The Copper Queen Mine, Arizona.

BY JAMES DOUGLAS, LL.I., NEW YORK CITY.

(New York Meeting, Februnry, 1809}

or Queen mine was opened in 1880 by Messrs.
allard & Reilly, and the first copper-furnace was
on August 20th of that year. Prior to that summer
ut progpect-work had been done on the Copper Queen
number of adjucent c¢laims. In faet, it was a small
1ot of copper-ore, but of cerussite, which still remains
, on the western slopc of the Queen hill, which

o in el Tustituto Gleologico de Mexien, Nos. 4, 5, 0, 1897, pp. 284-235.
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first tempted miners to the spot. To reduce this lead-on
primitive farnace was erected near a spring, now dry. The
velopment, just then, of this and other copper-deposits in £
southern Territories was due to the simultaneous arrival o
Southern Pacific and the Atchison, Topeka and Santa F
roads, though it was stimulated by the business revival of 188
with the consequent rise in the value of copper.

The geology of the Dragoon and Mule Pass moun
which the Copper Queen mine is situated, has not heen s
matically studied. On the flanks of a granite core lie b
limestone supposed to be Carboniferous, but possibly of eqrl
origin, Those to the west carry, either enclosed or as e
tact-deposits, the silver-bearing minerals which in the g
80’ made Tombstone one of the most famous mini |
tricts of the West. The limestones on the eastern slope
the Mule I’ass mountains carry the ores of the Copper Que
mine. The limestone masses appear to be broken and
by extensive bodies of intrusive feldspathic rocks, which see
to have exerted a decisive influence on the genesis of §
ore, though their relation to the ore-masses, whether the
on the contact or are completely and deeply imbedded in thy
limestones, is a matter upon which theorists will differ. Th
feldspathic rocks to the east of the copper-bearing munss ¢
limestones of the Copper Queen group are deeply colon
superficially by oxides of iron, and, as recent explorations mad
by other companies than the Copper Queen show, carry
and copper-pyrites disseminated in particles and in bunche
but whether in profitable quantitics or not hag not yet been.
termined. The colored band of these adjacent rocks (whie
are supposed to be rhyolites, though their decayed charaet
renders any determination of their original mineralogieal eof
position doubtful) is broadest in contact with the Copper Quee
and the Atlanta claims, where the largest bodies of copper
have been discovered in the limestones, and tapers towards th
south, where the ore-bodies as yet found in the limestones an
smaller and deeper.  The contact of the limestones and rhy
lites appears to represent the line of a great fault, which is al
indicated by a marked depression in the surface, '

Beneath this depression lie ferruginous clays, locally
“ledge-matter,” enclosing masses of ore, both oxidized and @
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d; but the rocks at this level are altered by decay to
wree that it is diffienlt, if not impossible, to define the
son altered limestone and altered rhyolite. ‘Where,
the deep workings of the Copper Queen have pene-
¢ feldspathie rocks, the ground has proved to be bar-
Vevertheless, since the wealth of other mining districts
Lrizona resides almost exclusively in the so-called porphy-

u legitimate enterprise.
snccessful development of the Copper Queen mine,
pever, has been confined to the limestone belt lying between
it appear to be two prominent fanlts—the one already re-
rud o, and another to the west of the Queen hill.
fhe onterop of copper which was first attacked, and which
in fiict, the only extensive surface-indication, was on the
sthern exposure of a limestone hill. In this place stripping
ealed a solid body of oxidized copper-, iron- and manganese-
aver 60 by 60 feet in area, and so rich in copper that the
e, fod from the surface-ores alone, yielded for a few
onths 28 per cent. of metal. Fig. 1 shows a section through
¢ open-cut made on this body, and Fig. 2 an outside view
greof. This large outerop was enclosed in an almost cireular
altered limestone frame. Associated with the ore was an
undance of calcite: but the percentage of silica was so small
hat quartz had to be added to the furnace-charge. This body,
Mining its general dimensions and well-defined limestone
dipped at an angle of about 30 degrees southeasterly
the hill. Between the 100- and 200-foot levels the ore
ged into a clay, with well-marked bedding, too lean in
gpper-carbonate to be profitably worked but below this zone
‘olay the copper, as carbonates and oxides, increased to 12
wr cont., and was associated in a measure with limonite, im-
jedded in ferruginous clay. This ore-body extended to a depth
of 400 feet on the incline from the surface, and there termi-
) abruptly in hard limestone.
The enrichment of surface copper-ores and their rapid im-
overishment at a shallow depth is not an uncommon ocenr-
@ in the *arid region” of the United States. It probably
akes place throngh the oxidation and precipitation, in this
jot, dry climate, from the copper-solutions which rise to the
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surface during the decay of the ore. A lower layer of ore j&
thus necessarily depleted, in proportion as the surface-layer is
curiched.  The insensible flow, through the apparently dry
rocks of the region, of moisture charged with soluble salts is
often evinced by the thick efflorescence of copper-alum which
rapidly covers the walls of drifts ran through or near feld-
spathic or argillaceous rocks, even when the copper-contents
of these rocks are so low us to be barely appreciable. During
the dry season a waste-heap of such refuse will be completely
covered with a green coating.

On the other hand, in the wet eastern climate, as in Tennes-
see, the surface-ore, where it has not been denuded by glacial
action, consists of insoluble ferrie oxide deprived by lixiviation
of the copper which, in Arizona, under favorable atmospherie
conditions, would be fixed as oxides. The rapidity with which
a soluble copper sulphate when exposed to the air is converted
into insoluble basic sulphate, and this into more permanént
compounds, is illustrated in many copper-regions of the South-
west, where copper-solutions ooze from almost barren decaying
feldspathic rocks, and, on reaching the surface and filtering
through the gravels, form copper-bearing conglomerates,

The first ore-body, above mentioned, was not exhansted
until 1884, when it had yielded about 80,000 tons of ore and
20,000,000 pounds of copper. The earliest months of that
year were the gloomiest which the district had known up to
that (or, fortunately, up to the present) time.  Simultancously
with the commencement of active operations on the Queen, &
large group of claims on the southern slope of the Queen hill
had been explored by the Neptune Co., and a furnace-plant had
been erected by it on the San Pedro river, some miles distant.
The reason for building the reduction-plant so far from the
mine was the scarcity of water in Bisbee, which at that period
wa 80 serious that the Copper Queen oceasionally had to damp
its single furnace for lack of a sufficiency of water to cool the
jacket. The Neptune Co., after expending its capital and
bonded debt, suspended operations in 1882, Another corpo-
ration, the Atlanta Mining Co., owning claims adjacent to the
Queen, had been searching in vain more than three years for
an ore-body by following, to no profit, surface-indications,
Other minor operations of a like kind had been equally unsue-
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nl. At that date the Queen Co., having reached the
ittom of its ore-body and the 400-foot level of the incline,
puld count only some three months’ ore in sight; and the
tlanta had decided to abandon the enterprise after one more
it should have been made to discover ore.  The foot of the
1 incline, which coineided with the bottom of the original
n ore-body, had nearly reached the side-line of the claim,
il therefore a drift easterly along the side-line in hard lime-
one was the exploratory work undertaken by the Queen—a
ong drift having been previonsly run to the west withont en-
puntering any ore.

iﬁé&uwhilc the Atlanta Co. was sinking a shaft in barren
limestone a little to the south of the point towards which the
Queen drift was directed. Thus, final picces of exploratory
work were under way, prior to the abandonment of their prop-
erty by both companies, when, almost at the same time, each
_lthem struck a new ore-body which appeared to be dipping
northwest, or in a direction the reverse of that of the body
griginally discovered. The two companies then w isely decided
0 consolidate on equitable terms, rather than waste their funds
in obtaining a legal interpretation of an even more complicated
groblem than that involved in the Richmond-Eureka « apex ”
puse, Since then the claims of the Neptune Co., the Holbrook
Cave Co., the Silver Bear Co. and a nnmber of private
iers have been acquired,  Many of them have proved to be
barren, but not a few contribute their quota of ore to the total
I the consolidated company’s product, which is drawn at pres-
ut from what would be some twenty different unprofitable
mines, if' cach were under separate management,

- The first ore-body extracted extended from the surface to the
ariginal 400-foot level of the old incline, which corresponds to
the 200-foot level of the new Czar shaft. The second ore-body,
fiscovered about 600 feet east of the first, was covered at the

epth of 300 feet from its apex. A narrow seam of ore was
w0 to extend into the limestone to the south of the original
re-hody, but it was not followed until years after its discovery.
hen it was found to be the connecting-link between the ore-
¢ from which it sprang and another, still larger, in the
#outhwest of the Atlanta claim. This ore-body extended in
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depth from above the 100-foot to below the 800-foot Czar leve
and on the sill-floor of the latter level the stope was 200 fo
by 150 feet—by fur the largest opening made in any ore-hody
As it was of such magnificent size, we thought ourselves saf
in running a long drift for 1500 feet, through limestones, fron
the Czar shaft, to strike it on the 400-foot level. (See Fig. 1
giving cross-section No. 25.) On reaching the position whicl
the ore should have occupied, none was found, nor has th
extension of the ore-body in any direction been discovered by
diamond drill-holes bored radially for thousands of feet. A
drill-hole pointed upwards entered the ore at 80 feet below the
300-foot level, where the ore abruptly terminated.

Disappointments of a like charucter have beset operations in
other sections of the mine. A large ore-body in the southery
section of the mine was traced downward to a poiut 40 feet
below the 400-foot level. A search in all directions on the
level below has fuiled to find it. Where ore-bodies are so0 ee-
centric in their size and the direction of their curves, it is often
well-nigh impossible to trace their extension, or be sure of their
extinetion, until they are being actually extracted. In searel-
ing for ore in these limestones, it is extremely difficult to inter
pret the signs which point to its presence, or to distingnish
accidental occurrences from actual laws of deposition. The
presence of ore in more than one place on the 500-foot level,
and elsewhere in the southern portion of the mine, was indi-
cated as probable by the presence of ore on the 400-foot level
und the intermediate level below; but in no single instance
has the ore been found on the 500-foot level where expected,
In fact, nearly a mile of drifts was run on that level before
any copper was encountered,

Certain general conclusions have been provisionally reached,
There seem to be two series of limestone-beds, both of Carbon-
iferous age: the upper bedding, recognized as the white; and
the lower, as the blue—though this distinetion of color is not
always well marked. They dip conformably to the south, but
ab varying angles. At some places they lie almost flat, at
others they attain an angle of over 30 degrees. The large
masses of copper, whether oxidized or unaltered, have as yet
been discovered exclusively in the upper geries, and only at the
base of that series. Its total thickness is probably about 1100
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but only in the lower 800 feet has ore been found in profit-
le quantity. Where the series is thickest, under the apex of
¢ Queen hill, no ore-masses are known to exist, Large quan-
of ore lie, as already described, under the valley where
2 the obscure (hvulmg-lme between the limestones and
olite, and where the former are probably shallow; but the
irgrest isolated ore-body yet extracted was separated by many
hundreds of feet of barren limestone, and what is locally called
ge-matter,” from this contact.

As we work to the southward, the ore-bodies attain greater

p from the datum-line of the collar of the Czar shaft. No
has been discovered below the 400-foot level in the north-
wly section of the mine, whereas in the section to the south,
hed by the Holbrook shaft, ore-bodies have been found at
feet helow that point, and still further south the ore attains
ater depth.  But the ore-bodies hitherto encountered here
small in comparison with those explored and extracted in
@ northern sections,

'The conclusion that the profitable ore is confined to the up-
ser series of limestones is based on the experience that large,
mpact ore-bodies have not heen found to extend below o
iin horizon. Nevertheless, the limestones of the supposed
wer series, as far as they have been explored, are more thor-
pughly impregnated with iron-sulphides, associated with minute
li!ltltles of copper-sulphide, than the upper limestones. But so
work has been done below the upper chain of ore-bodies
that no conclusive opinion can be formed as to the metalliferous
alne of the underlying limestones.  There is slight probability

F oxidized ore being encountered, but the general dissemina-

of pyrite and chalcopyrite in fine grains through the rock
: to the hope that areas of ground may be entered where
he latter mineral may be abundant enough to render the lime-
stone a « concentrating-ore.”
’Tbe Copper Queen mine has become famous for its beautiful
pecimens of carbonates, both malachite and azurite. The
achite i= never found in such large and compact masses as
o make it commercially valuable for decorative purposes; be-
s, ocenrring generally in thin botryoidal masses, it is usually
aked with manganese, which detracts from its purity, Its
most striking mode of occurrence is in geodes, which are lined
VOL. XXIX.—32
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are rare, but, when found, are usuvally in nests imbeddod:’;i
soft, wet, ferruginouns or manganiferons clays, such as i
tute the gangue, or ledge-matter,” of nearly all the ore:
they oceur at no great distance from a limestone wall or
tion. The slabs of azurite, also, usually occur near limes
but preferably in the manganiferous, clayey gangue. The
dized copper-ores, however, which are mined in econg
quantities, consist nsually of cuprite and carbonate, dissen
nated through limonite; or of carbonates, chiefly of the gree
variety, in streaks or erystals seattered through ferruginons
manganiferous clay: or of minnte particles of metallic coppe
with more or less cuprite crystals, disseminated through y
clay, These yellow clays are generally more distinetly hedds
than the masses of red and black elays which carry the highl
oxidized copper-compounds. Masses of any considerable i
of native copper are fonnd almost exclusively, not at the s
face, where the oxidizing agencies have been most active, I
in the deepest layers of the large ore-hodies, where apparent
some reducing-agent has been more actively at work than el
where, and where the ore is furthest removed from atmosph 1!
interference,  On the sill-floor of the 300-foot level (at th
bottom of the great southwest ore-body already referred f

native copper was abundant in masses, some of them of sey

lumps and masses is always more or less perfectly erystallize
#s of course is the case in those mines where all the secon lar
copper-ores were deposited slowly from the dissolved constit
ents of the original sulphides,

While selected specimens of the oxidized ores carry a ver
Ligh percentage of copper, the percentage in the ore as o
ally mined is much lower, inasmuch as the particles of of
proper are, as explained, associated with clays or limonite;
these cupriferous clays or limonites are themselves embi
in vastly larger masses of clayey ledge-matter, absolutely b
of copper. The approach to the so-called ledge-matter,
drifting through limestone, is generally indicated by a
ing of the rock and a gradual replacement of the lime by
cates of alumina, A series of analyses taken from a
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the eastern section of the mine, as an ore-body is approached,
indicate the gradual change from unaltered limestone to clays,
involving a decrease in lime from 24 per cent. to 0.33 per
cent. and an increase in alumina from 2.20 per cent. to 16.9
per cent,

The further passage from altered limestone to ledge-matter is
often less marked by change in composition than by change in
color. Figs. 3 and 4, taken in one of the southwest drifts,
show distinetly the contact and the sudden transition in color
from pale limestone to deep-colored ledge-matter. The assays
show the increase of the iron with the increased depth of
color.

The altered limestone of Fig. 4 contains:

a0, Mg, Si0y AlOy, ¥i0s .
800 e 804 3.04 L6 38

The subjacent ledge-matter :

Cu0. MgO. 810, ALO,. ¥yl CO,
1.62 5.98 53.9 14.0 144 6.85

The ferraginous clays, when entered, are regarded as hope-
ful indications of ore, but exploratory drifts are often made in
them for many hundreds of feet before reaching a trace of
copper. Suddenly, without any premonition, the clay carries
copper: and as suddenly the drift runs again into barren
ground. Large areas have been stoped from these sporadie
masses, and the locality has been abandoned as exhaunsted, only
to discover years afterwards that a mere partition of barren
ledge-matter separated the exhaunsted stopes from still larger
reserves.

As at the surface in the open-cut, so occasionally in depth,
the ledge-matter is in contact with unaltered limestone.

Fig. 5 was taken where the ledge-matter has parted abruptly
from hard limestone. The ledge-matter is often very much
contorted, as in Fig. 6.

The difficulty of extracting these comparatively small masses
of soft ore from such large masses of plastic clay is very
considerable, The whole hill is in a state of ceaseless move-
ment., The comparatively shallow capping of limestone is fis-
sured to the surfice in all directions, and the lateral strains on
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the partitions of limestones which separate the masses of ledge-
matter, when large stopes are made in them, canse these parti-
fions to yield. The slag-dump in the valley east of the hill
:(Fig. 7) rests on detritus, beneath which is ledge-matter, and is
a source of considerable annoyance in the mine, as its pressure
i& continuously squeezing up the ledge-matter in the eastern
stopes of the mine,  And so soft i the ledge-matter which is
under this valley, that cone-shaped caves extend to the surface
from the stopes throngh 80 to 100 feet of barren clay,—but
fortunately the movement of ground is slow, and ample warn-

Fia, 2,

Open-Cut of the Copper Queen Mine.

ing is given, The tendency of the clays, under this pressure, is
to rise, and therefore it is impossible to maintain a perfectly
Jovel track in the permanent ways. At the same time the
walls of the drifts are cither foreed out of line by lateral pres-
sure from one side or the other, or the drifts are contracted by
the irresistible pressure, from all sides, of the swelling ground,
Henee it is imluwxiblv'tn nse underground the most economi-
eal modes of traction.  The stopes ean be held np only by tim-
bering in square sets, and the face of the stopes can never be
safely broken down ahead of the timbering. The yield of this
elass of ore is about 7 per cent., after rongh selection in the




THE COPPER QUEEN MINE, ARIZONA.

Contaot of Altered Limestone and Lodge-Matter

Contact of Altered Limestone and Lodge-Munttor.
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Parting of Ledge-Matter from Unaltgred Limestone.

Contorted Clavs in the Baxter Tonnel,



THE COPPER QUEEN MINE, ARIZONA.

Fra. 7.

Limestone Boulder, Found Imbedded in Ore.
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Fissure on the 200-foot Crar Level

Fra. 10
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Fra. 1L

Stalactites in a Cave in the Copper Queen Mine,

Fie, 12

Altered Limestone, Showing Marks of the Pick.
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Fra, 15,

Tilting-Furnace Well.

In the Bessemer-Pit,
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stopes, where about one-half the total material broken is re
Jjeeted. To supplement the deficiency in filling up the stopes,
barren ledge-matter from exploratory drifts is used. Though
the timbering of worked-out portions of the stopes is thus o
forced, so violent is the movement of the ground that, when
old stope is drifted through, the old timbers are found upset
and dislocated or erushed into chips. The size of timbers usge
ally employed in square sets is 10 by 10 inches and 12 by 12
inches, und the most available source of supply is Puget sout 1.
About 30 feet, board measure, is buried in the mine to the
of ore extracted, '
A notable quantity of oxidized ore is also obtained from
narrow irregular deposits between limestone walls, or from still
more undefined bodies, which eement together limestone
boulders, large and small. Fig. 8 shows a limestone boulder,
which was imbedded in ore, and has been left in the st &
supported by timbers. These bonlders are generally supe fie
cially gnarled and corroded, as well as decayed to a depth of
several inches, and they and the ore entangled among them ae
never situated at any considerable distance from the solid con-
fining limestones.
The depth to which decay of ore has extended from the sur
face is very variable. A very large body of sulphide-ore was
struck on the 200-foot level, and yet in other sections of he
mines the ore is partially oxidized to the lowest depth at whi 5
ore has been encountered, namely, 570 feet below the collar of
the Holbrook shaft. Yet below the 300-foot level, complet dy
oxidized ores became scarce. The furnace-mixture, for years
before the company abandoned the making of bars dired ,.
yielded a certain quantity of matte, and the copper bars were
debased by a notable percentage of sulphur. The depth to
which atmospheric ageney reaches is, of course, determined
largely by the permeability of certain rocks to the insensible
flow of water through their pores. The compact carbonifers
limestones, however, in which the Copper Queen mine ocem
permit the passage of atmospheric agencies to considerable
depth, rather throngh the fissures and joints (expanding ocet
sionally into caves), by which they are retienlated than throu 6
the pores of the rock. Fig. 9 shows one of these open fiss s,
“An interesting phenomenon in the West, where the climate is
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emely dry, is the great depth to which roots will strike
throngh rock-fissures in search of moisture,

Phe sulphurets in these limestones ocenr in layers of various
kness and solidity. When solid and thin, they are gener-
partially oxidized, and are rich. Two very large compact
es have been encountered, and in part explored. The
st apexes on the 200-foot level and has been traced to the
400-foot level, and a string of stopes nearly 500 feet in length
has been opened npon it; but the profitable ore bears only a
mall proportion to the whole mass. Roughly speaking, the
is enveloped in a shell of oxysulphide, and streaks of
ar black copper-ore of good grade intersect it; but the
gore consists of compact bisulphide of iron, very lean in cop-
per. The same condition holds good of most of the large
iron-pyrites massee the world over, where oxidation is oceur-
ng: and, tlwreiore. whxle estimates of qummty can. gener-

A"-Tbe genesis of these ore-bodies, the progress of their decay,
~and the contemporaneous changes wrought in the surrounding
rocks, are interesting subjects of study and speculation.  Dur-
Jing the early stages of the mine's development, the opinion
vas prevalent, based exclugively on the elean-cut outline of the
‘great outerop and the well-defined cavity of limestone in which
the first ore-body was enclosed (see Fig. 10, a view taken from
Cwithin the mine, but through the open-cut), that the original
unaltered ores, prior to their alteration, had filled caves pre-
fionsly formed in the limestone, and that this filling had been
effected partly through infiltration and partly through mechani-
ml action. The barren clays below the 100-foot levcl were dis-
finctly steatified; and at still greater depths in these and other
“sections of the mine large, round, siliceous pebbles, isolated or
in layers, are found. Further developments have shaken this
‘hypothesis, though there is abundant evidence that, through
eracks and fissures in the limestone, surfaco-detritus has been
‘carried to considerable depth, and that mechanical as well as
atmospherie agencies have played their part in creating and
‘distributing the ore-bodies in their present secondary altered
condition. Large caves exist in the hill. It is therefore con-
ceivable that into pre-existing caves copper-solutions might have
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I'
eatered concurrently with mechanically transported clays and

gravels, thus forming the alumino-ferruginous copper-ores which
constitute the great mass of the oxidized bodies. But
almost total absence of lime in these oxidixed ore-bodies is, in
itself, a strong argument against the supposition; for had o
copper been carried into them throngh infiltration from lime
stones, and with lime, the ores would have possessed the com-
position of the cupriferous stalactites, such as are shown in
Fig. 11, which line the caves, and therefore would have
tained a large proportion of lime as calcite. But this is
true, either of the ledge-matter or of the ores.

In framing a reasonable theory to account for the formation
of the oxidized ore-bodies, we may start with the assumption
that the copper they contain existed originally as a sulphurctted
compound.  Another assumption, which eannot be made with
o much eertainty, but which, I think, may be fairly alloy ed,
is that the composition and distribution of the unaltered musses.
of sulphurets, which are contignous to the altered ores, are.
identical with the composition and distribution of the now oxie
dized ore-bodies before decay had set in.

As I have already remarked, limestones contain more or les
disseminated iron- and copper-pyrites, but these particles, pro-
tected from atmospheric action by the envelope of rock, are
unaltered even at shallow depths. Not so, however, the se
mass, for instance, of compact pyrites which extends from the
200-foot level to the 400-foot level. Tt exhibits every stage of
decay, and the enclosing limestones are widely and completely
altered. A section through this portion of the mine would
exhibit the limestones becoming gradually softer and exchs
ing their lime for clay, while yet retaining the structure
color of the original rock. Fig. 12, from a photograph taken
in this gection of the mine, shows distinetly the structure of
the limestone; but the hard rock is so altered that it can he
removed by pick, the pick-marks showing distinetly in the pie
ture. This altered limestone contains Ca0, 7.1; MgO, 8.
8i0,, 27.1; ALO, 15.5; CO, 17 per cent. ITmmediately on
lies ledge-matter, the composition of which is Cu0, tr
MgO, trace; Si0,, 27.4; ALO, 15.1; F,0, 33.9; CO,10.6.
light, clayey, aluminous rock thus suddenly changes toa
ruginous clay, generally barren of copper. This envelope gives
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lace to a black sulphuretted ore of very diverse composition.
aces it runs very high in copper, as indicated by the
sscite streak under the pick. At other places, though the
in appearance, it consists merely of an oxysulphide of
p. On the whole, however, this second ghell contains the

profitable of the sulphuretted ores. It is not of uniform
skness, any more than of uniform composition, but thick
enough to permit large stopes to be opened upon it. The
pel of the mass is very much leaner in copper than the
dl, and consists of compact iron-pyrites averaging about 45
jer cent. sulphur.

On the same horizon as this particular body of both partially
dtered and wholly unaltered pyrites, we have large quantities

ledge-matter, in which oceur, as already described, great
wes of cupriferous limonite, while, elsewhere in the same
ge-matter, we have areas of cupriferous clays. These differ
om the barren ledge-matter in little else than the percentage
f copper. The limestones, as ledge-matter is approached,
have undergone substantially the same alteration as in the
yicinity of the black oxysulphide.
Though, as a rule, the clays of the ledge-matter. are ferru-
ginous, they enclose, here and there, musses consisting of
are white clay, so free from iron as to be suitable for the
plastic material of converter-linings. Such white clays may
have been originally partitions of pure limestone between
masses of sulphuretted ore, or blocks of limestone intercalated
in the ore, which we assume the ledge-matter to have originally

If, therefore, we assume that the ledge-matter represents or
replaces ore as originally deposited, in what condition was that
ore, and through what process of alteration has it come to as-
sume its present composition and appearance? It has been
suggested that the ledge-matter is an altered feldspathic rock
in place; that this intrusive rock carries the ore; and that
the ledge-matter and the ore, as found to-day, are merely in-
stances of alteration. It is difficult to eonceive how irregular,
isolated masses of intrusive rock could be injected into the
Jimestone so as to fill the spaces occupied by the ledge-matter;
Dut & more cogent reason for questioning the correctness of the
theory is the fact that outside of, and below, the area of altera-
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tion we find no such hodies of copper-hearing ¢ porphyry ™ (to
use the popular term) as the theory ealls for: whereas we do
find large bodies of unaltered copper-bearing iron-pyrites in
contiguity with the altered bodies.

Fig. 13 is a cross-section through altered and unaltered ore-
bodies.

One or more granite veins traverse the limestones of the
Queen hill, and even ent through, without appearing to affeet,
the ore-bodies; but these veins are barren. They have not
been traced from the surface, but they correspond approxi-
mately in position and direction with heavy quartzite crop-
pings, which break through the limestones near the crest of
the hill. If the surface quartzites and the deeper granites
belong to the same system, this instance would confirm the
evidence presented elsewhere, that feldspathic rocks, under
such potent influences of decay us exist in the Sounthwest, loge
all their basic ingredients at, or near, the surface, and are
altered into very acid felsites, or even qnartzites. 'We have
used the decayed feldspathic rocks on the 400-foot level as
plastic lining for the converters,

With regard to the ledge-matter and the oxidized ore, my
own opinion is that they are the product of replacement and
local concentration; that where there is ledge-matter to-day,
there was, originally, more or less compaet iron-pyrites carry-
ing a small percentage of copper; and that, during the process
of alteration, not only did ferruginous solutions of aluming re-
place the pyrites, but the copper, by a process of segregation
akin to crystallization, was concentrated and collected into
areas of limited size, thus constituting the com paratively small
bodies of oxidized ores which are digsseminated irregularly
through the very large masses of ledge-matter. The acid-
produets of decay thus liberated must have been enormous.
As the outline of the masses of ledge-matter has never heen
traced, it is impossible to determine their actual size, and thus
arrive at an accurate estimate of their quantity; but, approxi-
mately, there has been exposed on all the levels above the 400-
foot level not less than ten million tons of ledge-matter, If this

was, before alteration, a sulphide-ore of the AVErnge compo-

sition of the existing unaltered masses, there must have been
set free at least four million tons of sulphur. That the ore be-
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fore alteration was as compact, and therefore carried as high a
percentage of sulphur, as the existing unaltered ore, may be
doubted. It is possible that one reason why the sulphide-ores
of to-day on the upper levels are only partially decayed is that
they were composed of more compact pyrites than the ores
which have been completely altered and are imbedded in ledge-
matter, In any case, assuming that the ledge-matter and ore
represent sulphuretted compounds now altered, there must have
been oxidixed and rendered soluble more than a-million tons of
sulphur, which would be sufficient to produce widespread alter-
ations in the adjacent limestones and hasten decay in the ore-
masses themselves; to reach by diffusion the adjacent feld-
spathic rocks; to alter them; and to carry back some of their
~ basic constituents and silica, to replace the dissolved elements
of the limestones and ores.*

l As I have already pointed out, the limestones themselves
which enclose the ledge-matter are extensively altered. As the
result of such alteration, there must have been produced corre-
spondingly large quantities of sulphate of lime. Through
the percolation of water this has been completely dissolved and
removed. In dryer mines, such as those at Globe, small quan-
tities of gypsum are found; and in such extremely dry regions
a8 that in which the Boleo mines of Lower California are situ-
ated, gypsum accompanies the oxidized copper-ores in such
quantities az to convert the furnace-product very largely into
matte. At Bisbee, however, where the ledge-matter is every-

* where wet, where fissures and eaves afford channels for the flow
of water, and where, during the wet season, our pumps have
to handle from one to two million gallons of water a day, even
such sparingly soluble products of decay as gypsum have been
dissolved and have disappoared.

It is more difficult to account for the enormons quantities of
alumina which must have been derived from extraneous sources
to form the clays. They must have been derived and conveyed
by diffusion from the adjacent feldspathic rocks. As I have
already remarked, when we drift from the limestones into the
feldspathic rocks, assnmed to be rhyolite, to the east, it is impos-

#* There nre, within the limestone area, caleareons shales, which are probably
the products of alteration, ns they differ less in composition than in structure
from the clays.
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sible to distinguish the difference hetween altered limestone
aud altered rhyolite. But in the distinetly feldspathic rocks we
find that widespread decay, though less destructive, has o
curred. As this rhyolite carries more or less iron- and con er
pyrites, it may be argned that the enclosed pyrites is the
effective agent in assisting decay. But except at the surface,
where the rhyolite is colored, the pyrites is undecomposed,
Below the surface the rhyolite is white and softened to consid-
erable depth. It is therefore quite conceivable that, by mea:
of the insensible interchange of solutions from the decaying
bodies of pyrites through the adjacent feldspathic rocks, aly-
mina and a certain amount of silica should be dissolved, and
that they, in their turn, should displace the earbonate of
and replace some of the iron in the altered pyrites.
At the Copper Basin in Yavapai county, Arizona, a copper-
golution 0ozes from feldspathie rocks which carry only a trace
of copper. On exposure to the air, there separates in the bot-

tom of the streams an insoluble magma, the solid constituents
of which are:

Per Cont,
Silica, . . - 3 . ’ o . . - S S
Fe, ), und ALO,, . . s x A 3 A A « 1621
Ca0, . v : . . ’ . : . . 6440
80, . . . . ’ : v R - . . 12,22

100.00

In time this sludge is converted into a mixed carbonate of
copper and alumina, which binds together the gravels into.
conglomerates, of which some twenty thousand tons constitute
horizontal beds of copper-ore. The alumina and silica are in
this case dissolved from the granite, through which percolate
the soluble products of the decay of copper- and iron-pyrites,

A feature of the Bisbee mine is the large caves, which have
had some influence on the occurrence of the oxidized ore-
bodies. The walls, roofs and floors of these caves are alw,
covered with stalactitic aceretions, which are often tinted green,
blue and red by the copper- and iron-solufions which are mixed
with a solution of carbonate of lime. What, however, gives
these caverns practical interest is that they have invariably o
ered oxidized ore-bodics. Fig. 14 gives a cross-section thro
one of the large caves. Three such caves of conside
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xtent have been encountered, and in every instance this com-
ination has occurred. Tt may be accidental ; but so satisfied
s we to the contrary that, when a cave is now met with, drifts
;ire run beneath it to strike the ore-body. It is a fair assump-
ﬁon that the cave, if not originally formed by the contraction
of an ore-body, was inereased by the shrinkage of the latter
"aurintg its oxidation, and that, therefore, a genetic relation really
exists between the eave and the underlying ore.

Morcover, some real, and not accidental, relation can be
traced between the surface-contour of the country and the un-
derlying ore-bodies.*  Where the ore-bodies have come to the
~surface, and have been decayed into ledge-matter, erosion has
‘been extensive, as in the case of the depression east of the Cop-
Ljm' Queen hill, throngh which the Arizona and Southeastern
R. R. enters the town, and in which the slag-dump shown
in Fig. 7 is being made. This depression, as already ob-
served, marks the line of contact between the limestones and
“the rhyolite. The fissure between the Copper Queen hill and
‘the Copper King hill to the west uncovers the deposit of
“cerussite which first attracted attention to the district; and
Jtlus guleh may oceupy the position of ore-bodies which, there
i reason to think, have been completely removed by denn-
.,dnhon. Souath of the Copper Queen hill there is a broad de-
pression, which corresponds roughly to the ore-bearing ground
Jin depth. It would be drawing an unwarrantable conclusion
o predict the position of an ore-body from the surface-contour
->of any conntr) but where the rocks are known to be ore-
‘bearing, it is often as fair an assumption that surface eleva-
tions and depressions represent ore-bodies in depth as that the
“colors of soils and rocks are indicative signs.

The metallurgical practice has necessarily nndergone radical
‘modifications with the change in the character of the ore; and

* The tremendons erosive action of water is illusteatedd by Fig. 2. The picture
“was taken when a flood, caused by a heavy shower which fell on the mountains to
the rear of the town, was rashing down the main street, as well as filling the hed
‘of the stremm (slways dry, except during flood). Formerly these floods were very
rure ; but since the timber has been cut off the range, and its seanty grass has
been torn up by the roots, there is nothing to impede the rush of water, carrying
with it sand, gruvel aod rocks,

Within a few minutes aftera black cloud floats up the gulch over the town these
“destroctive torrents tear down the valley, washing all before them,
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the plant also has grown, both in size and in the dimension of
its geparate parts, with the expansion of the mine. The water-
Jacketed farnace which was introduced when the mine was
opened by Mr. Lewis Williams, who was probahly the first
metallurgist to apply it to copper-smelting, has remained the
type of furnace used; but the 36-inch round shell has, by sue-
cessive changes, developed into furnaces of 120 inches by 42
inches, There is no other reason for confining them to this size
than that the capacity of such a furnace is approximately that
of the converters, which are coupled with the furnaces. Origi-
nally the furnace-plant, consisting of two 86-inch Jackets, was
built directly below the open-cut, and the ore wias erushed under
4 separate roof, thus involving unnecessary handling; but in
1886-1887 the smelting-works were removed to their present
site, though they were still planned for the treatment exclu-
sively of oxidized ores, Already, however, the percentage of
sulphur in the oxidized ores was increasing to a degree which
injured the quality of the black-copper bars, and involved the
retreatment of part of the produet as matte. Simultaneonsly,
large bodies of compact sulphurets were being discovered, the
utilization of which involved a change of treatment, By that
time the pneumatic method of concentrating matte had ac-
quired such undisputed acceptance in Butte that the company
decided to adopt it; but, instead of building the vertieal con-
verter, which had heretofore been exclusively used in this
country, the horizontal barrel-type was copied, with modifiea-
tiong, from those in use at the metallurgical works in Leghorn,
Ttaly, at Aiguilles, France, and at Vivians' works in Swansea,
Wales.

At first the converters were fed from a remelting fornace;
but this wasteful operation was soon abandoned, and each of
the three converters was placed opposite its companion smelt-
ing-furnace, and the molten matte was poured from tilting-wells
directly into the converters. Fig. 15 shows a tilting-well, from
which matte is being poured into one of the converters, sitn.
ated on a lower level, as shown in F ig. 16. This plan secured
notable economy over the cost of remelting, with its attendant
handling of the cooled matte, but was found to involve ocea-
sional delay—at one time of the furnaces, at another of the
converters—so that neither furnaces nor converters could be
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pushed to {heir maximum capacity, An electric crane is there-
fore being introduced to transport the matte from any one of
the farnace-wells to any one of the converters. The smelting-
plant of the mine will hereafter consist of four water jacketed
cupolus, 42 inches by 120 inches, of oval shape, and with taper
from the feed-door to the tuyeres. Each furnace is provided
with two tilting-wells, arranged in tandem. From the second
well the slag will flow into 2-ton tadles, which are moved by
the electric crane to the 4-ton slag-cars, drawn by a steam
locomotive. The matte will be poured from whichever of the
tilting-wells of each farnace is quite full, and conveyed to a
converter; and the same crane will return the converter-slag
to the well nearest to the furnace, thus allowing the slag ample
fime and space to settle while travelling to the discharge of the
second well. The converters are § feet long and 5 feet 6 inches
in diameter. The average daily capacity of each furnace is
about 160 tons of ore, exclusive of extra charge of foul slag,
and each converter can blow daily 30 to 40 tons of 45 per cent.
matte to metallic copper, averaging a trifle over 99 per cent.
The blast is derived either from a horizontal duplex Riedler
engine or a vertical Seranton engine. The pressure usually
maintained is from 7 to 8 pounds. While the matte can be
blown at much lower pressure, a lower blast retards the opera-
tion.

TIn Mineral Resources of the United States for 18831884, T de-
seribed the construction and operation of the old 36-inch jackets
then treating the oxidized ores of the mine.

At present a charge of the large 42- by 120-inch furnace is
composed of naturally oxidized ores mixed with sulphuretted
ores in such proportion as to yield a matte of about 45 per cent.
The following samples of ore-charge and slag were taken dur-
ing a day’s run of the same furnace.

Each ore-charge consisted of :

_—

Pounds,

Oxidized ores from varions parts of the mine, carrying more
or less sulphur, . . v . O PG W S
Low-grade clay-ore, . . / . ~ o . . 1,000
Raw sulphide-ore, . R . . v ok iy . 1,000
Honsted sulphide-ore, . LU AR e e e A

N o ST RS o e U 3,000
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One charge of briquettes, made from fine orc-screening
flue-dust and coke-dust, in a Chisholm & Boyd press, is fud fo
every 10 charges of ore. The coarse sereenings from the co
verter are added as extras, The larger proportion of sili
alumina in the slag than the composition of the ore-e
would warrant, comes from these sereenings, and from the usk

of the coke.
Analysis of Ore-Charge.

Per cent.
Copper, SRS R T G SO T v
Silica, . . . . . . . . . 5 . “X0E
Lime, . SP O e T AT B e S SE ;. -
2 T IS RN L GO LS S B (A S s
Iron, . - . > v s . ¢ . - . 2.7
Aluminum, . A A - A i : \ - . 54
AR 2 52 W Sagn R g i7 st NN
MEOREDS, s\ 5 & e & e Uh  er zey “HONECNEE
Moisture in the ore, . 3 3 . 5o ’ S, -
Oz por ton.
Silver, . s . % . . . 3 ; ol LdaVURRAS

Gold, . " : . < el 4 . e o Tence

Analysis of Resulting Slag.

Por cont.
Copper, e e e o e 16 ¢ s Do Nie RN
Silica, . 3 - 2 - = 2 k- v e . 888
Lime, . : : i - G : : 5 . N b
BURPRNPAMESTE 50 s el G0 e s o e usGuaE
Iron, . . . - . . . . . 2 . W
Aluminum, . 3 R . . : . . . . 13156
Zine, . 2 - : 3 . > . : - . Nil
TS . R R
Manganese, . : : - . 3 S : PRSI (.
BHVET.  « o o & v w e 5 e nSHINEEE
GO B Ly et s o e ze ae SRR

The copper-content of the wet ore, as fed into the fur

the average run of the mine, but selected ore; as roi
sorting 18 done underground. No flux is ever added to
furnace-charge, as by a judicions selection of acid and |
ores a fusible mixture can always be obtained. The eo
sumption is 12,5 per cent. of burden of furnace. The
used is a very impure product of the Trinidad, Colo.,
cirrying over 20 per cent. of ash; but the furnace
sufficiently basic to permit its economical use.
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neration of one of the converters when fed from a

e products of the blow.

o, involving, as already stated, a considerable waste

ingredients of the matte is indicated by the analysis

ple af Products of Bessemer Converter No. 3, at Bisbee, Dur-

et tap of matte from well No. 3.
med on ot 12,18 pow; blast
at 1228 v, Time of first

blow began ot 12,52 p, . § sec-
rended ut 1.20 p.m. Time of
8 minutes.

blow began at 1.30 p., 5 thind
i at 158 v Time of blow,

all poured at 2,06 p.u.
9! blast on charge : first blow,

et 3 mecond blow, 28 minutes ;
y 28 minutes. Total, 1 hour

‘tap of matte from No. 3 well

'uwbegm nt 2,20 rom.  first
il at 248 poat. Time of blow,

ing the Life of One Lining,

New Lixivo : Firsy Crancr,

Sample No, 1.—First tap of matte into
converter ; ladle at beginning, middle
und end of ap.

Somple No, 2.%<TFirst pour of slag,
4} pots; dip-sample, two rods to ench
pot.

Sample No, 3. —TLadle«ample of white
metal from converter,

Sample No. 4. —Second tap of matte
into converter from well No. 3.

Sample No, 5,—Six pots, poured slag.

Sample No. 6,~Two pots, skimmed
sing.

Somple No. 7.—White metal from
converier,

Sample No, 8.—Metallic copper; ludle-
sample taken nenr beginning and end of
pour. Copper made from this.charge,
94 bars.

Secoxp Cranae oF CoNVERTER.

Sample No, 9.—First tap of matte
taken as for sample No, 1.

Sample No, 10,—First pour of slag, 10
Ppots.

Sample No. 11.—White metal in con-
verter, end of first Blow,

Sample No. 12, < Secomd tap of matte
from well No, 8 into converter,

Swmple No. 13, —~Second pouring of
glag, 9 pots,

Sample No. 14.—Two pots skimmings.

Sample No. 15.—~White metal, end of
second blow.

L. XX1X.—88

No. 2 probubly too high, a5 dip of rods from last pot was too deep,
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Third blow began ot 8.50 p.at, 5 thind
blow ended at 4.32 r.x.  Time of blow,
42 minutes,

Length of blast on charge : first blow,
28 minutes ; second blow, 25 minutes ;
third blow, 42 minutes.  Totul, 1 hour
45 minutes,

THE COPPER QUEEN MINE, ARIZONA.

Semple No, 16,—~Tuken like sam
No. 8; 14} burs of metallic copper,

Nore.—Converter-lining patched with one wheelbnrrow-load of lining after this

run.,

Tuiep CHarGe or CONVERTER,

First blow began at 5.10 »ow ; first
blow ended at 5.41 st Time of blow,
31 minutes.

Second blow began at 6,10 rr. ; sec-
ond blow ended at 6,85 p.x.  Time of
blow, 25 minutes,

Third blow began at 6.45 p.a, ; thied
blow ended at 7.26 p.a. Time of blow,
41 minntes.

Length of blast on charge : first blow,
31 minutes; second blow, 25 minutes ;
third blow, 41 minutes. Total, 1 hour
37 minutes,

Nore.—Converter-lining reinforced with ene wheelbarrow-load of lining

the run,

Fovrtn Axp Lasr Ciuance oF CONVERTER.
Nore.—Had to wait nearly an hour for matte, as No. 3 furnace had heen run down.

First blow began nt 8,48 o, ; first
blow ended at 9.00 r.x. Time of blow,
26 minutes,

Second blow began at 9,19 e ; sec-
ond blow ended at 9.50 e, Time of
blow, 87 minutes.

Total time of blast: first blow, 26
minntes 3 second  blow, 87 minutes
Total, 63 minutes,

Product, 52 bars; weight, 15,070
pounds,

Sample No. 17,—First tap of
from settler No. 3, tuken like w
No. L,

Sample No. 18.—First pour of slug 100
pots.

Sample No. 19.~Whiw metal,
first blow. )

Sample  No. 20—Second charge of
matte from No. 8 well into converter,

Swmple No. 21.—~Nine pots alag,
ond ponr.

Somple No. 22.—Two pots skimmings

Sample No. 285, —White metal, nfte
second blow,

Somple No, 24—Metallic copper, 148
bars, taken like No. 8. il

Sample No. 25.~Matte (only tap)
poured from No. 8§ well.
Sumple No. 26.—Nine pots slag pou
Sample No. 27.—Omne pot of
mings
Sample No, 28, —White metal in con
verter after first blow, [
Sample No. 20.—Metallic copper,
bairs,
Sumple. No. 30— Granulated slagy”
2 pots grab as raked out. g
Sample No, 31,
Sample No, 32.
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it —In blowing up the charges to white metal, there were always some
coming from the converter. But the fames were very much heavier than
in the last charge. In fact there were very dense fumes, probubly lesd,
ugh almost all of the time of the first blow on the fourth charge.

Assays of Abore Samples.

Finsr CHARGE.

\ 81 |
White \ e | White
| Matto, | Slag. | yroeay, | Mutte. | 31:!“‘ Bkim- | ooy Copper.
No.1, | No.3 *| Nowd, | o B
| No.1 0.2 | ‘No.3, No. No. u&I‘m No.7. Noos
{ {
R | I I i
1 |Percent | Percent. Percent, Peroant?i’orcmt.'l'ornnl.‘hroe.nt. Peroent.
RN dassecvesanlanas A [l Torl 2 SRR sennnsnes] JALGE | 36,82 |iiivienvefsrrsnione
. DhAR | 809 | 78,79 | 55,40 ’ 4.34 6.84 | 79.22

; 08,64
o 2100 | 45.82 | 0.86 | 2108 | 4847 | 43.01 | 047 | 0,159
s 034 028 | 007 | 026 | 0.56 | 0.88 | 0.15 | 0.04

016 [rrveerenee| 0,04 | 0,00 |iiiilisiniias] 0.08 | 0,027
0.612 sivnne] 012 [ 104 Liiiieidirrene sl 0181 0,084
0.021 1 cvveriee 0,010, 0.08] .oevvvcisfovrnrnnnes] 0014 0,008

iu_v

ERRERIC ool 0.051]orerrrs| O014] 0.082 iociienesbiciirisa| 0.018 0.01%
Seleniom  ond| ] [ ' SJ 1
_ Tellurinm ... 0.05 0,015 0.020cueviisfonncs o 0043 0,045

glpbur 2180 | 0967 19.78 | LB i ooreerre 1045 | 0244
Silver®.......o..., (9.62)] (0.20)/ }9‘12)‘ ius'.-);..........e..........;(w.zz (1224
i 1080, e (0020)] (000 ] (0:22) (024
il B T enacars fosrass ] ......... T :] A0

Spcosp CHARGE,

|
mm.l . | White
N0, 4, 4:?}‘.?%. e

No, 1o Boured. | min
No, 15| WO

’l'vrocnﬂl‘brccnt‘wrm!. Percent. Percent | Percent,
Coveanienpannane 30,80 L. velanryrowve . 33.46 | 39.62 |,
408 79,10 50.50 447 | 4.31

wee| BAU4

11000 cvoeereniaree] 2133 | 4705 | 0595 2495 | 40.60 | 42.44
| Nickel ..ot 024 | 039 | 0,02 022 | 0.96 | 0.49
BB s neresancaes] | 04BN coisiein] 0,088 DLOB Ll bl
Mond.ceicerens | 131 [orcieieen| G192 202 Lonreen
|'hﬂmony 0.02 0.006] 0.033,..00mi e s iiiiianne

Amenic e 004 ... el 00150 0,035 .cciiid cviiiennns| 0016 0,016
Selenium  and | | |
Telluriume-... 008 e coee] 00220 0,085 i iiiniinn 0042 0,045
Sulphur. ... 2167 |........ o) 1046 | 2161 L. lovereerss| 10.59 | 0.4US
Silver®....oceeres| (6.08)] (0.18) uo‘my (8,08 ecenransleersoarene] (9:28) (11.13)
Gold.............. (0.16) | cvvcvene| (O18)] (012}, o iciiinnnne| (0.20)] (0.25)
ol resid.......| 0.51 |iceenees |i ......

I * The figures for silver and gold, in parenthesis, represent ounces per ton,  As
- @02 onnces is much more silyer than any of our low-grade melts contain, this
wample is undonbtedly incorrect ; and therefore the silver and gold in the second
sample (next table) should be taken for purposes of comparison.
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|
‘ White |
Vo 7. No.f'& Metal. | NG

Percent. Percent, Percent,
i Ty (RREIAS] BEBE - finsiinnilosioiaiye
Copper..c.ouuea| 53,46 | 287 TR08 | 55.30
100N 1eveciiornresnd] 2005 | 4840 | 1,10 | 19,99
Nickel viveeas] 024 1 076 0,07 | 0,20

ZANC seunscaresseses| 0,18 ] 0.30'| 0.08 | 0,00 [...cccervs]urnrrane
Lead.ccciiviensnned 1,80 l Bl | Q10| T3T lesnssisestosrsorrss
Antimony ... 003 Liiianees] 0,005, 0,03 ......... SR
AR iierecsoss] 008 lecousesase] 00141 Q04 |.oererirrnlsrnerrenss
Selenium  and

Telluriun..... 0.04 vinssinssl 0.0181  0.08 [.uciaen
SulphUL.ccornrirs e 10,82 | 22.49 [

Silver®....u 26.76 (0.11) iﬁ 80; {8.:3;

areererees

Fovnmn CHARGE.

Slag | 28 | white| Cop- o,
Matte, Ekim-

No.2%, (VS mings. YO T s
N0, S0 NQ-”.

Per Per Per | Per | Per Per

cobt, | cent, cent, | eent. | cent cent.

Sitien | BT | B8 e
Soppetociceir| ST | GANE [ S048 | 098 | OB | IOt ] 2T

) [ FRURBEIORER §
| ‘ﬂlctel |02
0024 | AJomdnmm. . i
Zi O-N

15
0016 A
|‘Geku!nmond
| Tellurium. -
gl‘}lpb:r e d e st ) “g.g i g’ullplmr ....... j...m...
VEE® o wanve| 1D 8 T e
Golds 0.12) {0.1%) (o.':rg LT 1 LA Sl

!
Tnsol. resid......| 039 f |

* The figures for silver and gold, in parenthesis, represent ounces per ton,
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In summary : 9 h. 48 min. were consumed in making 15,070
pounds of copper, in four charges, or 2 h. 25 min. per charge,
To this, 20 min. must be added for the time allowed for chang-
ing converter-shells,

The first charge was blown up to copper in 1 h. 11 min.;
‘the second, in 1 h, 35 min.; the third, in 1 h. 37 min.; and the
Afonrth, in 68 min. Total, 5 h. 26 min.

The skimming and second matte-filling actually ocenpied
34 win. for the first charge; 37 win. for the second; 39 min.
for the third; and the skimming of the fonrth charge occupied
16 min.  Total, 2 h, 6 min.

The difference of 2 h. 11 min,, or 33 min. per charge, be-
tween the total of 9 h. 43 min. and the 7 h. 32 min. taken in
blowing, skimming and matte-filling, was therefore spent in
pouring copper, patching and charging,—an excessive allow-
anee, due in part, as previously explained, to the system,
otherwise so economical, of linking a furnace to one con-
verter.

l The converter-lining used in Bisbee is composed of quartzite
and clay from the mine, the latter carrying a small percentage
of copper.  No ore sufficiently siliceons, and, at the same time,
sufficiently plastic, has been found at Bisbee to serve as lining;
but at Morenci an ore with an average composition of 54 per
cent. 810, and 20 per cent. ALO, is used to line the body of the
converter. A more siliceons mixture is preferred for the zone
of the tuyeres, The small quantity of gold and silver, which
the above analyses reveal, comes from every section of the
mine—a certain stope containing more on one day than on
another day. For a time a selection was made, one converter
and one furnace being run on the more highly argentiferous
ore, and bars of slightly higher tenor in gold and silver were
made from them; but the difference between these and the
average was too small to encourage us in continuing the prac-
tice, No roasting is actually netded; but two eylinder calein-
ing-furnaces are kept running on very heavily sulphuretted
ores, extracted chiefly during exploration, The furnaces are
uutomatic and selfroasting. Each handles 8 tons of coarsely
erushed ore a day, reducing the average sulphur contents from
45 to 8 per cent.

The power-plant of the works, like that of all plants built up
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by instalments, is very defective. No steps are being taken fo
improve it, becanse the company contemplates building, in the
near future, a large gas-producer and gas-engine plant, the ex-
perience of both the Arizona Copper Co. and the Detroit Cope
per Mining Co. having been overwhelmingly and unreservedly
favorable to that mode of generating power, at least under the
loceal conditions here existing.



