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PREFACE

TO THE FIRST EDITION,

THE collection of papers which forms this book was mostly
prepared in moments stolen from more active professional duties,
and must consequently lack the uniformity and completeness
which is compatible only with ample leisure and freedom from
other more pressing cares.

It has been my intention to confine myself principally to
facts gleaned from my own experience, and only to touch upon
theoretical questions when essential for the understanding of
practical facts.

As the items of cost, both of construction and subsequent
operation, are amongst the most important of all the practical
questions that face the originators of new smelting enterprises,
and as these are virtually unattainable to the general public, I
have gone into these figures in considerable detail, not calculating
expenses a8 they appear on paper, and when everything is run-
ning smoothly, but giving the actual results of building on a
large scale, and of smelting many thousand tons of ores under
varying circumstances, and in all of the ordinary kinds of fur-
naces.

Owing to the magnitade of the subject, I found it impossible to
touch upon the so-called “ Wet Methods” without increasing the
size and consequent cost of this volume to an extent that might
probably peril its circulation.

The author desires to acknowledge the valuable assistance of
Mr. J. E. Mills, in connection with the geology of the Butte min-
ing district, and to credit Mr. H. M. Howe and Mr. A. F. Wendt
with the use he has made of their papers on ¢ Copper Smelting ”
and on ¢ The Pyrites Deposits of the Alleghanies.”

But, above all, he has to thank Mr. James Douglas for a
thorough and minute revision and criticism of his manuscript just

before publication.
E. D. P, J=.

WanrorLg, Mass,, June, 1887






PREFACE

TO THE SEVENTH EDITION.

S1woB the last thorough revision of this work, the metallurgy of
copper has been greatly modified by the success and general intro-
duotion of Automatic Calcining Furnaces; by the rapid and
extraordinary development of the Copper Bessemer process; by
the important and far-reaching improvements in Blast Furnuces
and Reverberatories; and perhaps, above all, by the gradual
dawning of the idea that, because Copper is worth fifteen times as
muooch as Iron, it is not absolutely necessary to expend fifteen times
as much money in handling and treating its ores.

The fusion of sulphide ores by the heat generated from their
own oxidation (Pyritic Smelting) has also, lately, become an
accomplished fact in several different localities—though how im-
portant it is to be as a process pure and simple can scarcely yet be
foretold.

The electrolytic refining of pig copper has become such an
important feature in many American and Kuropean works, that
it has been thought proper to inclnde a chapter on this method.
1 have been most fortunate in securing the assistance of Mr.
Maurice Barnett of Philadelphia, whose standing and long prac-
tical experience well qualify him to write with authority upon
this snbject.

All theee radical changes have made it necessary to re-write
this work, and, also, to add very considerably to its size.
Taking advantage of the break cansed by a professional trip
to Australasia, I have spent months in studying European
copper practice, in order to glean what might be useful in
our own work. The preparation of this edition, with its numerous
elaborate working drawings and plates, has occupied considerably
more than a year, and even then wonld have been impossible
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without the hearty co-operation of most of the copper smelters of
the United States, and the direct assistance of several metallur-
gists who have written for me on special subjects.

Thus, Mr. Robert Sticht, of Montana, has contributed an ex-
haustive and valuable paper on Pyritic Smelting. Mr. A. H.
Low, of Denver, has furnished much valuable original material in
relation to the assaying of copper. Mr. H. A. Keller, Superin-
tendent of the Parrot Silver & Copper Company of Butte, has
collaborated with me in writing the chapter on bessemerizing,
and has furnished me with material that can only be supplied by
a specialist in that department, and that will be appreciated by
every copper smelter in this country and in Europe. Mr. I. H.
Clutton, of the Messrs. Elliott’s Metal Company, Lim., South
- Wales, has kindly furnished me with a detailed description of the
Iodide Copper assay, as practised in Great Britain.

It is impossible for me to even enumerate the names of gentle-
men in Europe, Australasia, and America, who have given me
assistance in preparing this edition, and in gathering the material
for the same. I must, however, particularly thank Mr. Christo-
pher James, of Swansea, Mr. Richard Pearce, of Argo, Colorado,
and Mr. C. M. Allen, of Butte, Montana.

I also gratefully acknowledge courtesy and assistance from
Messrs. N. P. Hill, W. L. Austin, H. A. Vezin and M. L. Iles, of
Denver, Colorado, and wish to thank the Directors of the Boston
& Colorado Smelting works, and the Globe Smelter. Also Messrs.
E. P. Matthewson, A. S. Dwight, Carl Eilers, and A. Raht, of
Pueblo, Colorado, and the Directors of The Pueblo Smelting
Company, The Colorado Smelting Company, and The Philadel-
phia Smelting and Refining Company.  Also Mr. Franklin
Ballou, of Leadville, Colorado, and the Directors of the LaPlata
Smelter and the Arkansas Valley Smelter. Also, Mr. Otto Stalman,
of Salt Lake, Utah; and Messrs. W. A. Clark, F. A. Heinze, R. G.
Brown, A. H. Wethey, H. Williams, H. C. Bellinger, Captain
Palmer, C. W. Parsons and O. Szontfigh, of Butte, Montana, and
the Directors of The Colorado Smelting & Mining Company, The
Parrot Silver & Copper Company, The Butte & Boston Mining
& Smelting Company, and The Montana Ore Purchasing Com-
pany. Messrs. Frank Klepetko, G. M. Hyams, and the Directors
of The Boston & Montana Consolidated Mining & Smelting Com-
pany, of Great Falls, Montana. Mesers. H. Thofehrn, V.
Ray, and the Directors of The Anaconda Mining Company of
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Anaconda, Montana. Mr. A. R. Meyer, President of The Kansas
City Consolidated Smelting & Refining Company, of Kansas City,
Missouri. The Matthiessen & Hegeler Zinc Company, of LaSalle,
Illinois. Mr. H. F. Brown, of Chicago. Mr. Titus Ulke, of Wash-
ington. Mr. James Douglas, of New York, President of the
Copper Queen Mining Company. Also the late Lord Swansea,
and Messrs. T. D. Nicholls and William Terrill, of Swansea, and
Mr. Gerard B. Elkington, of Pembrey, Wales. My best thanks
are due to the Directors of the Rio Tinto and the Tharsis Com-
panies for their unbounded hospitality at their Spanish mines, and
to their local superintendents and other officials. Also to M.
Carnot, of the Ecole des Mines, and to MM. Martin and Fenelais,
of Paris. Also to the late Professor Stelzner, to Professors
Richter and Weisbach, and to the Royal Burean of Mines at Frei-
berg. Also to Herren Bergmeister Schroeder, Hiittenmeister
Steinbeck, and the Directors of the Mansfelder Gewerkschaft.
To the Humboldt Machine Company,o f Kalk-on-the-Rhine. Also
to Messrs. Bowes Kelly, Wm. Knox, H. H. Sticht, and the Di-
rectors of the Broken Hill Mining Company, of New South Wales.
To the Hon. John Henry and Mr. G. F. Beardsley, of Tasmania;
and many others.

It is only fitting that I should acknowledge my especial indebt-
edness to Messrs. Fraser & Chalmers, of Chicago, whose knowledge
of, and intimate relations with, almost every important mining
district in the world, has enabled them to afford me assistance and
information that has been of the greatest value.

E. D. P, J&.

DORCHESTER, Mass.,, August, 1895.
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Unless otherwise specified, the *‘ short ton ” of 2,000 pounds (907.2 kilos) is
used in this work.

One pound (avoirdupois).......... Ceeererestenieans 0.4536 kilos.
One foot == 12 inches............. Ceeteetiiraeiens 0.8048 metres.
Onegallon........coovvviinvinnens ouen N 8.7854 litres.

One ounce (Troy weight, as used for precious metals) 31.1 grams.

To reduce ‘‘ ounces per ton of 2,000 pounds” to per cent., multiply by
0.00848. Example: What is the value, expressed in per cent., of an ore con-
taining 155 ounces silver per ton ?

Auswer—155 X 0.00343 — 0.58165 per cent.

To change per cent. into ounces per ton of 2,000 pounds, multiply by 292.
Example : An ore contains 0.01548 per cent. of gold, how much is this per ton
of 2,000 pounds when expressed in ounces ?

Answer—0.01543 X 292 — 4.5 ounces per ton.

The common measure of wood (fuelj in the United States is the ‘‘ cord ” of
128 cubic feet.
An American dollar contains one hundred cents, and is equal to about

4 shillings 2 pence.... ............ feeeiseseneoes English, or
4 marks 16 pfennige............o. ceviiiiiiann German, or
6 francs 21 centimes............. ... eareeniaes French.

The value of certain foreign coins in American money has been determined
by the United States Treasury Department as follows:

Value in U. 8.
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Portugal......... teeseees sene Milreis. ..oovvereeveiiinennnn. 1.08
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MODERN COPPER SMELTING.

CHAPTER I
COPPER AND ITS ORES.

CoPpPER is a red metal, having, when pure and non-porous, a
specific gravity of 8.945 in vacuo and at the freezing point of
water.*

The slight porosity of ordinary commercial copper reduces this
figure to 8.15—8.6.

The capacity of copper for conducting heat stands very high,
being 898 when gold is called 1000.

Its electrical conductivity is 931, silver being 1000.

When copper is heated to within 200 or 300 degrees of its melt-
ing point, it becomes brittle and friable, and may be actually
pulverized.

The melting points of substances that are not easily fusible have
not beeu determined with exactness. As an approximation, copper
may be assumed to melt at 2000 degrees Fahr. (1093 degrees
Cent.).

When fused it possesses a sea-green color. It is volatile when
exposed to our highest attainable temperatures, such as the electric
arc, or the oxy-hydrogen flame.

Molten copper has the property of absorbing certain gases, such
as hydrogen, carbonic oxide, sulphurous acid, etc., which it sets
free again on solidifying. This causes serious difficulties in mak-
ing copper castings, and requires the employment of special pre-
cautions to prevent porosity.

The malleability, ductility, softness, and strength of copper

* W. Hampe, Zeitschrift fur Berg- Hiitten- und Salinenwesen, 1878, p. 218.
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are extraordinarily affected by the presence of minute quantities
of certain other substances. .

Cuprous ozide dissolves rapidly and homogeneously in metallic
copper, and, according to Hampe’s researches, produces absolutely
no effect until present to the extent of 0.5 per cent. Even 1 per
cent. of this snbstance produces but a very slight diminntion in
toughness. In greater quantities, it lowers the ductility of the:
metal, but may be present up to 8 per cent. to 18 per cent. without
rendering the copper unfit for most purposes.

Iron, when present, is generally distributed throngh the copper
with much regularity. Reliable data as to the effect of this sub-
stance on the tensile strength and electrical conductivity of copper
are not to be had. But the weight of evidence seems to show that
the minute proportion of iron so frequently present in refined cop-
per has no appreciable effect on any of its useful qualities, except,
possibly, its electrical conductivity.

Zinc forms an alloy with copper in every proportion, and slightly
lowers its ductility at high temperatures. But until the zinc
reaches at least 18 per cent., the tenacity of the alloy at ordinary
temperatures does not seem to be leesened.

Lead, while a useful addition to copper that is to be employed
for certain mechanical purposes, and assisting in procuring solid
castings, has a decidedly injurious effect if present it too large
quantities. One-third of one per cent. is sufficient to make the
metal both red-short and cold-short, while 0.75 per cent. will ruin
copper for any ordinary purpose.

Tin also alloys with copper in all proportions, and begins to
injure its ductility when present in quantities of 1 per cent.

Nickel is frequently present in commercial copper, and up to
0.3 per cent. seems to produce no injurious results.

Bismuth is, perhaps, the worst enemy of the copper refiner;
for, in spite of its oxidizability, it clings to copper with much
tenacity, and affects its properties in the most surprising manuer.
Hampe finds that merely 0.02 per cent. is sufficient to make the
metal distinctly red-short, and cold-shortness begins with 0.05 per
cent. bismuth.

Arsenic is not so injurious to copper as is often supposed.
Hampe cannot find that 0.5 per cent. of this substance has any
bad effect on copper, except to diminish its electrical conductivity;
and copper containing 0.8 per cent. arsenic was drawn by him into
the finest wire.

/"'\
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Antimony up to 0.5 per cent. acts very much like arsenic, and
the lowering of the metal’s electrical conductivity does not seem
to be accompanied with a loss of either strength or ductility. So
Hampe decides after a long series of most careful researches.
When present in quantities greater than 0.5 per cent., antimony-s
mnch more injurious than arsenic.

Tellyrium, which is by no means a rare constituent of copper in
certain districts, produces red-shortness, even though present in
very small amounts. But Mouchel claims that at ordinary tem-
peratures, the addition of 0.1 per cent. of tellurium largely increases
the tensile strength of copper without materially lessening its
conductivity.

Silicoa has been very thoroughly studied by Hampe as to its
effect on copper.*

The addition of 0.5 per cent. of this metal canses a distinct low-
ering of electrical conductivity. But copper may contain 3 per
cent. of silicon before its toughness or malleability is affected. Six
per cent. makes copper brittle, increasing as the silicon is increased,
until at 11.7 per cent. the alloy is as brittle as glass.

Sulphur in quantities of 0.25 per cent. lowers the malleability
of copper. Omne-half of per cent. produces cold-shortness, though
curiously enough such copper is not red-short.

Phosphorus in small quantities seems to produce no injurious
effect. At 0.4 per cent. red-shortness is developed.

Carbon is not at-all taken up by molten copper, according to
Hampe’s late researches, though not long ago it was believed to be
absorbed in considerable quantities, and to affect the copper most
seriously. Too loug-continued poling was thought to bring about
this result, but it seems to be now conclusively established that
the evil effect of *“overpoling” copper in the refining furnace is
due to the reduction of certain metallic compounds, which, when
present in the copper in an oxidized condition, produce no visible
effect. Such componnds are arsenates and antimonates of lead
and bismuth, mixtures of oxides of lead and copper, etc. The
gases arising from poling, such as carbonic oxide, hydrogen, etc.,
may also be absorbed by the copper, and affect it injuriously.

Tempered copper has been put upon the market by the Eureka
Tempered Copper Company, samples of which were examined at
the Versuchsanstall fiir Bau-und Maschinen Material with the
following results, the investigation having been made by P. Kirsch:

o *Chemiker Zeitung, 1892, No. 42.
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I.—CHEMICAL COMPOSBITION.

Ordinary Copper. | Tempered Copper.
Per cent. er cent.
Silver......... et eaieiteet et 0.026 0.025
'(lzgpper ................................ 99.930 99.981
ZADC. . vvenennrnsnnansnnennen e e
Iron...coviiiiiiiiiiiiiiiiennnnnn P 0.082 0.088
Aluminam. .........ooiiiiiiiiiiniieen e il P N
ATBeONIC. .. .ciiitiniiiier it 0.046 0.042
Phosphorus. .........cco0iiinn., ceeees 0.017 0.018
Total. ....oovveuiiiiiiinnninnnannnn. 100.101 100.154

As will be seen from the foregoing analyses, the difference of
tempered copper from copper of ordinary commercial quality, as
far as its composition is concerned, is but slight.

The coppers of which the analyses are given above were mechan-
ically tested, with the following results:

II.—MECHANICAL PROPERTIES,

Strength in | Elastic Limit Contraction {n
.¢ persq.| inkgs. per | EXtension. .
ke mm, squsmmpe Percent. | per cent.
Tension, tempered....... 18.14 8.05 18.0 26.7
Tension, tempered 19.58 7.67 23.5 36.6
Tension, untempered..... 16.30 7.18 21.0 36.6
Tension, untempered.. .. 17.17 7.08 22.5 86.7
Compression, tempered.. . 89.38 0.42 28.0 [..... ......
Compression, tempered. .. 37.20 9.93 26.8 [......oi.el.
Compression, untempered 88.12 9.62 T4 |.oeini....
Compression, untempered 86.21 11.20 216 |...........

*1 kg. per square mm, = 1,425.45 pounds per square inch.

" The tests and analyses quoted above were carried out in America,
and are quoted for the sake of comparison with those performed
at the Versuchsanstalt, which were as follows:

(a) Modulus of Elasticity.—The modulus of elasticity deter-
mined on a specimen tested in tension was 10,000 kilos per square
mm. The modulus determined by compression tests was 2,930
kilos per square mm., with a load of 2.5 kilos per square mm.,
and 1,020 kilos per square mm. with a load of 7.2 kilos per
square mm.

(8) Tensile Strength.—Test pieces used: Sheet, 0.11 mm. in
thickness, 50.2 kilos per square mm.; sheet, 0.13 mm. in thick-

L
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ness, 67.9; sheet, 0.55 mm. in thickness, 56.8; sheet, 0.64 mm.
in thickness, 53.4; sheet, 1.19 mm. in thickness, 52.3; wire, 0.50
mm. in diameter, 31.8; wire, 0.80 mm. in diameter, 72.0; wire,
1.65 mm. in diameter, 52.0; wire, 2.60 mm. in diameter, 50.0;
wire, 4.20 mm. in diameter, 47.6; rod, 87 mm. in diameter, 19.0.

The last named specimen had an elastic limit of 8.1 kilos per
square mm. - A compression test was made in which deformation
began when the load had reached 8.1 kilos per square mm. The
load ceuld be increased to 219 kilos per square mm. without pro-
docing cracks, although the test piece, which was originally 30
mm. in height, had been shortened to 7.8 mm.

(¢) Ductililty.—The extension given by the sheet varied between
0.2—2 0 per cent., while that of the wire was 0.1—(.2 per cent.
and that of the rod 13.1 per cent., while the contraction of area at
the point of fracture of the latter was 33 per cent. From these
tests, as well as by winding tests with the wire, it appears that the
material possesses great ductility.

The foregoing series of tests shows that tempered copper possesses
properties that distinguish it from the ordinary material, its
strength in pieces of small section being noticeably high, although
that of larger test pieces is by no means remarkable, as it shows
the tensile strength of only 19 kiles per square mm., while ordi-
narv commercial copper gives 20—25 kilos per square mm. Cast-
ings made of it are of good quality, and its electrical conductivity
is high.*

Copper is easily soluble in nitric acid, in aqua regia, and in
strong boiling sulphurio acid.

In dilute snlphuric and muriatic acids, with admission of air, it
dissolves slowly.

The metallurgical processes for obtaining copper from the
greater proportion of its ores are based upon its strong affinity for
sulphar, wherein it exceeds every other metal.

If an impure plate of copper be used as an anode in an acid
solution of sulphate of copp r, and another plate be taken as
cathode, a properly regulated electric current will precipitate
chemically pure copper upon the cathode, the anode dissolving in
the same ratio, while the impurities contained in the latter (in-
cluding often gold and silver), remain as a residual mud. This is

® Mittheil. Techn. Gewerbe- Museums, 1891, 261-267, through Journal of the
Society of Chemical Industry for February, 1892.
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the basis of the modern electrolytic refining of copper, first made
a technical and commercial success by the Messrs. Elkington of
England.

CoMPoUNDS OF CoPPER MosT IMPORTANT TO METALLURGISTS,
AND THEIR REACTIONS.

Copper has two oxides.

Cuprous oxide melts at a red heat without decomposition. It
is freely diesolved in molten metallic copper. In a pulverized
condition it can easily be changed into the higher oxide by gently
heating it in air. It is easily reducible to metallic copper, and
forms a fusible slag with silica.

Melted with subsnlphide of copper in proper proportions, the
copper in both sabstances is reduced entirely to the metallic state,
while the sulphur of the matte combines with the oxygen of the
cuprous oxide, and forms sulphurous acid gas. This reaction,and
a few analogous ones that follow, are the main basis of our treat-
ment of most ores of copper.

Subjected to the same treatment with sulphide of iron, the
copper combines with sulphur to form a subsulphide, which, to-
gether with a portion of the undecomposed sulphide of iron, forms
a matte, while the iron that has been changed to a protoxide by
the oxygen of the cuprous oxide, combines with silica, that should
also be present to form slag. The matte being heavier sinks to
the bottom and can easily be separated from the supernatant slag,

“and the first step in the fusion of copper ores has been accomplished.

Cupric oxide is infusible. It is easily reduced to metal by
hydrogen or carbonic oxide gases.

It will not combine with siliva to form a slag at ordinary metal-
lurgical temperatures unless there be such conditions present that
it is mostly reduced to cuprous oxide.

Its reactions with sulphide of iron and silica lead to the same
result as in the case of cuprous oxide. That is, we obtain a matte,
containing the copper as a subsulphide together with indeterminate
sulphides of iron, and a silicate of the ferrous oxide that has been
formed, as already explained.

Both of these oxides are soluble in ammonia.

Silicate of copper, in the presence of a strong base, such as fer-
rous oxide or lime, is reduced by carbon to the metallic state.

When heated with sulphide of iron we obtain sulphide of copper
and silicate of iron.
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When heated with metallic iron we obtain silicate of iron and
metallic copper.

Sulphides of copper.—We know two sulphides of copper: CuS
and Cu,S. Only the latter is of importance metallurgically, as the
CusS loses one-half its sulphur at a comparatively low temperature.

This Cu,S, or subsulphide of copper (cuprous sulphide), melts
at a low temperature, and fuses together with sulphide of iron to
form an apparently homogeneous substance called matte. This is
the object of the first smelting operation with ordinary ores.
Much of the sulphide of iron contained in the ore, as well as the
sulphides of copper, has been changed into oxides by a preceding
calcination at a low temperature. 'The reactions described above
having taken place, we obtain a matte containing all of the copper
as a subsulphide with much sulphide of iron, while the alkaline
earths and the protoxide of iron combine to a worthless slag.

Under favorable circumstances, and with low-grade ores, we
may thus sometimes diminish our material to be treated by 90
per cent. or more in this single fusion, and thus obtain practically
all of the copper (a8 well as any gold or silver present), in a very
small quantity of matte, on which we can afford to put considera-
ble expense.

THE OREs ofF COPPER.

Although the copper-bearing minerals are numerous, yet those
of commercial importance are few in number, and, for the most
part, quite simple in chemical composition. The following min-
erals may be properly considered ores of copper, and are found in
the United States in the localities enumerated.

NATivE METaLLIC COPPER.

Aside from the extensive occurrence of this metal in the Lake
Superior region und, more sparingly, at Santa Rita, New Mexico,
it is found very frequently as a product of decomposition, though
seldom in sufficient quantities to render it of any commercial
importance. It is usually remarkable for its purity.

CuPRITE, oR RED OXIDE oF CoPPER, Cr.,0; 88.8 Cv, 11.2 O.

This mineral occurs solely as a product of decomposition, and
while quite widely distributed, is nowhere an ore of any impor-
tance, except in the Southwestern carbonate mines, where it some-



8 MODERN COPPER SMELTING.

times permeates large masses of iron oxide, notably increasing their
copper contents. Quite large lamps of this mineral are found in
the Santa Rita mines, and are evidently the result of an oxidation
of nodnles of metallic copper, the unaltered center being usually
preserved of greater or less size.®* Many of the Butte City veins,
as well as fissures throughout the Eastern Coast Range, carry this
mineral in their npper portions as a produet of the decomposition
of sulphide ores.

MELACONITE, BLACK OxIiDE oP CopPER, CrO; 79.8 Cr, 20.2 O.

This ore, with its metallic contents usually in part replaced by
oxides of iron and manganese, is not quite so widely distributed as
the sub-oxide, but is more frequently found in masses sufficiently
large to pay for extraction. Its most remarkable occurrence in
the United States was in the Blue Ridge mines of Tennessee,
North Carolina, and Virginia, where the upper portion of the
beds furnigshed a very large amount of from 20 to 50 per cent.
ore, having the appearance of melaconite, and giving rise to expec-
tations that were always shattered after passing through this rich
zone and reaching the lean, unaltered pyrites below. This so-
called black oxide of the Blue Ridge regiont seems to be an inti-

*An average sample of thirteen tons of concentrates, taken by the author at
Santa Rita, in 1881, and partially analyzed under his supervision, gave, after
continuing the concentration by hand to almost complete removal of the rock
constituents :

Oxides of copper..........cceievvuuiinnennns ceeen coen 13.42
Carbonates of COPPEr.......cicvvtreennennecnscsncsannns 1.27
Oxides of iPOD. ... coivveirinireoienaicnoncnenns eeesses 013
Metallic iron (from stamps)............. oeiiiiiiiiann. 0.29
Sulphur. ... oo i e eeeae 0.11
Insolubleyesidue........ ...c.ecvveieiiiniiennnnns ceraes 0.37
Metallic COpper. ....ccvviieiieeiiiiiiins corune coneenn 83.66
Zn, Ag, Co, Ni, Pb, Mn........ o ciiiiiiiiiiiiiiiinnns Traces

99.25

This analysis presented points of considerable difficulty, especially in deter-
mining the amount of oxide of copper in the presence of metallic copper.
Entirely satisfactory results were not obtained ; but the method proposed by
W. Hampe, by means of nitrate of silver, yielded the only figures that could
lay the slightest claims to accuracy. Since this was written, the combustion
method has been so perfected that it will undoubtedly take the place of
Hampe's process in determining the amount of oxygen in the presence of
metallic copper.

t Pyrites Deposits of the Alleghanies, by A. F. Wendt.
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mate mixture of glance, oxide, carbonate, and sometimes finely
divided native copper. Two analyses, by Dr. A. Trippel, show
their constituents:

Oxide of COPPer. ...ccvvviuereinonaronrone cane 5.75 3.80
Besquioxide of irom........ ... coiiieilan, 1.50 63
Sulphur......ciiiiiiienne tereiiiiiieiaeant 18.75 25.40
COPPeL. .. et iieeetneaennasnsss connues os 71.01 41.00
S U .98 26.56
Soluble sulphates of copper and iron....... .... .72 1.78

99.56 99.17

A pile of such ore, laid on a bed of cordwood and moistened,
often ignites the wood below, and thus roasts itself without firing.

MarvacHITE, CuCO, + Cu (OH),; 71.9 CvuO, 19.9 CO,, 8.2 HO.

This is a much more valuable compound of copper than the two
preceding oxides, fromm a commercial standpoint; although no
mines in the United States furnish malachite of sufficient purity
to fit it for ornamental purposes.

While it may be said to occur in widely distributed but ordi-
narily in non-paying quantities, in the upper decomposed regions
of most copper deposits, there are certain localities in which it
forms the principal ore of this metal. It is very seldom found in
a state of purity, but is mixed with various salts of lime and mag-
nesia, oxides of iron and manganese, silica in its various forms of
quartz, chalcedony, flint, chert, and jasper, and, when scemingly
present in large quantities, it often forms only worthless incrus-
tations, or merely colors nodules and masses of valneless
material. It is then difficult, and in some cases impossible, to
form any accurate opinion of the tenor of the ore from its external
appearance. It is an important ore in the Southwest.

AzuriTe, 2 CtCO; + Cu (OH),; 69.2 CuO, 25.6 J0,, 5.2 HO.

This mineral requires only a passing notice. It is distributed
in the same manner and occurs under the same conditions as its
sister carbonate, but in very much smaller amounts. It occurs in
profitable quantities only in some of the Southwestern mines.
Specimens of this mineral are found with malachite and calc-spar
in the Longfellow mine, exceeding in beauty anything of the kind
that is known clsewhere in the United States.
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CHALCOPYRITE, CU,S, FEgS;; 34.4 Cu, 30.5 FE, 35.1 S.

This is by far the most widely distributed ore of this metal, and'
furnishes the greater proportion of the world’s copper. It occurs
principally in the older crystalline rocks, frequently accompanied
with an overwhelming percentage of iron pyrites, in bedded veins,
in Newfoundland, in Quebec, Canada, in Vermont, Virginia,.
Georgia, Tennessee, and Alubama.

The value of copper-bearing fissure veins below the limit of sur-
face decompogition is nearly always due to this mineral. In some
localities the chalcopyrite forme with pyrite a fine-grained mechan-
ical mixture, varying in color with its percentage of copper from
deep yellow to steel-gray. This substance is easily recognized
under the microscope as a mechanical mixture, and not a chemical
compound. In most of the carbonate mines of the Southwest that.
have attained any considerable depth, chalcopyrite is already be-
coming apparent, in minute specks; and it is highly probable
that the altered ores near the surface, with their valuable admix-
ture of ferric oxides, are all due to the decomposition of this min-
eral. The sulphureted fissure-veins of the Rocky Mountains and
Sierra Nevada are seldom free from this mineral, although their
value almost invariably depends upon their precious metal contents.
The remarkable purple ores and copper glance of Butte City,
Montana, have already in several mines given place in depth to the
universal yellow sulphide.

In the vast bodies of bisulphide of iron (iron pyrites), that fur-
nish so large a proportion of the material for the world’s manufac-
tore of sulphuric acid, copper pyrites is frequently present in
paying quantities.

Silver and gold are also commonly present in minute amounts,
and one of the most interesting feats of metallurgical chemistry is
the profitable extraction of these metals from ores carrying only
3 per cent. copper, less than one ounce of silver, and four or five
grains of gold. (1t is a curious fact that monosulphide of iron,
though often rich in copper pyrites, and noticeably so in nickel,
very rarely carries more than the merest traces of the precious
metals.)

In these great pyrites deposits, a concentration of the silver
frequently takes place just at the line of junction between the
oxidized surface gossan and the unaltered pyrites below.

At one of the surface openings on the Rio Tinto deposit, the



COPPER AND ITS ORES. 11

iine of demarcation between the oxidized and sulphide ores is very
sharp. The gossan at this place was about sixty feet thick, and
just below this capping of red iron ore, and resting upon the
almost unaltered pyrites, was a soft, grayish earthy deposit from
half an inch to six inches in thickness, and containing from 50 to
150 ounces gilver (0.17 per cent. to 0.52 per cent.) per ton, while
the original pyrites contained probably about one ounce, or less, to
the ton. A sample that I took from many spots assayed 66 ounces
(0.23 per cent.) silver and 9 per cent. lead.

I had the pleasare of witnessing the discovery and development
of a still more striking instance of this nature at the Mount Lyell
mine in Tasmania. This isa deposit of massive iron pyrites about
300 feet in width, and averaging 44 to 5 per cent. copper, with 3
pennyweights gold and 3 ounces silver per ton (0.005 per cent. gold
and 0.01 per cent. silver). At one portion of the deposit thereis an
extensive and remarkable chute of gossan on the footwall, descend-
ing to the 200-foot level. This gossan contains nearly the same
amount of gold as the original pyrites, from which it was doubtless
derived, but neither silver nor copper. These commercially im-
portant constituents had been leached out and redeposited on the
footwall, nnder the lower border of the gossan, in a series of exten-
give and irregular pockets, which are still being actively worked.
The first 50 tons of ore extracted averaged very close to 2,000
ounces silver per ton (nearly 7 per cent.) and 21 per cent. copper.
The ore was a pure chalcopyrite, containing streaks and nodules
of a very rich copper-silver glance.

In our own country, the United Verde mine in Arizona has
a layer, very rich in silver, between the gossan and the ordinary
pyrites.

CHALcoCcITE, CoPPER GLANCE, Cu,S; 79.7 Cv, 20.3 S.

This ore is seldom found in a condition of perfect purity, its
valuable component being frequently in part replaced by iron and
other metals. Its copper percentage rarely falls below 55, and
even at this low standard the mineral retains its physical charac-
teristics, a slight diminution in its luster being the principal dif-
ference observable. When high in copper, it greatly resembles
the white metal of the smelter. Chalcocite containing from 60 to
74 per cent. of copper occurs in large amounts in the noted Ana-
conda mine, Butte, Montana. Several of the other Butte mines
carry the same mineral, although, as they approach the western
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boundaries of the distriot, it gradually passes into bornite or pea-
cock ore. It is also an important ore in Arizona, occurring in large
quantities near Prescott, as well as in the Coronado and other
Clifton mines. In New Mexico, it constitutes virtually the entire
value of the Nacimiento and Oscura Permian beds. It occurs fre-
quently in Texas in the Grand Belt mines, and is the principal
ore of numerous narrow fissures in the Middle and Atlantic States.
In the Orange Mountains of New Jersey, examined by the author,
it was found in a species of shale, as an ore of the following
composition:

Copper.....ccoevvvensnn. 75.20 | Sulphur................ 17.97
Iron......... Ceerereiens 4.10 | Insoluble.......ceevuurns 1.10
Manganese.............. 1.18 —_—
Silver (2.87 ounces)....... 0.01 99.51
Gold........covnvvnnnnnn Trace

BorNITE orR ERUBESCITE, 3 Cvu,S, FES;; 55.58 Cu, 16.36 FE,
28.06 S.

This is one of the most beautiful of the sulphureted ores of cop-
per, being characterized in its fresh condition by a superb purplish-
.brown color, which soon changes on exposure to the air into every
conceivable hue, from a golden yellow to the deepest indigo, and
from a brilliant green to a royal purple. The mode of occurrence
of this mineral and its limited extent of distribution as regards
depth indubitably stamp it as a product of decomposition, solution,
and re-deposition of the metallic portion of the vein. Like copper
glance, this mineral is far from uniform in its composition, varying
in richness from 42 to nearly 70 per cent. of copper without en-
tirely losing its characteristic colors.

It forms a frequent ore of the Butte mines in their rich zone,
which lies between the leached-out surface zone and the unaltered
sulphides below.

TETRAHEDRITE, GrAY CoPPER ORE, FAHLORE (Ct,S, FES, ZNS,
AGS, PBS), (SBS;, As,Ss); 30.40 PER CENT. COPPER.

Except in those rare and highly argentiferous varieties in which
the copper is replaced to a greater or less extent by silver, this is
seldom regarded in the United States as an ore of copper.

Both its scarcity and its obnoxious components (arsenic, anti-
mony, etc.) prevent it use as a source of copper in this country,
where the general purity of our ores has established such a high
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standard for this metal. Only the most favorable circumstances,
mineralogical, metallurgical, and commercial, would render the
working of non-argentiferous fahlores at all practicable. This
mineral occurs in small quantities in certain of the Butte copper
mines, rendering their product slightly inferior to that from the
oxidized ores of Arizona or the pure sulphides of Vermont. This
slight disadvantage is, however, far outweighed by their contents
in silver, which partly owes its presence to this same arsenical
mineral. From the San Juan region, Colorado, an argentiferous
tetrahedrite adds a notable quantity to the production of the
United States. It appears principally as matte from the lead fur-
naces, and as black oxide from the Argo separating works.



CHAPTER II
DISTRIBUCTION OF THE ORES OF COPPER.

THE ores of copper are widely distributed over the earth’s sur-
face, and may be found in almost every geological formation.
The principal copper districts of North America may be classed in
three groups:

I. The Atlantic coast beds.
II. The Lake Superior deposits.
II1. The deposits of the Rocky Mountains and Sierra Nevadas.

I.—THE ATLANTIC COAST BEDS.

Throughout its whole extent in North America, the Atlantic
coast is bordered by a succession of parallel ranges, which, by their
general geological as well as geographical analogy, must be classed
in the same system. They form an unbroken chain from Florida
to Labrador, and thence, continuing their same northeasterly
direction along the coast of that bleak country, dip beneath the
waters of Baffin’s Bay, where they are represented by a series of
submarine peaks, and, nourishing the gigantic glacier system of
western Greenland,* terminate, so far as known, in Mount Edward
Parry, north latitude 82 degrees 40 minutes. Dr. T. Sterry
Hunt’s admirable researches have given us a very clear insight
into the origin, formation, and structure of this immense range of
mountains within the confines of the United States and Canada.
It consists essentially of metamorphic rocks—largely crystalline
schists—and is metal-bearing to a greater or less degree throughout
its entire extent, though only in a few places is copper found in a
sufficiently concentrated form to justify any attempts at extraction.

The main copper mineral of importance in this range is chalco-
pyrite. In the more northerly division, where there has been
extensive glacial denudation, this reaches unaltered almost, or
quite, to the grass-roots, while from Virginia to Tennessee, where

* See Dr. Kane’s Arctic Expedition for soundings taken in Baffin’s Bay; also
Geology of Greenland’s Mountains.
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abrasion has not taken place, and where oxidation has been assisted
by climatic influences, decomposition with subsequent concentra-
tion is found to a considerable depth. The result of this is usnally
a zone, rich in an impure black oxide of copper containing a certain
proportion of sulphur, which sometimes occurs in considerable
quantities near the surface, after first passing through a greater or
less extent of barren iron oxide, derived from pyrite, and which
has no doubt furnished the copper to enrich the underlying zone.

The occurrence of this valuable mineral in merchantable quanti-
ties has, in more than one instance, raised expectations and led to
large expenditures that have subsequently proved entirely unwar-
ranted; for at a slightly greater depth, the unaltered vein assumes
its true character of a more or less solid pyrite or pyrrhotite car-
rying a very small amount of copper (seldom above 3 per cent.)
in the form of the common yellow sulphuret. When the accom-
panying mineral is a bisulphide of iron and the locality is favorable,
the pyrite may be utilized in the manufacture of sulphuric acid,
the copper being extracted from the residues by well-known
methods; but when the prevailing mineral is the monosulphide
—magnetic pyrites—there can be no question of profitable work-
ing, pyrrhotite being absolutely valueless since copperas has become
a by-product of fence-wire making. At Capelton, in Canada, at
Ely, Vermont, and at one or two points in Newfoundland, copper
pyrite occurs in a sufficiently concentrated form to yield from 5 to
6 per cent. in considerable quantities, an ore on which profitable
operations may be conducted, under favorable conditions.

In Virginia, at Ore Knob, North Carolina, at the Tallapoosa
mine in Georgia, and at Stone Hill, Alabama, indications of a
similar concentration of copper have given rise to extensive explo-
rations, and, in some cases, to the expenditure of large amounts
of money, which have not always resulted satisfactorily. These
are all examples of so-called dedded veins, following the lines of
stratification, and being simply sandwiched in between the layers
of rock. One of the most curious features of these beds is the
alternate occurrence of the sulphide of iron that forms the great
mass of the gangue, as pyrrhotite and pyrite. In Capelton, for
instance, we have the bisulphide; a hundred miles distant, at Ely,
the monosnlphide alone exists; in Virginia and at Ore Knob, the
monosulphide preponderates; while in the Tallapoosa mine, the
bisulphide alone is found. Neither tha chemical nor geological
composition of the corresponding country-rock explains this phe-
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nomenon. Here, it will be proper to mention the occurreuce, in
stratified rocks, of the sulphide of copper (copper glance), usuall
in unimportant quantity, throughout Pennsylvania, New Jersey,
and other Middle and Southern States.

For convenience, we may append to this division the copper ores
of Sudbury, in the Province of Ontario, Canada. Copper pyrites
is here associated with much greater amounts of nickeliferous
pyrrhotite, and occurs in stockwerks in the Huronian rocks, along
or near contacts of diorite and gneiss, or diorite and quartz-syenite.

II.—THE LAKE SUPERIOR DEPOSITS.

These deposits occur in the Keweenawan series, which are up-
turned rocks of Algonkian age that have been deposited uncon-
formably upon the iron-bearing Huronian series, and are in turn
overlapped by the sandstones of the Cambrian.

The copper-bearing strata of the Keweenawan series consist of
beds of trap, sandstone, and conglomerates of doubtful age. They
rise at an angle of 45 degrees out of the horizontal sandstone from
which the basin of Lake Superior has been eroded. It is only on
the Keweenaw promontory of Michigan that they have yielded
copper in profitable amounts, though the same series of rocks,
always containing a certain proportion of this metal, stretches
westward across Wisconsin, far into Minnesota. In the latter
State, sulphurets of copper are sometimes present in the Keweenaw
belt, but in Michigan the copper occurs exclusively in the metallic
condition, and is believed to be derived from the solutions formed
from the oxidation of the cupriferous sulphides that abound in
the underlying Huronian formation.

Three classes of deposits have been exploited on the Keweenaw
peninsula.

1. Veins which in some instances cut, and in others are parallel
with the beds, but which are filled with vein stone different from
the intersected rocks. It is from these veins that the great masses
of native copper have been derived that have made such an im-
pression upon the public.

2. Copper-bearing beds of amygdaloidal diabase, locally called
ash beds,and amygdaloidal traps.

3. Beds of conglomerate, of which the cementing material con-
sists in part of copper.*

* ¢« The Copper Resources of the United States,” by James Douglas, Journal
of the Soctety of .1rts, London.
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The mass mines become poorer in depth, aud are considered
somewhat hazardous enterprises.

The ash beds have been much more profitable, the Quincy,
Franklin, Pewabic, and many other noted mines, belonging to this
class.

The conglomerate beds produced in 1893, 85,662,000 pounds of
fine copper, or 75 per cent. of the entire output of the Lake Supe-
rior District. Yet this large production comes from a single ore-
chute, about three miles in length, and penetrated to nearly 4,000
feet in depth. On this chute are situated the Calumet & Hecla,
Tamarack,and Atlantic Mines.

The average contents of the ores now mined at Lake Superior
may be placed at about 2.9 per cent.

II[.—THE DEPOSITS OF THE ROCKY MOUNTAINS AND THE
SIERRA NEVADAS.

This division includes a heterogeneous collection of districts and
formations, and comprises nearly one-half the area of the United
States.

The rock formations of the different mining regions in this dis-
trict happen to differ sufficiently to enable us to subdivide it ac-
cording to its geological characteristics.* We have:

(4) Precambrian deposits, which include the celebrated mines
of Butte, Montana, and probably the United Verde group of
Prescott, Arizona.

(B) Palmozoic deposits, always associated with eruptive rocks
in the profitable mines of this country. The most important
areas of this class are:

(a) Bisbee, Clifton, and Globe, in Arizona, in which the
ore occurs mainly in the lower carboniferons lime-
stones, and is ordinarily oxidized to a depth of some
hundreds of feet.

(3) Leadville, Colorado, the copper sulphides being found
in conjunction with pyritous silver ores in silarian
limestones in contact,and fracture-planes.

(¢) Tintic, Utah, in Palaozoic limestones, with ores of gold
and silver.

¢ ** The Geological Distribution of the Useful Metals in the United States.”
Bee paper by 8. F. Emmons, Transactions American Institute Mining Engineers,
Vol. XXII., p. 53, from which is also taken certain information regarding the
geology of the Lake Superior district.
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(C) Mesozoic Deposits.—The most important of these deposits,
from the commercial standpoint, are the pyritous beds of Cali-
fornia, that occur along the foothills of the Sierra Nevada, at the
contact of diabase and the upturned cretaceous slates. In Texas
and Colorado, and especially in New Mexico, there are areas of
Trias that show a wide distribution of disseminated copper, and
some few points of sufficient concentration to warrant exploitation.
In the cretaceous throughout the Rocky Mountains, copper occurs
to a subordinate degree, in connection with ores of the precious
metals, whence there is a considerable production of the less valu-
able metal, as a by-product.

(D) Tertiary and Recent Deposits.—No copper worth mention-
ing is produced in the United States from such rocks. There are,
however, several spots in Arizona and New Mexico, where there
are recent deposits resulting from the surface leaching of copper
minerals situated in the older rocks.

The Butte Mines.*—The most northerly, and by far the most
important of all the ores included in this divison, are the deposits
of Butte, Montana, their output for 1893 being 155,000,000 pounds
of fine copper, or about 69,200 tons of 2,240 pounds. This enor-
mous production came from a little granitic area of (probably)
precambrian rocks, not over one mile wide by two miles long, situ-
ated on the western slope of the main divide of the Rocky
Mountains.

The ore occurs in irregular lodes in the granite, having an east
and west strike, and an average dip of some 12 degrees to the
south from the vertical, though in places this becomes as much as
45 degrees. The distribution of the ore is also very irregular,
_ extensive bodies of the same being frequently found on breaking
through what appears to be a well-defined wall. Again, there
will be no definite line between the vein and the -adjacent country
rock. The ore is usually found in chutes that often extend for
several hundred feet along the strike, before pinching out. Their
depth is frequently even greater than their length, though they
are sometimes broken by small faults.

* For a detailed description of the mines and metallurgical works of this
district, see a paper by the author, entitled ‘* The Mines and Reduction Works
of Butte City, Montana,” ITnited States Geological Survey, Mineral Resources,
Albert Williams, Jr., 1885. For a recent and more valuable description of the
mines of Butte, see ‘“ The Ore Deposits of Butte City,” by R. G. Brown, Amer-
ican Institute Mining Engineers, October, 1894. I have used this paper freely
in the present section.
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The veins are rarely banded, and vary in size from a few inches
of compact ore up to 100 feet or more, as in the Anaconda mine.
Five or six feet may be regarded as the ordinary width, though a
large proportion of the ore raised in Butte comes from stopes of
much greater width than this. The gangue rock is usually gran-
itic and silicions, but not quartzose.

The croppings of the copper veins are moderately prominent,
and consist of the usual brownish, iron-stained quartz that may
be found at almost any point in the great American mountain
chain, from Alaska to Patagonia. Just below the surface, red and
vellow oxides of iron appear, carrying high values in silver and
gold, but usually low in copper.

These decomposed ores extend to the water level, which is reached
at a depth of from 40 to 300 feet, depending upon the surface
irregularities. At this point begins the zone of rich, secondary
copper ores that have made Butte so famons. The copper minerals
of this zone are difficult to determine, as they pass throngh all
gradations from pure chalcocite down to chalcopyrite, bornite being
also of very frequent occurrence. Iron pyrites is usunally present
in considerable amounts.

Naturally, these rich, secondary ores have fallen off in depth,
Ledoux estimating their average decline at 2 per cent. copper per
100 feet. But this diminution lessens as greater depth is gained,
and the ore raised from the Butte mines at present, omitting a
few bonanza bodies, averages about 64 per cent. copper and 5
ounces silver to the ton of 2,000 pounds (0.017 per cent. silver).
There is a loss of some 18 per cent. in concentration, and to this
must be added the smelting loss, which will reduce the yield of
the great bulk of the Butte ores to 5 per cent. copper and 4 ounces
(0.014 per cent.) silver.

Notwithstanding this great decline in percentage and values
(which, to be sure, has resulted partly from the ability to work
lower grade ores to advantage), the Butte mines are making more
profit to-day from a 6 per cent. ore than formerly from one of
doable this richness. This results from the consolidation of min-
ing properties, and from the astounding and radical improvements
made in the metallurgical treatment of the ore. The rich surface
ores of the district have furnished the capital that was needed to
design and constraot the improved plants, and to gain experience
necessary for treating the lower grade ores at a profit.
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Ledoux* makes the following four statements, with which I
agree in the main:

1. The average yield of copper in the Butte camp is 5§ per ceut.,
or 110 pounds per ton net, and it will not fall much below 5 per
cent.

2. This copper costs 94 cents per pound, delivered in New York.

3. The value of the precious metals in the copper is equal to
§57 per ton copper, and should yield a net profit of over 2 cents
per pound of copper, with silver at 65 cents per ounce, and elec-
trolytic copper at 94 cents per pound. (This was written a year
ago.)

4. The present output can be maintained for at least ten years
to come.

At the present low price of the metals in question, it may be
assumed that the net profits of the Butte mines are mainly derived
from their silver contents, the copper just about paying all the
expenses.  Aside from the Cualumet & Hecla ore chute at
Lake Superior, this is probably doing better than any other great
copper district in the world.

At a depth exceeding 1,300 feet, there is no sign of any weaken-
ing or giving out of the Butte copper lodes.

The Arizona Copper Mines.t—"These comprise four distinct
groups of deposits of commercial importance, besides a very large
number of slightly developed districts, some few of which may yet
become producers. The production in 1893 was about 44,000,000
pounds, or 19,643 tons of 2,240 pounds.

The profitable mines havé been found mostly in carboniferous
limestone, and at, or vear, its contact with an eruptive rock, such
as felsite, diorite, or porphyry. On entering an underlying acid
rock, whether sandstone or porphyry, the veins become narrow
and unprofitable. The productiveness and permanency of most
of the Arizona copper districts scem to stand in close relation to
the thickness of the ore-bearing limestone. A striking example
of this fact may be seen in the accompanying cut, Fig. 1, which
shows a section across the well-known Longfellow mine of Clifton,
Arizona.

* The Mineral Industry, Vol. 11, p. 245.

$ The cuts and many of the facts in this description are from A. F. Wendt's
paper, ** The Copper-Ores of the Southwest,” Iransactions American Institute
Mining Engineers, Vol. XV, p. 25.
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The acid rocks, such as diorite, porphyry, and granite, contain
large numbers of veins carrying copper ores with quartzose gangue,
but they have scarcely ever proved productive in this region. It
is an interesting fact that in these acid veins, the surface carbon-
ates and oxides usually change within a few feet into copper glance,
and at no very great depth, into the ordinary chalcopyrite, while
the limestone veins carry great bodies of oxidized ores to very con-
siderable depths, and change into chalcopyrite without any marked
appearance of copper glance.

As Wendt justly remarks, all the important Arizona deposits
seem to be true fissure veins, in the sense that they are bodies or
masses of ore deposited in the rocks that now contain them, subse-
quent to the deposition or formation of these rocks.

Great bodies of clay are almost invariably found in conjunction
with these veius, resulting, evidently, from the decomposition of
the rocks due to the enormous thermal action that has taken place
during the deposition of the copper ores. The walls of the Long-
fellow mine often consist of pure white kaolin, of which Wendt
gives the following analysis:

Silica. .. i i it r i it et aiaae 42.40
Alumina. .. ...o.. Ll it teiiiie creiereteaaas 82.50
Ferricoxide........... civivireiiinerennntesecnnennnens 16.17
Lime . . ittt iiiiieii ittt ttete caeeaee ceeieaaen 2.10
Magmesia.......iiiiiiiaiiiiii i it Trace.
COPPOE. i vt ttttiiiiiiiteiatstttenneenannssossescsnnnnas Trace.

98.17

The balance of the 100 per cent. was principally moisture.
The four important Arizona copper districts are at present:
The Clifton District. The Globe District.
The Bisbee District. The Black Range District.

It is only possible, in this brief sketch, to outline a few of the
most important characteristics of these interesting deposits.

The Clifton District, like most of the other copper areas, con-
tains three distinct systems of veins carrying copper.

1. Veins occurring in limestone.

2. Veins occurring in porphyry or felsite.

3. Veins occarring in granite.

The ores of the first system consist mainly of cuprite, in a gangue
of compact hematite; and of malachite and azurite, in a gangune of
manganese, or wad. An analysis of a characteristic specimen of
this cupriferous wad by Professor Mayer yielded:
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Cupric 0Xide......cvviveriieiieieeetierine seiiieenans 28.39
Manganic oxide................ N 81.24
Siliea...........0 e e tereteeneeretaeaaaae seereantans 24.81
R, . iiiiitiieniritteeeeanssssonsonsnnsonnnee anes 11.87
Ferric oxide and carbonic acid........... .........o0s, 2.74
Lime. .. .cieee coriiiiiitiinaiiseeiercttensiraresaanns Trace.

99.05

The most noted mine of this olass is the Longfellow. A refer-
ence to Fig. 1 will show it to be an almost vertical fissure in strati-
fied limestone, at or near its junction with a strong dyke of felsite.

F1a. 1.—THg LONGFELLOW MINE.

At times the vein forms an actual contact with the felsite. Ex-
tensive bodies of ore branch from the main vein, replacing one or
more beds of the limestone, and again following vertical seams in
the latter. Figs. 2 and 3 show horizontal and vertical sections of
vein struature in the Longfellow mine.

The Detroit mine also occurs in the same carboniferous lime-
stone, in close proximity to a dyke of fine-grained green eruptive
rock. Its ores are mainly azurite and cupriferous wad.

The second class of veins occurs in porphyry, and presents too
varied features for detailed description in this connection. One
of thom is shown on Metoalf Hill, see Fig. 4, where, at the surface,
it forms a stockwerk of oxidized veinlets over 100 feet wide in the
porphyry, which soon unito iuto a single vein carrying copper
tlance, at greater doptha doteriorating into unprofitable ores.
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Another interesting example of the second system of veins is
the Coronado group, in a strong dyke of quartz porphyry, cutting

Fia. 8.

F1a. 2.—HORIZONTAL SECTION. F16. 8.—VERTICAL SECTION.
THE LONGFELLOW MINE.

F16. 6.—BISBEE DEPOSITS.

through syenite and granite, which latter abuts against, and is sur-
rounded by, stratified limestone, as shown in Fig. 5. Near the
surface, these veins carry strong bodies of rich copper glance,

—




24 MODERN COPPER SMELTING.

mainly where the porphyritic walls are strongly decomposed and
kaolinized. As depth is gained the rich ore gradually disappears,
and at 150 to 200 feet from the surface the vein becomes barren,
or contains only sparsely disseminated chalcopyrite.

Two partial analyses, by Henrich, of typical ores of this class
show their silicious character:

L IL
Copper....... P § 18 4 21.95
SilicR... coveciiiiieiiiieeiieeieiiieeae.... 67.00 48.90
. P X | 9.41

The veins of the third system occur in granite, at a great alti-
tude and in extremely inaccessible situations. They are strong
and of good width—>5 to 12 feet—and carry copper glance near the
surface; but their mineralization is very irregular and they have
been little worked.

The Bisbee District is in the Mule Pass Mountains, in Southern
Arizona, only 10 miles from the Mexican border.

A great mass of eruptive rock has upheaved the carboniferous
limestone, and along the southern contact occurs the Copper Queen
group of deposits. (See Fig. 6.) They correspond closely to Von
Cotta’s “bed-veins.” They arenot simply “ore-beds,”’ as they send
nomerous spurs into the walls. These spurs usually follow the
planes of bedding of the limestone, and the mode of deposition is



DISTRIBUTION OF THE ORES OF COPPER. 25

still further complicated and obscured by the occurrence of affiliated
bodies of ore in the limestone, which were evidently deposited in
vugs and caves.

The ore consists mainly of hydrated oxides of iron and alumina,
carrying, at present, about 8 per cent. of copper, after undergoing
a moderate selection. To a depth of over 400 feet the copper
was mainly in the form of carbonates, but as greater depth is
gained sulphides are encountered, and a converter plant has just
been erected.

The Bisbee black copper, as produced by a single fusion of the
oxidized ores with coke, in a water-jacket cupola, is of excellent.

GRANITE
ANOD

SYENITE

F16. 5.—VERTICAL CRO88-8ECTION OF CORONADO VEIN, CLIFTON.

quality, the following analysis by the Orford Copper Company,
representing one lot of 60 tons.

L 4 95.00
Balphar.....cooiiiiiiiiiii i i e e i e 0.44
5 4.23
Insolable ...vv. vvieniiiiiieienniiitienciracennnnonnnenn 0.51
ATBODIC. .. oot voviiante cosreseseettarartsasetonennenes None
ADtImMONY. . ociiieieeeteriarenteiittenionessassosnnnians None,
100.18

The @lobe District is sitnated more toward the center of Ari-
zona, on the eastern slope of the Pinal Mountains.

The main ore body that has made this district famous, is sitn-
ated, as usual, in carboniferous limestone, close to an upheaval of
diorite. (See Fig. 7.)
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An analysis by Dr. Trippel, of a week’s delivery of ore to the
farnaces, gives:

Silica. . ieiiiiiiiiiiiiiii ittt et 20.23
Ferricoxide.... ...cevviiiiiieniencnnionecannese connns 42.10
Alamina. .....coiiiiiiiiiiiiieiiiiiinieiieiiannne reenns 4.15
Loss by igmition... ......ccoiiiaiiiineies tiiiininnanaes 9.75
Oxide of COPPeOr .... ...cvvierieererneiiaenneniecensnnes 1712
Magnesis .......ociie cetianiiiiieitiiiciniscseinanns 2.85
Lime. .. c.ociiiiiiiiiiiiiiiiiiitiiiiietrittietatenanas 1.12
Oxide of MADZANEBE. ....vvvrevrnracanrsscnnoas [ 1.63

98.95

F16. 7.—SECTION OF GLOBE MINE.

This sample is more ferruginous than the general run of the
ore, which usually requires the addition of limestone before
smelting.

Very pure black copper is produced by a single fusion with coke,
in water-jacket furnaces, the following analysis by Trippel being
a sample of two weeks’ production, which is, however, slightly
above the average in purity:
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L 1 ¢ 99.11
Lead. ... ..oiiiiiiiiiiiiiiiiiiiiiiiiieiiiiieianaeenns 0.67
Bulphur. . ... ciiiiiiiiiiii ittt et it 0.08
) 0.08
Arsenic .......0000n eeeeestectattatteteataserirentienns Trace.
0 T Trace.

99.94

The Black Range Copper District is situated near the center of
Arizora, on the eastern slope of the Black Range, and close to the
Verde river. '

The veins occur near the contact of a belt of diorite and slate,
and are of great strength. The non-argentiferons green carbon-
ates and oxides give way to massive pyrite and chalcopyrite at a
depth of about 150 feet. These sulphides contain moderate
amounts of silver and gold, the oxysulphureted ore (often called
black oxide), at the junction of the oxidized and sulphide ores,
being often extremely rich in the precious metals. Very extensive
and valuable bodies of pyritic ores have been lately developed, and
are being smelted and converted on the ground, and a railroad is
building to the mine.

The mining districts of Lake Superior, Butte, and Arizona fur-
nish about 95 per cent. of the total copper produced in the United
States.



CHAPTER III. .
THE SAMPLING AND ASSAYING OF COPPER.

THE first step usually taken in the treatment of an ore of copper
i8 to learn its value by determining the proportion of that metal
that it contains. This process is called assaying, as distinguished
from chemical analysis, which includes the further investigation
a8 to the general somposition of the ore.

We shall confine our discussion in this place to assaying only.
The assaying of any given parocel of ore iz necessarily preceded by
the process of sampling, by which we seek to obtain, within the
compass of a few ounces, a correct representative of the entire
quantity of ore, which may vary in amount from a few pounds to
several thousand tons. With rich ores, it will lessen the chance
of serious errer in large transactions to divide the lot into parcels
of not over fifty tons each, and sample each of these lots by itself.

The utmost care and vigilance in sampling and assaying should
be required at every smelting works, both in the interest of the
works and in that of the ore-seller.

American conditions have encouraged the use of automatic
devices for the sampling of ores and mattes, and although there is
still a certain prejudice against them in some private works, I be-
lieve that they have been adopted by all public sampling works of
any standing. )

Such works are constantly handling large quantities of rich and
very varied material, and it is a matter of absolute necessity to
them that their methods of sampling should be above suspicion,
and free from the factor of “personal equation” that would be
introduced by the employment of a reasoning agent to take the
sample.

Automatic samplers, constructed on correct principles, must
necessarily attain absolute accuracy, and a sufficiently extended
comparison of their results with those obtained by hand-sampling,
will satisfy any one of their superiority.
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The methods of hand-sampling are too well known to demand
description in these pages.

Antomatic samplers may be divided into two classes:

1. Those which divert a portion of the falling stream of ore,
either constantly or intermittently.

2. Those that divert the entire ore-stream, for an instant, at
regular intervals of time.*

F16. 8. —BRUNTON’S SAMPLER,

The devices of the first type are very numerous. Some of them
are: A cone, or dividing-box, upon which the crusher discharges,
and which automatically separates from oune-third to one-tenth of
the whole. The sample thus obtained can be still further dimin-
ished by successive operations on similar, but smaller apparatus,
lower down. Or, a wedge is used to separate the falling ore-
stream into a very large, and a very small portion.

*The tables, and much of the text that follows, are adapted from
Dr. Ledoux’s paper on ‘‘ American Methods of Sampling and Assaying Copper,”
THE MINERAL INDUSTRY, Vol. I.
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Many ingenious machines exist for accomplishing the same end
by various means; but none of them have been entirely satisfac-
tory, owing to the tendenay of the coarse and fine particles of ore
to segregate, and thus to render the ore-stream richer laterally, or
in the center. And on different ores the relative position of these
rich and poor streaks may vary completely.

Hence, we must turn to the second class of antomatic samplers
—those that momentarily divert the entire falling ore-stream for
a sample. On well-planned machines of this description, foreign
substances, sach as rags, chips, frozen lumps of ore, etc., produce
no effect inimical to accaracy.

BRUNTON’S AUTOMATIC SAMPLER.

This machine deflects the entire ore-stream to the right or left,
while falling through a vertical or inclined spout. By a simple

F1a. 9.—BRUNTON'’S QUARTERING SHOVEL.

arrangement of movable pegs, in connection with the driving gear,
the proportion of the ore-stream thus deflected into the sample-bin
may vary from 10 to 50 per cent.; the latter amount only being
required in coarse ores of enormous and very variable richness,
while for ordinary lamp ores, from 10 to 20 per cent. is the
maximum required.

Instead of passing the sample-stream of ore into a bin, this
gystem may be still further perfected by leading it directly to a
pair of moderately fine rolls, the product of which is elevated to a
gecond similar sampling machine, from which the final sample
drops into a locked bin, to be pulverized and quartered by hand.

The two machines are driven at different speeds, to prevent any
possible error that might rise from isochronal motion.

A still more recent invention of Mr. Brunton’s is the quarter-
ing shovel, described in the Engineering and Mining Journal of
June, 1891. '

H. L. Bridgman has invented and introduced an automatic

™™
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sampler whose principle is 8o sound and results attained so satis-
factory, that I feel obliged to describe it at some length. I make
use of a portion of Mr. Bridgman’s description and illustrations.*

MACHINE A.

This machine occupies a floor-space of 3 by 4 feet, and has a
total height of 7 feet 6 inches. It is self-contained, requiring
only to be bolted to the floor and to have feed, discharge, and
belt connections made. Fig. 10 shows the machine as it is built,
while Figs. 11 and 12 give the diagraphic sections and details,
some minor changes and omissions having been made for the sake
of clearness. The machine consists essentially of three appor-
tioners, I, 11, and III, all driven by the one pulley, X (usually
tight and loose pulleys), and three stationary, concentric recepta-
cles, R,, Ry, and H, so constructed that any material falling into
them will pass out through the spouts T, and T, into the sample-
buckets Z, and Z, or through the spout S, which discharges the
rejected portion of the sample. Apportioners I and 1II revolve
in the same direction, apportioner 1I in the opposite direction; I
at about 5, II at about 15, and III at about 45 revolutions a min-
ute. That is to say, each apportioner moves actunally three times
as fast as the one above it, and in the contrary direction, or, rela-
tively, four times as fast. By the use of this expedient of contrary
revolution, the same relative speeds are obtained as though, all
revolving in the same direction, the actual speeds were respectively
5, 25, and 125, at which latter speed centrifugal force would
become very troublesome.

The upper apportioner, I, consists of two concentric rings,
divided by 8 partitions into 8 equal topless and bottomless com-
partments, L, from each one of which leads an adjustable spout,
either as M-1, or as M-2, or as M-D. Set in rotation, spout M-1
would describe a certain circular path, 1-1; spout M-2 a certain
other path, 2-2, and spout M-D a third path, W (see Fig. 12).

The intermediate apportioner, II, is merely a conical funnel,
having, besides the large outlet W, four vertical shoots, N,-N,
and N,-N,, through its sloping sides as shown in Fig. 12; each
one of these shoots forms one-eighth of the circular paths covered
by the spouts M-1 and M-2 respectively.

The lower apportioner III is of the same construction as II and
bears the same relation to it that II bears to I.

[

® T'ransactions American Institute Mining Engineers, Vol. XX., p. 4186.

L4




Fre6. 10.
Mechanical Ore Sampler. Machine A. General View.



Fia. 11,

Mechanical Ore Sampler. Size A. Total Height, including Sample Buckets,
7 feet 6 inches.




Fia. 12,
Mechanical Ore Sampler. Size A.
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An example will best illustrate the operation of the machine.
It may be assumed that an original sample of 40,960 pounds (the
960 being added to avoid fractions) is to be put through the
machine; that the time required will be one hour; that the speed
of the machine is such that the upper apportioner, I, will make
320 revolutions in that time, and finally that the ore is of such
grade and character as to only require the smallest sample that
the machine will give. Under these conditions, one of the
spouts, M,, would be set as M-1, one (the opposite one) as M-2, ana
the remaining six as M-D (Fig. 11).

The flow of material, previously crushed to below one inch in
size, would then be started through the feed-spout, F, and the
machine set in motion.

It is evident that at each revolution one 320th part of the whole
lot, or 128 pounds, will pass through the feed-spout F. Of this
amount six-eighths, or 96 pounds, will be discarded by the six
spouts, M-D, passing down through W, W, H, and so through
the spout S and out of the machine, while one-eighth of the 128
pounds, or 16 pounds, forming the first cut of the first or outer
sample, will pass through the spout M-1, and the remaining one-
eighth, or 16 pounds, forming the first cut of the second or inner
sample, through the spont, M-2.

These two first cuts will proceed side by side, by separate paths,
through the same series of operations, and whatever applies to the
one, applies equally to the other; it will, therefore, suffice to fol-
low the first sample. This one-eighth, or 16 pounds, having been
cut from the mass by the partitions of the compartment L,, of
which M-1 forms an extension, will drop nearly vertically through
M-1 on its way to the sample box, Z,. As it leaves the spout,
M-1, during the one-eighth of a revolution that is occupied by the
aaid M-1 in passing beneath the feed-spout, F, it will be inter-
cepted by the intermediate apportioner, II, which in the same
time will have made one half-revolution (relatively to I).

Since the vertical shoot, N-1, occupies one-fourth of the semi-
circumference of Il passing beneath the spout, M-1, it follows that
one-quarter of the 16 pounds, or 4 pounds, will drop vertically
through this shoot as the second cut of the first sample. The
remaining three-quarters, or 12 ponuds, will pass down the sloping
sides of Il and be discarded through W, W, H, and S.

In precisely the same way, the second cut of 4 pounds will be
quartered by the lower apportioner, 111, 3 pounds being discarded
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and 1 pound, as the third and final cut, passing through the ver-
tical shoot P, and the spout T, into the sample hucket Z,.

In the same way a 1-pound portion, as the third cut of the sec-
ond sample, will find its way to the bucket Z,.

This series of operations will occur at each revolution of the
upper apportioner; and at the end of the hour each of the buckets
Z, and Z, will contain 320 portions of 1 pound each, or a total
final sample of 320 pounds, these two total samples being as inde-
pendent of each other as though made at different times and
places. It will of course rarely happen that this theoretical exact-
ness of weights will obtain, which point will be considered later.
Should the ore be of higher grade or more irregular in character,
two or three or four of the spouts, M, may be set for each sample,
giving final samples of 640, 960 and 1,280 pounds respectively.

It will be noticed that only the discarded part of the sample is
touched by the machine, the retained portions dropping nearly
vertically and practically freely through the machine, until, in a
finished condition, they reach the stationary receptacles R, and
R,, or the sample-buckets Z, and Z,, The machine can have had,
therefore, no inflnence on the constitution of the samples, and
“coarse” and “fine” must be contained therein in the same pro-
portion as delivered by the feed-spout F.

It may be remarked in passing that the finer the material the
slower the feed, and the greater the speed of the machine the
greater will be the distribution and, presumably, the better the
samples. The conditions above given, however, are easily attained,
depending ouly on the crushing capacity at disposal, and have
been found by experience to give satisfactory results, it being par-
ticularly desirable not to use a much higher speed. For light or
wet ores it may be neecessary, in order to avoid an accumulation
of material in the machine, to reduce the speed to half that given.
This lower spesd may of course be used for heavy materials also,
the only practical difterence between the higher and lower speeds
(aside from the influence of centrifugal force) being the difference
in the number of cuts made by the machine.

In lump ores, it is difficult to obtain a correct sample, even for
moisture, without some preliminary crushing, and to save labor it
is best to use a portion of the large sample from the automatic
sampler for this purpose; the accurate weighing of the entire ore
parcel being postponed until just before, or after, the sampling, and
the portion reserved for the moisture determination being placed
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in an open tin vessel, contained in a covered metal case, having an
inch or two of water on its bottom, in whick the sample tins
stand.

From one-fourth to one-half pound of the sample is unsually
weighed out for this determination, and dried under frequent stir-
ring, and at a temperature not exceeding 212 degrees. While it
is always important to keep within the limit of temperature just
mentioned, it is especially the case with certain substances which
oxidize easily. Among these are finely divided sulphides, and
above all, the pulvernlent copper cements obtained from precipi- -
tating copper with metallic iron from a sulphate solution.

Such a sample, containing actually 54 per cent. of moistare,
showed an increase of weight of some 2 per cent. on being exposed
for thirty minutes to a temperature of about 235 degrees Fahr.

Certain samples of ore—especially from the roasting furnace—
are quite hygroscopic, and attract water rapidly after drying.

In such cases, the precautions used in analytical work must be
employed, and the covered sample weighed rapidly, in an atmos-
phere kept dry by the use of strong sulphurie acid..

The sampling of the malleable products of smelting, such as
blister copper, metallic bottoms, ingots, etc., can only be satisfac-
torily effected by boring a hole through a certain proportional
number of the pieces to be sampled.

Where such work is only exceptional, an ordinary ratchet hand-
drill will answer, but in most cases, a half-inch drill run by
machinery is employed.

The chips and drillings are still further subdivided by scissors,
and as even then it is ditticult to obtain an absolutely perfect mix-
ture, it is best to weigh out and dissolve a much larger amount than
is usually taken for assay, taking a certain proportion of the thor-
oughly mixed solation for the final deterinination.

Many of the smelters are too careless in the sampling of their
metallic products. At the public sampling worksin New York,
where much copper in metallic form has been shipped abroad for
refining and separation, the following precautions have been found
necessary to ensure uniform results.

With copper bars that are tolerably nuniform, and free from pre-
cions metals, every fifth bar is bored halfway through, on opposite
sides.

In sampling argentiferous bars, every bar is usually bored twice.
If the bars carry appreciable quantities of gold (and always in the
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case of anodes) the borings are melted and granulated, or recast
into a sample bar, which is again bored.

In sampling and assaying matte for shipment, it must be remem-
bered that in the long journey from the West there is always a
certain loss in weight. This is especially the case when the matte
is shipped in pigs (in bulk), and there are one or more transfers.
The pigs grind against each other, producing a considerable amount
of powder, while the brittle edges and corners are badly chipped.
In the hurry of transfer it is almost impossible to have the cars
“that are emptied cleanly swept, and 4 loss always oocurs, which, in
former years, I have been inclined to put at 1 per cent.*

Under somewhat similar conditions, Ledoux found a loss of 0.8
per cent. on a lot of about 500 tons of matte, shipped from the
West in bulk and transferred once.

Matte crushed and sacked may undergo a slight shrinkage from
sifting, or a still more serions one from torn sacks, if hooks are
used in handling it. Ledoux gives the following table as a good
average result where care in sampling and sacking is used at the
smelter and the. material is crushed and sacked. It represents
various monthly shipments of matte from a Western smelter to a
public sampler in New York, and shows the weights and assays at
each end of the line.

ine Weight. al Weight. = Difference. Mine Assay. | Final Assay.
M Pound® Fin Pound‘.; ‘l Per cent. Per cent.y Per cent.
774,277 778,256 0.13 X 54.92 54.88
805,821 804,552 0.15 57.49 58.08
402,779 402,644 0.03 55.97 55.38
403,458 404,146 0.17 55.97 56.20
420,886 ! 420,178 0.16 51.50 51.80
402,302 401,708 0.14 55.66 56.05
403,604 403,963 0.08 55.21 54.26
421,260 ! 420,892 0.08 55.04 55.47
Average.. ........ ..... 0.07 { 55.22 55.25

There is a difference of 0.07 per cent. against the mine in the
weights, and of 0.03 per cent. in favor of the mine in the assays.

*In one instance a carload of matte weighed 40,000 pounds. The matte
contained 60 per cent. copper, worth, at that time, 10 cents per pound, and no
precious metals worth separating. A loss of 1 per cent., therefore, means a
money loss of $24 per carload, which, under the conditions referred to, would
not pay the cost of sacking. ’
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Some of the matte given in the last table contained silver. The
following statement shows the results of the determinatiuns of this
metal.

Mine Assay. Ounces. | Final Assay. Ounces. | Difference. Ounces. | Average Difference.

53.80 5328 0:54 (Against the Mine)
3 5 5 st the Mine
56.48 57.08 0.64 0.85 Ounces
22.29 22.92 0.63 Per Ton.
54.53 52.20 2.33

On 88 carloads of matte and bars shipped by the Pennsylvania
Salt Manufacturing Company to a New York sampling works, the
average total discrepancy was 0.03 per cent. copper, and 0.08 ounces
silver per ton of 2,000 pounds.

It has been a matter of great importance to smelters and miners
in this country to learn the exact system of weighing and sam-
pling practiced in England, in order that they might obtain some
clue to the heavy discounts they are often obliged to bear, both in
weights and assays. The exportation of copper mattes or other
similar products from the United States to England, for refining,
has pretty much ceased, as they can be treated more profitably at
home; but as there are other countries which will doubtless continue
shipping copper-bearing material to Swansea for a long time to
come, it may be useful to describe the difference between the Eng-
lish method of weighing and assaying, and our own. I again
quote from Dr. Ledoux:

“In the United States, the public samplers—at least those in
the East—employ “sworn weighers,” who have gone before a
notary public and taken an oath of office. Ore in bulk is weighed
on platform scales in barrows, or small wagons, holding 500 to
1,500 pounds. The weight is taken on a rising beam, which
amounts to an allowance of one-eighth to one-fourth pound per
load. Ore or matte in bags is always, where practicable, weighed
on beam scales, six to ten bags being taken for a draft. No
returns are ever based on carload weights on track scales.

“The settlement is always based on the acutal weight ascertained
as above, with no allowance for draftage, etc., and upon the actual
percentage of copper found by analysis, less the arbitrary deduc-
tion of 1.3 per cent. of fine copper. This arbitrary deduction is
the result of agreement between the copper smelters and produncers
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of the United States, and is supposed to represent the average loss
in smelting. Inrefining bars, thereis, of conrse, no such loss as 1.3
units, and the smelter is the gainer; while in leady mattes or base
ores there may be a considerably greater loss than 1.3 per cent.
In America, the smelter protects himself in the price he bids or
in the refining toll he charges, instead of asking the assayer to find
out for him, in each case, what his loss is likely to be—which is
what the Cornish assay attempts to do.

“] am indebted to the Liverpool Wharf Company for the fol-
lowing table, representing its experience with some 2,500 tons of
matte from America:

ORDINARY COPPER MATTE.

Shipping Weight. Landing Weight. Loss.
Tons. Tons. Per cent.
1,355M%. 1,354484. 0.2
ARGENTIFEROUS COPPER MATTE.
Shipping Weight. Landing Weight. Loss.
Tons. Tons. Per cent.
1,180:\%. 1,1303413. 0.75

“Difference between American assay, after deduction of 1.3 per
cent. and Cornish assay, 1.79 per cent. copper, more or less.

“Difference between American and English assay for silver, 0.30
ounces per ton of 2,240 pounds.*

* Occasional shippers are sometimes embarrassed by the unfamiliur weights
and money used in the English shipping returns.

The English employ the long ton of 2,240 pounds, which they divide into
20 hundredweight, each hundredweight containing 4 quarters of 28 pounds
each.

When these weights are to be multiplied by a specified number of pounds,
shillings, pence,and farthings, it forms an exceedingly fascinating problem for
an idle day; the very uncertainty of the result adding, in no small degree, to
the interest of the operation.

1 append a recent example of a shipment of some high-grade material to
London, giving the final results in both English and American weights and
values.

The English returns gave 29 tons, 17 hundredweight, 3 quarters, 27 pounds,
at £217 4s. 34d. per ton.

The translation into American gives 83,487 tons (of 3,000 pounds) at $1,051.32
equals $385,205.55. (Thirty-three and four-hundred eighty-seven-thousandths
tons at ten hundred fifty-one dollars and thirty-two cents, makes thirty-five
thousand two hundred and five dollars and fifty-five cents.)

Those interested in the higher mathematics may enjoy calculating the
English returns.

-

P
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“In my opinion, an average deduction of fourpence per unit of
copper made by British buyers purchasing in the United States,
free on board in New York, and selling again at English terms,
will be sufficient to cover the difference cansed by loss in transitu
and by the employment of the Cornish essay.

“ Considerable of the loss in weight can be avoided if matte is
shipped in barrels instead of bags. Good kerosene barrels can be
purchased at about 85 cents apiece. Glucose barrels are too
sticky.”

*THE ASSAYING OF COPPER.

American assayers and chemistst are accustomed to exercise
entire freedom in their selection of method employed for the de-
termination of the constituents of any material submitted to them.
It is only required of them that their results be correct. Conse-
quently, they do not make use of the Cornish fire-assay, which is
not properly a method for the determination of the exact amount
of copper contained in an ore, but rather an ingenious adaptation
of metallurgical processes to laboratory conditions, and which is
intended to show the amount of copper the smelter may expect to
produce from the ore in question.

On the whole, it is decidedly favorable to the smelter; as on
any ordinary sulphide material of tolerable richness, it rarely gives
8o high a result as the analytical assay, less our 1.3 per cent. arbi-
trary deduction. And as 1.3 units has been found, by long expe-
rience, to be a sufficient deduction to cover the actnal metallurgical
loss in ordinary furnace material, the inference is obvious. More-
over, it introduces an unfortunate element of uncertainty into all
trunsactions between miner and smelter, as the different chemists
seldom agree exactly in this assay, and frequently differ widely.
With us, a variation of 0.2 per cent. is sufficient to call for
adjustment.

In assaying slags for copper it should be borne in mind that even
after apparent complete decomposition by acid, the insoluble residue

® Not feeling myself competent to treat exhaustively of the improvements
made in copper-assaying during the past fifteen years, I have availed myself
of the kind assistance of several well-known chemists. Their names will
appear in connection with the sections that they have prepared for me.

4+ In England all analytical chemists are styled assayers. In the United
States the terin assayer is applied to those chemists who busy themselves
chiefly with the determination of the valuable metals.
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may still contain an appreciable amount of copper. Hence, acid
slags should frequently be treated by fusion with alkaline carbon-
ates, as is customary in analyzing silicates.

The assayer of the present day will find it convenient to be
thoroughly familiar with the three methods that are sufficiently
accurate and concise to be practically employed for the quantita-
tive determination of copper in all classes of material. These
are:

1. The electrolytic assay.

2. The improved cyanide assay.

3. The iodide assay.

To which may be added, under exceptional conditions,

4. The colorimetric assay.

5. The Lake Superior fire-assay.

I am aware that the statement that the first and third of these
methods are practically equal, in scope and exactness, will be re-
ceived with incredulity by many experienced chemists. It took
me some years to learn that the improved cyanide method gave
results almost equal to the battery assay, when executed with equal
skill; and it is only on a recent visit to England that I began to
appreciate the extent to which the iodide assay has replaced the elec-
trolytic method in that conservative land.

In some of the largest and most carefully conducted works in
England, and especially in one smelter, that has a very extensive
electrolytic refining plant of its own, the iodide assay is employed
to the exclusion of all other methods, and, as I was assured by the
chemist in charge of the laboratory, with more satisfactory results
than the battery assay.

At least two among the best public laboratories in this country
are now making all their copper determinations by this method,
and I have letters from the principals of each of these offices,
stating that they intend using it in place of the battery assay.

The battery jurs are always a nuisance; and even where a con-
stant current can be obtained from the electric-light wires, the
iodide assay seems to be preferred by several chemists who have a
large amount of work to do, and who have given it a fair trial.

Hence, I feel that it will be nuseful to the profession to give the
details of the operation at length, both as practised in England,
and as modified by one of our most experienced American
assayers.
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I.—THE ELECTROLYTIC METHOD, OR BATTERY ASSAY.

This is suited to nearly every class of material and every per-
centage of copper, from the highest to the lowest, and, owing to
its ease of execution and extreme accuracy, has already largely
supplanted the ordinary analytic methods, and bids fair to do so
altogether in all important cases. Among those assayers who do
not yect practise it, there seems to be an impression that it is diffi-
cult of execution, and in several cases nnder the author’s observa-
tion it has been abandoned after a few futile efforts. In these
instances there must have been some direct violation of the laws
governing the generation and transmission of electricity—it being
always the battery that was complained of—and as a similar though
usually a much more extensive and complicated form of battery is
under the charge of every telegraph operator, the disappointed
assayer should feel encouraged to persist.

Messrs. Torrey & Eaton have also investigated the effect of vari-
ous substances npon the battery assay, and have arrived at the fol-
lowing results, which are not quite so favorable as the author’s
experience in practice has been :*

“ Silver, when present in any considerable proportion—from 1
to 3 per cent.—gives too high a result. It should always be re-
moved by hydrochloric acid.

“ Bismuth, even when present in small quantity—4 per cent.—
is partly or wholly precipitated with the copper, and must conse-
quently be determined analytically in the deposit. A solution of
.970 gram copper, .030 gram bismuth, gave 97.9 per cent. copper
instead of 97 per cent.

“ Lead, derived from the resolution of sulphate of lead (if pres-
ent) by the wash-water, is partially precipitated with the copper.
This applies only to large percentages of lead.

“Zinc and Nickel do not interfere in quantities up to 30 per
cent.

“ Arsenic precipitates partly with the copper, and not after it, as
has been supposed. It gives a bright deposit, but may be found
in considerable quantity in the precipitate, before the solution is
free from copper. After complete precipitation of the copper,
therefore, the deposit should be titrated with cyanide of potassium.”

The following description has been written for me by Mr. Francis

* Mr. Sperry’s experience shows that with proper precautions these unfavor-
able results may be completely avoided
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L. Sperry, analytical chemist, und for five years chemist to the Can-
adian Copper Company, at Sudbury, Ontario.

The scheme, as given, is intended to present the details in as
practical and concise a mauner as possible withont going beyond
the province of this work. Those who desire to study more closely
the electrolysis of other metals, and also the treatment of copper
in oxalate solutions which can advantageously be made use of, are
referred to the admirable work of Dr. Classen on “Quantitative
Chemical Analysis by Electrolysis,” and also “Electro-Chemical
Analysis,” by Prof. Edgar F. Smith.

THE DETERMINATION OF COPPER BY ELECTROLYSIS.

Of the various methods the chemist has in hand for the determi-
nation of copper, the electrolytic method presents some advantages
over other recognized forms. It permits of reliable, clean, and
rapid work, and enables the chemist to remove copper from a solu
tion completely, in the presence of other metals, which may subse-
quently be determined in the same solution.

The requirements are clean platinum cathodes and anodes and a
uniform current of electricity of known strength.

Take, for a weighed sample, one-half a gram copper matte, one
or two grams copper ore, depending on the richness of the ore, and
two or three grams for slag.

In preparing the samples they should be passed through an 80
mesh sieve. Weigh out on an accurate chemical balance.

After weighing the samples in duplicate on watch glasses, trans-
fer carefully to No. 2 beakers, slightly moisten with cold distilled
water, add 25 c.c. strong nitric acid and 10 to 15 drops of strong
sulphuric acid. 'The beakers should be covered with watch glusses
and set on the sand bath, where they are heated until the nitrous
acid fumes have all passed off and the sample is in solution. Wash
the watch glasses down into the beaker, and evaporate the solution
to dryness.

When choking white fumes appear, set the beakers one side to
cool. The copper is now in the form of sulphate. Moisten the
mass in the beakers with dilute nitric acid (1.20 sp. gr.), using
about 6 or 7 c.c.; add 4 drops of sulphurio acid, 40 c.c. of
water, and heat on sand bath until the mass is in solution.
Filter off the insoluble matter (which should be examined to see
if there may be copper left in the residue undissolved), reserving
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the filtrate in a No. 1 beaker. The solution is now ready to be
electrolyzed.

The electrical energy necessary to electrolyze a copper solution
is furnished by various batteries of reliable manufacture. If there
is an electric light plant at hand, the wire, properly insulated, can .
be run through the laboratory and by means of a resistance coil
the current can be reduced in strength sufficiently to permit of
quantitative electrolytic determinations. The Grenet, Gravity, or
Grove cell batteries will be found well adapted for generating the
necessary strength of current also. The Grenet cell loses its in-
tensity after long use. The Gravity cell is very likely to act un-

F1Gc. 13.—RACK FOR BATTERY AssAY.

satisfactorily on account of local action setting in, causing polari-
zation of the electrodes, and the electricul energy ceasing entirely.
The Grove cell requires more care than either of the others spoken
of, but the electromotive force is certain to act for as long a time
as is necessary for the deposition of the metal, as the copper solu-
tions are set on the battery at night and removed on the following
morning, usually.

It is best to have a surplus of electrical energy for the electroly-
sis, although too strong a current must be guarded against.

Three Grove cells, freshly made up, will furnish current suffi-
cient to electrolyze six to eight copper solutions, none of which
contain more than .5 gram copper in 1 grum of sample.
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Four cells will electrolyze eight to ten solutions, and five cells,
ten to twelve solutions.

A convenient arrangement for supporting the cathodes and
anodes for a8 many as twelve simultaneous determinations of cop-
per is shown by the illustration (Fig. 13).

The rods are § inch square by 39 inches long. Holes for the
insertion of anode and cathode rods are 34 inches apart and %
inch in size, while through the side of the brass rods a milled
screw sets against a flexible brass shoe, which binds the cathode
and anode platinum rods securely in position. The brass rods,
& inch apart, are supported on glass pillars, and can be raised or
lowered as required.

GATHODE ANQOK

@

Fre. 14, Fia. 15. Fia. 16.

The most convenient form of cathode is a plain platinum cylin-
der 24 inches long, 1 inch diameter, and the rod that supports it
ig 44 inches long. It weighs about 16 to 18 grams (Fig. 14).

These cathodes may seem large, but for general class of work on
high and low grade copper ores and mattes they will be found a
very convenient size, as they offer a large surface for the deposition
of copper, whereas, if they were smaller, the copper would fre-
quently be deposited in spongy form, and there would be loss in
weighing.

The anodes are platinum wire of size to fit y%-inch hole, made
in the form of a concentric circle, from the center of which the
rod stands out 7 inches (Fig. 15).

The diameter of the coil is 1 inch. By this arrangement of the
anode there is a uniform evolation of gas throughout the solution,
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and the_inside as well as the outside of the cathode is evenly elec-
troplated with copper.

The cathode should not be completely immersed in the solution
to be electrolyzed. When it is supposed that all the copper is de-
poeited, immerae the cathode deeper in the solution and let the
current run one-half hour longer. Any deposition on the clean
surface will show at once that copper remains still in the solution.
It the copper is all deposited, loosen the anode and carefully re-
move it and the beaker. Wash the cathode quickly into a clean
No. 3 beaker with distilled water, immerse in pure alcohol, and
gently ignitein flame until dry. The copper should be a pink rose
color. Weigh as soon as cooled to the temperature of the room.

The current should not be passed through the solution longer
than is necessary to effect the complete deposition of the copper,
a8 secondary reactions are liable to set in.

When there has been a separation of copper in a nitric acid solu-
tion alone, the solntion should be siphoned off into a clean beaker
without interrupting the current, and the cathode washed with
pure water, otherwise the nitric acid will dissolve some of the
deposited copper into the solution again. Too much nitric acid
will keep the copper in solution. Too much sulphuric acid will
cause the copper to deposit in spongy form.

Too strong a current will cause ioss by too great evolution of
oxy-hydrogen gas, the copper will deposit dark colored, and if zinc
is present,it will deposit on the copper.

By using deep beakers (Fig. 16), there will be scarcely a per-
ceptible loss of solution by the evolution of gas, as the sides of the
beaker should be carefully washed down half an hour before re-
moving the cathode to weigh.

The secondary reactions to be gnarded against in passing the
current longer than is necessary to deposit the copper, and also in
baving the solution of proper strength of acid, are the conversion
of the nitric acid into ammonia and the formation of ammonia
salphate, so that if the deposition of copper were done in the
presence of iron and zinc, these metals would be deposited on the
cathode as hydrated oxides.

With the conditions described above conformed to, copper is
completely deposited and removed from solutions containing iron,
alomina, manganese, zinc, nickel, cobalt, chromium, cadmium,
lime, barinm, strontium,and magnesiam.

In thne laboratory of the writer it has been customnary to make
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electrolytic separations of copper and nickel daily for the past five
years, and in every case with unvarying accuracy. The copper
was removed completely in the presence of nickel, iron and zinc,
and these elements subsequently determined in the same solution.

Examples could be given ad infinitum, but a few will be given
of the most characteristic.

1 gm. Sample taken.

1 2
SLAG.......ivn et Copper, 0.42% 0.42%
Nickel, 0.41% 0.40%

1 gm. Sample taken.

1 2
CorPPER ORE....... Copper, 8.44% 8.48%
Nickel, 3.33% 8.35%

f 1gm. Sample taken.

1 2
NIcKEL ORE........ Copper, 1.23% 1.245
Nickel, 8.62% 8.63%

1 2
COPPER MATTE. Copper, 83.45%5  83.463

{ 5 gm. Sample taken.
Nickel, 15.75% 15.73%

1 2
Copper, 16.76% 16.78¢
Nickel, 21.23%  21.25%

.5 gm. Sample taken.
NICKEL MATTE......

In each case the nickel was determined electrolytically in the
same solution from which the copper was removed.

By carefully noting what are the best conditions, as there is a.
certain limit within which variation in tho treatment of miscellane-
ous samples is warranted, most any mnovice will find electrolysis a
simple and accurate method for the estimation of copper.

Having noticed a novel and most cheap and convenient appa-
ratus for electrolytic assaying in the laboratory of Messrs. Von
Schulz & Low, in Denver, Mr. Low has been kind enough to
furpish me with the following description of the same, and of his.
method of using it.
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IMPROVED APPARATUS FOR THE DETERMINATION OF COPPER BY
ELECTROLYSIS.

This apparatus was devised as the result of experiments under-
taken with a view of accelerating the electro-deposition of copper
in analytical work. It possesses the merit of simplicity and rapidity
of action, requiring much less care than a battery, and depositing
the copper in good, reguline condition in about ome-third of the
time.

It consists of a small crystallization dish, or beaker, about two
inches in diameter, in which a stout glass tube, A, is held by the
support B (Fig. 17). Two short glass tubes, passing through
suitably shaped pieces of cork, are drawn together with rubber
bands so as to hold the large tube firmly, and yet permit of its
being easily raised or lowered as required. The lower end of the
tube A is ground squnarely across and covered with a parchment-
paper diaphragm, which is attached as follows: A piece of stout
parchment paper, about two inches square, is thoroughly wetted,
and the superfluous moisture wiped off. If the paper is thin, tw