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.



512 THE COPPER QUEEN MINE, ARIZONA.

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
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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,
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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






