By E. M. W e s t o n ,  A.S.M .B. (Member).

I  venture again to write a paper on a subject 
about which I  know very little, and my excuse is 
that I  want information, and wish to see if 
anyone can give it.

I  have been reading most of the works 
published on blasting to see if they could 
give me any data that would be useful in check
ing the work done in breaking rock in develop
ment faces and in both wide and narrow stopes 
in our mines. I  think it will be found that 
these books have been written by engineers, who 
apparently have no great knowledge of under
ground conditions, and who deal'with the subject 
mainly from a quarryman’s or railway contractor’s 
point of view. This is, I  think, the explanation 
of the fact that we have rules laid down, based 
apparently on clearly proved mathematical 
deductions from known -forces and resistance, 
which any right thinking miner breaks every day 
of his life for obvious economic reasons. Students 
of this subject would do well to remember that 
whole discussions and theses of these books are 
set out with the object of showing how to break 
the rock with the smallest possible consumption 
of explosives. This is quite a secondary con
sideration with the miner, though in its way 
worthy of most careful consideration. The

* The. Engineering and, Mining Journal, Sept. 19, 1908, p. 560’ 
t Transactions Americaii Institute o f Mining Engineers’ 

1 February, 1399.
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miner’s object is to raise the rock to the surface 
and extract its contents with the minimum total 
costs per ton, and explosives are only one item of 
costs. So we need beware when we see theories 
laid down solemnly, ex cathedrd, and without 
modification, as, for instance, in regard to the right 
length of hole to be bored in certain work ; for 
no attention is given to a number of vital con
siderations relative to saving time, and therefore 
to total cost of the work to. be done, nor to 
several obvious methods o f evading in practice the 
logical conclusions that can in theory be drawn 
from certain mathematically proved theorems. 
I  do not think I  shall be wasting the time of this 
Society if I  bring forward some matters of in
terest met with in going over these works, and in 
also reviewing briefly the theory of blasting as 
therein laid down. It might then be possible to 
see if. these theories can be' applied with useful 
results under local conditions, and if they point 
out any directions in which economy can be 
gained in the use of explosives, I  think I  can 
make.out a very good case for the more system
atic study of this subject, both in our technical 
schools and by properly conducted experiments 
under actual mining conditions.

Another crying need of the industry is 
a printed sheet to be posted up on all mines, 
giving a simple and, as far as possible, 
non-technical resume of everything we know 
regarding the employment of high explosives in 
boreholes to break rock, and pointing out the 
mistakes miners so often make, and the reason why 
they are mistakes. Such a sheet of instructions 
would, I  believe, pay for its cost of preparation 
and- printing in a month, in increased efficiency.

In a paper read before this Society nearly three 
years ago, I  made some observations on blasting 
practice, and I  tried to evolve some general 
rules drawn from my own practical experience. 
Apparently I  did very little else but get my
self into trouble as a dangerous heretic, and 
got myself pulverised by a special committee ; 
but really, after all, nobody seemed to know 
much about the subject. I  am ashamed to con
fess that at that time I  had read nothing of the 
theory of blasting. I  felt certain, however, that 
given the assumption of a homogeneous rock or 
one having well defined heads or partings with 
charges of known weight placed in chambers of 
known dimensions, the subject could be treated 
mathematically. I  have since found that the few 
laws I  guessed at regarding direction of holes 
and charges o f explosives in relation to the 
burden, and of burden in relation to free face 
were in the main correct. Readers of books on 
blasting will find each writer saying the theory 
of the others is wrong. Gillette in his “ Rock 
.Excavation ”  makes some shrewd observations, '

but the “  Blasting of Rock ” by A. and Z. Daw,* 
if read in the light of practical experience and 
by people ready to break every commandment 
laid down in this blasters’ decalogue, if they can 
thereby save time and money, is, I  think, a 
valuable book. I  will try and tear out the gist 
o f it, leaving out the mathematical proofs and 
that part dealing with quarrying. Ten con
ditions are first laid down which influence the 
force and effect of a blast. They are, presuming 
that a hole has been bored, a charge inserted, 
the hole tamped and the charge detonated :—

(1) The size and number of the free faces 
presented by the rock mass. For instance, a 
di'ive has one free face only, a stope has two, a 
bench on an open cut, after the centre hole of a 
row has gone, has three.

(2) The tenacity or cohesive strength of the 
rock (available to resist rupture by shearing).

(3) The structure of the rock, whether jointed, 
massive, laminated, stratified or fissured.

(4) The strength and nature of the explosive' 
compound.

(5) The character of the fuse and tamping.
(6j The thermal conductivity of the rock, and,

I might add, of the tamping.
(7) Whether the blast acts alone, or simul

taneously with others.
(8) Whether the rock falls when broken, or 

has to be lifted.
(9) The specific gravity of the rock.

(10) The size and form of the chamber.
(11) One might also add that a blast is influenced 

by the length of the line of resistance, in pro
portion to that of the height of the free face and 
of the length of the hole itself.

F ig . I.

Daw proves -without difficulty that the old 
time honoured formula L  =  CW 3 where L  re
presents the weight of charge (quantity o f 
explosive) necessary, and where W  =  the line of 
resistance or the shortest distance from the 
charge to the nearest free face of rock, and 
U =  a coefficient found from experiment repre
senting the relative resistance of the particular 
rock to rupture, leaves out of consideration most 
of these factors and is useless when considered 
by itself. The force generated by the detona
tion of explosives, to be successful, must overcome

* The Blasting of Rock hi Mines, Quarries, Tunnels, etc.* by 
A. W. Daw and Z. W . Daw. (E. and F. N. Spon, 153.)
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(a) the resistance due to the cohesion of the rock 
tending to resist rupture ; (6) the resistance due 
to the mass or weight of the rock. This is not 
relatively important in stoping, and where the 
rock is shot down it even assists rupture ; (c) the 
resistance due to the jambing or hanging of the 
rock pieces together and along the lines of frac
ture. The force must act at 90° to the free face 
for maximum results. The force exerted by a 
blast oil the rock must be a shearing force and not 
a bending or stretching one, because the explosive 
is in a small chamber and its force is suddenly 
applied to an inelastic rock mass. The force 
required to produce rupture by shearing, accord
ing to the theory of mechanics, where P =  force 
required to produce rupture and S denotes the 
periphery of the chamber in which the explosive 
is placed, W equals the line of resistance and 
K j =  a factor that represents the comparative 
resistance of that rock to shearing as determined, 
say, in laboratory in ft. lb. per sq. in. =  the 
modulus of shearing for the particular rock. Then 
P =  SW Kj.

Daw made experiments in ice, and proves 'that 
this formula holds good for gradual rupture, and 
he proves that suddenly applied forces produce 
similar results. The question that he seems to 
have neglected to investigate is, what effect vary
ing the size and shape of the free face have in 
regard to the other factors. In his experiments 
the area of free face is varied within very narrow 
limits. He never defines a free face. This, as 
I will endeavour to show later, seems to me a 
serious omission, when we wish to apply this 
formula to actual mining. For instance, we have 
a hole of 1^ in. diameter bored in the face of a 
stope, which is 6 ft. high. The hole is 6 ft. deep, 
bored parallel to the face of the bench. The 
burden on the hole, which is the line of resist
ance =  W  is 3 ft. The charge occupies ft. of 
the hole. P =  SW Kj =  (1£ in. +  30 in. +  I-4- in.) 
x 36 in. x modulus of rupture of quartzite to 

shear. The area of the free face at right angles 
to tlie line of resistance W  is then 6 x 6 =  36 sq 
ft. T^ke the same hole and the same charge in 
a stope only 3 ft. high, according to the formula, 
the effect should be the same. We know very 
well, however, that the first hole would break 
and the second one would never break. The 
area of free face being 6 x .3, or 18 sq. ft. in the 
second case. According to the authors, the rock 
should apparently shear in a plane parallel to W  
as readily as it does to form the usual frustum of 
a pyramid w'ith fracture planes at 45° to W.

With due deference to the authors, I  would 
suggest that this formula is not true or satis
factory as thus stated. It is true only when the 
height and length of the'free face bear a certain 
ratio to W  and to S, so that the limiting lines of

fracture set off from the perimeter of the sides of 
the chamber at an angle of 45° fall within the 
area of the free face. I  will return to this later on. 
The authors then point out that with two free faces 
available (as in stoping) two portions of the rock 
may be ruptured off by shearing. “  Owing to the 
inelastic nature of rock and the sudden force 
applied, equal tension is produced in the rock 
parallel to the. line of resistance for any section 
that may be blasted,” and that the resistance to 
rupture of the cross section parallel to the line 
of the hole may be equal to the resistance to 
shearing, and should be so to prevent “  bull- 
ringed ”  holes. I f  F represents the area of such 
a cross section and K  the modulus of rupture of 
rock P  =  F K .\FK  =  SW K l.

F ig . II.

Hence the authors argue that where there are 
two free faces, any hole should be given such a 
length in proportion to its burden, or W, that 
the rock lying between that portion sheared off 
directly in front of the charge, and the free face 
at the mouth of the hole will also be ruptured 
off. The force tending to produce rupture in 
blasting is proportional to the periphery of the 
chamber containing the explosive, such periphery 
taken at right angles to W, or line of resistance. 
“ The section of rock that may be ruptured is 
proportional to the periphery of the chamber for 
a given line of resistance.” It is owing to the 
condition that low explosives are employed to 
advantage in rocks of comparatively small cohes
ive strength, or where there are many lateral free 
faces and joints. These are used in large holes 
or bulled, or sprung, and are more economical 
than high explosives in small holes. Thus a mass 
of rock such as shown in Fig. III., with high 
explosives would merely break a crater, as the
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F i g . III.
cross section or the periphery at the top and 
bottom of the charge would be too small to give 
sufficient force to shear the rock along the hole 
and beyond it.

It seems to me that the authors have neglected 
the rupturing effect of gases from the charge 
escaping along the hole between the charge and 
the mouth of hole. This must, I think, have 
some effect in blasting; a larger effect with 
lower explosives, and a smaller effect with high 
explosives. Those who have seen a long hole 
fired have noted that the rock from the mouth is 
shot outwards quite as much as upwards, appar
ently by a force acting directly behind it. Regard
ing most mining here, we may, I think, neglect con
sideration of the resistance due to the weight of 
the rock blasted and the resistance or drag of the 
fractured rock to further movement, though 
occasionally in a stope we do see where a hole 
has had a charge -large enough to fracture 
the rock without moving it. When previously en
deavouring to estimate the increase of resistance 
to rupture of holes due to increase of burden, or 
increase of W, I  hazarded the opinion based on 
personal experience that this increase varied as 
the square of the burden or W 2 for the same 
explosive. The authors prove this to be true, 
mathematically; the proof I  will spare you. 
Now we see why as generally conducted break
ing rock with hand holes in a stope, say, 48 in. 
wide, is much more economical in explosives than 
breaking the same ground with machines. The 
6 ft. machine hole carries double the burden of 
the 3 ft. hand hole, but requires four times the 
explosive or more, and the question to consider 
is, cannot we bore and blast machine holes so as 
to reduce this difference'! The authors say, 
“ for the same explosive the resistance of cohesion 
to rupture in blasting varies as the square of the 
line of resistance.”  But here again we note 
that no consideration is apparently given to the 
size and shape of the free faces. Or what would 
happen if the face is only partially free, as in a 
narrow stope. The force developed by an ex
plosive placed in a chamber in the rock depends 
on the following conditions :—

“ (1) The absolute quantity of the gases pro
duced. This in turn depends on the quantity 
and “  power ” of the explosive used, and I  would 
add, the class or degree of detonation produced.

(2) The temperature of the gases at moment 
of detonation.

(3) The expansion of these gases due to heat 
liberated by the chemical combinations started 
by detonation.

(4) The time occupied in obtaining the maxi
mum expansion or pressure.

(5) The size and form of the chamber.
(6) The thermal conductivity of the surround

ing medium.
I would add to these—
(7) The amount and cohesion of tamping 

employed with certain explosives. 1
(8) The thermal conductivity of such tamping.
Explosives are of two classes— ;‘ lo w ”  or slow

and rending, and “ high” or quick and shattering. 
O f the' first, gunpowder is the best known ex
ample. The explosives used here, gelignite, 
gelatine dynamite, and blasting gelatine belong 
to the latter class. In the former, chemical com
bination goes on comparatively slowly and gases 
are evolved gradually and at a low temperature. 
In the latter the substance is gasified almost 
instantaneously. “ The full force of the gas is at 
once exerted in all directions and upon every part 
of the containing body ; because motion requires 
time, and there is no time for the part that yields 
to move before full pressure is developed.” This 
has given rise to the popular idea that dynamite, 
etc., acts downwards. Nitro-glycerine exerts a 
pressure on detonation of 12,000 kilo, per 
sq. centimetre, or about 25,000 lb. per sq. in., 
and blasting gelatine very little less. Only about 
14% of the actual energy of the explosive is 
employed in doing useful work in shattering and 
displacing rock. This seems a very small pro
portion ; but combustion or detonation is not 
always complete, gas escapes by holes and 
fissures, and the surrounding rock absorbs quite 
a lot of energy in the form of heat. Then the 
rock that is not displaced is “  Shocked,” heated, 
and pulverised, and waves of force are sent through 
the surrounding rock and air. “ I f  we assume 
that each unit of the same explosive compound 
will develop the same quantity of gases and attain 
the same maximum pressure under like con
ditions,” two laws of the statics of fluids and 
gases help us to judge the relative force developed 
by an explosive. These laws are :—

(1) That the pressure exerted by a fluid upon 
the different parts of the walls of the containing 
chamber proportional to the areas of these 
parts.

(2) That the pressure exerted by a fluid in 
any direction upon a surface is_proportional to the 
projection of the surface at 90° to the given 
direction.

Rock is inelastic, the, limit being reached in 
most rocks with a slight change of form, there
fore “  there will be no appreciable enlargement 
of the chamber before rupture takes place.”  This
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is laid down by the authors ; but is this reason
ing quite sound ? We know blasting enlarges 
the holes by reducing the walls surrounding the 
charge to an impalpable powder.

This is done either before rupture, during 
rupture, or after rupture. It cannot well be 
after rupture, and taking the case of a hole that 
fails to break and blows out one would think 
that the gases .expend force over the enlarged 
area before they seek exit along the hole. What 
do others think ? The authors in speaking of cut 
holes seem to concede that such an action takes 
place. However, let us take this as proved. 
Then it follows that rupturing force P produced 
in any hole is equal to the maximum ' pressure 
produced multiplied by the projection of the 
chamber at right angles to direction of rupture =  
W . Therefore with the same explosive ruptur
ing force is proportional to the cross sectional 
area of the chamber at 90° to W. And in com
paring two holes having the same charges (which 
must entirely fill the chamber to develop their 
full power), that charge which is in a chamber 
having the greatest area at 90° to W  in propor
tion to its size will do the most work. This is 
true, however, only within limits, as the thermal " 
conductivity of the rock may absorb too much 
power in a very thin chamber. Hence, say the 
authors, | in. should be the minimum thickness 
of a charge.

It will be seen that the cylindrical form of 
chamber as bored in rock by a drill is not the 
most economical. If we could put the charges 
we now use into chambers having a thickness 
parallel to the free face double that of their 
depth we could reduce explosives used by nearly 
50%. This raises the question what is the effect of 
“  chambering,” “  bulling,” or springing holes in 
hard ground in our stopes-? It is here generally 
wasteful in explosives and not at all useful, as we 
require elongated charges for the best results. In 
very long holes in softer ground in quarrying 
and in very high stopes it is very useful. The 
authors then prove that in blasting tighl; rock 
where joints and tissues are not w ell" developed, 
the diameters of boreholes should be directly 
proportional to the lines of resistance, and they 
state that they have proved this experimentally. 
Working with gelatine dynamite in strong 
granite which approximates the conditions here, 
they give the following table which is so interest
ing that I  trust I  am not acting unfairly in 
giving it  nearly in full.

The diameters being here again proportional to 
the length of W.

On these fields this is a principle that is only 
partially observed in practice and which deserves 
further attention.
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I pass over several interesting chapters on 
simultaneous blasts and turn to discuss what 
length, charges in cylindrical holes should bear 
to the diameter of hole where there are two free 
faces. The ratio is given as from 8 to 12 d 
where d =  diameter of hole. I f  there are two 
free faces an elongated charge is the proper one 
to employ, not a concentrated one got by 
“ bu lling” or “ chambering” the hole. “ It is 
advantageous to have an elongated charge to 
insure the whole mass of rock being carried away 
to such free faces, as with a high value for § the 
blast would produce only a conical cavity.” The 
authors also prove that, when we find, say,
S in. of charge suits a hole 1 in. diameter to move a 
burden of 24 in., then if we increase the 
burden to 36 in. and use a H  in- J101® tlle 
same length of charge is the right one.

The authors next consider the best position for 
a chamber or charge when there are two free faces 
at right angles as in stoping. To obtain the 
best effect with a blast in rock there must be 
equilibrium of resistance on all sides of W  to the 
action of the charge.

On this depends the right depth of hole to 
bore, say the authors, for any given burden. In 
hard ground, such as met with here, the distance 
from the centre of an elongated charge to the 
mouth of the hole at right angles to the line of 
resistance, as in a stope bench, should be equal to 
the burden or W., Fig. II. For example, we 
have a stope 6 ft. high ; the hole has a burden of
3 ft. j the charge will equal, say, 5 sticks of 1^ in. 
gelatine; the hole being l^ in . diameter at bottom ; 
the charge takes up, say, 30 in. of the hole. What, 
according to the author, is the right length of 
hole 1 It  would be 36 in. +  15 in. =  51 in. only. 
In practice we use holes 60 to 72 in. Hence, 
as I  suggested, pressure of gas escaping along the 
hole must have some effect, or planes in the rock 
must greatly affect the result. Formulae are given 
for. calculating borehole charges ; but as the co
efficients Ca, etc., for the various rocks met with 
here are not available, it would be useless’to check 
the calculations from actual practice.
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The formula used for calculating charges where 
L  =  weight of charge, is L  =  Ci, W 3, and where 
the diameter of bore is known and charge used 
is n  times the diameter, and the weight of 1 culx 
in. of explosives in lb. =  '036 sp. gr. of explosive 
L  =  '0283 ngd3. The coefficient Crt in the 
formula A  =  C„ SW  and coefficient C„ in the 
formula L — C» W 3 are found by trial shots. 
These are taken in average ground on average 
benches as nearly similar as possible. Say, 3 
holes are bored with burdens of 2 ft., 2 | ft. and 
3 ft., and are 1 in. diameter and are charged to 
a depth of 8 d  with explosive. Then supposing 
the hole haying a burden of 2| ft. and a depth. 
of 2 ft. 10 in. just breaks, throwing the broken 
rock only a short distance : from the equation 
A  =  C «S W

Ca =  - g ^ .  A  =  8 square in. S ^ 2  (8 +  1) in.

■Then Ca =  jg -^ -^  =  0.15. C = '0 2  about for 

rocks such as are blasted here.
To find G\; in formula L  =  CV W 3, W = 2£ ft. 

The weight of the charge L  in ounces, taking the 
specific gravity of explosive (say, dynamite =  1 -6), 
the weight of a cubic inch of dynamite =  
•036 x 1-6 x 16 = -92 16  oz. L = -7854 x '9216 
x 8 x (1 in.)2 =  5 ’79 ozs. then as W  =  2^ ft 

5-79 
 ̂ ^

Theoretically these formulae should enable anyone 
working in homogeneous rock to calculate charges 
in all cases.

It must, however, as the authors point out, be 
remembered that benches vary in shape and that 
heads or planes of weakness are nearly always 
more or Jess developed. The art of blasting- and 
rock drilling consists in noticing these and allow
ing sufficiently for their presence and in correctly 
forecasting what work each individual shot will do.

Regarding cut holes the authors in this para
graph-appear to concede my contention that the 

■ enlargement of a hole during detonation of charge 
may affect the area over which the gases exert 
pressure. “  The effect of breaking in a cut hole 
short i;s greatest if  they meet so that the inter
vening’ rock is fissured and pulverised, as in that 
case a pressure; surface for the gases from the 
explosion will.-be produced parallel to the face of 
the drive between.the boreholes.”

In a former paper I  made some remarks re
garding tamping. The authors quote the experi
ments of Gen. Sir J. F. Burgoyne with tamping 
powder holes. These seem to show that tamping 
owing to its inertia and friction on the sides 
offers 'far greater resistance to the escape of gases' 
than I  had thought. The General found that in 
1 in. diam..holes 2 o /, or £.o.z..of powder -would

not blow out more than 7 in. of clay tampincr, 
and when the blast breaks out its burden such 
tamping is often found intact in the hole/ For 
high explosives I  stated I  did not consider the 
12 or 18 in: o f tamping often used by miners.was 
necessary and considered a few inches to be 
sufficient. The authors say, in general it is 
sufficient to use a tamping of jvater, or a few inches 
of clay or paper pushed tightly home is all that 
is required. On the other hand, Mr. Rowland S. 
Oliver in tha Engineering and Mining Journal o f 

•New -York, writes :— “  The fact is,' however, that 
most bla.sters use an excess of explosive, so as to 
ensure breaking the ground, and this excess also 
makes up for loss of power by the escape of 
untamped gases.”  “  Several years ago a manager 
in Arizona noticed that some miners complained 
of unbottomed holes and bad air: A  40% 
gelatine dynamite in in. sticks and No. 5 detona
tors were used, powder being issued by the 
foreman. It was found • one . shift rammed 
charges and put tamping on top. The other 
shift did not tamp.”  The explosive used would, 
however, scarcely be called very high here, and 
the most important consideration seems to be to 
make the explosive completely fill the chamber 
to the exclusion of all air. “  A  £ oz. o f 'No. I I  
dynamite will throw a ball from a mortar :’300 
ft. I f  i- in. air space is left between them it throws 
it only 210 ft., a loss of 30% of efficiency.”

For this reason it is unwise to blow out holes 
too much before loading as a little mud among 
the cartridges expels any trapped air.

Efficiency and Tamping.— An opinion is gain- 
ground that water is not an efficient tamping 

for high explosives. Gillette quotes an authority 
as saying that it takes 3 lb: of dynamite with 
water tamping to do the work; o f 1 lb.' with dry 
tamping. When we consider the enormous 
specific heat of water and its cooling effect on the 
gases produced this seems likely to be true.
G. M. McFarlane, in the Engineering and M ining 
Journal, says, in discussing blasting long holes

• 15 to 20 ft. deep, “ The remark is often made 
that water is the best tamping for dynamite. As 
a matter of fact, I  note that in ‘ springing ’ or 
-‘ bulling ’ holes, water tamping is - always blown 
out, even if the hole is full o f water, whereas 

| 7 or 8 ft. o f sand tamping is seldom blown out, 
unless the rock is very tough and the bottom 
dead on the solid.”

Development.— Here the authors have not 
much to say to help us. “  In hard and tight 
rock the best length of advances (a length of 
round) with each set of holes is orie-half the width 
o f the heading.” This means that we should bore 
holes only 3 to 4 ft. long in the faces of our drives.

“ Experience shows that from f  to l i  in. is the 
best diameter of hole to use- in breaking hard-
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ground,” and this holds good here as elsewhere 
the diagram shown for the advances of a 6J x 6$ 
heading shows 20 holes bored 3 ft. 4 in. long in 
the face of hard rock. These holes are 1£ 
diameter and would be charged to a depth of 12 
diameters with f  lb. gelatine dynamite, giving 
an expenditure of 15 lbs. explosive for an 
advance of about 2^ to 3 ft. These 20 holes are, 
the authors tell us, fired in 5 rounds of 4 each.
I  pity the poor developer. I  give this example 
to show how' the mining student must beware of 
trusting to books instead of to actual experience. 
On the Rand, I  suppose the most economical 
a d v a n c e  for such a heading would be 14 to 16 
holes, 6. to T ft. long, H  in. finishing, using 
about 50 lbs. blasting gelatine per round, and 
firing with two volleys only. The diagram for 
sinking a 14 x 7 shaft with 42 ft. holes may 
be compared with figures given in Truscott’s 
Rand Mining and practice in shafts here.

It must not, however, be imagined that these 
formulae and axioms are valueless. On the con
trary, a knowledge of them rightly applied may 
pave much time and money to a mine and its 
workers. And in tunnel and quarry work where 
a skilled engineer is available to direct the depth 
and direction of holes and their charge, large 
economies can be made. The idea, however, of 
a Rand miner sitting down to calculate his 
charges is, however, a vision of the far distant 
future. Nevertheless, it is true that the so called 
skilled workers of the Rand waste thousands of 
lbs. of explosives every month by boring and 
firing holes in direct opposition to all the correct 
principles of the art. Faces of drives have rounds 
hung up because the miner has neglected to 
bore enough holes to make W bear the proper 
proportion to the length of hole and the charge.

It is the r e la t io n  of the th e o r ie s  m e n t io n e d  to 
s to p iD g  holes that in te r e s ts  us m o s t , a n d  I 
h o p e  we w ill  h a v e  s o m e  h e lp  fr o m  our 
m a t h e m a t ic a l ly  endowed m e m b e r s  h ere .

There is one example of the application of 
these rules given in the book that bears on th is . 
matter. It is entitled “  Economy of proportion
ing depth and diameter of borehole to height of 
bench of rock.” Supposing it is found that a 1 in. 
hole 3J ft. long with burden or W  =  3| ft. with
2 free faces, i.e. (face of bench in which holes 
are bored and side of bench or stope face) when 
charged with 12 in. or '543 lbs. of dynamite 
will blast a bench 3£ ft. long (deep), is there 
economy if holes of 1 in. diameter are used for 
blasting a bench 6 ft. long. Holes required will 
be 6 ft. deep. W  will be the same, and there 
must be the same length of tamping or vacant 
hole in each case, say the authors. Hence the 
charge in the long hole must be 3 i  feet long and 
must weigh l -9 lbs,

Comparative volumes of rock broken will be 
3-5 x 33 =  31 cub. ft., and in ' second 6 x 32 =  54 
cub. ft. Then in the both cases we have -111 ft. 
of rock bored per cub. ft. blasted, but in the 
first case we use only '017 lbs. explosive per 
cub. ft. blasted, and in the second '0352 lb. or 
104% more. “  This example, say the authors, 
shows the importance of boring holes on correct 
principles to obtain greatest economy in explo
sives.” In a recent number of our Journal, Mr.
J. M. Phillips speaks of the trouble of bull ring
ing occurring in holes over 6 ft. long in stoping.

Now these examples are all right, and yet all 
wrong if applied to actual mining conditions. 
Here, with outputs to consider, economy of 
explosives is a secondary matter. Longer holes 
pay to bore in any'case, as thereby less time is 
lost rigging up and adjusting larger machines.

Engineers have been asking if they would get 
any better drilling results in practice with higher 
air pressures. They would not unless pressures were 
increased enough to give an increased boring speed 
of 20% enabling 5 holes to be finished where
4 were°drilled before, or unless miners stoping 
are provided with longer steel enabling them to 
lengthen their 4 holes as the pressure increased. 
It is indeed a striking commentary on the neglect 
that underground engineering on this field has 
suffered from in the past' that we find leading 
engineers frankly confessing that they do not yet

- know what is the best pressure to employ in our 
mines to bore our rock.

Can we apply any of the foregoing formulae 
to stoping conditions here 1 Take this case. 
Height of stope 4 ft., no good heads or defined 
hanging or foot wall. What is the right diameter 
of hole to finish with ? What is the maximum 
burden we dare place on such a hole in hard 
ground 1 What is the right length of hole to 
bore so that both faces are free faces, and so that 
the hole will brfak with a charge suitable for 
diameter of hole ? I f  we add, so that the rock will 
be broken in the cheapest possible ' manner 
with due regard to all costs, costs of labour, 
power, explosives, capital costs and standing 
charges, we have here a problem as complex as 
any the human intellect has ever been asked to 
solve, one calling for the exercise of the highest 
faculties and involving an ever-widening circle of 
factors of various values, which must all be given 
their due ^weight. And it is solved largely by rule 
of thumb, or rather the solution is evaded. Yetsome 
people call the mining problem here a simple one !

Now taking a roof hole. H with W  =  4 ft., it 
has the faces along HM  and N H  to break out, 
and theoretically for all the authors say should 
break direct along H N  =  W =  4 ft. by shearing as 
easily as along H N 1 in which case the stope would 

' be. 8 ft. high. We know that with- a hole of
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F i g . IV .
ordinary 1^ or 1£ in. diameter such a hole would 
never break though it would do so were the 
stope 8 feet high. Practice here seems to con
flict with the authors’ theory, unless as I  suggest 
they have neglected to take into consideration 
the size and shape of “ free faces.”

In tight ground in such a stope about 24 in. 
would be the maximum burden, =  W, given to 
such a first hole, and this corresponds to the 
greatest value of W, allowing the angle of the 
l>lane of cleavage to be 45° on each side of W. ■ 
When there is a line of bedding, but not a 
properly defined hanging wall along W, then W  
might be made perhaps 3 ft., and were there a 
really well defined parting on the hanging W  
might even equal 4 ft. Theoretically, by using 
a large hole and a big charge any hole might be 
broken ; but this is not true in practice.

Let us now consider the case of long holes 
versus short holes. According, to the theory as 
shown, depths of holes must be directly propor
tioned to the resistance, burden or W, as the 
distance from centre of charge to mouth of hole 
should not exceed W. In practice here, this 
distance is generally 1J to I f  W., i.e., a 6-ft. hole 
with a 2^-ft. charge is given a burden =  W  =  3 ft. 
In narrow stopes, however, W  is limited entirely 
by the height of the free face, as I  have shown, 
unless the hole is bored a size that is uneconomical. 
Holes, any great depth, if fired in the usual way, 
do bull ring, i.e., fail to break the rock near the 
collar or mouth of hole wlien a charge is placed 
in the end sufficient to overcome W. I  was 
formerly severely brought to book for suggesting 
that where holes had to be bored by machines 
that take much time to set up and adjust, economy 
in drilling and in explosives would be gained by '

drilling long holes and distributing the charge 
into two portions by interposing tamping. It 
was contended that such a practice was dangerous 
as leading to unexploded explosive being left in 
holes, and in any case in defective detonation.

I  have since learnt to my chagrin that I  was 
a martyr without even having the honour.of being 
burned for starting a new and original heresy 
for I  have since found that Gillette, the classical 
authority on such matters, recommends the same 
thing for cutting out deep pipe trenches. I  have no 
wish to open an old and “ notorious” controversy ; 
but by inserting a primer and detonator in each 
portion of the charge objections are overcome, 
and this way alone can long holes with small 
.burdens be employed in narrow tight' stopes. I  
wish to admit that if interposed tamping is used 
without any separate means of detonating the 
lower charge, this practice is open to the objections 
urged against it, and that detonation by concus
sion is not satisfactory. Lower grades of detona
tion are liable to result in waste of explosives and 
in the evolution of dangerous gases. It has been 
proved that even in a single charge 3 ft. long in 
a bore hole the bottom cartridges are some
times not properly detonated owing to their 
distance from the detonator. I f  the smaller, 
one man drills, prove unsuitable for work here’ 
and should a labour shortage again occur, 
recourse may then have to be had to 2-| in.’ 
or 2| in. machines weighing 120— 180 lb. 
for narrow stopes. These can be employed to the 
best advantage boring four to six long holes from 
one bench, holes being 5 to 7 ft. long, and 
finished off about i|- in. in diameter. In these 
the charges would be distributed to gain economy 
in explosives. Another problem connected with 
the “ easiest and simplest mining in the world” is, 
what is the right diameter to finish off hand holes’ 
short machine holes in small stopes, and long 
machine holes in big stopes? Is theideathat expk> 
sive should “  be where it belongs, at the bottom of 
the hole ” an erroneous one in working most 
stopes, as the authors, I  believe rightly, say it is 1' 

Is the Committee of the Stope Drill Trials 
right in insisting that the limit of depth of holes 
should be 48 in., and that they should be yf- in. 
diameter at the bottom 1

Is one justified in stating that a 48-in.‘ hand 
hammer hole, | in. to 1 in. in diameter at bottom, 
breaks as much ground as two 36-in. holes!

Inter alia, might I suggest that it would be 
well worth while trying the experiment of increas
ing the weight of single-handed hammers given 
to boys putting down long holes. I  think a 5 lb. 
hammer would give improved results in the hands 
of boys whose muscles were s e t ; for it must be 
remembered that the percentage of the energy of 
the blow absorbed by the jumper increases greatly
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with long steel; might it not also pay in certain 
stopes ' to train boys to work double-handed, 
as in shaft sinking, and to fire a proportion of 
60 in. holes? In stopes 48 in. wide and over, 
a very much heavier burden ■ can be placed 
on a 48 in. hole than a 36 in. hole. I f  the 
burden on a 36 in. hole were 24 in., with a 48 
in. hole and a 30 in. burden twice as much 
ground might be broken.^ Where the burden is 
limited by the height of the stope the gain is not 
so great. Hand holes 36 in. deep are now 
finished off about 1 in. in diameter. Might it 
not tend to economy in explosives to finish them 
with in. steel about in. smaller.? I f  the force 
df the blast depends on the sectional area of the 
hole at right angles to the line of resistance,' 
then a charge 12 in. long distributed along- a 
hole in diameter would be as effective as one 
of 8 in. distributed along a 1 in. hole. It would 
contain a cubic in. less of gelatine, and if we 
are wasting this cub. in. per hole now, it amounts 
to a large sum per annum.

I f the length of charge should bear a definite 
ratio to the length of hole then the length of 
charge can thus be best increased by decreasing 
the diameter of the hole within limits. The 
larger we bore our holes with machines or hand 
drilling, and the greater diameter we give them 
above a certain right amount sufficient to give 
gas enough to^exert proper pressure on the walls 
of the chamber, the more time and money we 
waste in boring the holes and in the amount of 
explosive used. This amount increases with the 
square ,of the diameter without increasing its 
effectiveness at a like ratio, and the shorter the 
charges we get in our holes the more we must 
limit their length for fear that “  bull-ringing ” 
will be caused. I had intended to make out a 
number of boring, loading and blasting maxims 
and hints, but my paper is already too long, so I 
hope to avail myself o f the results of the 
criticisms and suggestions I expect, and embody 
the list in my reply.. I should like remarks on 
the question: In a four-hole bench with a well 
defined parting on ( 1) hanging-wall, (2) on foot- 
wall, which hole should be fired first1? What 
should be the finishing diameter of holes bored 
in stopes 3, 4, 5, 6, 7 feet high (1) hard and 
tight and (2) fairly soft, breaking to heads, and 
on foot and on hanging wall to a parting.

T he P r e s id e n t : I  wish to propose a very 
hearty vote of thanks to Mr. Weston for 
having given us this excellent paper ; I hope 
that our mining members and those dealing with 
explosives will go into the matter thoroughly and 
give us the advantage of their knowledge in the 
discussion. There is very little doubt that 
economy may be effected in the use of explosives,

and the more intelligently they are used the 
better it will be for the industry generally. It is 
not only a matter of economy, but the less 
explosives we can do with the less the pollution 
o f the air in the mines.

Mr. W . Cullen (Past,-President) : The more 
mining costs are reduced the greater chance will 
there be for us manufacturers to get our explosives 
more generally used. I  think the author deserve? 
very great credit for the courage he has showri' in 
tackling a subject which most mining men have 
consistently avoided. He says, in his opening 
remarks, “ I  think I  can make out a very good 
case, etc.”  I  agree with him heartily, and 
I think there is a very big field for anyone 
who cares to take up this matter. There is one 
point to which he refers, namely, that of insert
ing tamping between the different parts of a 
charge. I think the balance of proof is against 
him, but that proof, to my mind, has not 
been quite sufficient.. Mr. Weston has mentioned 
a great many points which concern the practical 
miner and mining engineer. On these matters I 
do not propose to touch. Incidentally, my own 
paper which follows this will go over a portion 
of the ground he has touched on to-night ; 
I hope to enlarge on it, but there is one subject, 
namely, that of tamping, on which there is a 
great difference, of opinion even to this day. An 
abstract of a paper on this subject by a well- 
known mining engineer was recently submitted to 
the Publications Committee of the Journal, and, 
strange to say, this engineer deprecated the 
practice of tamping altogether. I am personally 
a very strong believer in tamping, and with the 
best we can g e t ; I do not mean ordinary little 
cartridges of sand, which is but friable stuff and 
easily pulverised. M y idea is that tamping 
should be more of the nature o f a clayey substance. 
Actual experiments conducted within the past 
two or three months are against the theory, but 
the experiments have not got sufficiently far to 
demonstrate which practice is right, but it is my 
opinion, an opinion confirmed by a good many 
practical men, that improvements can be made on 
the system of tamping on these fields. I desire 
to second the vote of thanks to Mr. Weston for 
his very excellent paper. ; ;

TH E A D A IR -U SH E E  PROCESS.

(Head at M ay Meeting, 1908.)

By. A l f r e d  A d a i r  (Member.)

DISCUSSION.

Mr. A. A d a ir  ( Member) : My former chaffing 
reply to Mr. Melvill, does not appear to have 
been understood by him seeing that he repeats
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his original statement at the last meeting, so I 
now give figures.

A  sample of neutral slimes was mixed, with 
3|- times its own dry weight of water, 
cyanide and lime water. The solution con
tained -025% KCy and '022 alkali (as C a O ): 
imitating works' conditions. The sample 
was thoroughly mixed, and evenly divided 
between two stoppered bottles of same size and 
shape. To one nothing was added, to the' other 
4% of the weight of dry slimes of crushed umber, 

■in its natural state. The bottles were shaken 
together. several times during - four hours, arid 
After 16 hours they were' allowed to settle, and 
after the night, shaken again several times, 
equal quantities of the clear solution decanted, 
filtered and tested for alkalinity, with N j  10 acid - 
and phenolphthaleiri with the usual precautions. 
Absolutely not the slightest difference could be 
detected between the two solutions, thus showing 
that both Mr. Melvill and ..Mr. Alexander must 
look elsewhere than to umber for their acidity.

Mr. Melvill now admits that umber is not acid, 
but still blames it for reducing his alkali. I 
believe neither of these gentlemen has any prac
tical chemical knowledge, and therefore the state
ments about the acidity of a compound contain
ing calcium carbonate are not to be wondered at.

Mr. Alexander said umber turned his solutions 
red and acid. H e.is apparently not aware of the 
true and quite evident explanation, that umber 

■had nothing whatever to do with it, but that 
somehow or somewhere, he had allowed sulphuric 
acid to get into his solution ; the red colour was 
due to H SCN and a slight amount of ferric 
sulphate.

iWr. E. H. C rogh an  ( Member o f  Council) : I 
think that the discussion which has taken place 
up to the present proves the value of the very 
interesting paper submitted by Mr. Adair on the 
Adair-Usher process. The reply to sthe criticisms 
will be still more interesting. The important bear
ing this process has had and still has on the gold 
industry needs no comment. I have no doubt that 
there are still many improvements to be made, but 
the trend seems principally in the direction of 
mechanical appliances. Chemical factors are 
practically at a standstill until perhaps one day 
certain chemicals, which are known to be of great 
assistance, can be manufactured at such a cost as 
it will ensure their cheap commercial applications.

It had been my intention previously to say a 
few words on the peculiar properties exhibited by 
umber in our industry, but Mr. Melvill’s remarks 
on his practical experience with umber partially 
stopped me. In view of the author’s contributed 
criticism on the subject of Mr. Melvill’s query, I 
feel I should bring forward some experimental

data I  personally obtained with umber. Some 
time back, trials were necessitated in consequence 
of its use on a large scale affecting cyanide 
solutions. The only observation noted at the 
time was the very appreciable decrease in alkali
nity that took place. I therefore made some 
laboratory experiments on the alkalinity supposi
tion, and to my surprise found that consumption 
of alkali was very apparent. The experiments 
were carried out in closed vessels and under such 
conditions as precluded the possibility of any 
interfering factors. As I have not been able 
to find the figure records, the preceding remarks 
would be uf little value without confirmation. In 
consequence I  recently made another series, but 
proceeded a few steps further, as time permitted, 
to note whether umber affected the free cyanide, 
the total alkalinity and the total cyanide. The 
cyanide solution employed was that leaving the 
strong boxes.

The details of the experiments are as follows:__
•A definite volume (500 c.c.) of the cyanide 
solution was poured in each case into ordinary 
colourless wide-mouthed glass-stoppered bottles. 

..To the first nothing was added, it being tlie 
-blank or original solution. To th e . others' so 
much raw umber was added as to constitute 
additions equivalent to 2%, 1% and 0-4%. They 
were then stoppered, shaken a few times for a 
minute or so, and allowed, to remain in contact 
for about 18 hours, when tliey were each once 
more given a shake. The solutions were then 
filtered off on dry filters, and the estimations at 
once proceeded with. During the whole period 
of 18 hours the stoppers were never removed nor 
were the solutions unduly exposed to light.

The percentage data obtained are as follows 
and are expressed in terms of the potassium base’

Free cyanide ... 
Protective alkali 
Total cyanide ... 
Total alkali

Blank.

0-0S8
0-067
0-156
0-215

2%
Umber.

0-079
0-002
0-145
0-130

Umber.

0-079
0-013
0-151
0-152

•4%
Umber.

0-08S
0-040
0-151
0-197

The original cyanide solution contained in a non- 
actinic bottle, and the blank as before stated were 
in perfect agreement after 18 hours, and no 
differences were noted with those data when the 
original solution was first tested a few hours after 
its arrival. The umber treated solutions acquired 
a distinct greenish tint as compared with the 
original colourless solution. Curiously some 
hours afterwards this tint disappeared, and 
indicates oxidation of some description as the 
balan<& of the solutions not required were simply 
left in open Erlenmeyer flasks.

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
.)



n o The Jow nal o f  The Chemical, Metallurgical and Mining Society o f  South Africa. Oct. 1908

The preceding results are in my opinion 
extremely interesting, and more so from my point 
of view as they are an original publication. The 
data obtained for the fiee cyanide indicate that a 
slight decrease takes place if strongly umbered, 
but is not affected with smaller quantities, such 
as 0'4%. The other results are very definite, and 
I am firmly convinced that not only is the pro
tective alkali affected, but also the total cyanide 
and alkali. The explanations that might be 
submitted are of no avail without detailed exami
nations of the liquors. It is my regret that I 
cannot undertake the research, for I  feel assured 
some very interesting daia would result not only 
on the action of umber on cyanide solutions, but 
possibly also on amalgamation. It would be still 
more valuable if the investigations -were carried out 
on fresh umber, and after it had been exposed to 
atmospheric conditions for a week or so.

In conclusion, I  disagree with the author that 
to a trained clu-inist the analysis of umber should 
be a sufficient reply, because in my opinion local 
umber has not been examined in such a manner 
as to correctly define the exact state in which the' 
constituents composing it exist. It  is one matter 
to hold practice up to ridicule but it is a horse of 
another colour to explain it theoretically. It is 
a curious thing that many of the most important 
discoveries in science have been made not 
by men of science, but by ordinary practical 
workers who are generally not endowed with the 
so-called genius of theory. The umber case 
reveals the old adage that scientific truths are 
often brought home in the first instance by 
practical results, and in this case the action of 
umber can also be proved by laboratory experi
ment.

A  L A B O R A T O R Y  CO M PARISO N  OF TUBE 
M ILL PEBBLES.

(Read at June Meeting, 1908.)

By Prof. G. H . S t a n l e y , A.R.S.M ., M.I.M.E.,
M.I.M .M . (Member of Council).

With an Appendix on Liners, by M. Weber.

DISCUSSION.

The P r e s i d e n t : W e must regret that up to 
the present there has been no discussion upon 
this paper. But perhaps to discuss the results of 
Prof. Stanley’s investigations would require more 
petrological knowledge than most of us possess 
and, further, the neccssary time and means for 
cutting sections of material and the microscopical 
apparatus for examining them is wanting^ Given 
these, the information which Prof. Stanley and 
Mr. Weber have placed before us should prove a

useful guide in selecting a suitable material for 
liners. The use of pebbles here has now been 
almost entirely superseded by banket, so that 
though the author’s results, from a scientific point 
of view, are very interesting, to us on the Rand 
their practical value in this respect is small. To 
those, however, who are tube milling in places 
where the ore itself is riot suitable as a grinding 
agent, the information given in the paper should 
prove of the greatest value in determining the 
choice of a suitable agent for grinding purposes. 
The question of the best material for liners will 
always interest us, and I  trust that the author will 
always let the members of our Society have the 
benefit of any further investigations he may make 
on this subject, which is of great interest to all 
those who have charge of tube mills. I  have to 
thank Prof. Stanley and Mr. Weber for their con
tributions.

BA TTE R Y  A N D  C Y A N ID E  G OLD  
SM ELTING.

(Read at July Meeting, 1908.)

By A. T h o m a s  (Member).

DISCUSSION.

Mr. L. J. W ilm oth  (Member)-. Towards the 
end of his paper the author gives some assay 
results of his residual slag from the pan furnace. 
It  may be taken that the assays of these residual 
slags are an indication of the work done, and 
therefore can be used as a standard of comparison. 
The value, however, of any assay result depends 
entirely upon its accuracy, and with your per
mission I  would like to draw the attention of 
assayers to some of the difficulties in obtaining 
a true valuation of this residual slag.

These few remarks, and the results of a few 
experiments, I  would like to give, only apply to 
the residual slags obtained from the smelting of 
such materials as the author describes in his 
paper. It would seem from the work I  have done 
that the crucible assay is the most accurate' 
method of dealing with them. In these slags the 
silver values are high, and therefore its accurate 
determination is necessary. This determination, 
unfortunately, is complicated by the fact that the 
fluxes which yield the highest results for the gold 
give consistently low results for the silver.

My first series of experiments were carried out 
on a slag of very high gold values, in fact, so 
high that it paid for re-treatment.

Experiment I .— After fine grinding and very 
thorough mixing I  took six portions of ’2 A.T. 
and scorified them in 3-in. scorifiers with granu
lated lead and a pinch of borax. The average 
result of these six assays were :—
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Gold, 31*8 dwt. ; silver, 182‘5 dwt. 
Experiment I I .— I took four portions of the 

same sample and fused it in a G crucible with 
the following charge, which was poured without 
any wash of litharge and charcoal :—

Slag, l'O  A .T .; litharge, 1 0  A.T. ; borax, 
l'O  A .T .; soda, 0'5 A.T. ; charcoal, 1'7 gm.

The charcoal used is high, but the button 
obtained was only normal. This is accounted for 
by the highly oxidising nature of the slag, due 
no doubt, to the higher oxides of iron present. 
The slag was perfectly fluid on pouring, but dur
ing fusion showed a great tendency to boil or 
froth, thus necessitating the use of so large 
a crucible for so small a charge. The result of 
these assays were :—

Gold, 30 2 d w t.; silver, 184'4 dwt.
Experiment I I I .— I then took another batch 

of four assays and used a charge carrying 2 A.T. 
of litharge instead of the 1 A.T. as in the last 
batch, the charge being :—

Slag, l'O  A.T. ; litharge, 2 '0 A.T. ; borax, 
l'O  A .T . ; soda, 0 ‘5 A.T. ; charcoal, 1'7 gm.
These charges were also poured without any wash 
of litharge and charcoal. The boiling was exces
sive but does not account for the following low 
results :—

Gold, 28'0 dwt. ; silver, 121 '8 dwt.
Experiment IV .— I now turned my attention 

to the effect of a wash with litharge and charcoal 
just before pouring, using the same charge as 
described in Experiment II., the results being as 
follows :— Gold, 32 4 d w t.; silver, 199 0 dwt.

Experiment V.— Using the same charge as in 
Experiment III., only giving a wash of litharge 
and charcoal before pouring,- I  obtained the 
following average results :—

Gold, 33'8 dwt. ; silver, 196'6 dwt.
The following table gives the results of the 

experiments with the varying proportions of 
litharge, with the wash and without it :—  

C o m p a r i s o n  o f  R e s u l t s .

.Assay. Gold. Silver.
Proportion 
of Gold to 

Silver.

Dwt. Dwt.
Scorification 31-8 182-5 1 : 5-74
Crucible using 1 A.T.

litharge, no-wash ... 30-2 184-4 1 : 6-10
Crucible using 2 A.T.

litharge, no wash ... 28-0 121-8 1 : 4-35
Crucible using 1 A.T.

litharge, with wash 32-4 199-0 1 : 6-14
Crucible using 2 A.T.

litharge, with wash 33-8 196-6 1 : 5-81

These comparisons are interesting, as they show
the effect of the use of litharge on the assay 
values. Of course, it is not new, but I would

like to point out and demonstrate the fact, as on 
the Rand, with our low silver value in the ore, we 
use a large proportion of litharge in our routine 
assaying, and so may be tempted to do so on these 
odd samples.

Looking closely at the table we see that the 
charge using 2 A.T. litharge,and receiving a wash 
gives the highest values for the gold, whilst the 
1 A.T. litharge charge with a wash is best for 
the silver, plainly showing that, though a wash 
does clean the slag, in this case the silver, owing 
to its state of oxidation, cannot be completely 
recovered. . A  comparison of the results and the 
proportions of gold to silver in the charges using 
l'O  A.T. litharge show that, though the washed 
assay gives the higher results for both values, it 
does not alter the proportion of the two metals, 
thereby showing the absence of the oxidising 
effect of the low litharge on the silver.

With your permission I would like to go 
on now to the consideration of the effect of 
borax on this assay. The subject is highly 
interesting to us assayers, in view of the wordy 
warfare that has waged in this Society on this 
subject for some time past. Here again, I would 
mention that these remarks, apply only to the 
residual slags obtained from the smelting of such 
material as the author mentions, and so must not 
be taken as an attempt to stir up further strife on 
that much vexed question, the use of borax in the 
assay of banket ore. These experiments were 
carried out some months later than those illustrat
ing the effect of litharge, and so the sample is 
different. The values were high in silver arid 
moderately so in gold. The sample after fine 
grinding was roughly mixed and then divided in
to two portions. As will be seen, the different 
portions differ slightly in values, but this does not 
affect the conclusions arrived at.

Exp>eriment V I .— One portion of the sample 
was most thoroughly mixed, and eight portions 
taken for assay. Four were fluxed, as in charge 
A, and four as in charge B. The following are 
the two charges :—

A .— Slag, 1 0  A .T .; litharge, l'O  A .T .; borax, 
l'O A .T .; soda, 0'5 A .T ./C harcoal, 1'7 gm.

B.— Slag, l'O  A .T .; litharge, l'O  A .T .; soda, 
1'5 A .T .; charcoal, 1'7 gm.

These were run down without any wash before 
pouring. Charge A  is exactly the same as used 
in Experiment II. O f the charges, A  fused down 
very quickly and B, on account, of the frothing of 
the soda,, was some time in coming to the state 
of quick fusion. Charges A  all poured with 
great fluidity whilst charges B were all pasty. 
The lead buttons from charges A — as is usual 
with a new borax flux— broke away cleanly from 
the slag; The following are the results of these 
assays:—
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. .Charges. A .— Gold, 9:6 dw t.; silver, 195'6dw t.
Charges;B.— Gold, 8 ‘2 dwt.; silver, 201'4 dwt. 

It will be .seen, tlie non-borax flux gave a lower 
result for the ..gold and an appreciably higher 
result for the silver. As a check on these results 
the other portion of the sample was taken and the 
experiment repeated. The results were as follows :

Charges A — Gold, 11 "66 dwt.;silver, 200’8 dwt.
Charges B— Gold, 11 "26 dwt.; silver, 203 0 dwt. 

There would, therefore, seem to be. very little 
doubt as. to the effect of the borax on the silver 
and. the effect of its absence on the gold values. 
Thinking a wash before pouring might overcome 
this, I  put through another batch of eight samples 
— four fluxed as in A  and four as in B— and the 
results certainly did not improve in regard to the 
silver, though the gold values went up in each 
case, as the following results show :—

Charges A, with a wash.— Gold, 12'60 dw t.; 
silver,. 201 0 dwt.

• Charges B, with a wash.— Gold, 12 00 dwt.; 
silver, 205'2 dwt.

The low results for the gold in charges B, I 
attribute to the lack of fluidity due to the absence 
o f borax. A  glance over these results would seem 
to show that we cannot obtain a really accurate 
determination of the two metals in the one fusion. 
For the estimation of the gold contents a charge 
using high litharge and borax, as in Experiment 
III., and using a wash before pouring, would 
seem to be the best, whilst a separate assay of the 
sample should be made for the determination of 
the silver. In this-charge only enough litharge 
to give the desired button, and no borax should 
be used.

I  must apologise for having drifted off into a 
side issue of the author’s paper, but, considering 
the necessity for the accurate valuation of these 
slags before comparisons can be made, I  feel my
self more or less justified in raising these fewpoints.

Mr. A. McA. J oh n ston  ( Vice-President): The 
author mentions in his paper that he has every 
reason to believe that gold is carried off to the 
flue from the reverberatory chamber in which the 
gold-zinc slimes are smelted. ■ His conclusion is 
based, I  believe, on the fact that the slag formed 
on the inside brick lining of the flue has, in time, 
become dotted with small shots of gold. I  would, 
however, join  issue with him in his remark, 
chiefly because of its vagueness— a vagueness 
which -Mr. H. A. W hite tries to obliterate by 
mentioning a 3% risk of loss.

Some few months-ago, some doubt existed in 
the mind of the consulting metallurgist of the 
Consolidated Goldfields re the loss of gold in the 
particular type of furnace described by the author, 
where no condensing chamber existed. I  carried 
out tests to discover, if possible, the actual loss

of gold and had to  come to the conclusion that 
approximately during-the smelting of thirty-seven 
No. 100 pots the loss mechanically and by volati
lisation amounted to 7s. That this small loss - is, 
due to the method adopted by the author of 
placing his flux on the top of the calcined slimes, 
I-have little doubt, and this conclusion is partly 
borne out by the fact that the gold and the 
silver obtained in the experiment gave an alloy 
containing about 25% gold and 75% silver, a 
proportion not found in cyanide gold on these 
fields. The loss therefore must ; have been due 
mainly to volatilisation during smelting with 
practically no mechanical loss. A  small piece of 
porcelain tube which had fallen into the flue 
and had remained there about three hours, the 
time taken by a “  smelt,’’ was found to be covered 
with slag. This was wholly crushed and gave an 
assay value of 42 dwt. of fine gold and 24 dwt. 
fine silver p e r . ton. These results bear out, 
roughly, the figures obtained at the Ferreira in 
the bag house'experiments detailed in these pages 
by Mr. Rusden: - «

Mr. H. A. White is inclined to belittle the-dry 
calcining and pot smelting method by shielding 
himself behind the remark of a Past-President. 
Without going into the merits of this statement 
as being based on less scientific methods than 
now in use, I  think Mr. White rather neglects from 
his calculation one step in the treatment of these 
zinc slimes. Most of us know that the process 
consisted years ago of drying and calcining, 
followed by the grinding of this product, then 
mixing this ground product with the flux, charg
ing the mixture into the pots and afterwards 
smelting in the reverberatory. Figures as to 
probable loss of gold in all .of these operations I 
have not, but anyone acquainted with the actual 
method of procedure on these lines will, I  am sure, 
agree with me that the grinding and subsequent 
mixing of the calcined slimes with the fluxes is the 
operation where loss would be heaviest. That a 
loss of 3% however is brought about, I  am loth 
to believe, unless unfair conditions or carelessness 
exist, and I  feel sorry that Mr. White should 
have resuscitated this statement without adducing 
actual figures whereby more authority could have 
been given to it. Observant members will have 
noted that these operations necessitating dusting 
have been eliminated by the author and so far as 
actual results go, I  see no. reason why other 
smelters should not follow on these lines and 
bury our 3% “  risk o f ”  loss.

The point raised by the author regarding the 
depth of purple colour varying with the richness 
of the slime is interesting, and I should like to 
hear from some of our other smelters if this is so. 
Personally, I  am rather inclined to think that the 
depth of colour varies with the richness of the
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slimes, 1 arid that the white lime 'used only serves' 
to throw into relief the varying gradations of 
colour. A  well treated and thoroughly washed 
slime will give a "richer purple colour than one 
which has been badly acid treated and washed.

With Mr. White I am in agreement re the size 
of trays to be used in the retort. Occasionally I 
have seen a little injudicious stoking lead to over 
heating of the retort, and the consequent slogging 
and chipping required to get the melted gold out 
o f these angles. I  remember once assisting in 
getting out about 80 oz. of fine gold from some 
old retort trays which had been stored away by 
the previous smelter. The most of it was smelted 
into these sharp corners and after chiselling out 
as much as we could, even at the expense of the 
trays, we separated the remainder by a prolonged 
contact in a solution of sal ammoniac with, as I 
said before, a recovery well worth the little 
trouble and expense involved, and some additional 
“ kudos ”  to the battery manager.

Prof. G. H. S ta n le y  ( Member o f  C ouncil): 
W ith regard'to the colour of these calcined slimes 
I  once made some experiments which necessitated 
calcination with a poor sample containing only 
2i%  gold, and the colour resulting was a dark 
red. •

The P r e s id e n t : I  can corroborate th a t ; I 
have seen exactly the same thing..

REM IN ISCEN CES OF TH E E A R L Y  RAN D .

(Read at August Meeting, 1908).

By M. H. C o o m b e  (Member).

DISCUSSION.
Mr. J. S. Curtis (Member) : I 'have read 

the author’s paper with great- interest. He 
has ■' given a most graphic and entertaining : 
account of the conditions prevailing on the Rand 
in the early part of 1887, and, with a minor ex
ception or two, I  can fully corroborate what he- 
says.

I  came from Barberton to the Rand in the 
latter part of March of that year, and must have : 
arrived here about the same time that th e : 
author did from Kimberley.' Mr. Gardner" 
Williams and I  had trekked through from Bar- ’ ' 
berton to Pretoria in our ox waggon, and after a •' 
short stay in the capital, giving us time to hire a 
fresh span of oxen, came on to the Rand and 
made our first outspan at Du Preez. The next 
move was to “ Knights,” where a hundred stamp ' 
mill was in course of erection. ' From there we 
continued our journey along the Main Reef, ex
amining the various developments,' and on the 
second day about noon arrived in the Market 
Square. As the President has pointed out, there

123

was a two-storey building going up on the North 
side of the square, and this must have been 
Henwoods, but as it was not yet in full swing 
we repaired to Booth & Co.’s, at the south-eastern 
corner of the square, to replenish our provisions. 
At that time there might have been a few other 
small buildings on the square, but there were 
only a few, at any rate. On Commissioner Street 
the Central Hotel was doing business, and the 
foundation of Height’s was being laid.. There 
was Lawrence, the chemist, dispensing medicines 
from a tent, and there were a few iron buildings, 
mostly occupied by attorneys. All these were 
on the south side of the street. On the north 
side of the street, if my memory does not fail 
me, there was only Donovan Bros.’s stables.

In May of the same year I  was engaged as 
engineer by Mr. J. B. Robinson (now Sir J. B. 
Robinson) to open up the ground of the Robinson 
Syndicate, which comprised, among other valu
able properties, the present Langlaagte Estate 
and the Robinson Mine. I  may add that in 
opening up this ground I  also opened my eyes 
as well to the prospective value of the Main Reef.

As the author has mentioned the principal 
workings along the reef, I  do not think it neces
sary to speak of them further.

The only points upon which the author and 
I  do not agree are the rates of wages for white- 
miners and natives prevailing at that time. A t 
the Robinson, Crown Reef and Langlaagte the 

.wages then w ere:— For white miners. £ 5  per 
'week, and for natives, 7s. 6d. per week. The 
native wages, owing to the scarcity o f boys, soon 
reached 10s. per week and, if I  am not mistaken, 
white miners’ wages advanced to £ 1  per shift 
before the end of the year. In talking the 

: matter over the other day with Mr. Godfrey Lys, 
who was then managing director of the Crown 
Reef, he fully agreed with me as to the rate of 
wages paid. That there were other rates of wages 
prevailing in other parts of the Rand at the time 
the author mentions is quite possible, but they 
were not those paid at the mines of which I  have 
spoken.

Mr. W. A. Caldecott (Past President) : 
Whilst my personal remembrances of the Rand 
do not extend quite so far back as those of Mr.
H. M. Coombe, possibly one or two incidents of 
the early days may be of interest to members.

Having arrived at this camp by coach from 
Kimberley in 1889, I  entered the mill of the Du 
Preez' Company (now  Rietfontein), as an unpaid 
learner of the art and mystery of the amalgama
tion process. That veteran member of our 
Society, Mr. J. S. Curtis, was general manager, 
and the battery, which had lately been completed, 
was considered a good-sized and up-to-date mill..
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It  contained 20 stamps, weighing 750 lb. each. 
Part of the ore came from an open cut, and was 
conveyed to the mill in Scotch carts. The walls 
of an old kraal on the outcrop of the reef were 
also milled, although ore carrying less than an 
ounce per ton was then considered rather low 
grade. No assay office existed on the company’s 
property, the pan in the mine captain’s or mill- 
man’s hands being then customarily considered 
all that was necessary. Ore becoming scarce, the 
mill was shut down from 10 p.m. to 6 a.m., or 
whenever the slimy water overflowing the tailings 
dam was too small in quantity or too thick with 
slime to use. Our recovery was what we got off 
the plates as amalgam and deposited in the bank 
as retorted gold, and few troubled further. The 
present-day millman with his systematic sampling 
and assay returns, micrometer gauges for measur
ing screening wires, grading analyses and ratios 
of liquid to solid in pulp, alkali tests for mill 
service water, thermometers for pulp tempe
ratures, and elaborate records culminating in 
a theoretical extraction and actual recovery, 
was indeed a product of the future. Passing by 
various personal experiences, I  may confirm the 
author’s statement as to the low rate of pay at 
that time for both natives and white men. The 
average monthly rate of pay of the amalgamators 
in our mill was about £2 0 , and the assistant 
manager drew £ 3 5  a month, whilst living, with
out railways and only ox wagon transport of all 
goods, was by no means low. A t that time the 
total output of the Eand was little more than the 
present output of the Simmer and Jack, and 
technical literature upon gold extraction work, 
which is now so abundant, hardly existed.

In the middle of 1890 I  entered the service of 
the Cassel Gold Extraction Co., then beginning 
to develop the MacArthur-Forrest cyanide pro
cess, under the direction of the inventor, Mr. 
J. S. MacArthur, with whom it was my privilege 
in this way to become acquainted. Their demon
stration plant, consisting of 1^ tons agitation vats 
discharging into leachers of a little larger size was 
erected at the old Salisbury mill. The existence 
of gold in the reefs beyond a very moderate depth 
was then very gravely doubted, as also the possi
bility of recovering the gold, should the values 
persist into the “  blue.”  “  Pyritic ” and “  refrac
tory ” were then considered synonymous terms, 
notwithstanding that our amalgamation recovery 
at the present day from deep-level unweathered 
rock is far higher than from the oxidised and so- 
called free-milling rock of eighteen years ago. The 
claims of the cyanide process on its introduction 
here were viewed with the greatest incredulity, 
and were classed with those of many competing 
methods, which are now merely of historical 
interest. An experiment which I  carried out

while still in the Du Preez mill, on first hearing 
of the process, inclined me to share these doubts. 
It consisted in placing some visible gold panned 
off from the ore, together with water and a lump 
of mill cyanide, in a bottle which was lashed to a 
stamp. Next morning gold was still visible in 
the bottle, and the claims for the efficiency 'of the 
process were in my opinion seriously discounted !

Solutions were employed in the demonstration 
plant of 1% cyanide strength and upwards, but 
the remarkable differences in assay values before 
and after treatment of various parcels of material, 
combined with the weighty evidence of small bars 
of gold bullion actually produced in this demon
stration plant, gradually aroused conviction. 
Possibly the greatest, triumph was a very high 
recovery from a parcel of pyritic concentrates 
from the Percy mill, assaying some 25 oz. per 
ton. At a time when mining companies actually 
paid to have their tailings carted away lest their 
mills should be buried, the prospect that these 
could be treated at a greater profit than by buddle 
or vanner concentration, followed by chlorination, 
opened new vistas of hope. The records of those 
times when assays were made on ounces of 
material and weighed up in thousandths of a 
grain and reported in troy ounces, dwts. and 
grains per- 2240 lb. ton, when cyanide strength 
determinations were carried out on 130 fluid 
grains of solution, and the volume of solutions 
applied to charges measured in gallons, would 
indeed appear distant, were it not that some of 
the former practices still linger in England, and 
our friends, the engineers, still prefer to speak of 
millionsof gallonsof water instead of employing the 
common cyaniding unit of a fluid ton of 32 cub. ft.

The demonstration at the Salisbury plant 
being over, I  travelled by coach for three and a 
half days to the De Kaap district to cyanide 
the Sheba tailings in Fever Creek for the 
African Recovery Syndicate. This tailings dump 
contained 5,400 tons of 50 dwt. sand, every 
truck-load of which was weighed and sampled. 
The plant, which started work on the 14th 
February, 1891, comprised six wooden square 
leaching vats, each of 20 tons capacity, under a 
shed roof. As about 1,000 tons were worked 
monthly, the treatment circuit was about 3 ‘6 
days, 1% cyanide solution being used. Our 
working costs were some 30s. per ton, two-thirds 
of this being accounted for by a cyanide con
sumption per ton of 10 lb. of 70% cyanide at 2s. 
per lb. However, the recovery averaged 70%, so 
that the monthly profit was over £5 ,000 , and 
everyone was very well satisfied. Needless to say, 
these residues have often been re-worked since ! 
On these results and those at the Robinson 
G. M. Co.’s cyanide plant, of which Mr. G. A. 
Darling was manager, and which had started
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work a little earlier, the African Gold Recovery 
Co. was floated. A  new era in the metallurgy of 
gold had been ushered in by this proof under 
regular working conditions of the economic value 
of the cyanide process.

I will not detain you by relating at length 
further experiences of these past times,* such as 
the proposals of the Barberton agent of the 
A.G .R . Syndicate to reduce capital expenditure 
by running the plant without the aid of an assay 
office, and to sluice the residues over amalgamated 
plates ; ignorance of the fluxes required for 
smelting, with charcoal or coke at £ 3 0  per ton, 
the zinc-gold slimes the use of tea-chest lead for 
assay cupellation and of improvised measures, 
others being unobtainable, in the shape of cut- 
down bottles for solution tests; failure with 
attempts to refine the zinc-box precipitate by acid 
treatment, and better success with a 10% cyanide 
solution for the same purpose ; the observation of 
leaching pipes gold-coated inside through the 
strong rich solutions em ployed; attempts, which 
inexplicably failed, to accelerate the dissolving of 
the gold by mixing ground charcoal with the 
sand, so as to form a gold-carbon couple, and to 
replace cyanide as a solvent for gold by using 
cyanogen gas in conjunction with sodium hypo
sulphite solution ; the discovery of some 300 oz. 
of gold in the deposit in the sumps, into which it 
had been mechanically carried through the rush 
of solution and violent chemical action in the 
little zinc boxes ; unfortunate experiences with 
granulated zinc for precipitation, in place of the 
shavings turned from discs cut by hand from the 
zinc linings pf the cyanide cases ; the casting of 
thick zinc discs from scrap zinc and turning into 
shavings after annealing, when our supplies were 
cut off by flooded rivers ; disappointment on 
being informed by Mr. MacArthur what I 
imagined to be a discovery in using lime for 
reducing cyanide consumption had already been 
patented by himself a year or two before ; and a 
condemnation by the most prominent of the local 
metallurgical experts of the cyanide process 
because there was “  no strength in it,”  as com
pared with the suffocating odour associated with 
vats containing chlorine. A t that time the 
important part played by oxygen in the dissolving 
of the gold was by no means realised, and the 
solution storages in some of the early plants were 
covered to prevent an anticipated loss from 
cyanide being converted into cyanate through 
atmospheric oxidation. In truth, the cyanide 
process has succeeded not because of, but in spite 
of, the knowledge of some of its early exponents.

In reflecting upon the changes which have 
taken place in consequence of the introduction of

* See this Journal, vol. i., August 21, 1894, p. 22 ; also the 
introduction to “  Cyanide Practice,” by Alfred James. :

•the cyanide process eighteen years ago, the actual 
amount of gold, enormous though it is, annually 
won by this means only indicates part of the 
benefits derived. Nowadays, for the large 
majority of mines here the gold won by cyaniding 
represents the difference between profit and loss, 
and hence but for this secondary treatment only 
a tithe of the ore now milled could be profitably 
handled. To employees and the local business 
community the benefits derived from mining low- 
grade ore are as great as for rich ore, and thus 
the existence of the bulk of the population on 
these fields depends upon the results of cyaniding, 
which alone permits the majority of our mining 
companies to continue in operation. The pre
diction has indeed been amply fulfilled, “  that 
cyanide of potassium, hitherto used only to polish 
amalgamated plates, will take a first rank as chief 
agent in gold extraction.” *

Another result of the introduction of the 
cyanide process has been the development of 
scientific methods in gold ore treatment generally. 
The gold contents of material cyanided being 
usually invisible in the pan before treatment as 
well as after, necessitated constant sampling and 
assaying, and consequently a certain amount of 
gold was called for by these returns,’ instead of a 
mere acquiescence in the fact that at the end of 
the month a certain amount of gold was available 
for lodgment in the bank. An understanding of 
the reactions taking place in hydro-metallurgical 

' operations required some knowledge of chemical 
principles, thus creating a demand for men with 
attainments beyond those of their hardy pre
decessors, the muscular metallurgists operating 
in Dead D og Gulch or Wallaby Creek in past 
days. These tendencies have acted and re-acted 
in all branches of gold extraction work and to 
their effect; greatly aided by the free interchange 
o f ideas in our own Society, may be very largely 
attributed the reduction of ore treatment costs 
and the high percentage recovery of values, 
which are such marked features of the last 
decade.

The P r e s id e n t ; In thinking over old times 
in Johannesburg the other day, I  jotted down a 
few points. With regard to the Aurora property 
referred to by Mr. Coombe, if my memory serves 
me right,- its first mill was built right over the 
hills to the south at Diepkloof. Later, a mill 
was erected on the range opposite Maraisburg. 
Many of the buildings then in Johannesburg 
were built of canvas with wooden frames, so that 
if the reef petered out they could just be packed 
on an ox wagon and shifted somwhere else, and 
it was certainly very amusing going through the
* J. S. MacArthur, Journal of the Society of Chemical Industry,

March 31,1890 ; see also this Journal, June, 1905, vol. v.,
p. 347,
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old place . at night when the inhabitants were, 
some of them, retiring to rest; there were some 
very curious shadow pictures. Then there was 
the Ferreira mill at San Souci. I very well 
remember seeing the ore carted from the open 
Ferreira workings in Scotch carts, and also water 
being got out of the cuttings with a Californian 
pump, consisting of a chain, with wooden discs at 
intervals, passing up a wooden pipe. As these 
discs came along they imprisoned a certain 
amount of water and carried it to the top. I 
recollect watching this stream of water running 
down the road and distinctly seeing little grains 
of gold trickling down with the stream, which 
showed how rich the outcrop of the reef was. 
Old sampling methods occur to me. I recall 
an instance where the mill manager was 
asked how it. was that seeing that the rock 
supplied to his mill was, according to mine 
sample, of an average grade of 5 oz. to the ton, 
his recovery only amounted to 1 oz. It was 
.pointed out, of course, that there was a certain 
amount recovered by cyanide (it was just in the 
early days of that process), and there was also 
a certain amount in the residues. There was no 
suggestion of thieving. Everything was granted to 
be perfectly'correct, but it could not be under
stood how it was that the total recovery, plus 
residues, amounted to only a little over 1 oz. The 
question of sampling was tlien considered, and it 
was found that the sampling was being done by 
the mine captain who was what might be called. 
a specimen hunter. It turned out that reef not 
showing visible gold was not sampled, so no 
wonder the. value of the rock going to the mill 
assayed 5 oz., and the recovery was only 1 oz. 
Another method of sampling was' to take a rock 
drill and bore a hole into the body of the reef 
and take what the drill brought out as a sample 
of the reef, making no allowance for stoping 
width or waste. That .was supposed to be 
sampling and valuing the reef. When working 
at one time in a small mill in Klerksdorp it was 
very interesting at night to see the fire-flies, of 
which there was an enormous number. They 
came into the mill through the tail race until the 
whole place was illuminated with them. It was 

.an exceedingly pretty sight.

SM ALL M INES OF RH O D ESIA.

/ Read at September 'Meeting, 1908.)

By 'B. I. C o l l j n g s  (Member).

give even an approximate date of the old workings 
of Rhodesia.

I would like to say that in some of the old 
workings on the Rezende Co., Uintali, several 
stone implements were found ; evidently hammer
heads and p ick s ; these in conjunction with 
numerous signs of fire in the same place, which 
agent was, no doubt, employed to extract the reef, 
point, in my opinion, to a far longer period than 
200 years having elapsed since theoccupationof the 
land by the ancients. On a hill in the Penhalonga 
valley, Umtali, are the ruins of fortifications, the 
architecture of which is identical with that of the 
Zimbabye ruins. Again, in driving at water 
level I  have tapped old workings which have been 
silted up and of which no trace was discernible 
on the surface, in fact the.surface for yards around 
was covered to a depth of from 4 ft. to 5 ft. with 
alluvial or rubble, and this is in a perfectly flat 
country covered with timber, where there was no 
likelihood of rubble being washed from any 
distance. •

As the author says, the reefs are very irregular 
and patchy, and perhaps a few examples noted 
personally may be interesting. On one block of 
claims with which I  am intimately acquainted, 
the reef runs E and W  ; at the W  end the reef 
dips N, but at the E end it,d ips,S , whilst about 
the centre of the claims and at the W  boundary 
two other rep.fs intersect and cross it, also carry- 
ing gold.

Examples 1, 2 and 3 will give some idea of the 
extent and value of the payable shoots on this 
block of claims :—

DISCUSSION.

Mr. J. M. P h il l ip s  (Member) : The author is 
it  he first person I ’have heard of who has cared to.

Distance 
in feet.

Value 
per ton.

Distance 
in feet.

Value 
per ton.

Distance 
in feet.

Value 
per ton.

dwt. dwt. dwt.
10 nil 10 . 10 10 -10
20 10 20 15 20 10
30 14 30 15 30 12
40 16 .40 ' 15 40 ' 15

. 50 20 • 50 20 ■ 50 20
60 20 60 20 60 20
70 20 70 20 70 20
80 20 80. 20 80 10
90 20 90 14 90 20

100 20 100 14 100 20
114 colour 110 10 110 18

120 colour 120 colour
130 14
140 nil

These samples were taken from drives at water 
level, over an average width of 24 in. and are 
pannings; assay values were much higher, in 
some cases more than treble. It will be seen that 
the longest'shoot was only 130 ft. in length.

The meeting then closed.
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Queries and Replies.

Concrete Piles in M ills* — Reply No. 2 .—  
Mr. J. H. Frerichs’ for the consulting mechanical 
engineer, Messrs. H. Eckstein & Co., writes 
seating that the component parts used by their 
firm in making mortar or cement foundations in 
their battery houses, are as follows :— One part 
cement to three parts clean sharp sand and five 
parts broken stone, to pass through a 2 in. ring. 
The top 18 in. of foundations contain 1| parts of 
cement, the parts of the other ingredients remain
ing as above.

Notices and Abstracts o f Articles and 
Papers.

C H E M ISTR Y.
T h e  E s t i m a t i o n  o f  G r a p h i t e .— “ When graphite 

is heated at a bright red in an uncovered dish with 
ferric oxide several changes may be noted. The 
carbon entirely disappears, and the ferric oxide, 
though apparently unchanged at. the surface, is 
darker in colour towards the bottom of the dish, 
owing to the formation of magnetic oxide. In order 
to see if the error due to this loss of oxygen could not 
be avoided, the action of heat and of various chemical 
reagents on ferric oxide has been studied, until finally 
it was found that heat alone could be so applied as 
to solve the difficulty.

If ferric oxide after being heated at a pale red in a 
covered crucible be then lieated in the uncovered 
crucible at the same temperature, it slowly gains in 
weight, until after an hour’s beating, provided always 
a fairly even temperature is maintained, the weight 
remains constant. If the heat be decreased from a 
pale to a dull red, then the oxide again increases in 
weight. Slight variations in temperature make 
practically no difference to the oxide, but it is 
essential in using the process hereinafter described 
that as even a temperature as possible should he 
maintained, and with a little practice this can be 
done without difficulty, and judging only by the eye. 
Based on the foregoing observations a process for the 
estimation of graphite has been devised. The ferric 
oxide to be used should be heated in a covered 
crucible at a pale red for two or three hours.. The 
resulting oxide should be a slightly coherent magnetic 
powder, nearly black in colour. It will be found to 
be but very slightly hygroscopic. About 5 gm. of 
this oxide are taken, placed in a small uncovered 
shallow dish or wide mouth crucible, and heated at a 
temperature not exceeding a pale red for an hour, 
with occasional stirring, then wei^li. Add about 
0'5 of the graphite, stir together, and heat as before 
for one to two hours, stirring once or twice, and 
weigh. The carbon will be burnt oft', and the oxide 
remains at the end in the same condition as at the 
commencement. When one estimation is finished 
another weight of graphite may be put into the same 
used oxide. A  sample of graphite containing 9 ‘15% 
of mineral matter by potash fusion gave 8 '98% and 
8 ’96% by this iron oxide method. Graphite freed 
from mineral matter showed by this process 99'73%
of carbon.________________________________________________

• See this Journal, vol. ix, No. 3., Sept. 1908, pageUS.

The mineral matter of coal may be determined in 
the same way, but the amount found will be about 
0'5% higher than as determined in the ordinary 
manner. This is what might be expected, as when 
coal is burnt to an ash the constituents are likely to 
react together, thus giving a figure somewhat lower 
than the true amount. Individual determinations, 
whether of graphite or coal, by this process will be 
found to agree closely ; thus, using quantities from 
0 5 to 1 gm. of coal, 9 21 , 9'24, 9 34, and 9'35% of 
mineral matter were indicated.”— F. B r o w n e ,  F .I.C .
— Chemical News, July 31, 1908, p. 51. (E. H. C.)

T h e  R u s t i n g  o f  I r o n . — “ An account was given 
of a series of experiments from which the following 
conclusions are drawn.

1. Oxygen or air together with liquid water are 
alone necessary to produce rusting without the assist
ance of carbonic acid, failure on the part of other 
experimenters to produce rusting in iron prepared by 
treatment with chromic acid being probably due to 
‘ passivity.’

2. Water alone in the absence of oxygen attacks 
iron slowly, producing a film of what is probably 
ferrous hydroxide, as it is wholly converted into 
brown rust on admission of pure oxygen. In this 
connection, the experiments of W hitney (Jorum. Am . 
Chem. Soc., 1993, xxv., 298), repeated and approved 
by W alker, Cederholm, and Bent (Journ. A m . Chem. 
Soc., 1907, xxix., 1255), were confirmed.

3. Iron. rust even when very old and constantly 
exposed to the weather always c6ntains ferrous oxide.

4. The process of rusting is due, in the first 
instance, to electrolytic action promoted in all 
ordinary cases by the existence of carbonic acid in 
water exposed to the air, and by the presence in iron 
of various compounds of carbon, silicon, phosphorus, 
and sulphur. That electrolytic action does occur 
locally in all commercial iron, whether malleable 
iron, grey or white cast-iron, or steel immersed in 
water, is shown by the use of the ‘ ferroxyl ’ indicator 
(phenolphthalein and ferricyanide) introduced by 
W alker and his colleagues, and in other ways. In 
ordinary rusting the process is also assisted by the 
depolarising action of the layer of ferric oxide or 
hydroxide formed externally on the rust spot.

The conditions of rusting of pure iron have never 
yet been studied, inasmuch as a, pure iron in a 
massive form, if indeed in any form,> is unknown.”—  
W . A . TlLDKN.— Chemical News, July 10, 1908, 
pp. 20— 21. (E. H. C.)

T h e  A c t i o n  o f  H y d r o g e n  S u l p h i d e  o n  A l k a 
l i n e  s o l u t i o n s  o f  Z i n c  S a l t s . — “ T h e  fa c t  th a t  
the z in c  su lp h id e , o r  th e  z in c  h y d ro su lp h id e , p re c i
p ita te d  fro m  a lk a lin e  s o lu tio n s  o f  z in c  sa lts  b y  sod in n i 
o r  p o ta ss iu m  h y d ro su lp h id e  is s o lu b le  in an  e x ce ss  o f  
th ese  •reagents, a n d  th a t  th e  z in c  su lp h id e , o r  z inc 
h y d ro su lp h id e , p re c ip ita te d  fr o m  a lk a lin e  s o lu tio n s  
of th e  m e ta l b y  h y d ro g e n  su lp h id e  d isso lves  w h en  th e  
ga s  is p e rm itte d  to  a c t  on  th e  so lu tio n s  fo r  so m e  tim e , 
ap p ears t o  h a ve  esca p ed  th e  n o t ic e  o f  th e  a n a ly t ica l  
ch em ist.

N o t e . — I  noticed this peculiar behaviour of zinc 
sulphide some three or four years ago, and supposed 
that my observation was a new one. I found, how
ever, that the reaction was first observed by Julius 
Thomsen in 1878 (Ber., xi., 2044) and subsequently 
examined by A . Villiers (Comptes licndus, cxx, 97). 
Lottermoser (Samlung chem. u. tech. Vortrdge, vi.) 
aud Winsinger (Bull, de I’Acad, des Sciences de 
Bruxelles [2], xiv., 321) also refer to it.
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A t all events, in no work on analytical chemistry 
to which I have access is this remarkable behaviour 
of zinc sulphide referred to. The solution of the 
zinc sulphide is a colloidal one, for the zinc in it will 
not pass through parchment paper. The zinc 
sulphide, or zinc hydrosulphide, acts towards sodium 
and potassium hydrosulphides.in much the same way 
that zinc oxide, or zinc hydroxide, acts towards 
sodium and potassium hydroxides. The analogy 
between the two reactions almost compels one to 
conclude that the change takes place in the sense of 
the equation Zn(SH)2 +  2RSH =  R2ZnS2 +  2H2S.

If, however, an alkali sulpliozincate is actually 
formed, it must be very unstable, for concentrated 
solutions of mineral salts, when added to its solution, 
precipitate only zinc sulphide, or possibly zinc hydro
sulphide ; and then, too, the zinc sulphide separates 
out gradually, and in a slimy condition, when the 
solution is allowed to stand.

In many books on qualitative analysis the student 
is directed to separate manganese from zinc by add
ing to the solution of their chlorides an excess sodium 
or potassium hydroxide. Now if the alkaline solution 
of the zinc, after its separation from the mangauous 
hydroxide, be treated for 15 to 20 minutes with, a 

. rapid current of hydrogen sulphide, the zinc sulphide 
which is first precipitated may dissolve. The smaller 
the amounts of zinc and sodium chloride present in 
the solution, and the more rapid current of gas, the 

, more leadily does the zinc sulphide formed pass into 
solution. Should a student pass, a rapid current of 
hydrogen sulphide into such a solution, and then 
leave the spot and not returh until after the lapse of 
some 15 to 20 minutes, the chances are he will find 
the solution clear, or nearly so, and report no zinc. I 
have convinced myself by a number of experiments 
that there is, in a case of this sort, considerable 
danger of overlooking the zinc. It is a significant 
fact that Fresenius uses hydrogen sulphide water in 
order to test for the zinc in the alkaline solution 
(Anleitung z. Qaalit. Chem. Analyse, 1874, 291). He 
is also careful to state that an excess of the reagent 
is to be avoided. However, in describing the spccial 
reactions of zinc lie states that hydrogen sulphide 
precipitates from alkaline solutions all the zinc in the 
form of the hydrated sulphide’ (loc. cit., p. 137). 
Nothing is said about an excess of the reagent, 
although he does mention the fact that ammonium 
chloride greatly promotes the separation of the 
precipitate.

In the following experiments I used a sodium 
hydroxide solution of zinc oxide containing 8 gm. of 
the oxide in a litre :—

1. Ten c.c. of the solution were diluted to 150 c.c. 
and treated with a rapid current of-hydrogen sulphide. 
The zinc sulphide was precipitated almost immedi
ately, but at the end of 15 minutes it had passed into 
solution.

2. To 10 c.c. of the solution, made faintly acid 
with hydrochloric acid, a few drops of a concentrated 
solution of manganous sulphate were added and the 
metals precipitated as sulphides with yellow ammo
nium sulphide. After filtering, dissolving; the preci
pitate in a small amount of very dilute hydrochloric 
acid, and separating the manganese with excess of 
sodium hydroxide, the alkaline filtrate was diluted 
to about 150 c.c. and treated with a rapid current of 
hydrogen sulphide. In 15 minutes the zinc sulphide 
had dissolved and the solution was clear.

3. The experiment was repeated with a solution 
containing the same amount of zinc oxide along with 
considerable amounts of manganese, cobalt and 
nickel, The alkaline solution of tjie zinc oxide,

however, behaved toward the sulphuretted hydrogen 
gas exactly as it did in 1 and 2.

On standing, all three solutions became turbid, 
owing to a gradual separation of the zinc sulphide.” 
L . W . M c C a y ,  Chimical News. —  Journal o f  the 
American Chemical Society, xxx., No. 3, Julv 24 
1908, p. 40 (E. H . C.)

“D e t e c t i o n  o f  N i c k e l  a n d  C o b a l t  w h e n  
p r e s e n t  t o g e t h e r . — “ Ammonia is added to the 
fairly concentrated solution containing the two 
metals, and then a 10% solution of cane-sugar and 
dicyandiamidin - sulphate • solution (Grossmann’s 
‘ nickel reagent’ ). Finally caustic soda is added. 
When much nickel is present a yellow or reddish- 
yellow coloration is produced, while the presence of 
large quantities of cobalt causes the solution to turn 
red or.reddish-violet. Thus fractions of 1 mgm. of 
cobalt in presence of more than 100 times the 
quantity of nickel can be detected by the violet 
coloration, while if much cobalt and only a little 
nickel is present, crystalline nickel dicyandiamidin 
is always precipitated. This test is very accurate 
and rapid.”— H e r m a n n  GR O SSM AN N and W a l t e r  
H e i l b o r n ,  Berichte der Deutschen Chemischen Gesell- 
schaft. —  Chemical News, July 10, 1908, r. 24. 
(E . H . C .)

T e s t  f u r  T e l l u r i u m . —  “  The most reliable 
method for detecting even small traces of tellurium in 
large quantities of pyrites is as follows :— The pyrites 
are completely oxidised with strong nitric acid, then 
evaporated to dryness and absorbed with strong hydro
chloric acid. Finally it is boiled, diluted with water, 
and the insoluble residue filtered. During all the 
time of filtration and boiling a rapid jet of sulphur 
dioxide' is run through until the filtrate is completely 
saturated with gas. The tellurium and gold will ail 
be precipitated in the metallic form. These two metals 
are then filtered and washed with water. The 
tellurium is then removed from paper filter lay 
washing in an evaporating dish, the water 
evaporated, strong sulphuric acid added, and 
gradually heated. When tellurium is present a 
violet-pink colour appears quickly.”—L ’Etettricista, 
July 15.— London Mining Journal, Sept. 12, 1908, 
p. 331. (A . R.)

A n a l y s i s  o f  P ig  L e a d .— “ Silver, copper and iron 
are the constituents generally determined in the 
analysis of pig lead. In certain localities nickel and 
cobalt are also determined.

Silver is always determined by fire assay. Weigh  
two 1 assay ton portions of lead, and cupel in a 
muffle at a low red heat. The cupels should always 
show feathers. The buttons from the cupellation 
are weighed and the result reported as ounces per ton.

Copper, iron, nickel and cobalt may all be deter
mined in the same portion of lead.

Weigh 20 gm. of lead into an evaporating dish. 
Add 80 c.c. of water and 20 c c. of nitric acid, and 
boil until dissolved. Add 30 c c. of a 50% solution 
of sulphuric acid, and evaporate to white fumes. 
Cool and add 150 c.c. of cold water, and boil to 
dissolve soluble sulphates. Filter and wash by 
decantation two or three times, using cold water. 
Transfer the precipitate to the filter and wash four 
or five times with cold water. The precipitate, 
which is lead sulphate, is discarded.

Heat the liltrate to boiling, remove from the hot 
plate, and pass a rapid stream of hydrogen sulphide 
through it. Allow to settle and filter. W ash the
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■ sulphide .water. Dissolve the . copper sulphide in 
hydrochloric acid, allowing the solution to run 
through the filter.
• W ash with hot water. ‘ Heat the filtrate, and pass 

hydrogen sulphide through it to precipitate the 
.copper. Filter and wash the precipitated copper 
sulphide with hydrogen sulphide-water. Burn in a 
porcelain crucible, and weigh as copper oxide. This 
'weight multiplied by 0'797 will give the weight of 
metallic copper.

Boil the filtrate from the first precipitation, and 
add an excess of ammonia. Filter off the precipitated 
ferric hydrate, and wash with hot water. Burn the 
precipitate, and weigh as ferric oxide. To find the 
amount of metallic iron present multiply by 0'7.

Make the filtrate from the iron precipitation 
acid with acetic acid, and pass a current of 
hydrogen sulphide through it. Treat the piecipitated 
nickel and colialt sulphides with yellow ammonium 
sulphide and dilute potassium cyanide. The nickel 
sulphide will go into solution and leave the cobalt 
sulphide floating in the liquid. Filter and wash with 
hydrogen sulphide water. Burn the precipitate and 
weigh as cobalt oxide.- Multiply the weight of the 
precipitate’by 0 78667 to get'the weight of metallic 
cobalt. f i ■

Make the filtrate acid with hydrochloric ■ or 
sulphuric acid, using only a slightexcess. Thenickel 
will be precipitated’as nickel cyanide. Filter, wash, 
ignite arid weigh as nickel, oxide. This' weight 
multiplied by. 0-78667 will give the weight of metallic 
nickel.” — E v a n s  W . B u s k e t t .  —  Mining World, 
May 2, 1908, p; 709. (H. A . W .)

E x t r a c t i o n  o f  A e g o n .  —  “  Argon can be 
extracted from the air by simultaneously absorbing 
the oxygen and.nitrogen with calcium carbide. The 
finely crnshed carbide, mixed with 10% of calcium 
chloride and heated-to about800° C., reacts as 
follow s:—

CaC2 +  N 2 =  CN2Ca +  C.
CaC.2 +  0  =  C a0 +  2C.

The calcium chloride decreases temperature of the 
reaction. As can be seen from these equations, the 
nitrogen gives calcic cyanamide (N =  C -  N  =  Ca), and 
the oxygen transforms the carbide into a mixture of 
lime and carbon. Messrs. Fischer and Ringe (Bericht. 
der Chem. Gesells., 1908, p. 2,017) place the carbide 
and calcium chloride in a cylindrical iron mould, 3 
mm. thick, 50 cm. deep and 17 in. diameter, heated by 
gas. The volume of air absorbed is measured by a 
gas meter. The intake of air is closed before complete 
transformation of the carbide. The residual gas is 
made to circulate through the carbide by aid of a 
mercury pump. W ith 7 kgm. of calcium carbide,
11 litres of argon can be obtained.”— London Mining 
Journal, Sept. 12, 1908, p. 331. (A. R.)

T h e  B u i l d i n g  o f  E x  p l o s i v e  W o r k s .— “  This 
paper dealt with some of the arrangements made to 
minimise the distinctive effect of explosions in 
explosives factories. The author proposed that 
buildings in explosive works should be constructed in 
ferro-concrete with fine river gravel. Such a struc
ture being practically a solid mass would not be 
liable to collapse, it would be fire and lightning proof, 
and, should an explosion take place, would be so 
pulverised that particles could not be projected to 
any considerable distance, ■ In order to resist the fall 
of heavy pieces of machinery or other ponderous 
materials, the roof is made with a. donble feno- 
concrete skin, a layer of sand aborit 1 ft. thick being 
interposed. The use of wire-glass is recommended t9

avoid the dangerous splintering of ordinary window- 
panes.”— 0 . G u ttm an n .— Times Engineering Supple
ment, June, 1908. (J. A . W .)

S m o k e  P r e v e n t i o n . — “  TheBrynkinaltCollieries, 
Ruabon, have just installed at their works a device, 
patented by Messrs. Smalley and Newton, and 
manufactured by Smalley, Rice & Evans, engineers, 
of Stanhope Street, Liverpool, for smoke prevention. 
The apparatus consists of a fitting for the furnace 
door in the form of a conical-shaped funnel, the outer 
aperture of which can be closed at will by means of 
small doors or shutters. A  small steam jet, specially 
arranged, is carried into the furnace, and by opening 
the doors of the apparatus to admit a supply of 
oxygen over the top of the coal and forcing the fire, 
all' the gases, instead - of passing away into the 
atmosphere, are ignited and made to perform their 
function, thus effecting a saving in fuel and obviating 
the creation and escape of smoke. Working in con
junction with the smoke preventer are patent fire
bars, the feature of which is a trough ■ along the 
entire length on top.” — Times Engineering Supple
ment, Jnly 8, 1908, (J. A. W .)

S e p a r a t i o n  o f  S i l v e r  C h l o r i d e  a n d  I o d i d e .—  
“  Hager in 1871 proposed a method of separating the 
three silver halides based-on the solubility of silver 
chloride in a boiling 10% solution of ammonium sesqui- 
carbonate in which the iodide is insolnble, whilst 
only traces of the bromide dissolve. The author now 
finds that even in the cold (25° C.) 10% ammonium 
sesquicarbonate dissolves 0'018 gm. of silver bromide 
per litre and the normal ammonium carbonate a still 
larger-proportion. A  m ixtuieof silver chloride and 
iodide, however, can be very accurately separated by 
heating at -70— 80° C . with a solution of 100 gm. of 
commercial ammonium carbonate and 20 c.c. of 20% 
ammonia per litre.”— H. B a u b i g n y ,  Compt. rend., 
1908, HG, 335— 336. —  Journal o f  the Society o f  
Chemical Industry, March 31, 1908, p. 279. (A. W .)

M E T A L L U R G Y .
’ T r e a t m e n t  o f  C o n c e n t r a t e s  c a r r y i n g  C o p p e r  
— “  T h e  t r e a tm e n t  o f  co n ce n tra te s  as p ra ct ise d  a t th e  
B e lle v u e  G o ld  M in e  is  a  d is t in c t  d e p a rtu re  fro m  a n y  
o f  th e  o rd in a ry  processes. I t  ap p ears to  b e , in  fa ct , 
q u ite  u n iq u e  as regard s  m e ta llu rg y  o f  g o ld  and  a fe w r 
n otes  c o n ce rn in g  i t  m a y  n o t  be  w ith o u t  in terest. 
T h e  co n ce n tra te s  h a ve  p ro v e d  th e m se lv e s  v e ry  
r e fra c to ry . ■ C y a n id in g  is  o u t  o f  th e  q u e s tio n  o w in g  
to  th e  r e la t iv e ly  h igh  p ro p o rtio n  o f  co p p e r  th e y  c o n 
ta in , a n d  ro a s tin g  and  ch lo r in a t in g  has b een  tried  
and  fo u n d  w a n t in g  fo r  reasons, w h ic h  it  w o u ld  serve 
n o  u se fu l p u rp ose  to  en u m era te  here. E v e n tu a lly , 
th e  p rocess  n ow  in use, o f  -r o a s t in g  and  reg r in d in g  
w ith o u t  th e  use o f  m ercu ry , w a s  e v o lv e d  arid 
'the u n ifo r m ly  g o o d  e x tra c t io n  o f  90% -ob ta in ed . T h e  
sca le  fo rm ed  is  re lied  on  to  ca tch  th e  g o ld , and  from  
th is  it  is  re co v e re d  by- a m a lg a m a tio n  in a  re v o lv in g  
b arre l.

An indication of the work done by- the roaster is 
shown b y  the following sulphur estimations :—

Green Concentrates—
Total S as sulphide ... ... 36% 

Roasted Concentrates—
S (su lp h id e) ... ... ... 0'66%
S (sn lp h a te ) ... ... . . . .  1 '66%

■■■'  Total'S .................... 2-32%
Satisfactory extractions - have, however, been 

obtaiped with less complete roasts than the foregoing,
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as much as 3% or 4%, S, as sulphides, not materially 
altering results. In fact it has been noticed that, if 
anything, the extraction is improved when the roast 
is slightly on the green side.

Owing to the highly corrosive nature of the mine 
water, especially when mixed with the soluble con
tents of the roasted concentrates, the grinding pan 
has to he protected. The sides are lined with C .l. 
plates, 1 in. thick, set in cement, and the centre cast
ing is covered with a C .l. sleeve to prevent its 
corrosion.

The muller plate and liners last about three 
months ; the lives of all parts of the pan being very 
indefinite, as the corrosive action is not always 
uniform in effect.

The scale formed in the pan averages in value 
about 260 oz. per ton, and accounts for 80% of the 
extraction. The overflow from the pan is passed' 
over a Wilfley table, which serves a dual purpose. 
In the tirst place it separates out any nnroasted con
centrate, which, though never assuming deleterious 
proportions, is always piesent to a greater or lesser 
extent, according to the perfection of the roast; and 
secondly, the incrustation, which forms on the riffles, 
catches a considerable quantity of gold, its assay 
value averaging 51 oz. per ton. Finally, the tail's 
are passed through a launder, 300 ft. in length, 
which is filled with old drill steel. The launder 
becomes gradually full of incrustation, and is cleaned 
np at three-monthly intervals, the scale averaging
9 oz. per ton, and together with the W ilfley table, 
accounts for a further 10% extraction, bringing the 
total up to 90%. The launder pioduct is shipped to 
smelters. The grinding pan, in which the greater 
part of the gold is caught, is cleaned up every half
month, or oftener, should assays show, any falling oft' 
in the extraction. The brown riist-colonrtd scale, 
which covers all parts of the pan that are submerged, 
varies somewhat in composition and appearance. 
Sometimes it is hard and brittle, necessitating chip
ping with sharp hammers, and at other times it is 
quite soft and can be scraped off. The cause of this 
difference is not quite clear, but is apparently due to 
variations in the quantities of soluble copper in the 
water (the soft scale is invariably poorer in gold and 
richer in copper than the hard scale). Strictly speak
ing, two kinds of scale form simultaneously on the 
pan. Besides the brown scale referred to, which 
often attains a thickness of a J in., there is between 
this and the iron a thin layer of lustrous black scale, 
but analysis of the two show that the latter is 
probably only the residual matter from the decompo
sition of the cast iron, and performs no direct function 
in recovering gold.

The Brown Gold-Bearing Scalc—
Cu (metallic)
Fe20 3
FeS,
CaS'04
Au

57-25%
26-72%

3-69%
10-76%
0-92%

99-34%
The Blaeh Seale next to the Iron—

F e . O , ......................................61-38%
£ eS2 ......................................10-87%
Cu ... ... ... 1 -00% 
C (graphite) ‘ ... ... 12-70% 
S i0 2 ......................................  12-60%

99-15%
Gold, 4 oz. 10 dwt. per ton.

. The incrustation on the Wilfley table is very 
similar to the above, but contains considerably less

copper and more CaSOj. It is essentially a gypsum 
incrustation.

Clean-up.— The pan is chipped and scraped clean of 
all the adhering scale. The muller is then lifted, 
the dies removed, all the material in the interstices 
collected, and everything taken direct to tlieamalga- 
riiating barrel, where it is ground with the requisite 
quantity of mercury for 36 hours, fully that' time 
being necessary to gain the maximum amalgaiiiation. 
The amalgam recovered is very base, consisting 
mostly of copper, and after retorting assays about
10 to f'2% gold, but this varies within wide limits. 
The pannings from the barrel assay 12 oz. per ton, 
and are shipped to smelters periodically. The 
retorted material is smelted with sulphur, the result
ing mattes being run down with iron till too poor for 
further treatment in this way. The base bullion is 
rfeiined with sulphur, the matte resulting from i his 
being, of course, again run down with iron. The 
ultimate products are bullion worth £3 12s. pei oz. 
and matte assaying 10 oz. per ton. The latter is 
shipped.

The Principles Governing the Process.— In seeking 
an explanation for the recovery of gold by this 
process we are confronted at the outset with the 
main possibilities.

(1) Chemical Reaction. —  The only argument in 
favour of this possibility is the high percentage of the 
extraction and the high valueof.thescale, which seems 
beyond the bounds of mechanical concentration. On 
the other hand, against I he chemical reaction hypo
thesis are several facts which jjrecliide its acceptance.
If the gold is first dissolved and then re-precipitated on 
the iron, one would naturally expect to find it in a 
very finely divided state, similar, for instance, to 
that depocited on zinc in the cyanide process ; but, 
on the contrary', the gold in the scale is comparatively 
coarse and flaky, a fact which can be clearly seen by 
treating some of the scale with nitric acid and dis
solving out the copper, and moreover it resembles in 
appearance the gold obtained -by panning off' the 
roasted concentrates. Again, only the slightest 
traces of gold can be found in a filtered sample of the 
water taken from the pan.

(2) Mechanical Concentration.— Before going into 
the matter of mechanical concentration in the pan, 
there are one or two facts, bearing indirectly on the 
subject, that are worth noting. The first of these is 
the coarseness of the gold in the roasted concentrates. 
The following grading test on a rich sample illustrates 
this clearly :—

% oz. dwt.
Remaining on 60 mesh ... ... 22 75, 4 5 
Through 60 and remaining on 80 mesh S o0, 3 14 

80 „  120 „  35-00, 2 16
,, 120 ,, „  33-75, 1 -14

The material remaining on the 60 mesh on regrind
ing graded as follows :—
Through 120 mesh ... ... ... 97, 2 0 
Remaining on 120mesh ... ... 3, 74 0

Now  by ocular examination of the gold obtained 
by panning off'some of the roasted concentrates it is 
quite evident that the particles are thin'and flaky, in 
fact so much so that some of the larger particles can 
only be tailed with great difficulty.

On the Bellevue mine at the present time, accumu
lated tailings are being treated by concentration on 
W ilfley tables, with subsequent roasting and regrind
ing of the concentrates by the method previously 
described. After the Wilfley tables have been in 
use a few days, an incrustation begins to make its 
appearance on the riffles. This is practically a 
gypsum growth, crystals of calcium sulphate being
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deposited from the very dense lake water used in the 
plant. After a few weeks the incrustation becomes 
so thick as to impede the .action of the table and it 
is then scraped off. The average assay value is 
38 oz. per ton and the gold is recovered by roasting 
and amalgamation, adding very materially to the 
monthly output of the mine, iiy drying, crushing, 
and panring off, the gold in the scale presents the 
same flaky appearance, which has been already 
referred to.

Imagine the growth of the incrustation step by 
step. First, on the wooden riffles and linoleum a 
layer of crystals is deposited, with their longer axes 
projecting at right angles to the surface they rest on 
as is the habit of gypsum, and thus forming a natural 
rough surface on which the gold particles are caught, 
together with particles of mineral, gangue, etc., but 
not so much of these latter, as they do not by reason 
of their ihape lend themselves so readily to catch
ment as does the gold with its flat jagged form. 
Deposition of C aS04 is going on continually and con
sequently fresh rough surfaces are always being 
exposed to the passing stream. A t the same time 
the gold already caught in the interstices is covered 
over and secured.

Reverting now to the treatment of the roasted 
concentrates it has already been pointed out that the 
gold exists in this peculiar form that is very apt to 
get caught on a rough surface, and a further confir
mation of the fact exists in the formation of a very 
rich gypsum incrustation in the wetting down 
launder, similar in most respects to that described in 
connection with the tailings plant. So far, then, the 
high values of the incrustation and scales have been 
accounted for, but hardly sufficient evidence has been 
adduced to explain the high percentage of gold 
recovered.

This brings us to what is probably the chief under
lying principle of the whole process. The concen
trates consist chiefly of pyiites and pyrrhotite, the 
former carrying copper. A  sample of the pyrites 
showed 1% Cu on assaying. On roasting a quantity 
of this copper is converted to the sulphate. An  
analysis of the constituents of the roasted concen
trates that are soluble in water is as follows :—

C u O ...................................... 1-36%
CaO ... ... ... 0-64%
M g O ...................................... 0-28%
FeO .... ... . ... 1-45%
CoO ... ... •- ... 0-13%
S 0 3 ...................................... 0-395%
Cl ...................................... 0-16%
N a and K  ... ... Undetermined 

These figures were determined by agitating a weighed 
sample of the roasted concentrate with distilled 
water ; then analysing the filtered water. Note the 
copper and calcium.

In actual treatment the concentrate is wetted 
down with about six to eight times its weight of 
mine water. An analysis of the filtered water from 
this mixture gave :—

CuO ’ ... ....................  0-17%
CaO ... ... ... 0-38%
£ f ° .................................  0-07%
Cl ...................................... 8-60%
S03 ............................... 0-76%
M g Co, Na and K ... Undetermined 

Note the presence of the soluble copper salt and 
also the calcium contents chiefly present as C aS04 
in the mine water, which is very dense and always 
shows a tendency to form an incrustation on tire 
vessel in which it is contained.

The significance of the presence of copper in the 
pan water and as the chief constituent of the 
scale (see analysis) is at once apparent, but the 
exact action can only be a matter of close surmise. 
On entering the pan the dissolved copper sulphate 
reacts_ with the iron forming ferrous sulphate and 
cement copper.

CuS04 +  Fe =  F eS04 +  Cu.
Each successive molecule of copper liberated is 

deposited not on the iron, blit on another moleculeof 
copper which is in electrical connection with it. If 
a piece of gold be in contact with iron in a solution 
of C uS04 a film of copper is deposited on the gold 
too. The following experiment illustrates the above 
fact and also the way' in which the gold may be 
embedded in the scale.

A  sample of the gold bearing scale was pulverised, 
treated with H N O s to remove the copper and then 
panned oil'. The gold particles, freed from impurities, 
were transferred to a clean beaker and a solution of 
copper sulphate added. A clean flat piece of iron 
was then introduced and stirred round amongst the 
gold. In a few minutes practically all the gold had 
adhered to the rod, being securely embedded in the 
spongy copper which, of course, had been precipitated 
on the iron. Now in the grinding pan most of the 
copper w'ould be deposited on the w’earing surface of 
the shoes and dies which are always kept bright by 
the contiuual grinding. Here, too, a considerable 
portion of the gold is freed from its encasing gangue 
and it is not unlikely under these circumstances that 
it should become embedded in spongy copper as it 
w'as in the experiment. On being forced up again 
into the body of the pan and swirled round, the 
particles so covered on coming in contact with the 
film of copper on the side of the pan w'ould adhere 
tenaciously. In this manner the scale would grow', 
but being of a soft and spongy nature, it would be 
soon rubbed oft’ by the swirl in the pan, were it not 
for the cementing and hardening action of the calcium 
sulphate in the mine water, which in precisely the 
same way as described in connection with the tailings 
plant, binds the scale into a tough mass completely 
securing the gold. It is on record that on one 
occasion the pan w'as run on fresh water for a few 
days, with the result that the extraction was low'ered 
considerably, as might be expected in the absence of 
the cementing agent, C aS04. This confirms to some 
extent the argument concerning the binding action 
of the mine water.

This practically completes the remarks in explana
tion of the mechanical concentration theory, but 
whether the case as put is strong enough to account 
for catching 80% of the gold in the pan may be a 
matter for discussion, but looking at it broadly, the 
coarseness of the gold, its peculiar shape and aptness 
to catch on rough surfaces, the deposition of copper 
in the pan and high percentage of copper in the scale, 
everything points to this being the correct solution of 
the problem. The gold caught on the W ilfley tables 
and in the 300 ft. launder are practically applications 
of the same principle exerted in the pan, though, of 
course, coming after the pan has had the first selection 
the resulting scales arc not nearly so rich in gold.”—  
E. L. G a rd in er, B .Sc.— Monthly Journal o f  Chamber 
o f  Mines o f  Western Australia, M ay, 1908, p. 181. 
(H. A . W .)

A c c u r a c y  o f  C o a l  A n a l y s e s . — “ From experi
ments it has been found that an increase of water 
gives an increase in the volatile matter. The follow
ing figures illustrate this point. In the first column 
is the analysis of the original coal, in the second the
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coal plus an addition of 5% water, in the third with 
an addition of 12% water. The results are calulated 
to the pure coal (i.e., less moisture and ash) :—  
Volatile matter ... ... 37'02 37'86 38'44
Fixed carbonaceous residue ... 62'98 62-14 61'56 

The presence in the coal of carbonates also affects 
the results. In a coal which contained 12% carbonic 
acid (present in the coal as carbonate of lime and 
magnesia), recently analysed, the amount of cabonic 
acid left in the coke after the estimation of 
volatile matter was only 0'9%," hence 11'1% 
had gone off as volatile matter. Further, it is not 
possible to say to what extent the reaction 
C 0 3+ C =  2CO goes on, but this must have a consider
able effect on the result. Pyrites in the coal must 
also have some effect, but it is not easy to judge to 
what extent. It will be readily seen from the above 
remarks that the proximate analysis is notsufticiently 
reliable as a basis for purposes of classification.

In ultimate analysis, the way in which moisture is 
estimated may affect the percentage of practically 
all the constituents when expressed in percentage of 
the pure coal. In one example the difference between 
moisture obtained by drying in the toluene bath and 
over sulphric acid in vacuo for twenty-four hours was 
0'3%. It is exceptional to find so big a difference in 
moisture by the two methods, but where coals rich in 
moisture are being dealt with it is better to estimate 
by both methods, as an idea of the possible error in 
composition is obtained.

In estimating ash, the value for the ash left in the 
combustion-tube is almost invariably higher than that 
obtained by ashing in the muffle. The reason 
appears to be that in the combustion-tube, where the 
coal is burned in oxygen, more of the sulphur is 
converted to sulphuric anhydride, which combines 
with any lime in the ash, whilst in the mu file the 
atmosphere is less highly oxidising, so that more of 
the sulphur goes oft' as a lower oxide, instead of com
bining with the lime in the ash. In every case where 
the ash has been estimated in both ways the muffle 
has given the lower result both in ash and snlphnr- 
in-ash. Should minerals containing ferrous com
pounds be contained in the coal, these will, on 
combusting the coal in oxygen, become (to a great 
extent at any rate) ferric. Hence the ash, as found 
by analysis, will be greater than the original ash in 
the coal, and the oxygen which is obtained by 
difference will, consequently, be too low.

When coal containing pyrites is burned in oxygen, 
the pyrites is converted into ferric oxide and oxides 
of sulphur; the latter are absorbed by the lead 
chromate in the combustion-tnbe, while the former 
remains in the boat and is weighed with the rest of 
the ash. The pyrites cannot be regarded as part of 
the organic combustible constituents of the coal any 
more than the rest of the ash and the moisture, but 
for every 240 parts of weight of pyrites present in 
the coal 160 parts of the ferric oxide and 128 of 
sulphur are being counted. The effect of this is that 
the oxygen, which is obtained by difference, is too 
low.

Carbonates in a coal are more or less decomposed 
during analysis and give off' carbonic acid gas. This 
is absorbed by the potasli-bulbs and is weighed with 
the carbonic acid formed by the combustion of the 
carbon of the coal, the resuit being that the carbon 
is too high, the true ash too low, and the oxygen too 
high. When the results of the analysis'are calculated 
on the pure coal all constituents will be affected. In

f
iractice it has been found that the amount of C 0 2 
eft in the ash varies considerably with each estima

tion, so that to make the necessary correction the

C 0 2 has to be estimated specially in' the ash left 
after each combustion. When this is done duplicates 
agree well.

Where both carbonates and pyrites are present 
there will naturally be complications, as the oxides 
of sulphur will combine with the lime or magnesia of 
the carbonates, thus lowering the combustible 
sulphur and increasing the sulphur-in-ash. It is not 
possible, however, to correct for tlii^.

The following are, briefly, the conclusions drawn 
from Professor Fischer’s researches :— Coals contain 
varying quantities of unsaturated compounds which 
rapidly absorb oxygen, thereby gaining in weight but 
deteriorating in coking proper! ies and calorific value. 
Another series of compounds also occurs which take 
up oxygen, but give off carbonic acid and water in 
the process. The latter process, which is usually 
slow, produces a loss in both the weight and value 
of the coal. A  coal on storing, therefore, may gain, 
lose, or remain Constantin weight, according to the 
quantities and relative proporiions'of the two classes 
of compounds present, but will almost invariably 
deteriorate in value. When coals are stored in a 
cool dry place the alteration is, in most cases,, in
considerable. Moisture certainly assists in the 
oxidation of the coal. The effect of pyrites on 
spontaneous combustion is undoubtedly over-esti- 
mated. The value of ventilating stored coa's is 
doubtful, as although ventilation will help the 
cooling, it will supply the oxygen necessary to 
produce combustion.

In order to see to what extent the composition of 
coals would be affected by keeping, four of the 
samples stored in the museum of the Geological 
Survey were recently re-sampled and analysed 
afresh.' The coals have been stored in the basement 
of the Jermyn Street Museum, where they were not 
subjected to great changes of temperature, and the 
samples consisted of (1) anthracite from the Nine- 
Foot Vein (stored four years); (2) steaur coal from the 
Nine-Foot Vein (stored four years) ; bituminous 
coal from the Meynyddislwyn Vein (stored four 
years) ; and bituminous cotel from the Top Coal of the 
'Rock Vein (stored four years and seven months).

It was noticeable that the anthracite altered least 
(if at all), the steam coal only slightly, whilst the 
bituminous coals changed considerably. In each case 
the change was in 'the same direction, and though 
no great accuracy can be claimed for the specific 
gravity of the pure coal, owing to possible sources of 
error (to say nothing of the pyrites having partially 
decomposed in the stored specimen), yet the general 
indication was that the greater the alteration in the 
composition the greater the alteration in the. specific 
gravity. The differences were :—

(1.) (2.) (3.) (4.) 
Loss of carbon ... '02 '24 1'39 '96 
Gain in specific gravity '007 '013 '026 '020 
The change, at any rate in the bituminous coals, is 
greater than can be reasonably put down to experi
mental error.” — Iron and Coal Trades Review, July
10, 1908, p. 139. (A. R.)

M o l y b d e n u m .— “  Molybdenum is fast becoming 
recognised as one of the most valuable constituents 
of a steel alloy. It increases the elongation and 
elastic limit of steel. In this respect it is much more 
valuable than nickel. - An addition of 0'25% of 
molybdenum increases elongation from 4% up to 45%. 
This gives it great value in the manufacture of large 
crank and propeller shafts. Its introduction into 
boiler plates for high pressure boilers has made 
possible the use of lighter plates that are actually
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stronger than much heavier plates made without the 
alloy. For motor car forgings and castings molyb
denum steel is specially, adapted. In high speed tools 
it gives all the desirable qualities with carbon kept 
below 1%.

Ferro-molybdenum ranges in composition from 
85% to 50% molybdenum and from 3'07 to 0'35% 
carbon.”— Canadian Mining Revieto, M ay 1, 1908, 
p. 177. (K. L. G.)

E s t i m a t i o n  o f  H i g h  T e m p e r a t u r e s .  —  “  In 
metallurgical operations it is often useful to be able 
to regulate the heat within a specific limitation. 
This may, of course, be done by the use of a pyro
meter. But in works where it is not necessary to 
keep such delicate instruments on hand it is some
times desirable to measure temperatures with a fair 
degree of accuracy. Many simple methods capable 
of yielding approximately accurate results have been 
proposed by various metallurgists. A n  effective 
method which' has been used for many years with 
satisfactory results has been developed by Dr. F. W . 
Skirrow,1 of Manchester, England. Whenever he 
desires to carry out a thermal operation at a specific 
temperature he secures a substance having a 
definitely ascertained melting point at the desired 
temperature and another with a melting point a 
little higher. Each substance he places in a narrow 
steel tube of any suitable length with one end sealed 
up. A  stiff wire is placed in the tube and one end 
is fused into the fusible substance at the bottom of 
the tube while the other end protrudes from the open 
end of the tube. This wire remains fixed to the 
substance at the bottom of the tube so long as the 
temperature remains below itsj melting point. 
When, however, the substance melts, the wire 
becomes loose and can be freely moved up and down 
the tube.

If a number of such tubes are prepared with 
numbers or other identification marks stamped on 
them and containing a series of substances covering 
the various temperatures ■within whose melting point 
range a metallurgist desires to • work, very effective 
work can he done, notwithstanding the cheapness 
and simplicity of the indicators.

In practice it is found only necessary to use two 
such tubes in order to keep a fire at a specific 
temperature. The fireman needs to regulate the 
firing so that one wire is loose while the other fused 
in the substance with a 'slightly higher melting 
point than the described temperature remains fixed 
and cannot be moved up and down the tube.

Whenever it is desirable for any reasons to avoid 
the use of iron or steel tubes, tubes made of other 
materials may be employed. When tubes made of 
refractory substances, as earthenware or porcelain, 
are used, it is necessary to take into account the 
greater temperature lag of such substances.”— 
The Engineering and Mining Journal, June 27, 1908, 
p. 1295. (W . A . C.)

To P r e v e n t  C r y s t a l l i z a t i o n  o f  S h a f t s . — “ A  
device recently patented by F. S. Kirkland, of M il
waukee, W is., intended to obviate the crystallisation 
in iron or steel shafts due to repeated concussion such 
as takes place, for instance, in the case of a cam shaft 
on a stamp mill. Strip of copper or other non
magnetic metal inlaid into a spiral groove about the 
shaft. The efiicacy of the invention depends upon 
the assumption that the crystallizing of shafting 
extends from the outside towards the centre, and by 
means of the inlaid strip of metal an effort is made

to prevent this crystallization by breaking the har
mony of the vibration extending through a metal 
bar. The metal strip is an alloy of copper, zinc, 
and in some instances of nickel, though this latter 
is not essential, as the copper and zinc alloy is non- 
magnetisable. The strips are welded to the bar in 
the hammering of the iron or steel shaft. They are 
about J in. -deep and 1 in. wide, and a perfectly 
adhesive weld is made.” — Mines and Minerals, July, 
1908. (W . R. D.)

I g n i t i o n  P o i n t s  o f  W o o d  a n d  C o a l .  —  
“ Swedish Timber (old sleepers from Wigan 4 ft. 
seam). Approximate age, six years.— This, with 
various tests, smouldered at 200°.C ., 180° C ., 210° C ., 
220° C. (average 206°).

Welsh Larch (part of 11 ft. bar from same seam, 
and about same age).— 1st and 2nd tests: smouldered 
at 360° C. Temperature increased to 400° C., at 
which point it had not burst into flame.

American Pitch Pine.— From a baulk (about live 
years) in haulage engine house, W igan, 4 ft. —  
Smouldered at 315° C.

Norway Fir.— Old prop out of goaf in W igan 4 ft.
— 1st test, smouldered at 260° C ., 2nd test, smoked 
at 280° C., and smouldered at 360° C,. 3rd -test, 
smoked at 260° C ., smouldered at 355° C.

Old Timber. — From seat of fire at Pemberton 4 ft., 
rotten but fairly solid.— 1st and 2nd tests smouldered 
at 230° C., 3rd test (material charred) smouldered at 
130° C., 4th test (material softer than in 1st test) 
smouldered at 160° C., in fireclay muffle, 5th test, 
decayed timber not out of mine, smouldered at 200° 
C. in fireclay muffle.

A rley Coal, from colliery near W igan .— Smoked 
at 200° C. Coal caked and smoke increased in den
sity at 400° C., when inflammable gas ignited.

Cannel, from W igan cannel mine.— Smoked at 
180° C. Great amount of smoke and gas, which 
tired at about 400° C.

Pemberton 5 ft . Coal.— Smoked at 140° C., started 
smouldering at 360° C.

Black Bass, from about 5 yards below 5 ft. (the 
fire was chiefly in this metal).— Smoked at 170° C. 
Smoke increased rapidly up to an igniting, point of 
about 400° C.

Six Feet Coal, from 18 in. above Pemberton 5 ft. 
(This is thrown into the goaf.) Smoked at 160° C. : 
the smoke increased rapidly to igniting point, 
400° C.

The general results of these tests, Mr. Hall con
tinued, show that timber will ignite in an atmosphere 
at a lower temperature than coal or cannel ; and 
that particularly decayed timber, such as old pit 
progs, ignited most readily of all. It is possible 
that fires underground would not be so frequent if 
care w7ere taken to clear out all old or used timber 
from seams where heating takes place. The action 
of dry rot on timber seems to make it inflammab le 
at quite low temperatures.” — Iron and Coal Trades 
Review, July 10, 1908, p. 150. (A . li.)

T h e  P a s s in g  o f  t h e  T a i l i n g s  W h e e l . — “ The 
tailings wheel, that familiur object on the land
scape at the Rand, has long been thieatened and is 
now quietly passing from our midst. For a long 
time the mechanical engineers of the various groups 
of mines— notably A . M. Robeson, of the Corner 
House— were experimenting with various forms of 
elevators and pumps, but the actual displacement of 
the tailings wheel can now for the first time be 
chronicled.
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It has been ousted by an improved type of centri
fugal pump, evolved after lengthy and careful 
experiment by the mechanical engineering depart
ment of H. Eckstein & Co., to whose initiative Raud 
metallurgical practice owes so much. The history 
of the experiments is interesting. When the tail
ings wheel of the Rose Deep broke down last year a 
centrifugal pump was used temporarely to replace 
it. A  fatal tiaw in the centrifugal pump was found 
to be the speed with which the manganese steel 
liners wore out, and also the large waste of power. 
These were eventually overcome by replacing with 
locally-made cast white-iron liners, and by intel
ligent design, with such satisfactory results that the 
general adoption of this device is now only a question 
of time. In operating costs the centrifugal pump 
possesses no advantages over the tailings wheel ; but 
in capital expenditure or prime cost, a marked sav
ing is effected. The cost of a pair of pumps is, 
roughly, £1,780 ; the usual cost of a tailings wheel 
is £8,000. For small equipments the difference in 
favour of the centrifugal pump becomes more appar
ent than for larger ones.

The centrifugal pump is notoriously inefficient, 
but its failings in this respeet are greatly exagger
ated. W ith sand the average efficiency is 40 to 45%, 
and it is hoped to obtain an efficiency of 50%, which 
nearly approaches that of modern high-lift centri
fugal pumps. The centrifugal pump has already 
displaced tlie tailings wheel at the Rose Deep and 
the Crown Deep, at both of which mines the tailings 
wheel has now' been finally ‘ scrapped.’ A t the New  
Heriot a plunger pump has been scrapped in its 
favour. A t the Village Main Reef, one has been 
erected as a stand-by, isnd two pumps are being 
erected at the Glen Deep and two at the Durban 
Roodepoort Deep. A t all the mines that have 
adopted the pump, duplicates will be erected. It is 
noteworthy that the life of a tailings wheel averages 
only 12 years, and many of the wheels on the out
crop mines and first row' of ‘ deeps ’ are now nearing 
their end.”— Mining and Scientific Press, Aug. 22, 
1908.— S.A . Mining Journal, June6, 1908. (W . R. D.)

M IN IN G .
Shai-t  S in k in g  in W et St r a t a .— “ M r. L. 

Morin, engineer-in-chief of the Lievin collieries, has 
published a note on the cementing of the soil in 
cutting through the water-bearing level in shaft No.
3. The shaft in question, 6 metres in diameter, is 
an air shaft, which at a depth of 19 metres touched 
the water level ; the flow of water was considerable, 
250 c.m. per hour. Freezing was too expensive, and 
it was decided to adopt the system already applied 
at Conrriferes arrd Lens. ■ A bottom was constructed 
at the base of the tubbing already in position, and 
cement injected underneath the bottom, aiding pene
tration of the cement into the soil by means of 
boreholes. The injections and boring had to be 
made alternately, so that the inrush of water could 
not exceed the limit for which pumps were available. 
The temporary bottom was laid March 12, 1906, and 
the first borehole was sunk May 16, all the work 
being finished M ay 25. The inrush of water after 
removing the temporary bottom was only 4 c.m. per 
hour. Another bottom had to be constructed a little 
lower. The work cost 93,000 francs, representing 
an economy of about 120,000 francs compared with 
the freezing method.”— Ze Ciment, Aug. U)08.-Loti- 
don Mining Journal, Sept. 12, 1908, p. 331. (A .R .)

O n  C e r t a i n  E r r o r s  in 'C o m p u t in g  O r e  V a l u e s .  
s-~“  These errors niay be due to the failure to take

into account the more or less regular distribution of 
the ore in the plane of the vein comprised within a 
particular block to be estimated.

Distribution o f  Ores. —  In order to study these 
relations the»form of distribution may be reduced to 
two types. According to the first the pay ore is 
assumed to occur in regular. shoots or streaks; 
according to the second type, the ore is assumed to 
occur in patches, the form of which for the sake of 
discussion will be assumed as square. The width of 
the vein will be taken as unity and the block of ore 
to be investigated is supposed to be a square, limited, 
say, by two levels and two winzes. In Figs. I. and
II. the shaded portions represent a high-grade ore of

F ig . I. Fra. II
homogeneous value, and the blank portions low-grade 
ore, also of constant value In Figs. III. and IV.

F i g . I V I

the shaded portions denote ore and the blank portions 
barren gangue. The values are thus strpposed to be 
distributed in regular geometrical form uniformly 
through the block and it is granted that the samples 
drawn at regular intervals from all sides of the block 
represent the average value of the exposed faces.

Under these conditions it may be of interest to 
compare the values resulting from an average of the 
assays drawn from the perimeter of the block and the 
values drawn from the mill returns when this block 
of ore shall have been stoped out and treated. The 
first quantity may best be expressed by L =  average 
assay of the perimeter and the second quantity by 
S =  the average assay of the block after extraction.

Ore in Regular Shoots.— Fig. I. represents a block 
in which a high-grade ore occurs as a simple pipe, or 
chimney, the length of which in the drifts is repre
sented by d. The rest of the block is occupied by a 
low-grade ore; c =  the length of each side of the 
black; a ssa y  value of the high-grade ore ; n =  
assay value of the low-grade ore ; Z  =  average value 
per ton derived from samples drawn at equal intervals 
from all the exposed faces of the block ; & =the  
actual value per ton of the block as a whole, hence 

Computing Ore Values.—  v
T _2 m d  +  n(4c -  2d) _ md +  n (2c-d )

4 = 2c 
g _ m c d  +  n(c2 -  cd) _ m d  +  n(c -  d) ■

f  9
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Take as an example a block 50 ft. square with a 
high-grade shoot measuring 30 ft. along the drift. 
Let ??i =  $20 and ?i =  $5, then

T _ 2 0  x 30 +  5(100 -  30) _ SQ r>n 
100

e _ 2 0  x 30 +  5(50 -  30) _ ftl,, nn 
50

The discrepancy in the results varies with the pro
portion between the high and low-grade ore and with 
the difference between the values of the two grades 
until when n — 0, L  : 5 = 1  : 2.
This, of course, is a case so simple that the relations 
would be immediately apparent to the engineer and 
duly discounted. But the relations would be less 
obvious if instead of the ideal case considered, the 
ore occurred in several chimneys. It is, however, 
plain that the greater the nnmber of streaks in one 
block, the less will be the error until L  and S  become 
practically equal in Fig. II.

Ore in Bunches or Patches.— The second type of 
occurrence to be considered assumes the ore to be 
distributed throughout the vein in bunches or patches 
whicb, reduced to the simplest form, may be regarded 
as squares placed at regular intervals. According 
to Fig. III. a represents a side of each square which 
determines the distribution of the patches, and b 
represents a side of each square patch of ore. The 
average assay then of samples drawn from all sides 
of the block,

r _  _  mb 
~  12a ~ 2a

whereas the average assay of the whole block, 
e _ i '  5mb2 _ m b 2

The ratio then of L : S =  a : b. From this it appears 
that when the patches are small in proportion to the 
area of the block, the average assay drawn from the 
exposed faces will be relatively too high and will 
only approximate accuracy when b approaches the 
dimension of a. AVhen h — a , the area occupied by 
the ore equals the area occupied by barren gangne as 
represented in Fig. IV ., and when this proportion is 
exceeded, that is, when the distribution may be 
described as patches of gangue in a field of ore, then 
the average value of the samples drawn from the 
perimeter yields an underestimate of the value of the 
block.”— H enhy llor.ART K n o x .— Engineering and 
Mining Journal, April 18, 1908, p. 806. (G. H. S.)

S a f e t y  S i n k i n g  H o o k s .— “  In shaft sinking it is 
the usual practice to work with two buckets, which 
are alternately attached to the winding-rope, so that 
one may be filled at the shaft-bottom, while the 
other is being emptied at the surface. It was through 
an accident that I was prompted to devise the hook 
illustrated in Fig. I.

A  sliding ferrule, a, fitted to the tongue of the 
hook, is prevented from dropping ot! it by a pin pass 
ing through a slot c in the tongue d. To open the 
hook, the ferrule is simply pushed upward as far as 
it will go, and when the hook is closed, the ferrule 
slides down over the point b, thus firmly locking the 
hook, which cannot be opened without sliding the 
ferrule up. The safety of the hook is thus indepen
dent of the spring, which may, indeed, be dispensed 
with if desired, although I prefer to retain it. Several 
of these locking hooks have been made and used 
and are found to answer perfectly the object for 
which they were designed.

For many years sliding ferrule sinking hooks have 
been satisfactorily used at the Baggeridge colliery, 
in South Staffordshire. Continual trouble, however,

Fig. I. Safety Hook. Flo. II ., Spring Hook. F ig. III., Safety
Hook.

was experienced by the breakage of the ordinary 
spring, or by its losing temper and becoming weak ; 
this fault was overcome by arranging the spring as 
shown in Fig. II. The small projection A  prevented 
the spring from being dashed against the back of the 
hook, but it did not remove the disadvantage caused 
by the loss of elasticity in the steel. In order to 
prevent any possibility of the bow of the bucket 
dropping off the hook, a machinist at the Baggeridge 
colliery, arranged for the hinge B, of the spring- 
portion to be welded to the top, as shown in Fig. III., 
leaving a sufficient space V, between the point of the 
hook and the slide-piece D, for the bow to pass 
through ; this was sealed during all ordinary opera
tions by the sliding ferrule D  which always dropped 
unless it was deliberately propped np. Experience 
proved that the hook was more safe, when the spring 
was entirely dispensed with.” — H e n r y  L o u is . —  
Engineering and Mining Journal, April 18, 1908. 
p. 817. (G. H . S.)

M ISC E LLA N E O U S.
The V e n t i l a t i o n  o f  F a c t o r i e s . “  The removal 

of dust and fumes, often a most important and diffi
cult problem in factory ventilation, was the subject 
of the fourth Shaw Lecture on Industrial Hygiene, 
delivered by Dr. J. S. Haldane before the Royal 
Society of Arts, on February 27, and published in 
the Jonrnal for M ay 22. This is a subject on whkdi 
Dr. Haldane can speak with authority, on account 
of his connection with the work of the late Home 
Office Committee on Kactory Ventilation. It is im
possible here to reproduce the many practical illu
strations he gives of the principles laicl down in his 
paper, but the following abstract giving the main 
points of his general review of principles and 
methods will be found of interest.

Whether or not any variety of dust is known to 
cause dangerous effects when habitually inhaled, I 
think that every kind of dust produced in manu
facturing processes ought, as far as practicable, to^be 
prevented, or removed from the atmosphere in'which 
the work people are present. The reason for this is 
not only that dusty air is, at the best, unpleasant to 
breathe, hut that when dust is present the clothes, 
skin and liair become ver^dirty, nntidy, and uncom
fortable, This inevitably tends to lower the social 
status and self-respect of work people, if, at any 
rate, they have to go back to their homes in the 
same untidy condition. When dust and dirt cannot 
be avoided the provision of overalls, or of means of 
washing anil changing clothes on leaving work, is 
extremely desirable. . . .

Apart from the reason which I have just referred 
to, it is often nrgently necessary, on the score of 
health, to prevent the inhalatioji of dust, Certain
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kinds of dust, when constantly inhaled during work, 
produce in time most disastrous effects, and we may 
pretty confidently say of every kind of dust— that i't 
is to some extent harmful.

Of dusts which are definitely harmful, a very im
portant class is that from the disintegration of -hard 
stone or other material. The dust produced in min
ing hard rock or in stone dressing, tire flint dust 
used in the pottery trade, the dust from dry grinding 
in the metal trades, and the steel dust produced in 
file cutting and other work are most harmful in their 
effects. Striking evidence of the disastrous effects 
of the inhalation of hard rock dust is given in a 
table showing the death rate of Cornish miners, 94% 
of whom die of lung disease at an average age of 37. 
Other dangerous dusts are those from poisonous 
materials of any kind, particularly from lead com
pounds. Dusts from textile materials are less serious 
in their effects, and coal and cement seem to have 
but little influence on the health of workers. Fumes 
from chemical processes and poisonous gases are 
always dangerous and should not be allowed to 
escape into the room at all.

In many cases the best way of dealing with dust 
is to prevent its formation altogether. This can be 
effected by substituting wet for dry processes, and 
fortunately much of the most dangerous dust can be 
dealt with in this way— in particular the dust from 
disintegration of hard stone or steel. Thus the use 
of a jet of water prevents dust formation in rock- 
drill and other work in tin and granite mining, 
special rales to this effect being now in force. It is 
to be hoped that in all cases where dust from disin- 1 
tegration of hard stone, fire-clay bricks, and similar 
material, is apt to be inhaled, wet methods will also 
be adopted where possible. The substitution of wet 
for dry grinding, and for dressing of grindstones is 
another important step in the right direction, and 1 
have little doubt that in many other dusty processes 
it wonld be practicable to use wet methods, though, 
unfortunately, wet processes are quite out of the 
question in very many eases.

W hen dust formation cannot be avoided, its eseape 
can sometimes be prevented by entirely boxing in 
the dusty process. Where the dust is itself the pro
duct of the process, as in the grinding or breaking 
np of material, efficient boxing iri is an advantage to 
the process itself as well as to the persons employed 
in it. Where the dnst is in other ways of some value, 
the same consideration applies. The use of dust- 
proof arrangements for filling and conveying dusty 
material, particularly where the dust is poisonous or 
otherwise dangerons, is a further advance in the 
same direction. By means of simple mechanism for 
this purpose much dust inhalation and loss of 
material may be prevented.

In processes where fumes or noxious vapours are 
emitted closed vessels ought also to be used wherever 
possible, and if a closed vessel, or a boxed in machine, 
is also connected with an exhaust pipe, the fumes 
and dust are prevented from escaping at times when 
the vessel or machine has to be opened.

In most cases it is unfortunately not possible either 
to prevent the formation of dust or to box in the 
dusty process completely, and the only method avail
able if to draw away the dust by means of an air 
current. There are certain general principles applic
able to the removal of dust in this way. In the first 
place the dust ought to be removed at, or as near, as 
possible to, the point of origin. The advantages of 
this are evident; by this means the dust is prevented 
from getting into the general atmosphere of the 
jroojn g,nd being inhaled by those present, as well

as settling everywhere. A  far smaller volnme of air 
is also sufficient to remove the dnst. This is im
portant, not only from the point of view of expense, 
but because draughts and cold are also prevented.’ 
When dust is permitted to get into the general 
atmosphere of a factory, enormous volumes of air 

, are required to carry it away, which means that 
equal volumes have to come in from outside, so that 
warming or prevention of draughts may be qnite 
impracticable.

A  second general principle is that the air current 
from the source of dust to the ^exhaust opening 
should, as far as possible, envelop the source of 
tltist, and be of sufficient velocity to carry the dust 
with it in spite of the ordinary slight draughts ex
isting in the room, or produced by the dusty 
machine. It is untoitunale that in whatever 
direction an exhaust opening may point, the air 
entering is sucked in from all sides. Hence the 
linear velocity of the draught towards the opening 
diminishes very rapidly with increasing distance; 
and at a distance of 2 or 3 ft. an exhaust opening, 
unless very large, will fail to carry off dust effi
ciently, particularly from a machine which itself 
causes draughts. . . . An air-current from an 
inlet can be directed from it, owning to the momentum 
of the moving air, but not a current to an ontlet. 
The source of dust has therefore to be enclosed, as 
far as possible, by hoods or other coverings, to serve 
as air guides. When a dusty machine can be en
closed on all sides, except where the material 
enters or leaves it, a very satisfactory result can be 
obtained. Where such enclosure is not possible, the 
best that can be done is so to arrange the inlets and 
outlets of air to the room that -the dust is on the 
wdiole carried directly towards the outlets. A  
further important principle is, that as all dust tends 
to fall, it is often best to remove it in a downward 
direction. This applies particularly in cases where 
the a,ir current carrying the dust towards the exhaust 
opening is very slow.

It must not be forgotten, finally, that wdien ex
haust ventilation is used for removing dnst, provision 
must be made for corresponding inlet ventilation to 
the room, the air being warmed, if necessary. It is 
not uncommon to see exhaust ventilation rendered 
partially inoperative by failure to provide proper 
inlets.

In producing an air current along a duct we are 
imparting motion, and therefore energy, to a large 
quantity of gas. The amount of energy thus im
parted— in other words, the work done upon the 
air— varies in proportion to the mass of air moved 
and the square of its velocity. In the case of an 
air current in a duct, howrever, the mass moved varies 
directly as the velocity. Hence the total work done 
w'ill vary as the cube of the velocity of the air 
current, measured at any one point in the duct. 
The work done on the air is also proportional to the 
mass of air moved multiplied by the pressnre it is 
moved against, hence this pressure is proportional to 
the square of the velocity. Bearing these facts in 
mind, we can readily understand the more important 
considerations relating to the proper arrangement of 
air ducts.

It is evident in the first place, that the greater the 
sectional area of an air duct is, the lower the velocity 
at wdiicli a current at a certain nnmber of cubic feet 
per minute will pa*s, and consequently the less work 
(in proportion to the squaie of the velocity) will be 
needed to move it. There is, however, little advan
tage in increasing the cross-section of a duct to 
much more than the cross-section of the fan opening,
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as additional velocity would then have to be given 
to the air as it- passed through the fan, with corre
sponding increase in resistance. Nor would it, as a 
rule, be an advantage to increase the size of the fan, 
so as to permit of a low velocity through it, as in 
such a case the current' is easily reversed by wind. 
The space occupied by I he ducts and fan is also a 
material consideration. Any obstruction or narrow
ing in a duct will correspondingly increase the 
velocity, and therefure still more the resistance, so 
that all obstructions should be avoided, including 
those due to deposits of dust. Any sharp bend con
verts into heat the energy of motion possessed by 
the moving air, and an equivalent quantity of eneigy 
of motion has again to be communicated to the air 
beyond the bend. A sharp bend may thus double 
the resistance, and ought to be avoided if possible. 
A  gradual bend causes much less extra resistance. 
A  further factor in causing resistancejs friction of 
the air along the sides of the duct. W ith the com
paratively short and smooth ducts commonly used in 
factory ventilation, this factor is, however, small, 
and need scarcely be considered.

Roughly speaking, the cross-section of the duct or 
its combined branches should be about equal to that 
of the fan opening ; and if a centrifugal fan, cap
able of overcoming considerable resistance, is used, 
the duct may be much smaller, and the air velocity 
in it much higher, than if a propeller fan is used. 
A  propeller fan can only work against small resist
ance, while a centrifugal fan is adapted for much 
greater resistances. On the other hand, the horse
p o w e r  required for the centrifugal fan is greater, in 
correspondence with the greater velocity of the air 
current and consequent greater resistance.

An important matter is the arrangement of branch 
ducts leading into the main duct connected with a 
fan. In exhausting dust-laden air from several 
dusty machines or dusty work-pbices, a correspond
ing number of branch ducts are required. If they 
are not properly arranged the amounts of air passing 
along the different branch ducts will differ consider
ably, so that at one place the exhaust current is too 
strong, and at .another too weak. Unnecessary 
resistance may also be caused.

Dr. Haldane describes experiments made by the 
Home Office Committee to determine the best 
arrangement of branch ducts. The Committee 
found that ‘ the loss of power at the junctions, and 
a t  the same time the tendency to inequality in flow 
through the branch ducts, may be avoided by the 
simple expedient of making the branch dncts join 
at a slant.’

The concluding part of Dr. Haldane’s paper deals 
with the relative merits of propeller and centrifugal 
fans for the removal of dust and fumes, and gave a 
number of illustrations of the application of the 
principles laid down to special cases. In concluding, 
he referred particularly to the method of increasing 
the effectiveness of exhaust openings by blowing air 
towards them. Though the system involves the 
provision of two fans, there are many cases, he 
things, in which the method could be successfully 
and economically used.”— J. S. H a l d a n e . — Engineer
ing Magazine, Aug. 1908, p. 757. (J. A . W .)

B a c t e r i a  a s  A g e n t  in  t h e  O x i d a t i o n  o f  
A m o r p h o u s  C a r b o n .  —  Lamp black, charcoal, 
coal and peat can all be oxidised by a diplo- 
coccus obtained from garden soil, and, no doubt, 
by other organisms as well. The action is only 
small, but it was quite clearly established (1) by 
passing a streani of air, freed from all traces of

carbon dioxide over the material and determining 
the presence of carbon dioxide in the issuing 
gas by.absorption with baryta and titration with 
oxalic and hydrochloric acids ; (2) by determining 
the rise of temperature due to oxidation by means 
of a thermopile and galvanometer, and (3) by detect
ing, in the case of charcoal, the presence of calcium 
carbonate in the flasks inoculated with the bacteria. 
Oxidation only takes place under conditions favour
able to bacterial activity ; thus the rate increases 
with the temperature to 40°, but at 100’ there is 110 
oxidation at all. Similarly, oxidation ceases when 
the amount of moisture present is insufficient for 
bacteria. It follows that micro-organisms are en
tirely responsible, and the author refers to various 
consequences of such an action, suggesting, among 
other things, that the heat generated by the bacterial 
activity may be an important factor in determining 
the spontaneous combustion of coal, or firing a 
mixture of explosive gases in contact with it. —  M. 
C. P o t t e r ,  Proc. Royal. Soc., 1908, 80, B. 239-259. 
— Journal of the Chemical Society, June, 1908, p. 
524. (W . A . C.)

T h e  U s e s  o f  K i e s e l g u h r .  —  “ According to 
Engineering the use of kieselguhr in Germany is 
now very extensive. The United States Consul at 
Chemnitz furnishes the following information con
cerning the deposits of infusorial earth in Germany 
and the articles manufactured therefrom:— Large 
amounts are employed in the manufacture of dyna
mite, where the remarkable absorbent properties of 
the material come into play. Its use alone as a 
fertiliser, and also in the preparation of artificial 
fertilisers, especially in the absorpiou of liquid 
manures, is widespread. There is also an extended 
use of the earth for rapid filtration purposes, as well 
as for covering steam pipes, lining refrigerators, and 
filling the walls of fireproof safes. In the manu
facture of water glass, of various cements, of glazing 
for tiles, of artificial stone, of ultramarine and 
various pigments, of aniline and alizarin colours, of 
paper, sealing wax, fireworks, gutta-percha objects, 
Swedish matches, solidified bromine, scouring poM> 
ders, papier-mache, and a variety of other varieties, 
tlieie is a. large and steady growing demand. For 
some of the purposes in question, and especially 
when kieselguhr is used to absorb nitroglycerine in 
the preparation of dynamite, it is of ptime im
portance that the earth should be freed as far as 
possible from moisture.”— Indian Engineering, July
11, 1908, p. 27. (A. R.)

D u r a b i l i t y  o f  M o d e r n  E l e c t r i c a l  A p p a r a t u s -  
— “ Electrical apparatus, when constructed in accord 
arce with the best engineering practice, is well-nigh 
indestructible if subjected only to the ordinary' 
amount of wear and tear, and often comes out with 
flying colours from the devastating reigu of floods 
and fires. The few incidents quoted below are ex
cellent examples of the amount of hard nsage that 
well-constructed electrical apparatus will survive, 
and srill be in working condition.

In the Knights Deep mine, near Johannesburg, 
South Africa, there were installed thirty-six 15 kw. 
transformers and twelve three-phase, 50 h.p., G .E .  
induction motors for operating the mine pumps. 
Through a' peculiar combination of circumstances, 
the mine was allowed to fill with water— the motors 
and transformers remaining under several hundred 
feet of water for over two years.

W hen taken out, three of the motors were, re
wound in the local repair shop. The others wer§
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.simply dried out and then soaked in oil. Contrary 
to all expectations and to the surprise of all con- 
■cerned, the insulation was found to be in excellent 
condition, and the motors were p u t. into service—  
•apparently none the worse for their high-pressure 
bath. The transformers were treated in the same 
manner, and shortly afterwards they replaced several 
transformers of English make, which had. burned 

•out only a short time after being installed.
_ A  railway power station situated near the Missis

sippi River experienced a severe flood during the 
season of high water. Two 1,500 kw. 6,000 volt 
generators were more than half under water for 
nearly a week, but when dried out carried their load 
without giving any trouble whatever. In fact, the 
first machine to be dried out carried the entire rail
way load until the second machine could be put into 
•condition. -

Another excellent example of the durability of 
the induction motor was shown by the remarkable 
performance of a G. E. 5 h.p. motor which was used 
in driving a pump in the G. II. Perry Co.’s quarry in 
South Dakota. The motor was often allowed to 
run without any attention over night, especially 
■during the rainy season. One night a heavy rain
storm filled the quarry to such a height that the 
motor was half under water. When started the 
next morning, it picked up its load and carried it 

•steadily until the pit was emptied of water. On 
•examination it was found to be none the woise for 
its prolonged bath, although a new pulley had to be 
put on in place of the old one, which was softened 
-and warped out of shape.”— Mines and Minerals, 
•July, 1908. (W .R .D .)

Reviews and New Books.

{ W e  shall be pleased to review any Scientific or Tech
nical Work sent to us for that purpose.)

J I o c k s  a n d  R o c k  M i n e r a l s .  A  Manual of Ele
ments of Petrology, without the use of the 
Microscope, for the Geologist, Engineer, Miner, 
Architect, etc., and for Instruction in Colleges 
and Schools. By Louis V . P ir s s o n .  Pp. iv. 
+  414., price 10s. 6d. (New York : John W iley
& Sons. London : Chapman & Hall, 1908.)

“ Many years’ experience gained in teaching and 
in the field has enabled the author to furnish the 

■■student with a handy book of reference concerning 
the common rocks and rock-forming minerals and 
how they may be readily distinguished without the 
aid of the microscope or chemical analysis. Part I. 
is introductory. In Part II. the properties, descrip
tion, and determination of rock-making minerals are 
dealt with ; w'hile Part III. is descriptive of the 
igneous, stratified, and nretamorphic rocks, and also 
treats of their origin and determination. The book 
is illustrated by 36 plates of rocks and rock scenery, 
many of them excellent, but a few are cloudy and 
indistinct. In addition, there are 74 text illustra
tions of a somewhat meagre character.

W hile the author has incorporated considerable 
original material the woik is necessarily mainly 
one of compilation. As affording a clear digest of 
the vast amount of important economical informa
tion containing in the bulky volumes of the Memoirs 
and Bulletins of the United States Survey, this handy 
and clearly printed text book is a welcome addition 
to petrological literature. Since the work is intended

as much for the engineer, architect, and miner as for 
the general geological student, we miss several1 
petrological terms of no direct practical value ; but 
in the classification of the igneous rocks the author 
has not refrained from introducing the much dis
cussed, but by no means generally accepted, terms 
of ‘ persalane,’ ‘ salfemane,’ ‘ dofemane,’ ‘ perfeniane.’ 
W ith  this exception, the book is not overburdened^ 
with useless technicalities, and if it contains some 
information of little practical significance, it also 
contains a great deal of indispensable knowledge,, 
and much with which tbe engineer and miner should 
be familiar.”— London Mining Journal, Aug. 29,1908.'

T h e  G e o l o g y  o f  C o a l  a n d  C o a l - M i n in g .  By 
W a l c o t  G ib s o n ,  D .S c .,  F .G .S ., price, 7s. 6d.’ 
(London : Edwin Arnold.)

“ This book is the first of a series of works on 
economic geology undertaken by the experienced 
geologist, and edited by Dr. E. J. Marr, of Cam-' 
bridge. Such a series published in England would 
hardly fail to commence with the coal industry, by 
reason of its priority in magnitude and importance, 
and in this branch, as in some others, we could 
hardly have a more capable, guide than Dr. Gibson. 
The subject in the volume before us is developed 
systematically. The author first deals with the 
constitution of coal considered as a rock, then passes 
on to its geological relationships, more especially in 
so far as their interpretation assists the work of dis
covery, and finally presents us with a description—  
of course a briet one— of the coalfields of Britain 
and of the world. A  chapter on ‘ the study of a 
concealed coalfield ’ possesses a peculiar interest to 
geological students in a country particular rich in 
coalfields, the possible extensions or which constitute 
a factor of great economical importance. The sin
gular consistency in the succession of the rocks of 
the carboniferous period and the rich development 
and marked individuality of their fossil flora, render 
them especially susceptible of independent treat
ment, and give a scientific completeness to Dr. 
Gibson’s book, which, taken in conjunction with 
its other excellencies, makes it an admirable in
augural volume for tire new series.”— The, London 
Mining ■Journal, Aug. 22, 1908, p. 250. (W . A. C .)

Selected Transvaal Patent Applications.

R e l a t i n g  t o  C h e m i s t r y , M e t a l l u r g y  a n d  
M i n i n g .

Compiled by C. H. M . K i s c h ,  F .M . Chart. Inst.P. A  
(London), Johannesburg (Member).

(N .B .— In this list (P) means provisional specifica
tion., and (C) complete specification. The number 
given is that o f  the specification, the name that of the 
applicant, and, the date that of filing.)

(P.) 382/08. William Arthur Caldecott. Im 
provements appertaining to means for separating 
liquid from crushed ore products. 19.9.08.

(P .) 383/08. Bruce Edward Tennent. Improve
ments in the preparation of charcoal for the.precipi
tation of gold from solutions. 19.9.08.

(C.) 384/08. Albert Donald Furse. Improve
ments in disintegrating apparatus. 21.9.08.
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(P.) 385/08. Frederick Walter Haynes. Improve
ments in apparatus connected with pumping 
machinery and the like. 22.9.08.
. (C.) 390/08. Charles Washington Merrill. Process 
of,'and apparatus for, precipitating and recovering 
valuable materials from solution. 1.10.08.

(C.) 392/08. Charles Walter Eccleston. Improve
ments in ore concentrators. 1.10.08.

(C .) 393/08. Arthur Lumley. Improvements in 
washing apparatus. 2.10.08.,

(C.) 394/08. Henri Poulain. Improvements in 
boring crowns and the process of manufacture of the 
same. 2.10.08.,

(P.) 396/08. John Thomas Mitchell. A  wire 
cutting machine. 3.10.08.

(P.) 397/08. W alter Edward Kiniber. Improve
ments in operating the stamps of stamp mills.
7.10.08.

(P.) 398/08. James Frederick Ferguson. Improve
ments in furnaces for smelting gold slimes and the 

. like. 9.10.08.
(P.) 399/08. Robert Copley (1), W illiam  Mahoney 

Butler (2). A  mercury and amalgam trap. 9.10.08.
(C.) 400/08. Julian de Irabian. Turbine operated 

by air current. 10.10.08.
(C.) 401/08. Joseph Knight (1), Richard Steel 

Somers Bellamy (2). Improvements in or relating to 
air operated rock drills. 12.10.08.

(P.) 403/08. John Chisholm. A  new invention 
with regard to insulating material. 13.10.08.

(P.) 404/08. Frederick Gwilliam. Improvements 
in apparatus for drilling or boring in the earth’s 
strata. 15.10.08.

(P.) 405/03: Paul Montravel Tennick. Improve
ments in means for removing incrustation or scale 
from the interior of tnbes, pipes and the like.
15.10.08.

(P.) 406/08. Charles Hansen. Improvements in 
safety brake arrangements for mine cages and other 
hoisting apparatus. 15.10.08.

(P.) 407/08. Kenneth Austin. Improvements 
in means for preventing winding accidents in mines 
and the like. 16.10.08.

(P.) 408/08. Alfred Stapleton Winton. Im 
provements 'n ore concentrators. 16.10.08.

(C.) 409/08. Lewis Condict Bayles. Improve- 
, ments in percussive rock drilling machines. 16.10.08.

(C.) 410/08. Waldermar Hommel (1), Henry 
Livingstone Sulman (2). Improvements in the 
separation' of zinc from its ores or compounds. 
16 10.08.
• (C.) 411/08. Albert Edward Hodder. Improve

ments in or relating to liqnid-containers and valve 
mechanism, therefor particularly applicable for use 
in water and like elevators. 16.10.08.

(C.) 412/08. Francis Harrison (1), Christoph 
Heinrich Dorman (2). Process for pi oducing tungsten 
metal combinations. 16.10.08.

(P.) 413/08. Antoine Henri Imbert. Improve
ments in and lelating to electric furnaces. 16.10.08.

(P.) 414/08. Charles Graliam Stone. Improved 
type of battery and apparatus for the reduction of 
ores. 17.10.08.

(C.) 415/08. Edward Lloyd W ynyard Bellhouse. 
Improved method of and means for securing the heads 
of bits used in percussive rock drills to their shanks.
17.10.08.

(P.) 416/08. Andrew James Maeninnn. Im 
provements in obtaining nitiogen for the preparation 
of cyanogen compounds. 17.10.08.

(P.) 417/08. Robert Southerby Magson (1) 
Edwin Charles Edyvean (2)., Improvements in 
renewable stamp guides. 17.10.OS.

Changes o f Addresses.

A n d r e o l i ,  G., I/o N ig el; P. O. Box 2012, Johannes
burg.

A r d e r n e ,  R. A . S., to 56, Carnarvon Road, Lorentz- 
ville, Johannesburg.

B e a t t y ,  J. W . S., l/o Luipaardsvlei ; Village Deep, 
Ltd., P. O . B o x  1145, Johannesburg.

B l y t h ,  W . B ., to Great Fingall G. M ., Ltd., Day- 
Dawn, W est Australia.

B r o w n ,  G. D ., I/o Johannesburg; French Bob’s. 
Mine, Lonw’s Creek, Barberton.

B u t t e r s ,  C has., to 333, Kearney Street, San 
Francisco, Cal., U .S .A .

C h a p m a n , F. T ., I/o Springs ; Witwatersrand Deep, 
Ltd., P . O . Box 5, Knights.

C h e w ,  B ., to P. O. Box 6196, Johannesburg.
C o o k e ,  R. C. H ., l/o Rhodesia ; 17, St. Edmund’s 

Terrace, Regents Park, London, N .W .
C r o s s e ,  A n d r e w  F . ,  to 33, C a m b rid g e  Square, Hyde 

P a rk , L o n d o n , W .
FORD, M ilv e r to n , l/o Johannesburg.; Aurora West, 

United G. M. Co., Ltd., P. O. Box 26, Marais- 
burg.

H a r r i s ,  J. ,V ., l/o W est Nicholson ; Blanket Mine, 
via Gwanda, Rhodesia.

H a w t h o r n e ,  J. W ., I/o Geriniston; Kerang A ,  
Victoria. Australia.

H e l l m a n n ,  F r e d ,  Ijo London ; 530, Mills’ Building,. 
15, Broad Street, New York, U .S .A .

J o h n s t o n ,  J a m e s , l/o London ; c/o Chas. Butters.
& Co., 333, Kearney Street, San Francisco, Cal., 
U .S .A .

L o e v y ,  Dr. J ., to 21, Luisenstrasse, N .W . 6, Berlin. 
Germany.

M a c k a y ,  A . N ., I/o London ; Cherokee Goldtields,. 
Ltd., San Julian, viaParral, Chihuahua, Mexico.

M a n n e r s ,  C. E .. Ijo N ige l ; A n g e lo  M il l , EastRandi 
Proprietary Mines, Ltd., East Rand.

M i l l i g a n ,  J. T ., Ijo Klerksdorp: ,91, Loveday 
Street, Johannesburg.

M i l l s ,  T. L ., Ijo Redruth; Royal School of Mines,. 
London, S. W .

M u r p h y ;  T. D ., I/o M exico; Aguacate Mines, A  
. San Mateo, Costa Rica, Central America.

O l i v e r , ,  W . H ., I/o Truro; Broomassie Mines, 
Broomassie, via Tarkwa and Sekondi, West, 
Africa.

PEARSON, T h o s . ,  I/o K nights; Cloverfield Mines,. 
Ltd., P . O. Geduld Station.

P o p e ,  J., l/o Gw elo; New Goch Gold Mines, L td ., 
P . O. Box 1096, Johannesburg.

S c h w a b e ,  S. B ., l/o Johannesburg; W est Rand' 
Consolidated Main Mines, Ltd., P. O. Box 38, ■ 
Krugersdorp.

S h a r p ,  W . P. F ., I/o Johannesburg ; Simmer and 
Jack Proprietary Mines, Ltd., P. O. Box 192, 
Geriniston.

S im p s o n , C. B ., l/o England ; Geldenhuis Deep, 
Ltd., Cleveland.

S im p s o n , C. E ., I/o Selukwe ; Concession Hill Mine,' 
Hartley, Rhodesia.

T o m , I s i d o r e ,  l/o London ; Associated Gold Mines- 
of W . A ., Kalgoorlie, W . Australia.

U r q u h a u t ,  W ..G ., Ijo Krugersdorp ; Simmer Deep,
• Ltd., P. O. Box 178, Geriniston.

W a r d ,  J. P ., to New Gocli Gold Mines, Ltd., P. O . 
Box i096, Johannesburg.

W a t s o n ,  E. S., to Simmer and Jack East, Ltd., 
P. O. Box 47, Gennisfrin.
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