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OUTliNE OF PRINCIPAL RESULTS. 

GENERAL GEOLOGY. 

The oldest rocks of the Clifton quadrangle are pre-Cambrian granite and 

quartzitic ~chists, separated by an important unconformity from the covering 

Paleozoic strata. The latter comprise a total thickness of 1,500 feet. At the 

base lie 200 feet of probably Cambrian quartzitic sandstone, succeeded by 200 

to 400 feet of Ordovician limestones. About 100 feet of Devonian ( ·?) shale and 

argillaceous limestones cover the Ordovician beds, while the uppermost part of 

the Paleozoic sediments consists of heavy-bedded pure limestones of lower Car

boniferous (Mississippian) age with a thickness of 180 feet. 

The Paleozoic strata, over limited areas, are overlain by Cretaceous shales 

and sandstones which have a thicknes8 of several hundred feet and which are, at 

least in part, equivalent to the Benton formation. A second unconformity, less 

pronounced than the first; exists between the Paleozoic and the Cretaceous . 

. Masses of granitic and dioritic porphyries were intruded in the older rocks 

after the deposition of the Cretaceous series, and form stocks, dikes, laccoliths, 

and sheets. 

All of the above-mentioned rocks have participated in an uplift and a warping 

or doming succeeded by faulting. The efl'ects of vigorous faulting are especially 

striking. These movements took place during latest Cretaceous or earliest Tertiary 

time. 

Enormous masses of lavas-basalt and rhyolite, with some andesite-covered 

all the above-described rocks during the Tertiary age, and now form a broad 

frame inclosing the comparatively little exposed older rocks in the center. Tertiary 

sediments are not known in this quadrangle.! 

Erosion has sculptured the rock masses of the quadrangle since early Tertiary 

time, and at many places has laid bare the older rocks by removal of the covering 

lavas. A part of the removed detritus-that carried away by the streams during 

Quaternary time-still lies spread out at the foot of · the mountains as coarse and 

roughly bedded deposits-the Gila conglomerate. A change of level during later 

16859-No. 43-05-2 17 
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Quaternary time increased the erosive power of the streams and forced them to cut 
through the Gila conglomerate in box-like canyons a few hundred feet in depth, 
in which the waters now flow over sandy beds along well-graded river courses. 

THE COPPER DEPOSITS. 

The Clifton quadrangle contains many copper deposits. Copper is in fact the 
only metal produced in large amounts, and the deposits of copper ores at Morenci 
and Metcalf are among the most important in Arizona. 

Production a.nd development.-The ore deposits were discovered in 1872, but 
for many years their development was slow because only rich ores could be 
utilized, the district being far distant from established lines of communication. 
Since 1890, however, the progress has been rapid. At the present time, large 
bodies of low-grade ore being utilized, the . production has reached high figures. 
Two strong companies, the Deti·oit Copper Company and the Arizona Copper 
Company, have contributed by far the greatest part of the production since 1882. 

Since 1902 a third, the Shannon Copper Company, has been added. The mines 
of the Detroit company are located at lVIorenci, those of the Arizona company 
at Morenci and Metcalf, and those of the Shannon company at Metcalf. 

In 1902 the total production rose to 49,500,000 pounds of copper; in 1903 it had 
attained 53,400,000 pounds, with a value of about $7,400,000. Of the production 
in 1903 the Arizona company contributed 30-,228,000 pounds, the Detroit company 
16,558,232 pounds, and the Shannon company 6,600,000 pounds. 'The ores mined 
average 3 or 4 per cent of copper. The monthly output of ore in 1902 was about 
60,000 short tons. Of this, 47,000 tons were classed as concentrating ore and 
12,000 tons as higher grade smelting ore, with 6 to 10 per cent copper. The Arizona 
company smelted the lowest grade of ore, while the Detroit company averaged some
what higher. The ores of the Shannon company were in ·1902 exclusively oxidized 
ores, containing about 8 per cent copper. Since then this company has also begun 
the mining of concentrating ore. By far the larger percentage of ore consisted of 
sulphide ore, containing pyrite and chalcocite. Of oxidized ores about 13,000 tons 
per month were mined at Metcalf, and a steadily diminishing amount from 1,500 tons 
per month at Morenci, making a total of 14,500 tons, or about one-fourth the total 
·production. The output of oxidized ore at Metcalf will continue for a number of 
years and possibly increase. The oxidized ore mined <(·by the Arizona Copper 
Company at Metcalf is the lowest grade utilized in the district, and probably 
contains on an average less than 3 p~r cent. · 

The total output of the district to the end of 1903 is estimated to be about 201,600 

short tons of copper, having a value of approximately $60,500,000. 

Clifton is second in importance in Arizona as a copper-producing camp. 
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In 1903 Bisbee produced 62,500,000, Cl fton 53,400~000, and United Verde district 
28,600 pounds of copper. The produ tion of Arizona is at present a little more 
than one-fifth of the total production f the United Btates. 

The Morenci and Metcalf district are not distinguished by the great depth 
attained in mining. At Metcalf all o the deposits are worked by open cuts or 
tunnels, as they occur near the sur ace of Shannon Mountain. At Morenci, 
where the more important deposits un erlie Copper :Niountain, two of the largest 

mines, the Copper Mountain and thJ Humboldt, are still worked by tunnels, 
though the latter has a shaft also; other

1

s, like the Arizona Central and the Ryer
son, are opened by shafts less than 400 feet in depth. The celebrated Longfellow 

deposit was mined from four tunnel tevels, the Manganese Blue by a shaft 400 
feet deep, and the Detroit by a shaft about 300 feet deep. 

Contact-metamorphic deposits.-T~ere is no evidence of ore deposits having 
been formed in this region before th~l intrusion of porphyry. This event appears 
to be in most intimate connection with the origin of all the copper deposits in 
the region. vVherever the porphyry came into contact with the granite or the 
quartzite, little alteration is observed; but wherever we find the porphyry adjoining 
the limestones or the shales of the Paleozoic series very extensive contact meta
morphism i~ noted, resulting in the formation of large masses of garnet and 
epidote. This alteration is particularly observable at Morenci. The whole Paleo
zoic series is affected, but more particularly the pure limestone of the lower 
Carboniferous, which, for a distance of several hundred feet from the contact, 
has ·been converted into an almost solid mass of garnet. The shales have suffered 
less from this metamorphism, but near the porphyry are apt to contain epidote 
and other minerals. This metamorphism appears not only at the contact of the 
main mass of porphyry forming the southern slope of Copper Mountain, but also 
in the hills between Morenci and the Longfnllow mine, in which dikes have 
produced contact-metamorphic minerals along their sides. Wherever alteration 

has not masked the phenomena, magnetite, pyrite, chalcopyrite, and zinc blende 
accompany in various proportions the contact-metamorphic minerals, and are 
intergrown with them in such a way that the contact-metamorphic origin of 
these ores appears beyond doubt. In many places the ores have accumulated along 
certain horizons in the sedimentary series, evidently more suitable than others to 
the processes of alteration which produced the deposits. The origin of these 
contact-metamorphic deposits is conceived to be in the water and metallic sub
stances which were originally contained in the magma of the porphyry, and which 
were released by decreasing pressure at the time of the intrusion of the rock 
into higher levels of the earth's crust. 'Ve may thus speak of these deposits as 
contemporaneous with the cooling and solidification of the 'porphyry. 
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.f .... s to form, the ore deposits in limestone are often irregular, but more 

frequently, perhaps, assume a tabular shape, due to the accumulation of the min
eral:-; along certain planes of stratification or along the walls of dikes. 

Oxidizing waters have very greatly altered the deposits in limestone. The 

sulphides have been converted into carbonates, and malachite and azurite are the 

most common ores. Cuprite also occurs extensively, and seem~ to form by pref
erence in the shale forming part of the Devonian system. Chalcocite and other 
sulphides are almost entirely absent. The zinc blende bas been carried away as 

sulphate of zinc, which is frequently found in efflorescence on the walls of the 

tunnels. The magnetite and the garnet which orig~nally formed a part of these 
deposits have also undergone decomposition, the resulting minerals being silica 

and limonite. 

· The celebrated Longfellow mine is worked on one of these depo$its occurring 

as, roughly speaking, a funnel-shaped mass in the Ordovician limestone, between 
two large porphyry dikes. Farther west,. along the. main porphyry contact, the 
Montezuma is encountered, and farther on the Detroit and the Manganese Blue . 

mines. Both of the latter mines were worked on several tabular ore bodies, three or 
more in number, occurring in horizons varying from Silurian to the lower Carbonif

erous. All of these deposits are now largely exhausted. They contained a large 

quantity of very rich carbonate and oxide ore. The extent of these ore bodies was, 
however, much smaller than the large masses of chalcocite ore which now form 
the. main support of the camp. 

At Metcalf the Shannon mine contains several ore bodies of similar origin. 
A fragment of the Paleozoic series outcrops on Shannon Mountain, and is cut by 

an extensive system of porphyry dikes, which in the lower part of the mountain 
join the main part of a ·large intrusive body of porphyry. In several horizons 

the -limestones are greatly altered, the final product generally being copper car

bonates and limonite, ~ith some quartz. In some places the ore bodies are less 
affected by oxidation, and their original character of garnet, epidote, magnetite, 
and sulphides may be plainly seen. 

Oxidation by surface waters, as at the Rhannon mine, also diffused much copper 
as chalcocite in some of the porphyry dikes, and the deposit in the Nletcalf mine, 

or.. a lower spur of the same hill, consists chiefly of a body of extremely decom
posed porphyry containing chalcocite and carbonates. · Very probably this copper 
has migrated into the d.ecomposing porphyry from bodies of contact-metamorphic 

rock at higher elevation, parts of which are probably now eroded. 

F£ssure veins.-At many places in the district the copper deposits consist 
of fissure veins, cutting alike porphyry, granite, and sedimentary rocks. From 
the available evidence it would seem that these veins had been formed a short . 
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time after the consolidation of porphyry. In lower levels the veins consist of 

pyrite, chalcopyrite, and zinc blende-magnetite being conspicuously absent. At 
the surface many of the veins have been completely leached, and now show 

nothing but limonite and silicified porphyry. This rule is, however, not a general 

one, as, especially in porphyry, oxidized ores are sometimes found in the out

crops of the deposits. Between the leached croppings and the deep ores of 
pyrite and chalcopyrite is a more or less extensive zone of chalcocite or copper 

glance, deposited by secondary processes on the pyrite. 

The most important vein system is that which, under the general name of 
the Humboldt vein, extends from northeast to southwest through Copper Moun
tain at Morenci. The outcrops of this vein are practically barren, but at the 

depth of about 200 feet the deposit becomes productive and contains chalcocite, 

associated with pyrite. There are usually one or more central seams of massive 
chalcocite, some of which are fairly persistent. These seams are ordinarily 

adjoined by decomposed porphyry, now chiefly consisting of sericite and quartz, 
together with pyrite and chalcocite. These extensive impregnations of the coun

try rock are rarely confin~d by distinct walls, but gradually fade into the sur

rounding porphyry. That these deposits al'e genetically connected with fissure 
veins, however, can not be doubted. In lower levels the ore is apt to change 
to pyrite and chalcopyrite. Both the Arizona Copper Company and the Detroit 

Copper Company are now working the low-grade bodieR of chalcocite ore accom
panying the veins. The reserves thus far opened assure a high production for 
many years to come. 

Parallel veins, somewhat narrower, but similar in character, are those opened 
by the Arizona Central mine, also at Morenci. These veins are partly in porphyry, 
partly in contact-metamorphosed limestone. While malachite and azurite some

times occur, they are bJT no means· as prominent as in the limestone deposits, and 
frequently the leached surface zone is immediately adjoined by the chalcocite ore. 

The Coronado mine represents a different type of deposits. It is formed on 
a fault fissure between granite and quartzite, indicating a throw of at least 1,000 

feet. The fissure is followed in places by a diabase dike, showing some effect of 
crushing and movement on the vein. The croppings contain copper carbonates 
and silicate, but these minerals change at slight depth to chalcocite, and still 
farther down it is believed that the ore bodies consist chiefly of pyrite and 

chalcopyrite. 

Somewhat different again are the fissure veins on Markeen and Copper King 
mountains. The granite of this complex of hills is cut by a great number of por
phyry dikes which generally have a northeasterly direction. Along many of these 

dikes movement and fissuring has taken place, and varying amounts of copper 
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ores have been encountered. The veins contain comparatively little gangue, the 
copper minerals -being chiefly distributed through the altered porphyry or through 
the granite adjoining the dike. At the surface a small amount of carbonates may 
be found, but they change at slight depth, sometimes only a few feet from the 
-surface, into an ore composed of chalcocite and pyrite, which still farther down 
appear to change into pyrite and chalcopyrite. The most prominent deposit on 
this system of veins is the Copper King mine, which is situated only a few 
hundred feet below the summit of the mountain of the same name. 

The main mass of porphyry between Morenci and Metcalf shows evidence of 
very strong mineralization throughout. A great number of fissure veins have 
been encountered in it, although most of them are neither persistent nor strong. 
Close to the surface the ores are apt to spread through a considerable mass of 
rock, and in some cases important bodies of chalcocite, due to secondary depo
sition on pyrite -from solutions containing copper, have resulted. The granite 
adjoining this porp~yry is sometimes also thoroughly altered and impregnated 
with pyrite and chalcopyrite. This may be seen in the narrow canyons of Chase 
Creek for a mile above Longfellow incline. While a number of more or less 
well-defined veins have been opened here, the results have not been encouraging. 

Several smaller deposits of oxidized copper ores are found near Garfield Gulch 
·and along Placer Creek. 

Conditions of ground wate?·.-Permanent water has not thus far been encoun
tered in any of the mines in the whole district with ~hich this report deals. 
Morenci is sib~ated on the hills from 800 to 1,500 feet above the principal streams, 
Chase Creek and Eagle Creek, and the deepest workings in no place reach farther 
than 600 feet below the surface. The mines at Metcalf are situated on Shannon 
~fountain, fron1 500 to 1,200 feet above Chase Creek, and here, too, the workings 
are dry, except in one place, where a winze struck some standing water. The 
few shafts and prospects sunk in the bottom of Chase Creek are the · only places 
containing permanent water. 

The present stand of the water level, except along the creeks, is practically 
unknown. It probably rises as a slightly curved -surface from_ the creek levels 
in toward the high hills. The total amount of water stored below this water 
level is probably small. 

Depth of oxidized zone.-The presence of products of direct or indirect oxida
tion shows the depth to which the oxidizing waters or the sulphate solutionR have 
penetrated; but this depth differs considerably in the porphyry and in the meta
morphosed limestones. In that part of Copper Mountain which bas been explored, 
the average depth below the surface of the lower limit of the chalcocite zone 
is from 400 to 600 feet. · To this depth from the surface th~ sulphate solutions 
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descended, and along important fissures they may have gone somewhat farther. 
The solutions not only followed fissures, but penetrated the porous, sericitized 

porphyry with considerable ease. On the other hand, the altered limestones and 

shales are very compact, nonporous, and impervious. Where circulation was 

facilitated by fissures, the rocks may be partly oxidized to a depth of 400 feet, 
but this is generally a maximum. There is no well-defined plane expressing the 

depth of oxidation. On the contrary, oxidation proceeds capriciously, entirely 

fresh sulphides being frequently found very close to the surface. 
Summary of ore genesis.-It has been shown that the intrusions of stocks 

and dikes of granite-porphJTry and quartz-monzonite-porphyry, which took place 
in late Cretaceous or early Tertiary time, produced an important contact meta
morphism in shales and limestones of Paleozoic age which happened to . adjoin 

them. This metamorphism resulted in metasomatic development of garnet, 

epidote, diopside, and other silicates, accompanied by pyrite, magnetite, chalco

pyrite, and zinc blende. The sulphides are not later introductions, but contem
poraneous with the other contact minerals. 

The contact zone has received very substantial additions of oxides of iron, 
silica, sulphur, copper, and zine, enough to form good-sized deposits of pure mag

netite and low-grade deposits of chalcopyrite and zinc blende, all of w~ieh are 
entirely unknown in the sedimentary series awa_y from the porphyry. 

In view of the evidence, it appears impossible that circulating atmospheric 
waters have effected these changes. The occurrences of metamorphosed roeks are 

manifold and found under many varying conditions; there is only one common 
factor, and that is the presence of the porphyry. It is shown that the porphyry 

magma contained much water which held in solution various salts; among these 

were salts of some of the heavy metals. Sodic chloride and ferric oxide probably 
predominated. It is believed that the magma contained all of the substances men
tioned above, and that large quantities of this gaseous solution (for the critieal 

temperature must have been exceeded) dis::;olved in the magma were suddenly 
released hy diminution of pressure as the magma reached higher levels and forced 

through the adjoining sedimentary beds, the purest and coarsely granular lime
stones suffering the most far-reaching alteration and receiving the greatest addi

tions of substance. It is thus held that a direct transfer of material from cooling 
magma to adjacent sediments took place. The formation of garnet indicates large 
gains of ferric oxide and silica. 

It is shown that fissures and extensive shattering developed both in porphyry 
and altered sediments after the congealing of the magma, and that these fissures 

and seams were cemented bv quartz. pyrite, chalcopyrite, and zinc blende, forming 
normal veins of the type of replacement veins. The amount of copper contained 
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in these is usually very small. The bulk of th3 veins consists of pyrite. Two 
classes of veins may be distinguished. The usual type is practieally ·always con

nected with granite-porphyry or quartz-monzonite-porphyry recurring in this 
rock or along dikes of the same. The smaller division consists of those connected 

in their occurrence with diabase 4ikes. The genesis of the former typp, will 

first be discussed. 

As far as the metallic minerals are concerned there is a striking similarity 
between the veins connected with porphyry and the contact-metamorphic deposits. 

A relationship is also clearly seen in the remarkable action of the vein solutions 

on the adjoining wall rock wherever this is limestone-tremolite and diopside 

being formed in it by replacement. On the whole, iron and silica are the main 
substances added during contact metamorphism as well as during the vein 

formation. 
A study of the :fluid inclusions in the vein quartz indicates that the veins 

were formed ·by aqueous solutions and that these solutions were at a high tem
perature, for they contained various salts, in part those of heavy metals, espe

cially iron, which have separated during the cooling· of the crystallized quartz. 
This ~ntirely eliminates the possibility of deposition by cold surface waters; and 

points to two or three eventualities: Deposition (1) by atmospheric waters heated 
by contact with the cooling porphyry, or (2) by ascending magmatic waters, or 

(3) by a mixture of both. In any case the metals must be deriyed from the 

porphyry or from deep-seated sources below the porphyry, for the presence of 

porphyry is the only common factor in all occurrences. It seems reasonably 
certain that parts of the mineral solutions were directly derived from and 

formed part of the porphyry magma, and probably they were entirely derived 
from this source. It seems likely that the fissuring which took place after the 

cooling opened vents of escape for magmatic waters under heavy pressure at 
lower levels, and that they ascended · in these fissures, depositing the heavy 
metals and the silica and acquiring at the same time carbon dioxide from the 

sediments which they traversed. 

It remained for the surface waters, as er~sion gradually exposed the deposits, 
to alter and enrich them in manifold forms. 

Some of the deposits, especially the fissure veins, were laid bare by erosion 
and attacked ·by surface waters at an early date, probably before the principal 
faulting movement, and certainly before the eruption of the Tertiary basalts and 

rhyolites. Oxidation has thus acted on them for a very long period. 

The irregular and tabular deposits in limestone and shale have obtained their 
present form, partly by direct oxidation and partly by the influence of sulphate 
solutions derived from the disseminated chalcopyrite due to contact met.amorphism; 
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a great enrichment has taken place, due to decrease of volume and addition of 

copper from the circulating sulphate solution~. Some of the oxidized deposits in 

shale, however, may be wholly due to the precipitating power exerted by the 
kaolin- in the shale on these sulphate solutions. 

In the veins the history is more complicated. It has been shown that oxida

tion dates back to Tertiary time, and that the water level then was considerably 

higher than it· is at the present time. By action of descending sulphate solutions 

on pyrite, chalcocite was deposited very extensively, and very likely the great 

vertical extent of the chalcocite zone, ordinarily from 200 to 500 feet, is due to 
slow and gradual changes in the water level. Disintegrat,ion and erosion removed 

the iron cap (the product of direct oxidation of the primary vein) and began to 
oxidize the exposed chalcocite zone. In practically all of the veins the surface 

zone of poor ore is due to the direct oxidation of chalcocite. The solutions from 

this part descend and add richness to the upper part of the remaining chalcocite 

zone. But at the present low stand of the water level and the exceedingly dry 
climate the lower limit of the chalcocite zone is probably almost stationary. 
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THE COPPER DEPOSITS OF THE CLIFTON-}IORENCI DISTHICT, 
ARIZONA. 

By WALDEMAR LINDGREN. 

CHAPTER I. 

INTRODUCTION. 

FIELD WORK. 

The three most important copper districts of Arizona are located near Bisbee, 

Jerome, . and Clifton, respectively. 

Jerome is situated almost in the center of the Territory, near the head of 

Verde River. Bisbee and Clifton are both in the southeastern part of the Terri

tory, the former near the Mexican boundary line at the southern end of the Mule 

Pass Mountains, while Clifton lies 120 miles farther north, near the New Mexican 

line on San Francisco River and not far from Gila River. At Bisbee the Copper 

Queen mine is the chief producer; at Jerome, the United Verde; in the Clifton 

district there are several important mines, located at Morenci and at Metcalf. 

In 1898 Mr. S. F. Emmons, in charge of the investigation of metalliferous 

deposits of the Geological Survey, visited Clifton and formulated plans for future 

investigation. His general supervision and many helpful suggestions have greatly 

facilitated the succe<ssi ve stages of the work. 

In 1900-1901 the topographical surveys were made by Mr. Jeremiah Ahern, 

Mr. E. M. Douglas being geographer in charge. The maps comprise a quadrangle 

with sides of 15 minutes, or about 15 by 17 miles, on the scale of 1 to 62,500, 

and smaller maps, embracing the country in the immediate vicinity of Morenci 

and Metcalf, on the scale of 1 to 1,200. The two latter, as well as the econom-

. ically important part of the large quadrangle map, are reproduced in this report. 

In 1901 I was detailed to take up the geological work. The field work 

occupied the time from the end of October, 1901, to the beginning of May, 1902; 

during the larger part of this time I was most efficiently assisted by Mr. J. M. 

Boutwell. The office work was completed during the winter of 1902-3. 
?7 
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For paleontological determinations I am indebted to Messrs. George H. 
Girty, E. 0. Ulrich, T. W. Stanton, and Pro£. H. S. Williams; and for many 

chemical analyses and determinations to the careful and thorough work o£ Dr. 

zes===='===='2:Es=S=cal==e='s~o===='~t====~'""' miles 

FIG. I.-Index map, showing position of Clifton quadrangle. 

W. F. Hillebrand. I am under great obligations to all mining men with whom 
I came into contact in the district for many courtesies extended, and especially 

for their cordial invitation, without reserve, to visit and examine their mines in 
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detail and for permission to record their: experiences concerning the mineral 

deposits. Particularly do I desire to express my thanks to Dr. James Douglas, 

as well as to ~lessrs. C. E. Mills, Gordon J\1cLean, and Milton McLean, of the 

Detroit Copper Company; to J\1essrs. .James Colquhoun, Paul Nicholas, and 

Alexander ~lcLean, of the Arizona Copper Company; and to Messrs. Wiseman 

and W. T. Climo, of the Shannon Copper Company. 

GENERAT-" TOPOGRAPHY. 

The traveler bound for Clifton leaves the Southern Pacific Railroad at Lords

burg, N. Mex. The scenery at this point is characteristically New Mexican. The 

wide, almost level plains, which have an elevation of about 4,200 feet above the 

sea, are covered with scant grass and diversified by groups of yuccas. Low 

ranges of mountains appear on the horfzon in several directions. The drainage is 

not well defined; parts of this area are probably closed basins, while others may 

have underground drainage connections with Mimbres River, which itself empties 

into a closed basin. The railroad from Lordsburg to Clifton continues over these 

plains for some 30 miles in a north-northwesterly direction, and then gradually 

descends to the level of Gila River, which here, near the New ~lexico line, flows 

at an elevation of about 3,200 feet. Along the descent the plateau, evidently com

posed of heavy detrital masses, becomes extensively dissected by a network of little 

gullies, producing a kind of miniature badland scenery. Farther on, the Arizona 

and New Mexico line is crossed and the road enters the open, alluvial Duncan 

Valley on Gila River. This valley, which is several miles broad and long, is a 

prosperous agricultural section in which alfalfa and grain are raised. Below 

Duncan the road follows Gila River for 25 miles. The bottom lands become more 

narrow, and are bordered b:y low bluffs of basaltic rocks. Big cottonwood trees 

line the banks of the river, which ordinarily does not contain very much water, a 

large quantity being taken out for the purpose of irrigation above Duncan. At 

Guthrie the railroad cro:::;ses over to the north side of the river and continues over 

. the gradually rising terraces of detrital material which occupy the country between 

San Francisco and Gila rivers. After a few miles the road begins to descend 

toward San Francisco River, and continues along the base of the steep bluffs of 

consolidated gravels which here line the stream, until finally, 4 or 5 miles farther 

north, it reaches the town of Clifton, picturesquely situated along the narrow 

bottom lands, and shut in by high hills of granite, basalt, and rhyolite. 

CLIMATE. 

Like the other parts of southeastern Arizona, the Clifton district has an 

exceedingly arid climate, clearly enough evident in the absence or scantiness of 

vegetation. The rainfall, which naturally varies according to elevation, but 
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scarcely exceeds 10 inches per annum in the lower parts of the region, is chiefly 

distributed over two wet seasons, one occurring in the late fall or. during the 

winter, and the other during the late summer months-July and August. In 

the lower part of the district, at elevations from 3,000 to 4,000 feet, snow 

seldom falls and never remains on the ground for more than a very short time. 

On the higher ridges, above 5,000 and 6,000 feet-such as, for instance, at 

the head of Chase Creek-the snow may reach a depth of a foot or two and 

may remain for several weeks at a time. The summer rains are characteristic of 

the southern part of Arizona, and are important because they rapidly start the 

grass to a luxuriant growth. 

Except for a few desert bushes the lower foothills are practically 'barren. 

In · many places, however, grows the thorny long-stemmed bush known as Fmt
quiera splendens, whose bare stems are covered with brilliant scarlet flowers 

during the spring months. Up to elevations of 6,000 feet the ridges generally 

support no arboreal growth, a1though a number of species of ·agave and yucea 

are found on them. Above elevations of 6,000 feet, in sheltered locations, 

stunted trees of juniper and cedar are fairly common, and are extensively used 

as firewood. In certain places yellow pines also occur, and these may in some 

eases even be suitable for lumber. A growth of manzanita bushes and stunted 

oak is also found on the higher slopes. Large cottonwood trees grow along San 

Francisco River an.d Eagle Creek, and fairly large live oaks occupy the broad 

washes in some parts of the region. 

LITERATURE. 

The following list embraces the important publications in which are found 

direct references _ to the geology and mining industry of Clifton: 

RAYMOND, R. W. Mineral resources west of the Rocky Mountains: Report of Mining Commissioner, 

7 volumes, 1870-1876. 

Contains many valuable data as to early mining in the district. 

GILBERT, G. K. Report on the geology of portions of Nevada, Utah, California, and Arizona, 

examined in the years 1871 and 1872: U. S. Geog. Surv. West One-Hundredth Meridian, vol. 

3, Geology, 1875, pp. 21-187, 507-567. 

Describes relation of basin ranges to the plateau region of Nevada and Utah. Characterizes 

basin-range structure. Distinguishes three natural divisions in Arizona-the range region, the 

volcanic region, and the plateau region. Describes in general the geology and structure of 

each region in southeastern Arizona. Names, describes, and discusses the Gila conglomerate. 

HINTON, R. J. Handbook to Arizona. San Francisco, 1878. 

Contains . historical data in regard to early mines a.nd development. 

DouGLAs, JAMES. Clifton copper mines of Arizona: Eng. and Min. Jour., Feb. 21, 1880. 

HAMILTON, PATRICK. Resources of Arizona. 3d ed., San Francisco, 1884. 

An account of mines and mining containing much historical information. 
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A. SAN FRAN C IS CO RIVER 1 MILE BELOW C LIFTON . 

Beds of the Gila conglomerate rest against steeply s loping gran ite. 

H T OWN OF C L IFTON, WITH THE SM ELTING WOR KS OF AR I ZONJ.\ COPPER COM PANY IN THE FOREGROUND. 

Hills of basa lt a nd rhyol1te. Granite ndge in th e background. 
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WENDT, ARTHUR F. Copper ores of the Southwest: Trans. Am. I nst. Min. Eng., vol. 15, 1887, 

pp. 25-77. 

This paper contains the first geological description of the Longfellow, Coronado, and Metcalf 

mines, and many important historical data regarding mining and smelting. 

HENRICH, C. Copper ore deposits near Morenci, Ariz.: Eng. and Min. Jour., Mar. 26, 1887, pp. 

202-219. 

This brief paper contains valuable statements as to the geological occurrence of the ores at 

Morenci, but does not mention the occurrences near Metcalf. 

DouGLAs, JAMEs. Copper resources of the United States: Trans. Am. Inst. Min. Eng., vol. 19, 

1891, p. 689. 

DouGLAs, JAMES. Historical sketch of copper mining in the United States: Mineral Industry, vol. 

4, 1895, pp. 269-286. 

DouGLAs, JAMES. Copper industry of Arizona: Mineral Industry, vol. 6, 1897, pp. 227-232. 

BLAKE, W. P. Mining in Arizona : Report of the Governor of Ari ona to the Secretary of the 

Interior,1899, pp. 43-109. 

EMMONs, S. F. Secondary enrichment of ore deposits: Trans. Am. nst. Min. Eng., vol. 30, 1901, 

pp. 177-217. 

Contains brief account of the occurrences of copper ores in th Clifton district. 

In the Transactions of the Institute of Mining Engi eers for 1887, Arthur F. 

\Vendt published a paper on Copper Ore of the South, giving for the first time 

an account of the geological and technical conditions of the " copper industries at 

Clifton and other points. 'J'he paper contains much valuable material, although 
the true significance of the geological phenomena is not always fully appreciated 

or rightly interpr~ted. The figures which accompany th paper, and which have 
been widely copied, partake more of the nature of roug sketches than of actual 

representation to scale. 
Wendt divides the ores into those occurring in li estone, porphyry, and 

granite. The Longfellow mine is described in some d ail and considered as a 

· fissure vein, the author evidently using this term in a ery wide sense. 1\tlany 

valuable analyses of ores are given. Metcalf is descri ed as a "stockwerk" in 

porphyry. The Coronado vein is also described, and stat ments are made showing 
that the tenor of the ores in g;eneral dimini:;hes rapidly as depth is attained, the 

rich copper ores giving way to poor pyrite and chalcop~ rite . 
. A short paper was published in the Engineering and ining Journal, March 26 

and April 2, 1887, by Carl Henrich, in _which the deposits t Morenci are described. 
This paper contains much of interest and S<:?me very aluable generalizations. 
Again, some of the geological features are not correct! interpreted, but on the 
whole the paper is the best description of the deposits a d their probable genesis 
which has thus far appeared. Henrich divides the depo its into three groups: 

(1) Contact deposits, containing malachite, azurite, nd cuprite ores. These 
occur on the contact of limestone and porphyry, and are so etimes entirely included 
in decomposed porphyry near the contact. 
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(2) Deposits in limestone. These are similar to the first group. Wherever 

these ore bodies have been worked out an ore channel has been found connecting 
them with the contact zones. 

(3) Deposits in . porphyry.. These consist of sheets and pockets in kaolinized 
porphyry. Near the surface in these deposits pockets of malachite have been 
found, some carrying large amounts of rich ore. ·In other places the ore bodies 
resemble, and may be called, fissure veins, as the ore doubtless fills fissures in 
porphyry; still Henrich would not consider them as normal fissure veins. No 
ore connections haye thus far been traced between the different deposits, and it 
is not believed that any such connection exists. The gangue of the ores is 
nearly free from iron, contain.ing only 1 or · 2 per cent of that metal. The main 
gangue is kaolinized porphyry with a high percentage of alumina. The probable 
genesis is indicated as follows: 

Through the sedimentary rocks an immense dike of porphyry broke, tearing 
the edges of the huge fissure. This outpour of porphyry probably brought with 
it the iron and copper in the form of copper glance, pyrite, and chalcopyrite. 
At the cooling of the porphyry, which must have been extremely slow, the 
disseminated sulphides probably concentrated and finally were deposited in the 
fissures and pockets of the porphyry formed by the cooling of the mass. 
The original deposit of copper as copper glance is assert~d. 

When the cooling was completed a period of leaching began, carrying the 
sulphates in solution. Probably at that time the climate was more moist than 
now. Henrich further believed that the contact and limestone deposits were of 
secondary origin, derived . by the oxidizing action of atmospheric conditions on 
pyrite. He also expressed the conviction, fully borne out by subsequent develop
ments, that the deposits of copper glance would yet contribute the largest amount 
of ore to the total production of the district. 

HISTORY OF THE DISTRIC'.r. -

Like other mining districts of the Southwest, Clifton-Morenci has an interesting 
history. The earlie·r part, comprising the times of discovery and early develop
ment, teems with stirring episodes of frontier life at places far distant from lines 
of communication, where the pioneers were exposed under a burning southern 
sun to many privations and to dangers from hostile Apaches and from the 
lawless element for whom the bot_md!lry region between the United States and 
Mexico seemed to possess great attraction. These unfavorable conditions, however, 
produced a courageous self-reliance, no doubt contributing to the later and rapid 
ad van cement of the country. The second period, really beginning with the 
cont-5truction of the Southern Pacific Railroad, has been one of great and successful 
industrial development, which finally has resulted in placing the district in . the 
first rank of the· copper producers of this continent. 
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A prospecting ·party from Silver City, N. Mex., discovered the mines in the 

vicinity of Clifton, in August, 1872: and the first ·mining district was organized 

under the name of Copper Mountain district. At that time there were only 18 

or 20 men in the district; among t~em were Messrs. I. Stevens, Bob Metcalf, and 

Golden. Among the claims located at that date are mentioned the following: 

Arizona Central, Copper Mountain, Montezuma, and Y ankie. A few days later 

the Longfellow mine and various clatms at Metcalf were located. 

At that time the conditions were not encouraging. The nearest railroad 

station was La Junta, Colo., 700 miles distant. No wagon road was as yet built; 

provisions and supplies were very high, and the communications frequently 

interrupted by bands of Apaches, ever on the alert to waylay the prospectors and 

teamsters. Indian raids continued at intervals, rendering the country unsafe till 

about 1885. On one occasion, in 1882, a number of miners were killed on Gold 

Creek, and the Indians even attacked the town of Morenci. 

An interest in the mines was transferred by Metcalf to Lezinsky Brothers, of 

Las Cruces, N. Mex., who soon afterwards acquired nearly full ownership of the 

most important groups. In 1873 an adobe furnace was erected at Longfellow 

mine with a capacity of 1 ton a day, the blast being derived from bellows worked 

by hand. Next year the first water-.ja.cket furnaces were built on San Francisco 

River near Clifton, copper plates first being employed instead of steel jackets. 

Reverberatory furnaces were not a success on account of the very basic ores and 

difficulty in obtaining fire bricks of good quality. 

In 1879 the so-called baby-gage (:30-inch) railroad was built by Lezinsky 

Brothers, connecting Metcalf and Clifton. Wendt states that the output of the 

Longfellow mine then was 40 tons a day of 20 per cent ore, the cost of mining 

being $10 per ton. Operations on a larger scale became possible when the 
Southern Pacific Railroad was completed in 1881, and all expenses of mining and 
smelting became considerably lessened. In 1884 new reduction works were built 
at Clifton, with three furnaces of 60 tons, and two of 30 tons, capacity. A 
narrow-gage branch line was also built, connecting Clifton with Lordsburg on 
the main Southern Pacific line. Prospecting for gold became more active both 
in the Gold Creek drainage basin and in the Greenlee district a few miles due 
north of Clifton. River gravels bearing gold were worked at Oroville, 3 miles 
above Clifton. Silver deposits were opened at Granville, 12 miles north-northwest 
of Clifton. But these attempts at gold and silver mining did not prove very 
successful, and copper remained the mainstay of the camp. 

In the meanwhile the Detroit Copper Company bad developed its mines at 
Morenci with much success. At first the ores were smelted on San Francisco 
River a few miles below Clifton. In 1884 the location of the smelter w~s changed 

I 
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to Morenci, supplies being hauled by the Arizona and New Mexico Railroad to 
Longfellow, and thence up a 2,200-foot incline to the smelter level. From this 
time the production and the importance of the camp increased st~adily. In 1893 
the leaching treatment with sulphuric acid was introduced for the Metcalf ores. 
The two oldest companies have all along pursued the policy of extending their 
holdings and purchasing all promising claims. Many other companies conducted 
prospecting operations, but none of them, except the Shannon, have worked their 
properties on a large scale. About 1893 the great low-grade sulphide bodies of 
Copper Mountain at Morenci were discovered, and this effected wide-reaching 
changes. Extensive concentration plants were built and the small cupolas were 
replaced by great rectangular shaft furnaces with a capacity of up to 300 tom; of 
charge per twenty-four hours. Great pumping plants were erected which ·elevated 
water from San Francisco River and Eagle Creek to Morenci. 

In 1901 the Detroit Company completed a narrow-gage railroad from Guthrie, 
on Gila River, on the Arizona and New Mexico Railroad, to Morenci. The pro
duction of copper increased steadily, and in 1901 attained 38,000,000 pounds. At 
the present time Clifton is a thriving town, with, a population numbering several 
thousand. The smelting works of the · Arizona Copper Company and of the 
Shannon Copper Company are located there. Metcalf is a smaller town, with a 
population of about 1,000. Morenci, high up on the hills west of Chase Creek, 
and some 4 miles north-northwest of CJifton, has a population of about 5,000. 
At a1l places the labor is largely Mexican. The wages of American miners 
average $3, those of Mexicans $2.25 and $2.50, while common labor is paid from 
$1 to $2 a day. 

The · future of the camps is assured for many years, for the low-grade ore 
bodies, which are now the principal mainstay, are of very large extent, and the 
production bids fair to keep up at least the present rate for some time to come. 

At the present time there are three large corporations possessing extensive 
mines and smelting work'3. Besides these a few smaller companies are developing 
claims and occasionally s~ipping ore. The large companies are the Arizona Copper 
Company, the Detroit Copper Company, and the Shannon Consolidat~d Copper 
Company. Among tbe smaller properties the New England Mining Company, the 
Clifton Consolidated Copper Company, the Standard Copper Cop1pany, the Markeen 
Company, and the company operating the Stevens Consolidated claims are the 
most important. 

THE DETROIT COPPER COMPANY. 

HISTORY. 

The Detroit Copper Company was organized thir~y years ago by Captain 
Ward. It began smelting the rich ore from its Morenci claims about · 1882, 
the smelter being located 6 miles south-southeast of Morenci on San Francisco 
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River. In 1884 the location -of the smelter was changed to Morenci, where it 
has since remained. The holdings of the company and the plant have been 
steadily increased, especially since the discovery, in 1893, of the large low-grade 
bodies of Coppe:r Mountain. About ten years ago the holdings and plant of the 
company were transferred to Dodge, Phelps & Company, of New York, who 
have sin~e continued the enterprise under -the old name. 

LOCATION OF MINES AND SMELTER. 

The principal mines of the Detroit Copper Company, as well as the smelter, 
are located at Morenci. Besides the principal producing claims near the town, 
the company owns a number of prospects in the Gold Creek drainage, and also· 
many partly developed claims between Morenci and Metcalf. Morenci is connected 
;ith the Arizona and New Mexico Railroad at Guthrie by a narrow-gage~ branch 
line. This railroad crosses Gila River near Guthrie, and extends across the· 
rolling foothills of Gila Valley to San Francisco River, which is crossed 8 miles. 
below Clifton. Thence the grade steadily ascends over the gravel hills to the: 
mouth of lVlorenci Canyon, 1 mile below the town, and reaches Morenci by a series 
of four loops, ascending about 500 feet in that distance~ 

THE MINES. 

The .mining operations of the Detroit Copper Company are at present largely 
conducted in the great low-grade ore bodies underlying Copper Mountain. The 
removal of these necessitates overhand stoping with square sets, the stopes being 
afterwards filled as far as possible. The three principal mines owned by the 
eompany are (1) the Arizona Central, situated in the western part of Morenci and 
developed by a 300-foot shaft; (2) the Copper Mountain, situated in the middle of 
the town and developed by means of tunnels, and (3) the West Yankie, situated 
about one-half mile east of the town, the shaft being sunk to a depth of 200 feet. 
From this last mine large ore bodies under Copper Mountain are extracted. It 
also handles the largest tonnage. Besides these there are a number of smaller 
mines contributing certain amounts of ore. Among these may t>e mentioned the 
East Yankie, the Montezuma, and the Manganese Blue. In the mining operations 
as conducted here the timbering is the most expensive item after labor, whieh, 
of course, always comes first. The Detroit Copper Company draws its supply of 
timber from California or Oregon. The cost of mining probably varies between 
$1.50 and $2 a ton. The ore extracted from the mines is roughly sorted into 
smelting ore, which may be said to comprise everythin containing above 8 per 
cent of copper, and concentrating ore, which consists f decomposed porphyry 
with finely disseminated pyrite and chalcocite. The ores may further be divided 
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into oxidized ores, which contain cuprite, malachite, and azurite, and sulphide 
ores, which largely consist of a mixture of pyrite and chalcocite. The oxidized 
ores amount at present to only a small and diminishing part of the total output, 
and are principally produced from the Montezuma and the Manganese Blue mines. 

ORE PRODUCTION. 

The daily output from the mines of the Detroit Copper Company during the 
first four months of 1902 averaged as follows: 

Daily output of copper ore, in tons, from mines of Detroit Copper Company. 

[First four months of 1902.) 

Mine. Smelting Concentrat- Magnetite. 
ore. ing ore. 

Ryerson mine ...... , ...................... . 
Arizona Central mine ..... _ .............. . 

Copper Mountain mine .................. .. 

Total ............... ___ ........... _ . 

90.80 
26. 75 
11. 12 

128.67 

211.33 
65.80 
53.60 

330.73 

15.33 

15.33 

At the time of this production the relative output of the three mines men
tioned was as 5 to 3 to 3, respectively, in the above order. Since then the East 
Yankie mine has acquired an importance equal to that of the Arizona Central 
and the Copper Mountain, owing to discoveries of large bodies of concentrating 
ore. 

CONCENTRATING. 

The larger part of the ore requires, as stated above, concentration before it 
can be smelted. I~ is difficult to ·say what the exact tenor of the concentrating 
ore amounts to. It probably varies between 3 and 5 per cent of copper. The 
concentrator is located near the West Yankie shaft, about hal£ a mile east of 
Morenci, and is connected with the various mines by means of railroads. The 
p~incipal tonnage, as stated before, is hoisted close to the concentrator. The 
capacity of the plant, which is considered a model of its kind, is from 12,000 to 
14,000 tons a month, or from 400 to 466 tons a day. Latest advices in 1904 
indicate the intention · of the company to doubJe the capacity of this plant. The 
water used for the concentrator is pumped from San Francisco River, the pumping 
station being located close to the railroad bridge, 8 miles below Clifton. The 
amount used is 150 gallons a minute of fresh water, but there are a number of 
settling _tanks by me.ans of which it is endeavored to prevent waste as far as 
possible. Four hundred gallons are allowed per ton of ore. The water is 
pumped against a head of 1,600 feet. The power driving the concentrator is 
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derived from three gas engines of 100 horsepower each, the gas needed being 
produced in a plant of two Loomis generators, fed by bituminous coal. This 

plant, which is located some distance from the concentrator, has a capacity of 

· 2,000,000 cubic feet a day, and also furnishes motive power for several dynamos 

and for two gas engines of 200 horsepower each, which are needed in the smelter 
for blowers, pumps, etc. 

The general plan of treatment in the concentrator is as follows: 

Coarse 

I 
Conveyor belt 

(Hand sorted) 

{Over 200 tons per month of high
grade ore) 

I 
3 crushers 
to linch 

I 
Trammel 

-!inch holes 

Fine Coarse 

Oversize 

I 
Rough jigs 

/~ . 
Concentrates Tailings 

Ore bins 

2 punehed sheet-iron screens. 

lf inches-! inch 

Rolls 

Trommel 

24 jigs 

/~ 
Concentrates Overflow 

(3 kinds) 

I Below i inch; 
'ch; 8 per cent (to smelter) 

Overflow. 

I 
Settling tanks 
and vanners. 

High speed rolls Jryan Mills 

~ren 
---------~~ Coarsest Other sizes Overflow 

I I I 
3 slime jigs 24 vanners To pulp thickening tanks 
3 Bartlett tables and vanners 

----~ Concentrates Tailings. 
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SMELTING. 

The smelter of the Detroit Copper Company is situated immediately below 
the town, at a conveniently lower elevation than the mines and the concentrator. 
It consists of 4 blast furnaces with forehearths and 18 tuyeres, and 1 newer furnace 
of . the same size built separately from the rest. In these. furnaces . the ore is 

reduced to a high-grade. matte, which is immediately conducted from the forehearths 
into 3 converters of the Bisbee or Leghorn type. The height of the 4· older 
furnaces is 6 feet from the tuyeres to the charging floor, and · the area at the 
tuyeres 42 inches by 12 feet. _ The capacity is 130 tons of charge per twenty
four hours. · The new furnace is similar to the old except in having a more pro
nounced bosh, and a height of 14 feet and 10 inches from tuyeres to charging floor. 
The capacity is also greater, amounting to 170 tons of t"otal charge per twenty
four hours. -

The ores consist of a mixture of chalcocite and pyrite and ·oxidized ores 
that can conveniently be smelted without preliminary roasting. Great variations 
are shown in the composition of the ores. The following analyses may serve as 
samples: 

Analy$es of ores from Detroit Copper .. Company's mines, Morenci, Ariz: 

Ryerson mine. 

Sorted Screenings from con- Smelting 
sulphides. centrated ore. sulphides. 

Si 0
2 
•• ______ • __ ••• __ • ___ • ___ 24.5 45.0 49.8 34.5 

Fe ___ . __ . .. . _________ .. --- .. - 20.9 16.5 9.6 16.4 
Al20 3 ....... -....... -- ....... -- ............... 10.6 10.0 20.1 21.2 
CaO _____ .. ___ . _____________ Trace. . 5 .3 .5 

MgO - .. - - - - - - . - - .. - - - - - - - - - Trace. . 2 . 5 Trace. 
On _____________ . ___ ~ _______ 19.9 7. 7 7.0 5. 8 ' 

s ..................................................... 23.8 17.7 11.0 19.5 

Slimes Fine con-from con-
centrator. centrates. 

66.9 26.0 
1.4 23. 7 

24. 5. 6.2 
4.3 Trace. 

Trace . 

2.1 16.0 
25.0 

Manganese Montezu
Blue mine. rna mine. 

Carbonate Oxide 
ore. ore. 

44.6 34.3· 
13.2 12.4 
17.7 15. 7 
5.5 8.2 
3. 1 3.3 
5. 7 7.7 

There is also occasionally a little manganese and zinc in the ores, the latter 
sometimes appearing in the matte. About 45 per cent of the ore treated consists 
of concentrates in briquetted form. The average ore and concentrates treated 
in the smelter contain about 11 ·per cent of copper. 
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The matte has the following average composi_tion: 

Average composition of matte from Detroit Copper Comp y's smelters. 

Per cexi.t. 

Cu .............. ___ ... _ . _ ....... ____ .. ___ . ___ . ___ .. __ . . . 55. 6 

Fe .. __ .. ___ ... _ ..... ___ ........ ____ . _ ..... ___ .. __ ... _ . . . 20. 4 

s ----- ---- ------------ . ----- ----- ------------- -- .. -. ----- 22. 6 
Pb .. _. _ ............. __ ... __ . _ ............. _ ..... _ .. _ .. _. None. 

Bi ........ __ .. _ ... _ .... _ .... __ ........ _ . . . . . . . . . .. . . . . . . None. 

Ni .... _ .............. __ . _ ...... _. _ .. _ ...... _. . . . .. . . . . . . None. 

Zn _. _ ......... _ ....... _ ......... _. _ ... _. _ ..... _ .... __ ... . 11 

Sb ................... _ ........ _ . _ ... _ .. . . _ .......... _ . . . . 02 

. As .... _ .... _ ............ _ ... _ . _ .... _ ............... __ . _. . 016 

Se, Te. _ ..... _ ..... _ ..... _ ... _ ........... _ ... _. _ . .... ____ . . 013 

Insoluble __ . __ . ...... ___ ........ ~ _" _ ..... _. ______ . _ _ _ _ _ _ _ . 9 

99.659 

The flue dust has also been analyzed and is compose as follows: 

Average composition of flue dust from Detroit Copper Com any's srnelters. 

Per cent. 
Cu ....• _ ..•.••... __ . ___ .. _ .. _ ..... __ . __ . __ . _ .. ___ .. _ _ _ _ 10. 2 

Fe . _ . __ .. __ .. _ ... __ .. _ ......... ____ . __ ... _:. _ ... _ . . . . . . . 30. 7 

Al
2
0

3 
• _ ••••••••• __ •• _ • ••• • • ____ •••••• _ ••• ___ • _ • _ ••• _ • _. 14. 9 

CaO .. _ ... _ ..... _ .. ·_ ........ ____ . _ ... _. __ " .. ___ . _ .. ___ .. 2. 3 

MgO ...... _ .. _ ........ _ ....... _ ...... _ ........... _ .. _ _ _ _ . 6 

Ni .. __ ...................... _ ...................... ___ . . None. 

Zn ....... _ ... _ ...... _ . . . . . . . . . . . . . . . . . . . . _ . _ ....... _ . . . . 35 

Pb ...... ~ . _ ..... _ .. __ ... __ ... ___ ... _ ....... _ ........ __ . . 3 

As _ ...... .. _ ........ . - ... __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 025 

Sb .......................... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . 032 

Se, Te ....... _ .... __ ........ _ ... ~ .... _ .............. _ . . . . 0125 

s -- -.-.------------.---------.-------------------------- 5. 4 
Si02 •••••• _ • ___ .. . ~ •••••••••• _ • • • • • • • • • • • • • • • • • • • • • • • • • • • 27. 6 

SOa ~ ........................ _. _ ..........•.... __ ... _ .. _. 1. 83 

c -------- ---- -------- ------ --------- --------- ---- - ---- 5. 94 

39 

In the converters the copper matte is reduced to rpetallic copper about 99 

to 99.8 pure. From the converters it is tapped into molls forming ingots weigh
ing 285 pounds. 
· It is an interesting fact that gold and silver are pr ctically absent from the 

ores, only traces being present. Even in the Bessemer opper there is so little 
silver that it would not ordinarily pay for further separ tion. 
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It will be noted that of other metals there are only minute traces of lead, 

zinc, antimony, and arsenic. 

An interesting further fact is that minute quantities of selenium and tellurium 

occur in the matte as well as in the copper and in the flue dust. 

It is pr~posed to replace the present furnaces by new ones of far greater 

capacity. The proposed furnaces would have 40 tuyeres of 4t inches diameter · 

and have an area of 4:2 inches by 2~ feet at the tuyeres. The distance from 

tuyeres to feed floor is to be 12 feet, and. the forehearth 15 feet in diameter. 

One of these furnaces was . completed in 1904 and is the largest ever employed 

in copper smelting. 

The favorable composition of the ores renders no other flux but limestone 

necessary, and fortunate1y this material is obtained in the immediate vicinity. 

A large quarry has been opened at the southwest side of the smelter, only a few 

hundred feet distant. The rock quarried consists of an almost pure, rather 

crystalline limestone of lower Carboniferous age; it contains 94 per cent of 

calcic caruonate. The iron ores (magnetite and limonite) occasionally needed are 

supplied by the mines of the company. 

Silica for converter lining is obtained from a large body of quartzite in the 

North Star tunnel, and kaolin, which is mixed with this, is obtained in an almost 

pure state from the East Y ankie mine. 

_ ARIZONA COPPER COMPANY. -

HISTORY AND LOCATION. 

The Arizona Copper Company is chiefly contrvlled by Scotch capital. Its 

capitalization is $3,515,000, in shares of $5 par value. 
The company in -1882 purchased the holdings of Lezinsky Brothers at Long

fellow and at Metcalf, and since that time has steadily developed its properties 

and extended its plants; until at the present time it is the greatest producer . in 

the Clifton district and one of the largest in Arizona. The property was bought 

shortly before the great discoveries were made at Butte, Mont., at a time when 

copper brought 20 cents per pound. A railroad had to be built at great expense 

from Lordsburg to the mines. · All these aaverse influences caused the company 

many difficulties, which, however, were gradually overcome, largely by the able 

efforts of the manager, Mr. James Colquhoun. A few years ago the company 

began paying dividends, and is now in a prosperous condition. Dividends have 

been 'paid from 1896 up to the present time-in all, aggregating $3,900,000. 

The principal mines of the company are located at Morenci, or Longfellow, 

as the place was formerly called, and at Metcalf, a few mHes above Clifton, on 

Chase Creek. At Longfellow and Morenci the company owns a great many 
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claims curiously interlocking with those of the Detroit Copper Company. At 

Metcalf the company owns something like 40 claims. On the hills between 

Metcalf and Morenci it also owns a number of properties, which, however, it 
does not work at the present time. The remainder of the holdings of the Arizona 

Copper Company arjj located on Garfield Gulch and on the headwaters of King 

Gulch. On Garfield Gulch are located the producing claims Mammoth and Bruns
wick, while on the bead of King Gulch are situated the Iolanthe, Dead Pine, and 

others, which have also produced considerable amounts of copper. 

The smelting works of the company are located in the town of Clifton, at 

the junction of Chase Creek and San Francisco Ri~er. Clifton is connected with 
Lordsburg, on the main Southern Pacific line, by a broad-gage railroad, about 

100 miles in length. This is owned by the Arizona and New Mexico Railroad 

Company, which is closely connected with the Arizona Copper Company. From 
Clifton a 36-incb-gage railroad extends up Chase Creek to Morenci, from which 

it is continued to Metcalf by a 20-incb-gage railroad, originally built some thirty 
years ago by Lezinsky Brothers, the pioneer operators of the district. 

At the present time it is proposed to replace the 20-inch-gage railroad from 

Longfellow to Metcalf by a 36- inch gage. The distance to Metcalf is 6! miles 
from Clifton and to Morenci about 4 miles. 

MINING. 

The mining operations of the Arizona Copper Company are scattered over a 
considerable territory. At Morenci the company owns several mines. Two of 

these-the Longfellow and the Detroit-are working oxidized copper ores con

tained in limestones~ and these ore bodies are nearly exhausted. The largest 
tonnage of ore at Morenci is derived from the Humboldt mine, situated in the 

center of the town. This mine is developed by means of tunnels and a 400-foot 
shaft. A narrow-gage railroad connects the mine with the concentrator, which 

is situated on the bluffs overhanging Chase Creek, not far from the Lo~gfellow 
mine. From a point near the Longfellow mine an incline, descending about 800 

feet in a total distance of about 2,200 feet, connects the mines and the concen

trator with the narrow-gage railroad running along the bott<:>m of Chase Creek. 
The mining operations and methods of exploitation of the Arizona Copper 

Company are practically the same as those of the Detroit Copper Company, as 
both companies work under similar conditions. 

The principal mines of the Arizona Copper Company at ·Metcalf are situated 

on Shannon Mountain, about 500 feet above Chase Creek, on the point between 
that stream ~nd King Gulch. The different levels of the mine are connected 
with the railroad by means of two inclines, the longer one descending 500 feet 

a 
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m a horizontal distance of 1, 000 feet. The mines at Metcalf are working large 
bodies of low-grade copper ores. There are some underground workings, these 
being mined in the usual way by means of square sets and filling. The larger 
part of the ore is, however, derived from open cuts, after the removal of the 
fir~t 20 or 30 feet of barren material. Instead of the several open cuts at 
different levels now being worked, the company contemplates carrying a large 
open cut through the hill. The handling of the ore and the waste is to be 
facilitated by steam shovels and a self-acting incline, dumping the refuse in King. 
Gulch. 

On the south side of King Gulch are located the King and Jameson mines, 
which again are connected with the lower Metcalf incline by means of a long 
tunnel through Shannon Mountain . and another incline extending high up on the 
slope south of King Gulch. 

The narrow-gage road is extended from Metcalf about one-half mile west
ward up to Coronado Gulch, connecting there with an incline 3,200 feet long and 
sloping about 32° , which leads to the level of a tramway 1 mile long, which ends 
at the Coronado mine high up on the divide between San Francisco River and 
Eagle Creek. At this place the Arizona Copper Company operates the Coronado 
vein, exploiting it by means of tunnels, shafts, and one open cut. The latter is 
located about a mile from the main inine. in Horseshoe Gulch, and is connected 
with the mines by_ means of an aerial tramway. 

The ores from the mines on Shannon Mountain, King Hill, and at Coronado 
Gulch are transported to the smelter at Clifton by means of the system of tram
w ctys and inclines explained above. 

CONCENTRATING. 

The larger part of the ore requires concentration before it can be smelted. 
All of the mines produce a certaip amount of richer ore, which is roughly sorted 
at the mine, and which goes direct to the smelter. The larger part of the 
material, however, which contains from 3 to 5 per cent of copper, must first be 
subjected to concentration. The concentrating plants of the Arizona Copper · 
Company are extensive, and are, roughly sp~aking, built in five units, each one 
capable of handling from 200 to 400 tons of ore. The concentrating ore from the 
H~mboldt mine at Morenci a is treated at the concentrator located near the Long
fellow mine, the capacity of which is 9,000 tons per month, or· 300 tons per day. 
The necessary water is piped through a 4-mile line from San :Francisco River, and 
pumped against a head of 1,600 feet by three gas engines, aggregating 120 hotse
power. From 150 to 180 gallons a minute of fresh water is used, the low 

a The subject of concentration at Morenci was lately discussed by Mr. F. H. ProQ.ert in the Engineering and Mining 
Journal, June 29 an·d July 6, 1895. 
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consumption being made possible by an extensive use of settling tanks. The 
concentrator is driven by a Corliss engine, now being cha ged to three Crossley 
gas engines. The ore is stated to be concentrated in the roportion of approxi

mately 5 to L The scheme of the concentration is as foil ws: 

Ore bins 

I 
Rock breaker 
(to It inch) 

I 
Rough rolls 

I 
2 Trammels by elevator 

Oversize li incheH, 

.I 
. ! inch, i inch, 

Rolls 
8 jigs 

~ 
Concentrates Overflow 

Tailings 

I 
2 Huntington mills (2 and 2~ mm. scr ens) 

I 
Hydraulic classifier Slimes 

I I 
18 vanners V anners 

~ 
Concentrates Tailings 

Huntington mill 
( 1 and lJ mm. screens) 

The remaining four sections of the concentrating plant ar all located at Clifton, 
and are built on the following plan: 1 Blake crusher; 2 Cor ish rolls; 2 revolving 

screens, each making 4 sizes; 8 jigs; 2 Huntington mills, N . 5; 18 Frue vanners, 

and 2 Wilfley tables for slime treatment. All tailings are reated in Huntington 
mills, each of which crushes at least 100 tons of tailings er twenty~four hours. 

The ores from Metcalf present an interesting proble , inasmuch as they 

largely consist of decomposed porphyry with malachite and a little chalcocite. It 
has been found possible to treat these ores by concentrati n in connection with 

lixiviation by means of sulphuric acid. The section of t e concentrating plant 
devoted to this ore has a capacity of 250 tons, and is eq ipped with 1 crusher, 

2 coarse rolls, 2 sizing screens, and 8 jigs: There are n tables. The richest 

concentrates constitute smelting ore; the poorer grade is transferred to the 

lixiviation process, , and the tailings are considered as wast . 
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POWER. 

The power plant at Clifton is very extensive, and consists of about 600 

horsepower in steam engines, and about 1,200 horsepower in gas and gasoline 
engines. The concentrating and the Bessemer plants are run either directly or 

indirectly by gas engines. The necessary water is obtained from San Francisco 
River close by the works. 

SMELTING. 

The smelting plant consists of five furnaces 240 by 39 inches at tuyeres, 
having a capacity of 250 tons of charge per twenty-four hours; there are also three 

stands and nine 7.5-ton Bessemer conyerters. The latter plant is expected to be 

doubled in size in order to come up to the productive capacity of the furnace plant. 
From the furnaces the matte is tapped into a reverberatory which keeps it at 

an even temperature for the converters. The ores treated_ consist of picked 

sulphide ore and concentrates, together with a certain amount of oxidized ores 
rich in iron. 

Analyses of ores from Arizona Copper- Company's mines. 

Concentrates Sulphide 
concen
trates. 

Sulphide from Metcalf Longfellow 
ore.a carbonate and ores. 

oxide ores. 
1-------------1-----1----1---- -----

Si02 •••• _ •• :. •• ---- ______ ------

Fe_------------ ............. . 

26.85 
15.04 

58.88 
4.50 

Fe
2
0

3 
__ •• ___ • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ________ _ 

FeS .. _ ...... - . --.-- ------ ---- ---------- ---- ------
Cu .. __ .... _________ . ___ . _ _ _ _ _ 23. 30 6. 79 

CuO .............. ____________ ---------- ------·---

ZnO .......................... ---------- ----------
Al203 .. - ............. . _. _..... 8. 92 19. 78 
MnO ..... _____________ ... _ ___ Trace .. ____ ..... 
CaO .. ________ . _ . __ . _________ . . 82 1. 16 

MgO _ ........... ____ . _ . . . . . . . Trace. . ..... ___ _ 

S.------ - -- -·---------------- -- 19.80 3.90 
Ignition .... __ .. ____________ . _______ . ____________ _ 

a With trace of gold and silver. 

36.05 

30.33 

b 43.70 

18.08 

4. 22 ------ .... 

--------... 5.10 
12.25 

.50 
6.94 

Trace. 

. 93 

1. 68 
Trace. . ........ . 

7.37 

b Insoluble. 
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The large percentage of alumina necessitates the addition of lime, which is 
obtained in great purity from a quarry at Morenci. 

Composition of slags from Arizona Copper Company's smelter. 

Black cop- M(~~tet~laJbs. Converter 
per slag, a e 

1896_ per cent slags. 

Si02 - - - - - . - - - .• - - - -- - - - 38. 60 
FeO __________ . _ _ _ _ _ _ _ 42. 12 
CaO. __ - - - _ _ _ _ _ _ _ _ _ _ _ _ 3. 89 
Al

2
0

3 
_____ •• _________ _ 

MnO __ ---- - ___ - --- ... 

MgO ----------------

Cu ---------------~---

9.10 
1. 54 
2.52 
1. 76 

copper.) 

42.48 
22.89 
15.17 

13.60 
. 42 

24. 14 
62.25 

...................... 

10.81 

- .. -...... -----

2. 15 

----- ----------------- - --

Composition of Besserne1· copper. a 
Per cent. 

Cu __________________ • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 99. 36 
Fe _ --_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 017 

s ------------------------------------------------- ------ . 247 

During 1902 an average of 1,300 tons of copper a month were producrd. 
The Bessemer copper is shipped in ingots of the ordinary size; it averages 

99t per cent copper, .and contains 3t ounces silver and 0.1 ounce gold per tf n. 
This is a little higher percentage of precious metals than is found in the copfer 
produced by the Detroit Copper Company, and is probably due to the fact that 
the Metcalf ores are slightly richer in gold and silver than those from Morel ci, 

LIXIVIATION. I 

The second-class product from the concentrating plant for Metcalf oxidized 

ores ~s leache~ w~th sulphuric a~id manufactured a~ th.e wor~s in a plant Jhe 
capamty of whiCh IS 10 tons of amd a day. The pynte 1s obtamed from the oy 
mine at JYlorenci. The details of the leaching process are kept secret. 

STATISTICS. 

From the semiannual reports of the Arizona Copper Company some interest
ing data are obtained concerning the result of operations for the year ending 

September 30, 1903. A strike of the mine laborers interfered somewhat ·l ith 
the production during a couple of months of that term. The figures given are 
short tons of 2,000 pounds. . 

a Contains also about $4.50 in gold and silver per ton. 
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In· all, 442,855 tons of copper ore were treated, of which only about 8 per 
cent; or 36,000 tons, were first-class ore. The average yield of copper ores tre~ted 
was 3.28 per cent, the first-class ores yielded an average of 12.5 per cent, and the 
concentrating ores 2.55 per cent. From 40'7,000 tons of concentrating ore a yield 
of 56,800 tons of concentrates was obtained, indicating a concentration of 7 to 1. 

Of thil::! amount 133,000 tons, or about 30 per cent, came from the Metcalf mines, 
indicating an output of about 350 tons a day, while the remainder was obtained 
from the Humboldt and Yavapai mines at Morenci, this ore being probably of 
somewhat higher grade than that from Metcalf. 

In 1902 the output was as follows: 

Output of Arizona Copper Company's mines in 1902 . 

Tons per month. 
First class (Humboldt mine) _______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3, 500 

Second class (Humboldt mine) _______________ ____________ 28, 600 
First class (Metcalf mine) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 920 

Second class (Metcalf mine) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 9, 000 

.tn 1903 the sulphuric-acid plant treated about 420 tons of pyrite per month 
from the Joy mine at Morenci and produced 3,4 '71 tons of sulphuric acid. The 
leaching plant, utilizing this acid, treated '75,300 tons of tailings from the Metcalf, 
and produced 2,982,000 pounds of copper and 120 tons of bluestone. 

The first-class ore yielded 4,24!) tons and the concentrating ore 10,2'70 tons 
of copper. 

The pay roll amounted to $1,500,000 a year, and about 2,000 men were 
employed. 

The output of the Arizona Copper Company for April, 1904, is reported as 
1,1 '73 short tons of Bessemer copper. 

SHANNON COPPER COMP .ANY. 

The Shannon Copper Company, with a capital stock of $3,000,000, is of 
recent organization, the developments having been begun in 1900. Previously 
the company owned only one important claim, namely, the Shannon, but at that 
time acquired · some adjacent ground, necessary to their operations, by purchase 
from the Arizona Copper Company. The property forms a compact body of 
about 25 claims, located near the summit of Shannon Mountain, which rises 1,200 

feet above Chase Creek at Metcalf. 
The recent development work has proved the existence of several ore bodies 

of large size, most of which are worked by underground stoping and the usual 
processes of square setting and filling. The outlet for the ore is furnished by 
means of an incline, descending to Chase Creek, one-half mile north of Metcalf, 
and having a total drop of 800 feet in a horizontal distance of 1,000 feet. At 
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Chase Creek the ore is loaded into the cars of the Coronado Railroad Company, 

and . transported 7 miles by rail to the Shannon smelter, which is located on 

the west bank of San Francisco River, 1 mile south of Clifton. This smelter 

w~s completed and blown in in May, 1902, and for some time kept running on 

high-grade ore obtained without concentration. In a short time, however, the 

necessity for a concentrator became apparent, and such a plant, with a capacity 

of 400 tons, is now erected on the hillside above the smelter. 

The smelter, which is a thoroughly modern plant~ consists of two furnaces, 

with a capacity of 300 tons of charge per twenty-four hours. The size at the 

tuyeres is 44 by 170 inches, or an area of 52 square feet. The jackets are 13 

feet high, and 4 charge spaces are provided on the feed floor. The crucible below 

the tuyeres is 26 inches deep. It will be seen that these furnaces are the largest at 

present operated in th~ Clifton district, with the exception of the Detroit furnace, 

completed in 1904. The present capacity is reported to be about 500 tons of 

copper per month. During 1902, 2,340,000 pounds of copper were produced by 

direct smelting from ores, without concentration. In 1903 the output was 

6,588,232 pounds, with every prospect of some increase during 1904. In Feb

ruary, 1905, a production of 344 tons is reported. 

CONCENTRATING AND SMELTING. 

It will be observed that the substitution of aluminous chalcocite ores in 

porphyry for the older, easily reduced carbonate and oxide ores in limestone has 

caused many changes in the processes of reduction. The Shannon Company 

alone has as yet large bodies of oxidized ores rich in iron. The method of 

treatment of the porphyry ores is in general to sort by hand as far as possible, 

then concentrate and smelt in cupolas with the addition of limestone and such 

oxidized ore as may be available. The concentration of the ores is difficult on 

account of the soft character of the copper glance, which causes rich slimes. To 

avoid excessive losses successively finer crushing is used, and the grade of con

centrates is held rather low. They average perhaps 15 per cent copper. The 

ores are very soft and the capacity of the crushing machines is correspondingly 

great, which tends to cheapen the p~ocess. Considerable loss of copper is 

unavoidable and may range up to 25 or 30 per cent. Including losses in smelting, 

I should think it probable that the amount of copper recovered is 70 per cent of 

the assay value. 

In smelting, the large percentage of chalcocite obviates the necessity for 

roasting. Much limestone flux is needed on account of the abundant alumina. 

Regarding the tenor of the ore it is probable that the Arizona Copper 

Company at present works the lowest-grade ores in the district. The percentage 
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has gradually decreased, giving evidence of the effect of large-scale mining and 
general economy in the treatment. The Metcalf ores are probably of slightly 
lower grade than the average. 

As to the actual cost of mining and smelting no data are available for pub
lication. The reports of the Arizona Copper Company do not contain :figures 
from which these costs can be safely deduced 

PRODUCTION OF COPPER. 

Concerning the production of early days we have little reliable information. 
Previously to 1882 the Lezinsky .Brothers are believed to have produced about 
20,000,000 pounds of copper, very little having been derived from other sources. 

The following statistics are available: 

Copper production of two principal Clifton copper companies, the total production of Arizona, and the 
production of the United StatP.s. 

Year. Arizona Copper Detroit Copper Total of Arizona. Total of United 
Company. Company. States. 

Pounds. Pounds. Pounds. Long tons. 

1880-----. ------------------.----.------ ............................... .... -....................... a 2, 000,000 27,000 

1881.------ -------- ,--------- - ----------- .............................. ... - .. -...... - .. - .. -- a .5, 000, 000 32,000 

1882.------.---.--------------------.-- . .... ... ......................... 1,442,935 17,984,415 40,467 

1883. -- - .. - .. - . - - -- -- - - - - - -- . - - - - .. - . . - - ................................. 2,819,530 23,874,963 51,574 

1884 .. . . -- . ----- . - .. -. ----- .. ·----.------ 3,539,556 2,749,997 26,734,345 64,708 

1885 .. --.--.-.-.---- -----.- - --.--------- 6, 772,239 3,345,523 22,706,366 74, 052 

1886 .... -.-- ------------- ---------.----- 5,513,549 2,110,690 15,657,035 70,430 

1887------ .. -----------.----. ----·- ----- 5,539, 771 4,175,717 17, 720,462 . 81,017 

1888.- - --.-.--- . . _----------------------- 6,833,528 5,235, 797 31,797,300 101,054 

1889.----------------------------------- 6, 787,201 4,875,696 31,586,185 101,239 

1890.--- - ------------------ .......................... 5,164,906 4,906,704 34,796,689 115,966 

1891.----------------------- - ----------- 5,673,611 4,194,672 39,873,279 126,839 

1892-------------------- - ---.----- . ----- 5,893,533 1,918,594 38,436,099 154,018 

1893- - - - - - - - - - -- -- - - - - _.- -- - -- - - - - - . - - - - - 7,871,819 4,942,728 43,902,824 147,033 

1894.----------- ·--- -------------------- 9,935,812 5,577, 744 -44,514,894 158,120 

1895- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - :- - - - 11,308,910 3,790,128 47,953,553 169,917 

1896 ...... ------------------------------ 13,042,000 7,016,348 72,934,927 205,384 

1897------------ ------ ---- . ......... - .. - . 13, 727, 911 8,405,138 81,530,735 220,571 
1898 ... - . - -..... - ..... - . - - - - . - . - . - ..... : 18,169,096 11,428,992 111,158,246 235,050 

1899 .. - - - - - . - -- - - - - - - -- - - . - -- -- - - - - - - - - . 19,072,709 13,906,253 133,054,860 253,870 

1900.------ - --------------------------- - 19,697,086 19,749,258 118,317,764 .270,588 

1901. - - - - - - - - -- - - -- - - - - - -- - - . - .. - -...... 20,535,800 17,535,000 130,778,611 268, 782 

1902 .. . ... --- ·--- -·- -·- -· --·- ···· · - ····- 30,821,842 18,721,411 119,944,944 294,423 

1903 ... - -· ..... . . ·- ·-. ·····.· ...... -..... 1 30,228,000 16,558,232 147,648,271 311,627 

a Questionable. 
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The production of the Arizona Copper Company and that of the Detroit Copper 

Company. have been taken from Mineral Industry, published by the Engineering 

and Mining Journal,- while the last two columns have been compiled from Mineral 

Resources of the United States, published by the United States Geological Survey. 

The three most important producing districts in Arizona are the Clifton, 

Bisbee, and 0 nited Verde. From. 1895 to 1901 the United Verde led in produc

tion, the maximum of 44,000,000 pounds being attained in 1899. Bisbee w_as not 

far behind, the Copper Queen mine contributing practically the whole output. 

Clifton followed closely after Bisbee. The maximum output at Bisbee was obtained 

in 1901, in which year the former sequence was reversed, Bisbee leading with 

39,800,000 pounds, followed by Clifton with 38,000,000 pounds and United Verde 

with 34,500,000. In 1902 Clifton obtained the lead, the production rising to 

49,500,000 poundtl. In 1903, however, Bisbee increased its output to 62,500,000 

pounds, due to the appearance of a new and important producing company, the 

Calumet and Arizona; while Clifton followed with 53,400,000 pounds and United 

Verde yielded 23,800,000 pounds. 

The production of Arizona is at present a little more than one-fifth of the total 

production of the United States, the percentage having varied from 9.7 in 1887 to 

23.4 in 1899. 

According to statistics the mines of the Arizona Copper Company have pro

duced since discovery about 123,000 and those of the Detroit Copper Company 

78,600 short tons, making a total of about 201,600 short tons of copper, an amount 

equal to a cube of copper with a side of about 90.5 feet. At an average price of 15 

cents per pound this would represent a value of $60,500,000. 

VALUE OF COPPER. 

Highest and lowest prices of Lake Superior ingot copper, "&y years, f rom 1860 to 1903.a 

[Cents per pound.] 

Yea r. Highest. Lowest . Year. Highest. Lowest. 

-----------------------1----- ------lll---------------------- ----------

1860 ........................................................... 24 19i 1869 __ --- .. - -- - --------------- 26~ 21! 

1861 ...... -------- ...... -.................... --- ... - ... 27 17~ 1870.---- ... --- - ---- - ------ - -. 23i 19 

1862 .................... .. ...................... .. ............ 32t 20i 1871.----- .. ----- - --------- -- . 27 21! 

1863 ........................................ .. ............. 38~ 29 1872 ________ : _________________ 44 27! 

1864 .................................................... 55 39 1873.------- "- ---------------. 35 21 

1865 ....................................................... 50~ 28 1874.--- .... - - - --------------- 25 19 

1866 ............... - ..... ................................. .. 42 26~ 1875.-------- - ---------------. 23t 21t 

1867 ............................. _________ _ __ ,. 29! 21~ 1876 ____ ---------------------. 23! 
I 

18! 

1868 -------- · ----------------- ~ 24~ 21 ~ 1877.---.---------- - ---------- 20t 17~ 

a From Mineral Resources U.S. for 1903, U. S. Geol. Survey, 1904, p . 232. · 

16859-No. 43-05-4 
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Bighest and lowest prices of Lake Superior ingot copper, by years, from 1860 to 1903~Continued. 

Year. Highest. Lowest. Year. Highest. Lowest. 

1878 ....................................................... 17i 15t 1891 .......................... 15 10! 
1879 ... -............. -.................... -.................. -... 21! 15t 1892 .... -..... - ........... - ... 12i lOt 
1880 -------------------------- 25 1St 1893 ............ -............. 12t 9!-
1881 .......................................... - ....... --- ...... - .. 20i 16 1894 ................ ~ ......... 10! 9 
1882 ........................................................ 20i 17! 1895- - - - - - - . - - - . - ... - - - ... - ... 12! 

I 

9! 
1883 ......................................................... 18! 14f 1896- - - - - - - . - - - . - - -........... 11! 9! 
1884 .................................... ---------- 15 11 1897 .......................... 12 10! 
1885 ................................................... llt 9! 1898 .......................... 12t 10-{0 

1886 .............................................................. 12! 10 1899- ... - . - . - . - . - ...... -...... 19t 13! 
1887 ...................................................... 17! 9H 1900-.-- --- ................... 17! 16! 
1888 ......................................................... 171\ 15H 1901 ...... -.- .............. - .. 17 12t-
1889 -............. - ... -............................................. 17t 11 1902 ..... - . - ... -............ - . 13! lOf 
1890 -------·-·---------------- 17! 14 

I 
1903 ........... -... ..... -....... -- ..... 15 12 



CHAPTER II. 

GENERAL GEOLOGY. 
I 

TOPOGRAPHY. 

DRAINAGE. 

The principal stream of the region is San Francisco River, which heads 'in 
New Mexico, about 100 miles far~her north, among Mogollones, Tularosa, Datil, 
and San Francisco ranges, and joins the Gila about 12 miles below Clifton, Ariz. 
About 40 miles north of Clifton it receives an important tributary called Blue 
River, which heads among the basaltic plateaus of the Prieto Range. The quantity 
of water carried by the San Francisco varies considerably, and is subject to very 
sudden increase by heavy freshetis. The minimum quantity carried during the 
dry season is approximately a few hundred miner's inches. At all times it con
tains an abundant supply for the towns of Clifton and Morenci, as well as for the 
needs of the smelters located thm•e. The water a few miles north of Clifton is 
of excellent quality, but near thdt town becomes more saline, d~e to numerous 
salt springs which discharge their contents into it. Some of these are found 1 
mile north of Clifton; others carrying a large volume of very salt water enter 2 
miles below the town, and at other places. Samples from the dam a short 
distance above Clifton show, according to Mr. J. Colquhoun, the following com
position: Sodium chloride, 4.1 to 16.9 grains per gallon; carbonate of lime, 5 to 
5.3 grains per gallon; total salts, ~4.05 to 20.3 grains per gallon. Below Clifton 
the increase in salt, chiefly chloride of sodium, becomes very noticeable, the 
Shannon smelter~ 1 mile below Clifton, experiencing considerable difficulty in 
securing a supply of sufficiently fresh water. 

Below Clifton San Francisco River flows in a canyon a few hundred feet 
deep, cut in the detr-ital formations which here cover such great territory (Pl. 
III, B). Above Clifton it flows illl a canyon of older rocks, somewhat open , in 
character and often characterized by a bluff a few hundred feet high close to the 
river. The canyon is by no means uniform in depth and slope. The presence 
of an older period of erosion is everywhere apparent, and the varying petrographic 
character of the rock greatly complicates the topography along the river. 

51 
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Except for Blue River the San Francisco receives few tributaries of importance. 

The principal one is Chase Creek, which heads among the high lava peaks 12 

miles north-northwest of Clifton~ and continues to its junction with the main 
river in a canyon cut to a depth of ·1,00'0 feet or more. 

The next important stre.am of the region is Eagle Creek, which joins the 

Gila a few miles below the mouth of the San Francisco. Eagle Creek extends 

from no.rth to south and is about 40 miles long, its source being among the 
basaltic mountains of the . Prieto Plateau. Like the San Francisco, it is bordered 
by narrow bottom lands along nearly its whole southerly course, and it flows in 

a very narrow and deeply incised canyon cut throughout in volcanic rocks, 

receiving few tributaries f1:om either side (Pl. IV, B). It is a permanent stream 
and, like the San Francisco, is subject to sudden freshets, during which the 
voluine of the water is for a short time amazingly increased. 

RELIEF OF DISTRICT. 

Looking . northward toward Clifton from the valley of Gila River several high 

ridges and complexes of rugged hills appear on the horizon, but neither from 

this place nor from hetter points of vantage nearer the foothills is it possible to 
discern any well-defined range system or any domi'nating central feature. Topo

graphically the whole mountain region north of the river appears as a maze of 
short ridges and peaks. 

The geological structu}:e explains this condition of affairs very clearly. A 

core of older rocks, granites, limestones, and sandstones, lying chiefly between the 
two most important northern tributaries of the Gila in this region, and reaching 

elevations of over 7,000 feet, was first deeply and irregularly eroded, and, later, 
during · the Tertiary period, was covered by immense masses of volcanic flows, 

chiefly rhyolites and basalts, very unequally distributed as to thickness and char
acter. A constructive drainage was laid out over the lava flows and extensive 
erosion followed. The result of these conditions is an extreme irregularity of 

topography. 
The southern part of the map (Pl. I) represents a broad plateau spreading at 

the foot of the mountains and having an average elevation of 4,000 feet. It 
descends gently southward from the edge of the mountains, extending from Eagle 

Creek on the west to beyond San Francisco River on the east. The lower parts 

of both of these watercourses trench it to depths of up to 700 feet, leaving 
grayish · or brownish bluffs of lavas or gravels lining the watercourses. The 

plateau is furrowed by a maze of shallow and spreading ravines, rapidly deep
ening to box-like canyons near the main rivers. The formation is chiefly the 

semiconsolidated detritus of the Gila conglomerate. The road from Clifton to 
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A. SAN FRANCISCO RIVER AT EVANS POINT, 4 MILES ABOVE CLIFTON. 

Slopes of limestone and granite. 

B . BLUFFS OF G i LA CONGLOMERATE ON WEST SIDE OF SAN FRANCISCO RIVER 3 MILES BELOW CLIFTON, 

The bluffs are 300 to 400 feet high. 
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.A FOOTHILLS BETWI::EN CLIFTON AND MORENC I. 

Wagon road ascend> sn"ooth ridge of Gila cong lom e rate , west of Ch ase Cree k. Camb rian q uartz ite (Coron ado formation) cappe d by Ordovic ian 
limestone 1 Longfe llow formation ) to right. 

B. BLUFFS OF RHYOLITE TUFF 3 MILES BELOW PUMPING STATION ON EAGLE CREEK. 

The bluffs are about 500 feet high . 
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Morenci follows the narrow alluvial deposits of Chase Creek for 3 miles and then 
ascends the western slope 600 feet to the top of the barren and dry mesa (PL 
IV, A). A well-defined low escarpment of quartzite here marks the ·'limit 

between the gravel plateau and the mountainous region to the north. For sev

eral miles north ward extends a hilly region characterized by small peaks of 

porphyry and short ridges or sloping tables of limestone. The watercourses cut 
through the rim of the mountains in narrow canyons to spread out in more open 

basins near their headwaters; of this character are Gold Creek, Morenci Canyon, 
and the several intervening gulches. 

Northwest of Morenci the general elevation increases rapidly. The central 

feature is formed by a high ridge of quartzite, porphyry, and granite, beginning 
at Copper Mountain and attaining 6,370 feet in elevation 2 miles from Morenci. 

From here the top continues fairly level up to the Coronado mine, 3 miles from 
Morenci. Eastward Coronado Gulch and the several branches of Concentrator 

Canyon descend to Chase Creek, separated by many and far-projecting salients. 
Westward similar deep gulches, the most prominent of which is Horseshoe C,an

yon, lead down to the lava plateau bordering the abrupt trench of Eagle Creek. 
Immediately north of the Coronado mine the central ridge again rises rapidly in 

Coronado Mountain, an imposing mass of red crumbling granite capped by a flat 
quartzite table breaking off perpendicularly for a couple of hundred feet. 

From Coronado Mountain a magnificent view is obtained over the whole 
region, the most striking feature of which is perhaps the lack of regularity in 

the 'topographic forms. Toward the west a long and broad granite ridge projects, 
descending gradually from 7,500 feet, the elevation of Coronado Mountain, to 

4,500 feet at a point 5 miles farther west, where it suddenly drops off to Eagle 
Creek. The area beyond Eagle Creek is occupied by high and very rough ridges 
of black basaltic lavas, separated by deep ravmes. Eastward fro.rp. Coronado 

Mountain precipitous slopes of red granite lead down to Santa Rosa Canyon, 
which empties into Chase Creek at Metcalf. Lower ridges of the same material 
rise again east of Santa Rosa Canyon, to descend in precipice::; to the level of 

Chase Creek. North of Coronado Mountain, Knight Creek emp.tying into Eagle 

Creek cuts back to within 1 mile of Chase Creek, from which it is separated 
by a gap with an elevation: of 6,500 feet. North of this creek the lavas cover 
the old rocks and are carved into a most irregular complex of sharp ridges, some 
of which rise to elevations of 7,900 feet. 

Chase Creek Canyon, cutting through the heart of the copper-producing 
district, is a most interesting and picturesque topographic feature. Three miles 
northwest of Clifton the monotonous gray bluffs of semiconsolidated gravels are 
replaced by gTanite walls, ranging upward to a thousand feet in height. Near 
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the Longfellow incline the granite on the west side is capped by bluffs of 
quartzite and limestone, while a similar, though sma)ler, faulted-down quartzite 
table caps its eastern slope. For 1t miles ahove the Longfellow· incline the 
canyon is very narrow and deep. The prevailing rock is a granite greatly altered, 
silicified, and impregnated with decomposing pyrite; owing to this it weathers in 
most fantastic forms, overhanging cliffs alternating with deeply incised gorges 
and needle-like pinnacles, the dark-red color of the rock lending additional 
weirdness to the scene, especially when colort! and shadows ar~ emphasized by 
the setting sun. A little stream of bright-green water trickles along the bottom; 
numerous mining tunnels are opened along the sides, and the available level space 
is frequently insufficient for the track of the Coronado Railroad, which follows 
the canyon up to Metcalf. 

A mile below Metcalf the canyon widens as the softer porphyry is entered, 
and small spaces of alluvial gravel appear, probably brought down . from the 
great amphitheater of the Coronado and Santa Rosa canyons. 

At the town of Metcalf two important tributaries join Chase Creek. From . 
the west Coronado and Santa Rosa gulches descend in narrow canyons with pre
-cipitous grade, draining the eastern slope of Coronado Mountain. Three thousand · 
feet west of Metcalf they join, and continue down to Chase Creek in an open 
valley with a bowlder-covered bottom several hundred feet wide, bearing ample 
evidence of the frequent occurrence of violent cloudbursts on the flanks of Coro
nado Mountain. From the east King Gulch descends in a narrow, extremely 
rocky canyon, broken by one sudden drop of a hundred feet and having a grade 
of 500 feet in 1 mile; it heads 3 miles to the northwest, near the 7,_000-feet-high 
Mala pais Peak, which, as itt:i . name implies, is carved in jagged outlines from the 
great Tertiary lava flows. A debris .fan of great bowlders at the mouth of the 
canyon shows the torrential charact~r of the watercourse, which ordinarily is 
entirely dry. 

The most prominent feature of the topography at Metcalf is Shannon Moun
tain, rising in pyramidal form 1,200 feet above the town, with yellowish-gray lower 
slopes broken by rough crags of decomposed porphyry and surmounted by . the 
black iron cap of the outcrops of the Shannon mine. 

Above Metcalf Chase Creek Canyon contracts again and for 1t miles forms a 
less conspicuous duplicate of the lower granite canyon. The grade is about 200 
feet to the mile. Garfield Gulch, on which several important mines and prospects 
are situated, enters from the east. Above this gulch the most conspicuous fea
tures are the great granite bluffs on the west side, which drop off almost per
pendicularly for a thousand feet to a sloping mass of debris near the creek. 
The head of Chase Creek . is only a few miles distant, located among the high 



ROCKS. 55 

lava peaks of the northern part of Clifton quadrangle. The total drainage area 
is about 22 square miles. 

The area which drains directly into San Francisco River north of Clifton pos

sesses divers topographic features. The well-graded river~ which has a fall of 20 
feet per mile, emerges from the older rocks at Clifton, where it has carved pic
turesque cliffs from the lavas underlying the gravel terraces of the Gila forma

tion. For a few miles northward it flows in a canyon about a thousand feet 

deep, with moderate slopes~ which oecasionally break into precipitous bluffs of 
limestone or granite. Above this point the canyon may be said to be a double 

one. Its tortuous course is :first adjoined by steep lava bluffs from 500 to 700 
feet high. A gentler slope then follows, gr dually leading up to the high black 

lava peaks on the east side. On· the west ide this gradual ascent leads up to 

precipitous, dark-i·ed, in places flat-topped, g anite bluffs, 1,500 to 2,000 feet high, 
ag·ain surmounted by the great masses of J1 arkeen and Copper King mountains 
on the south (3,300 ·feet above the river) a d the lava peak of Malapais on the 

north, all of which form part of the divide .between Chase Creek a,nd San Fran
cisco River. The canyon of the latter str m is not the result of a single and 

simple period of erosion, but rather the consequence of orographic movements 
and at least t)VO periods of erosion. These relations are more fully discussed in 
the text of the Clifton folio. 

ROCKS. 

GENERAL STA EMENT. 

The rocks · are divided into two series. consists of a basement of 

pre-Cambrian schists and granite, upon w ich rests unconformably a Paleozoic 
series 1,000 feet thick of limestones, shales, nd quartzites, overlain by Cretaceous 

shales and sandstones at least several hundr d feet thick; masses of granitic and 
dioritic porphyrie.s are intruded into all of these rocks. The younger series, of 
Tertiary and Quaternary rocks, consists o various lavas and of an extensive 
formation of partly consolidated coarse gra els called the Gila conglomerate. 

It appears most natural to :first descri e the old basement upon which the 
sedimentary systems have been deposited and through which the much later 

intrusions of porphyry and overflows of asalt and rhyolite have forced their 
way. While the Cambrian system has no been proved to exist in this region 
by complete paleontological evidence, there can be little doubt that the Coronado 
quartzite represents this period, and it is certain that its base marks the most 
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prominent unconformity in the early geological history of this vicinity. The 
pre-Cambrian basement consists chiefly of granite and allied rocks, . much more 
rarely of schists. 

PINAL SCHISTS. 

Eight miles north. of Morenci, near the head of Chase Creek and Sardine 
Creek, a formation of fine-grained schists is exposed below the Coronado quartzite . 

. The small a.reas are surrounded by basalt and have been exposed only through 
the erosion of the covering flows of this rock. The schists strike east and west 
and have a steep dip to the south. The prevailing mass consists of reddish, 
fissile, and very fine-grained quartz-sericite-schist, though smaller bands · and 
masses of an amphibolitic rock are also present. The sericite-schist is probably 
of sedimentary origin. 

On 'account of the striking similarity in geological position and petrographic 
character to the Pinal schists which Mr. Ransomea describes from near Globe, 
Ariz., I have not hesitated in correlating the occurrence just described with 
that formation. The relation between the granite and the . schists can not, in this 
case, be established with certainty, but, from the occurrence of a small pegma
tite dike in schist found in the gulch just south of Sardine Creek, it seems 
likely that here, as well as at Globe, the granite is younger than the schists 
and intrusive in them. There is a very striking unconformity between the 
Coronado quartzite and the Pinal schists and the latter should doubtless be 
referred to the Algonkian or to the Archean. How unsatisfactorily the line is 
drawn between these two systems has already been emphasized by Mr. Ransome. b 

GRANITE. 

Ocrntrrence and distribut,ion.-The rock which al~ost universally underlies 
the Paleozoic sedimentary series is a normal granite, consisting of orthoclase, 
albite, quartz, and biotite; the orthoclase quite generally prevails over the other 
constituents and may be so abundant as to cause transitions to quartz syenites 
and normal syenites. 

Broadly speaking, the granite areas form a belt several miles wide between 
the sunken limestone blocks of th~ southern foothills and the heavy lava flows 
of the northern mountains. Topographically they form two prominent dome
shaped masses, rising to elevations of 7,000 feet, separated by the deep trench 
of Chase Creek, and scarred by many deep ravines. Coronado Mountain forms 
the westerly area, while the complex of Markeen and Copper King mountains 
rjses between San Francisco River and Chase Creek. 

a Ransome, F. L., Geology of the Globe copper district, Arizona: Prof. Paper U.S. Geol. Survey No. 12,1903, p. 23. 
bLoc. cit. 
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A. MOUTH OF MORENCI CANYON , LOOKING UP T OW ARD MORENC I. 

Cambrian quartzite to the left, Ordovi cian limestone t o the right. Copper Mou ntain faul t , separating the two, follows bottom of canyon . 

B. CHASE CREEK CANYON, LOOKING NORTH AT PO I NT WHERE CLIFTO N -MORENCI ROAD TURNS UP OVER 

THE GRAVEL HILLS. 

Grani te and C ambrian quartzite separated by fau lt. Near top of ridge quartz ite rests normally on granite. High granite mou ntains (Markeen, 
Copper King) in backgroun d . 
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Several smaller areas of granite occur among the faulted blocks northwest of 

Morenci; the Copper King granite extends across Chase Creek and follows the 
mai·gin of the foothills for several miles south of lV[orenci; and a smaller detached 

area outcrops a couple of miles southeast of Clifton between the Gila conglomerate 

and the Coronado quartzite. The boundaries of the areas are formed by the 

covering or intruding later formations, which may consist of Cambrian quartzite, 
irruptive porphyries, Tertiary lavas, or Quaternary gravels, or again by fault lines 
which may bring any one of the formations present in the area in contact with the 

granite. 
The prevailing color of· the granite is red, ranging from a yellowish red to a 

deep brownish red, all due to the finely disseminated ferric oxide so common in the 

orthoclase. The <?utcrops are large and rounded, but withoD:t exhibiting, except 
locally, a very marked '"wool-sack structure." The surface is covered by a thin 
layer of coarse sand, due to disintegration, in places where erosion has not acted 

with unusual v~gor. The steep slopes of ravines and fault scarps, especially those 
on the west side of Chase Creek u.bove Metcalf, show a prominent sheeting or 

jointing. The . joints usually have a northeast or north direction and, standing 

almost vertical, separate the rock into thick benches. 
The weathering on Copper King Mountain is of a similar character, the 

sandy gentler slopes contrasting with the imposing dark-red cliffs, cut up into 
angular blocks by irregular joint planes, and facing San Francisco River. 

The granite of Chase Creek between Morenci and Metcalf is altered by 
quartz cementation and pyritic impregnation; oxidation bas given it specially 

bright red and yellow colors, while the outcrops are extremely rough and 
irregular, with pinnacles and deep recesses. Fresh granite is only obtainable at 
points of intense erosion or whsre mining operations have penetrated the 

de~omposed surface. The coarse-gr~Lined character remains constant over the 

whole area. 
Petrography.-The typical granite, as shown, for instance, at Sycamore Gulch 

near the Poland prospect, is a reddish-brown coarse-grained rock, consisting of 
reddish, only occasionally light-green, feldspar grains, averaging perhaps 5 mm. 
in diameter, light-gray quartz in smaller grains often intergrown with the 

feldspar, and a small amount of black biotite in inconspicuous aggregates; 
occasionally a grain or two of hornblende is present, but never, as far as known, 

any muscovite. The ferromagnesian silicates are rarely seen in specimens from 
the surface, having been decomposf'd to dull grayish or greenish secondary 

minerals. 
In thin section large grains of orthoclase are most prominent. Microperthite 

is also very common, occurring in intergrowth with orthoclase. A few grains of 
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a plagioclase with narrow striation were noted :n some specimens. They are 
greatly sericitized, making determination difficult, but appear to be albite. Quartz 

abounding in fluid inclusions is always . present, but often as small grains and in 
micropegmatitic intergrowth ·with orthoclase or perthite. Magnetite and zircon 

are accessories. The structure of the rock is normally granitic. In nearly all 
specimens from near the surface the feldspars are clouded by kaolin and sericite, 

while the biotite is entirely converted to sericite and chlorite. Occasional modi

fications occur, but are seldom conspicuous. As mentioned above, the orthoclase 

may locally increase, changing the rock to a quartz-syenite. Horn~lende may 
increase, as shown in the cuts · of the Coronado Railroad, 850 feet above the 

place where the wagon road leaves Chase Creek and ascends the hill toward 

Morenci. This rock is a normal granular aggregate of orthoclase, microperthite, 
and quartz, and probably a little individual albite, with rather abundant prisms 

and grains of green hornblende, and a considerable amount of magnetite or 
ilmenite. ·The quartz is present in only moderate quantity and partly in grano

phyric intergrowth with the feldspars. Sericite, chlorite, epidote, and pyrite 

have developed subordinately as secondary minerals. 
Local modifications of still more basic character are very uncommon, the · 

only one observed being in the bottom of a gulch 2 miles - south of the point 

where the Coronado vein crosses the ridge summit. The granite here contains a 
small mass chiefly consisting of hornblende, soda-lime feldspar, and grains of 

magnetite or ilmenite. , 

Dikes connected with the intrusion of pre- Cambrian granite.-The intrusive 
character of the granite is inferred, although in this region no direct proof is 
available, no contacts with older rocks being visible. While dikes of coarse peg

matite are almost wholly absent, there are, in many places, irregular masses or 
well-defined dikes of granitic aplite, a medium-grained rock identical in composi

tion with the normal granite, but of a more even-grained, ''sugary" texture. 
These aplitic ·dikes, whose genetic connection with the granite is very clear, have 
not been ·separated from the latter rock on the map. Dikes of rhyolite, basalt, 

or of various intrusive porphyries, are abundant in places and will be described 

under their proper headings. 

PALEOZOIC SEDIMENTARY ROCKS .. 

THE SECTION IN GENERAL. 

Above the granite rests, in the vicinity of Clifton and Morenci, a thickness 
of about 1,000 feet of Paleozoic stratified rocks, comprising the Cambrian, Ordo

vician (formerly called lower Silurian), Devonian p), and Carboniferous systems. 
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They have been subdiyided (see fig. 2) into Coronado quartzite (probably Cam

brian), Longfellow limestone (Ordovician), Morenci shales (probably Devonian), 

and Modoc limestone (Mississippian, or lower Carboniferous). 
The Pennsylvanian is not known to be present in the area here discussed, 

but heavy limestone beds of this series, several hundred feet thick, are found 
conformably overlying the Mississippian in the northerly part of the Clifton 
quadrangle. There is no known unconformity in the whole Paleozoic column, 

though by no means all of the subdivisions of the 
systems have been shown to be present. 

Compared to other places in Arizona the thick
ness of the Paleozoic column is slight. Mr. Ransome 
describes 1, 700 feet of strata from Globe a and over 
5,000 feet from Bisbee.b 

.CORONADO QUARTZITE. 

General character and distribution.-Resting im
mediately on the -granite basement, the Coronado 
quartzite has a wide distribution and is everywhere 

easily recognized. It consists chiefly of heavy beds 
of brown, pink, or maroon quartzitic sandstones, 
usually ebaracteristically jointed, as shown on Pl. VI, 
which represents an exposure about 2 miles south of 
Morenci. Its lowest member is a quartzite conglom
erate, up to 50 feet thick, but this is missing in 
many sections. Several smaller areas of this forma
tion conspicuously crown the summit and westerly 

slope of Coronado Mountain. The largest area, cover
ing several square miles, lies a thousand feet lower 
on the south side of the great Coronado fault fis
sure, and forms a fault block, broken by many minor 
dislocations, but, on the whole, dipping gently west
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at .Morenci. 

Chase Creek Valley, or are bounded by short fault 
planes, while eastward similar areas cap the granite bluffs overlooking San Fran_, 

cisco River. At lower elevations a continuous band of this formation begins 

near the Longfellow incline on the west side. of Chase Creek Canyon and, fol

lowing it for a couple of miles, swings southwest, with foothills facing the 

aRansome, F. L., Geology of the Globe copper district: Prof. Paper U. S. Geol. Survey No. 12, 1903. 
bRansome, F. L., The geology and ore deposits of the Bisbee quadrangle, Arizona: Prof. Paper U.S. Geol. Survey 

No. 21, 1904. 
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gravel plains of Gila conglomerate, and continues to a point 3 miles south of 
Morenci. A few exposures of the formation, resting on granite, are also found 

on the east side of San Francisco River. 
In many places erosion has left only a thin cover of quartzite lying upon 

the granite. Where the whole thickness of the formation remains, as near 
Morenci, it attains a maximum of 250 feet,. but this is /not maintained at all 

exposures; near the mouth of Apache Gulc4, due south of Morenci, there are only 
from 100 to 150 feet exposed. The basal conglomerate, consisting of a maximum 
of 50 feet of well-washed quartzite cobbles, cemented by granitic sand and 
gradually changing into sandy beds, is well exposed in the bluff forming the 
summit of Coronado Mountain, and is present at many other localities, but . is not 
a universal feature. At the foot of Longfellow incline it is only 2 feet thick. 
Two miles 'southwest of Morenci the following section was observed: 

Geological section southwest of Morenci , Ariz. 
Feet. 

White quartzitic sandstone._ ............................ _._. 50 

Banded, pink and maroon, quartzitic sandstone, forming 

precipitous bluff ...... .. .. . . __ ........... ·.......... . . . . . . . 162 

Quartzi tic conglomerate ....... _ ....... __ ..... _ . . . . . . . . . . . . . . 10 

Sandstone .. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Quartzitic conglomerate ..... . ." ..... . . . . . . . . . . . . . . . . . . . . . . . . . 8 
(Pebbles 1 inch in diameter.) 

Coarse sandstone (base) .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . .. . 10 

243 

Near the mouth of Apache Gulch, south of Morenci, the conglomerate is 
lacking, sandstones resting directly on the granite. A characteristic exposure 
from Morenci Canyon is shown in Pl. VI, B. 

In the great fault block covering the western slope of the ridge south of the 
Coronado mine, a clearly defined stratification is often wanting; the basal conglom
erate is occasionally present in slight development, while as frequently it is 
mis~ing. In such case the exact line of demarcation between granite and detrital 

rock may be difficult to perceive; the underlying granite appears disintegrated, 
bearing evidence of pre-Cambrian weathering. Thin strata of olive .. colored shale 

were observed in a few places; for . instance, near the top of the formation on the 

summit of Coronado Mountain, and in the gulch just south of the Longfellow 

incline in Chase Creek. 

P etrography.--The rock is usually thick bedded, though sometimes delicately 

banded in detail, and shows various colors from light pink to darkest maroon; the 
distinguishing color of the outcrops is dark brown. Properly speaking, it is a 
hard quartzitic sandstone of varying grain, most commonly, however, showing 
grains averaging 1 mm. in diameter. Near the base are intercalated beds of coarser 
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A. VIEW UP CHAS E CREEK FROM POINT ON ROAD BETWEEN CLIFTON AND MORENCI. 

C li ff of Coronado quartztte on left, caoped by Longfe llow limestone. 

B. CLIFFS ON WEST S I DE OF MORENCI CANYON , SHOWING CORONADO QUARTZITE. 
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grain, which at many places change into coarse conglomerates. The clastic grains 

almost universally consist of light-gray granitic quartz, are generally rounded, 

and contain abundant fluid inclusions. Grains of sericitized orthoclase are occa

sionally found, but no other rocks are represented. The cement consists chiefly 
of sericitic particles, mixed with fine granitic detritus. The ·whole indicates very 

clearly derivation by slow processes ftom a disintegrating granite, the feldspar of 

which has had ample time to become converted into sericite and kaolin. 

By secondary ore-forming processes pyrite may develop metasomatically, 

both in quartz grains and cement; in a few places near Morenci this quartzite is 

mined as ore. 
The conglomerate consists exclusively of well-washed cobbles and pebbles of 

a somewhat harder quartzite than that which forms the mass of the formation; 

neither granite nor aplite was found in it at any of the numJrous places in which 
it was examined. The derivation is plainly from pre-Cambrian quartzite masses. 

Such rocks have not been found in the area here discussed, but occur farther 
north in the Pinal formation in the same Clifton quadrangle. The absence of 

granite fragments bears still further evidence of the deep pre-Cambrian disinte

gration of the granite. 

Conditions of deposition. --The even bedding of the bofy of the Coronado 
formation shows deposition in a large body of water, and while the marine origin 

of the top strata is proved by the occurrence of fossil shells, it seems probable 

that the conglomerate is a flu.viatile deposit gradually mergiJ
1

ng into marine con

ditions. Its very irregular occurrence and thickness, as well as the disintegra
tion of the underlying granite, confirm this conclusion. The pre-Cambria~ land 

surface was evidently one of gentle outline, except for some projecting masses 
of old quartzite and schists. The present surface of contact between the granite 

and the Coronado formation is greatly modified by warping and dislocation. 
Age and correlation.--The determination of the Coronado formation as Cam

brian is largely circumstantial, based chiefly on its well-defi11ed position as a dis

tinct division of quartzose sediments below Oi·dovician limestone and above an 
unconformity of the firs t importance. The only fossils thus far found in the 

Coronado formation were discovered by Mr. Boutwell in olive shales, 25 feet 

below the top of the quartzite, id a section just south of thb Longfellow incline 
in Chase Creek, and consist of sthall lingula-shaped shells. 

Mr. Charles D. Walcott has g~ven the following opinion of them: "One species 
is represented-a small form of L~~~gulella. Similar forms are found in the Middle 

Cambrian of the Grand Canyon. I Your material is, however, so imperfect that I 
do not like to base specific deter ination upon it." 

The quartzites at the base of the Paleozoic section have f very wide distribu-
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tion in Arizona. Mr. Dumblea describes such quartzites from the Dragoon, Whet
stone, Chiricahua, and Mule Mountains, and refers to them as the Dragoon 
quartzites. Mr. Ransome has examined a similar but much thicker and more 
vari~ble group of formations at Globe and given it the name of the Apache 
group. b The Bisbee equivalent Mr. Ransome refers to as the Bolsa quartzites, 
the thickness of which ranges up to 500 feet.c No fossils have been found at 
either of these localities. 

LONGFELLOW LIMESTONES. 

General character and distribution.-Under this formation name have been 
grouped a maximum thickness of about 400 feet of strata conformably covering 
the supposed Cambrian (Coronado quartzites) and consisting of limestones usually 
more or less dolomitic and gradually growing more siliceous near their lower 
limit. The upper 150 feet always form a prominent bluff of brownish limestone, 
while the lower 250 feet contain more shaly strata, usually forming a more gentle 
slope leading down to the steep quartzite bluff beneath (Pls. IV, A; V, B). 

The formation is extensively developed in the southern marginal mountain 
region. Bluffs of it line San Francisco River for a couple of miles north - of 
Clifton, the areas forming deeply sunken blocks at the foot of Copper King 
Mountain. An area aggregating a few square miles is exposed east and south of 
Morenci, here again forming a series of faulted blocks. Another block about i 
square mile in size lies north of Gold Creek on the slope toward Eagle Creek. 
Many smaller detached masses are known; some of them occur at the northern 
edge of the district near the line where . the older formations dip below the 
southern edge of great lava areas. 

Detailed sections.-One of the type iocalities examined is along the steep bluffs 
on the western side of Chase Creek Canyon. The best section obtained runs 
northeast from the high limestone point one-fourth mile south of Modoc Peak, 
the beds being well exposed below the Carboniferous and Devonian along the 
steep slope of Chase Creek Canyon. 

Geological section one-fourth 1nile south of Mqdoc Peak. 
Feet. 

Buff limestone. _____ .... _ . _ . _ ..... _ . __ .. __ .............. _ . . . 15 
Quartzitic sandstone . ___ ... __________ .... ·_ ........... _ . _ . . . 10 

Bluff of brownish-gray cherty limestone .....•.............. 140 
Shaly limestone . __ ... ____ . _ ... _ . ___ . __ .. ____ . _ . _ . _ . _ •.• ___ . 90 

Coarse gray sandstone .. _ .... ____ . _ .... _ ...... _....... . . . . . . 10 

Sandy and shaly limestone (base) . ____ ....... _ . . . . . . . . . . . . . 115 

380 

aDumble, E. T., Notes on the geology of southeastern Arizona : Trans. Am. Inst. Min. Eng., vol. 31, 1902, pp. 696-715. 
b Ransome, F. L., Geology of Globe copper district, Arizona: Prof. Paper U. S. Geol. Survey No. 12, p. 28. 
o Ransome, F. L., Geology and ore deposits of ;Bisbee quadrangle, Arizona: Prof . . Paper U.S. Geol. Survey No. 21, p. 28. 
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Beginning from the top of tJe bluff which overlooks Chase Creek, 1-i miles 
I 

southeast of Morenci, the follow1ng section was obtained. fhe summit of this 

bluff probably does not correspontl to the upper limit of thi~ formation. 

Buff limoo::e~~c-~ls~t -1! _m•:~- '~-~~: -o~ ~~~ci:-- ---Fee~ 
Bluffs of brownish chertt limestone. ________ ............... 110 

White sandstone, with cfoss-bedding ___ .......... _...... . . . 15 

ca;:::~~~ _ -s~-~1~~'- _ ~~~~~f~-r~~-~ _ ~~ _ -~~~1~-~~s-~ _ ~:~~ _ ~~ _ ~~~~~ 75 

. I I 208 

A part of the lower shales is probably displaced by an intrusion of porphyry, 

which here separates the Longfelf w limestone f~om the Corpnado quartzite. 

Geological section at Square Bntte, 2 miles south-southeast of Morenci. 

I Feet. 
Brownish bluffs of limestone (with cherty bands) . . . . . . . . . . . . 200 
Brown limestone, with b~nds of quartzite _ . . . . . . . . . . . . . . . . . . 50 
Sandy limestone, with sobe thin strata of quartzite, and near 

the bottom a thin stratum of shale (base) ................ 150 

400 

Near Garfield Gulch, 2 ~iles north of Metcalf, in Chase Creek Canyon, the 
series, whose whole thickness between Dev~onian and -Cambrian seems to be present, 
amounts to only 140 feet. The upper part consists of heavy brown limestone, 
the middle of gray sandy limestone, and the lower of lime shales. 

At the small, isolated limestone mass of Shannon Mountain, near Metcalf, 

200 to 250 feet of dolomitic limestones were noted, lying between the Morenci 
shales and the Coronado quartzite. The color is yellowish brown, the upper part 

being heavy bedded and the lower more shaly. 
Petrography and analyses. - A typical specimen of the cherty limestone shows 

that it is chiefly composed of coarsely crystalline calcite in irregular 'grains. There 
is evidently but little dolomite or magnesite present, but certain irregularly dis

tributed strata contain more. Few of the rocks thus far examined consist of 

typical dolomite. The rock contains many small quartz grains, probably largely 

of clastic origin. The chert occurs in irregular bands or nodules, which under 

the microscope appear as an aggregate of greatly varying grain. Some of it con
sists of irregular quartz grains, while other parts contain much cryptocrystalline 

and fibrous chalcedonic material. Ragged calcite grains lie embedded in this mass, 

giving distinct evidenc~ of the metasomatic origin of the chert by replacement 
of calcite by siliceous waters. The normal rocks contain no pyrite nor other 
sulphides. The Longfellow limestone is, as a rule, too siliceous to be used for 
quicklime or smelting flux. A number of partial analyses have been made of it at 
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Morenci in the laboratory of the Detroit Copper Company by Mr. L. R. Wallace. 
This horizon is in the lower half of the Longfellow limestone. 

Partial analyses of limestone at the rear of boiler room of Detroit Copper Company's smelter. 

CaC03• MgC03• Si02. F~Oa+ 
Al20a. 

Lower stratum (contains small 
/pockets of copper carbonate)_ 56.4 9.0 30.0 2.6 

Upper stratum ________________ 90.08 1.5 4.7 2.0 
.. 

The following series of partial analyses are of limestones from the base of 
the hill in Morenci Canyon west of the smelter up to Hernandez's wood yard, a 
vertical distance of 100 feet; the horizon comprises the uppermost 100 feet of 
the Longfellow limestone: 

Partial analyses of limestone from Morenci Canyon west of smelter. 

CaC03• MgC03• Si02• F~03 + 
Al20 3• 

1.----.---------------------- 57.0 35.0 5.5 0.5 

2.----- .. .. -.. - .. .. ................... ..... ........ 55.0 29.0 5.5 -- ....... - .. - .. -
3.--------- ------------------ 88.0 .5 9.5 . 6 

4.--------------------------- 90.0 . 6 5.4 .7 

5.----------- ...... - ..... - .. -....... ---. 89.4 .6 7.8 .4 

6- - - _.- - - - - - - - - - - - - - - - - - ------ 89.4 1.0 7.0 .7 

7---------------------------- 90. 7 .8 5.8 . 7 

8---------------------------- 82.3 1.5 12.6 1.0 

9 ______ ---------------------- 86.6 2.0 8.3 .·5 

10. -- - - - - - - - - - - - - - - - - - - - - ----. 90. 7 . 5 6.5 .5 

11.---- ----- ---------- - -·------ 86.0 1.5 9.8 .6 

12- - - - - - - - - - - - - - - - - - - - - - - - - - - - 84.6 . 5 13.6 .5 

13- - - - - - -- - - - - - - - - - - - - -- - ----- 89.8 2.2 5.9 .5 

14.--------------- .. --.--- .... 88.0 1.5 6.2 ----------
15- - - - - - - - . - ..... -- - ... - ...•. - 86.2 2.2 8.0 .4 

16--------.- . ----- -------.- .. . 86.2 2.5 8.9 .6 

17--- .. ----------------.--- .... 84.6 2.0 10.0 .9 

18.--- .. - ... --.-------.---.--- 76.5 5.0 14.5 1.0 

19---------- ----.- ----.--- .... 86.0 . 5 11.0 . 6 

20 .. - .. --.-.--- ... ---.---.---- 69.5 10.2 14.5 1.0 

21.-----------.---- .. -- .. - .... 73.0 . 6 24.0 . 6 

22. - - - - . - - - - - .... - . - . - . - .. - - .. 72.0 

I 
.5 25.0 .5 

23 (base) .. .. ....................................... 68.0 1.5 27.6 . 5 

The increase in silica toward the base of the bluff is very noticeable. 
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The Longfellow limestones, exposed on Shannon Mountain, are largely 

metamorphosed; many of them would seem to be somewhat dolomitic in com

position. An analysis made for the Shannon Copper Company of a hard, blue, 
fine-grained limestone from the Black Hawk .tunnel 30 feet above the top of the 

Coronado quartzite runs as follows: 

Analysis of limestone from Black Hawk tunnel. 
Per cent. 

CaC0
3 

__________________________________ . ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 39. 2 
MgC0

3 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 22. 9 

Si0
2

• ____ • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 27.0 

Fe
2
0

3 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 8. 3 

Al
2
0

3 
• • _ ••• _____ • _ •• ___ • _____ •• ___ • _________ • _ • _ •••• _ ••• _ 3. 0 

100.4 

It is probable, however, that the specimen analyzed contained some pyroxene and 
epidote, due to metamorphic processes. 

Age and correlation.-Fossils are very scarce throughout the Longfellow 

limestone. In the lower, shaly part the only occurrence thus far found is in the 
second of the detailed sections; 20 feet above the top of the quartzite a few 

small lingulas were found, together with crinoidal remains. Mr. Charles D. 
Walcott states that, while no very certain determination of age can be based on 
them, they probably indicate the uppermost part of the Cambrian; there is thus 

a possibility that a part of the Longfellow formation may be of Cambrian age. 
The best fossils were found in a layer of yellowish-gray shaly lime,stone at the 

top of the same section and consisted of gasteropods and fragments of trilobites, 
the latter in part very large. A similar fauna was found one-half mile farther 
northwest on the same ridge in the same stratigraphical position, and also in a 

gulch one-fourth mile northeast of Newtown in the same vicinity. 
On these fossils Mr. E. 0. Ulrich reports as follows: 

"The fossils cont~ined in the lots submitted (lots 7, 8, 9, and 10), collected by 
Mr. J. M. Boutwell, are on the whole so poorly preserved and incomplete that I am 
not wiiling to make a positive specific identification at the present time. StilJ, the · 
general aspect of the collections and, in particular, the 'association' of generic types 
leave no doubt in my mind concerning the age indicated by the fossils. 

"The four lots· all indicate practically the same time interval-it i8 not unlikely 
that they are all derived from the same bed, which I believe the evidence in hand 
warrants me in placing in the Calciferous age ( = early Ordovician). 

"All four lots contain a species of Raphistomina or of some related gasteropod 
genus, an OzJl~ileta, a Dalmanella similar to D. hamburgensis Walcott, a species of 
Carnarella or Syntrophia, a new type of Cephalopoda near Endoceras, an early type of 
Asapkus, a small n~:kellocephalus ( ~), and a larger trilobite related to Bolbocephalus." 

16859-No. 43--05-5 
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Four miles west of Morenci, on the slopes toward Eagle Creek, is a large area 
of the upper part of Longfellow limestone. .Flat gasteropods, similar to Raplds
tomina, were observed in the center of this area and near the principal . trail 
crossing it. 

As far as known this is the first definite occurrence of the Ordovician system 
discovered in Arizona. Mr: Ransome has found no rocks indicating this age in 
the Globea or in the Bisbeeb districts. In both places Devonian strata, chiefly 
consisting of limestones, directly overlie the Cambrian. 

A broad belt, in which Ordovician strata are abundantly developed, is found 
in western Nevada, extending from the vicinity of Eureka down to within 40 
miles of the great bend of Colorado River and the Arizona line. 

The distribution of the system within this area is discussed in the reports on 
the fortieth parallel,c in Hague'sd and Walcott'se monographs on the Eureka 
district, and in a recent bulletin by Mr. J. E. Spurr.f The nearest point of 
this belt is about 350 miles distant from Clifton in a westerly direction. Along 
the Grand Canyon of Colorado River the Ordovician is thus far not known; 
neither does it occur in southwestern Colorado. On the other hand, Mr. G. B. 
Richardson g has recently found the formation strongly developed at EL Paso and 
other places in western Texas. North of this point it is known to occur along 
eastern Colorado, as, for instance, in the Pikes Peak quadrangle. Mr. Ellis 
Clarkh reports its presence, possibly together with Silurian, at the Lake Valley 

, silver mines in the south-central part of the territory, and more careful search 
will probably show its presence at many other points in New Mexico. 

MORENCI SHAI.ES. 

General character and distrib,ution.-Between the Modoc formation o£ the 
Carboniferous and the Longfellow formation of the Ordovician are conformably 
intercalated a group of strata which have tentatively been referred to the Devo
nian system. The rocks consist of about 100 feet of clay shales underlain by 75 
feet of compact and fine-grained argillaceous limestone; this lower part is, how
ever, missing in some parts of the Clifton quadrangle, and as, moreover, it can 
not conveniently be mapped separately on a smal1 scale it has been grouped with 
the shales into- one formation on Pl. I, while on the special map (Pl. XV II) the 
two members have been separated. 

a Prof. Paper U. S. GeoL Survey No. 12, 1903. 
bThe geology and copper deposits of Bisbee, Ariz.: Trans. Am. Inst. Min. Eng., Feb., 1903. 
eKing, Clarence, U.S. Geog. Exp. Fortieth Parallel , 1871, 1872, 1873. 
dHague, Arnold, Geology of the Eureka district: Mon. U. S. GeoL Survey, vol. 20,1892. 
e Walcott, C. D., Paleontology of the Eureka district: Mon. U.s: Geol. Survey, voL 8, 1884. 
/Spurr, J. E., Descriptive geology of Nevada south of the fortieth parallel: Bull. U.S. GeoL Survey No. 208, 1903. 
uOral communications. 
hTrans. Am. Inst. Min. Eng., vol. 34, 1894, p. 138. 
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Though not occupying large surface areas it is present wherever the com
passing formations occur; for instance, on San Francisco .River a short distance 
above Clifton, in the vicinity of Morenci, and near Garfield Gulch. It usually 
forms a gentler slope between the bluffs of Modoc and Longfellow limestone. 

P etrography and analyses.-The clay shales are fissile black rocks, fairly 
hard when fresh, but crumbling easily and softening and becoming grayish on 
exposure. Under the microscope they show the usual cryptocrystalline aggregate 
of clay shales with abundant greenish minute flakes ~ and fibers, probably consist
ing of glauconite. Small cubes of pyrite occur sparingly. Calcic carbonate is 
often entirely absent. A specimen from below the Detroit Copper Company's 
limestone quarry contained, according to Mr. L. R. Wallace, 2 per cent of CaO. 
A slightly hardened but otherwise typical rock taken 30 feet east of the big dike 
crossing the trail from Newtown to ·the top of Longfellow incline, near Morenci, 
gave: 

Analym of clay shale, No. 313, Clifton collection. 

[W. F. Hillebrand, analyst.] 

Si02 •••• - •• -. -- _ •• - ••••••••••••••• • •• _ ••• _ •••• __ • _ •• ___ • _ 61. 25 

Al20 3 •• -- ••••••••••••••••••••• __ •• __ • _ ••••• ___ • _. • • • • • • • • 15. 60 

F e
2
0

3 
••••••••••• _ , •• • •••••• ____ _ ••• ___ • ____ • __ • _ ••• _ •• _ • 1. 35 

FeO .. _ . _ .... _ ... ___ . _ . _ .. _ ..... _ . __ ...... __ ...... _ .. _ . . . 3. 04 

l\'IgO ... _ ............... ____ . __ . ___ . ___ ... _ .. __ .....•. _.. 4. 16 

CaO .. _ ... _ ............ ___ . _ ...... . .. _ ............... __ . . 3. 40 

N a
2
0 ___ .... __ ... __ ..... _ ... __ .. . _ . _ .· _ . ____ .. ___ ...... __ . . 44 

K 20 ........................ _ ... . . _ ........ __ ......•....• 6. 74 

H 20 - 100° ... _ .. _ .. __ ......... _ . . . _ ............. __ . ... _.. . 62 

H 20 + 100° ... _ ... _ ....... _. _ .... _ ...... _ .. ___ . ____ .... _.. 2. 09 

Ti02 •••••••• _ ••••••••••••••••••• _ ••• ___ ••• _ •••• _. _....... • 66 

C02 - •••••••••••••••••• _ •• - ••• _ •••••••••• : •••• ___ • _ •• __ •• None. 
P20 5 •••• -.- ••••••• __ •• _ ••••••••• • • __ • _ ••• __ •••••• _. _ •••• _ • 08 

803 • _ •••••••••••••••••• _ • _ • _ •• _ • _ • ____ • ____ •••• __ •• _. • • • None. 

MnOa ....... _ ................ _. _ .... _ ... _ ... ___ ... _ . . _._. . 07 

BaO .... _ .... __ .. ___ ...... _ ....... ___ .. ___ ....... _ . . Faint trace. 
SrO ... _ ..... _ ..... _ ..... _ .. ___ . _ .. __ ... ___ .. _ . ___ ... ___ . None. 

Li20 ... _ ... _ ............... _. __________ .. ___ .... ___ . __ ... Trace. 

FeS2 •• _ ••• -.- ••••••••••••••• ___ • •• ___ •••• _. _ •••••••••• _. • 25 
CuFeB2 • _ _ •••••••• _ ••••• ____ ••• _ _ • _ •••••••••••••••• __ • _.. • 03 

ZnO. _. _ .... _. _ .......... _ ........ __ ...... _ .... _ ... . . ___ . . 03 

99.81 
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Tpe analysis indicates a fairly typical clay shale, the high percentage of K 20 
being characteristic of many of these rocks. Less common is the large amount 
of CaO, which evidently is not ·present as carbonate but as some silicate, probably 
epidote. The rock is somewhat hardened by the adjacent intrusive mass and 
slight metamorphic changes may have taken place. The copper and zinc present 
in minute quantities are also believed to be derived from the intrusive rock, as 
ores of these metals of contact-metamorphic origin occur only a few hundred feet 
away. In the section near Morenci, one-fourth mile· south of Modoc Mountain, the 
shale contains near its top strata a dark-gray fine-grained . dolomite, weathering 
yellowish red. . 

1-'he limestone underlying the shales appears in most typical form at Morenci, 
while north of Metcalf a corresponding member could not be found. 

This limestone, about 75 feet thick, is nearly black when fresh, extremely 
fine grained, and breaks under the hammer with a ringing sound into shelly 
fragments. The outcrops · are well stratified in thin benches ~hich appear 
peculiarly pitted by weathering and have a bluish-gray color altering on oxidation 
to a yellowish tone. In thin sections the rock is very fine grained, consisting 
chiefly of calcite, though some small rhombohedrohs of dolomite are present. 
Minute cubes of pyrite are scattered through the mass. 

A specimen from the lower part of this member at Bias Hernandez's house, 
opposite the Detroit smelter, gave the following result: 

Analysis of limestone from near Detroit Copper Company's smelter. 

[L. R. Wallace, analyst.] 

Si02 ••••••••••••••••••••••••••••• ~...................... 6. 4 

Fe................................... ..................... 1. 5 

Al20 3 ••••••••••••••• : . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 4. 2 

CaO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46.8 

MgO.......... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . ... . . 9 

Cu ....................... ~ ----------···················· .2 
S .................... .................................... None. 

The total percentage of car~onates would . be about 85.4. Silica and alumina are 
both high, indicating admixture of clayey substance. 

Age and correlation.-While no fossils have been found in the shales, the 
argillaceous limestone contains at many points near Morenci a scant fauna of 
corals and gasteropods, all of them noticeably stunted and small in development. 
On these Prof. H. S. Williams reports as follows: 
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"The materia] presents a few fragmlents of fossils and is probably all from a 
single formation. There is very little, however, that is thoroughly diagnostic of a 
particular horizon. The species are: I 

~ Zaphrentis sp _________ . _ _ _ _ _ _ A small form. 
Crinoid stems _______________ Too imperfect to generically identify. 

~ Lomonema 8P. -- -- - - - - -- - - - - -- )Nob sufficient for speeifie definition. 
. Pleurotomar~a sp _ _ _ _ _ _ _ _ _ _ _ _ I 

Schizophoria cf. ivanofl Tsch __ A small imperfect specimen of which I wrote 
in the letter to Mr. Girty, referred to as 
follows: 

''The specimen approaches the Orth~s ivan(~fi Tsch. type of Russia more closely 
than our eastern forms of Schizophoria McFarlani, which is quite consistent with 
the hypothesis that it belongs to the same fauna as that of the Devonian sent by 
Ransome from the Globe quadrangle. 

"Although the typical species of the Globe and Bisbee quadrangles Devonian 
are not present, the Schizophoria.~ is so diJgnostic of the same general fauna that I am 
of opinion that you will be safe in callihg it Devonian, though nothing in the lot 
will certainly exclude it from either Silu~ian or Carboniferous so far as the present 
evidence goes. I would classify the horizon as probably Devonian, awaiting more 
perfect fossil evid~ce for a closer correlation." . 

Mr. Ransome ~und a well-developed Devonian horizon at Bisbee, Ariz.,a 

consisting of 340 fee\ of dark-color~d, ~ompact limestones with ~orne in~erca.lated 
shales, and refers to i't as the Martm l'mestone. At Globe, Ariz., he discovered 
700 feet of buff and ~ray limestones, lwhich he referred to the same age, but 
which seem to present no petrographic similarity to the Clifton-Morenci 0 

occurrence. 
In the Grand Canyon section Mr. C. D. Walcott c found 100 feet of Devonian 

strata resting with slight unconformity ion the Cambrian Tonto group. 

MODOC I1IMESTONE. 

General character and distribution.}_ The Modoc formation, waich represents 
the lower Carboniferous or Mississippfan series, consists of about 170 feet of 
coarse blue or gray limestones, with suoordinate strata of quartzite and dolomite. 
The gray limes;tone, which forms a prlminent cliff, is the characteristic part of 
the formation and recurs at many places. . 

The areas covered by the Modoc limestone are not extensive, scarcely aggre
gating more than 1 square mile on the l general map (Pl. I), but the formation is 
of the greatest interest and importance ~n connection with metamorphic phenomena 

a Prof. Paper U.S. Geol. Survey No. 21, 1904, p. 33. 
b Prof. Paper U. S. Geol. Survey No. 12, 1903, p .'39. 
c Pre-Carboniferous strata in the Grand Canyon of the (])olorado, Arizona: Am. Jour. Sci., 3d ser., vol. 26, 1883, p. 438. 

I -
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and the ·copper deposits caused by them. Small areas outcrop on top of some 

bluffs along the river north of Clifton; others cover Modoc Mountain near 
Morenci and the opposite (west) side of Morenci Canyon, and still others cap 
Shannon Mountain and several hills in the watershed of Garfield Gulch. 

Detailed descriptions.-The Morenci sections are practically identical. One of 
them extends from the summit of a high llmestone point one-fourth mile south of 
Modoc Mountain down toward Chase Creek, forming the upper part of the com
plete general section from Carboniferous to Cambrian and to the granite; the 
other extends westward from the first railroad loop below the Morenci smelter. 
Thin strata of supposed Cretaceous age here cap the Modoc formation. 

Geological section south of Modoc Mountain. 
Feet. 

1. Blue, coarse, fossiliferous limestone ·in 2-3 feet thick 
benches ___ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4-10 

2. Light-gray coarse limestone with crinoid stems, 2 feet 

benches; vertical joints ("Gray Cliff" member)____ 75-85 
3. Light-grayish-brown dolomitic limestone _ _ _ _ _ _ _ _ _ _ _ _ _ _ 60 

4. White or reddish calcareous quartzite, forming sharply 
defined stratum _____________ . ___ ... _ ... _ ... _ _ _ _ _ _ _ _ _ 15-17 

5. Massive bench of gray, coralliferous limestone ____ ... _ 8-10 

162-182 

On Shannon Mountain the dolomitic stratum seems to be lacking. 
tion, though obscured by metamorphism, is as follows: 

·Geological section on Shannon Mountain. 
Feet. 

Gray Cliff limestone __ . ______ .. _________ .... ____________ ... _ 132 

Quartzite _______ ~ ____ . ___ ... ____________ . _ .. ~ _________ . _ ... _ 20 

Coralliferous limestone . _________ .. _. _________ . ____ . _______ . _ 10 

162 

The sec-

/ 

In the faulted limestone block just west of the mouth of Garfield Gulch, In 
Chase Creek Canyon, above Metcalf, the brown dolomitic stratum is again absent 
and the formation consists simply of 150 feet of light-gray bluffy limestone, 
equivalent to No. 2 in the first section. 

Petrography and analyses.-In contrast to the siliceous limestone of the 
Longfellow formation, the Modoc limestones are exceptionally pure. The top 
s~ratum in the first section consists of coarse, bluish, almost pure limestone. 
The second stratum, the "Gray Cliff limestone," as it may be appropriately 
designated, is likewise a coarse granular rock of dark-gray color on fresh frac-
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ture, but weathering to lighter-gray tints. Specimens from l\iorenci consist of 
large irregular grains o-f calcite, the only other constituents noted being a few 
shreds of bright-red ferric oxide or hydrate. This gray limestone is extensively 

used as flux, being quarried at Morenci by both of the principal mining com

panies and on Shannon Mountain by thf Shannon Copper Company. 
Many technical analyses have been made of it, a few of which are here quoted: 

Partial analyses of limestones front the Modoc formation. 

CaC03• MgC03• Si02. 
Al203 and Insoluble. Fe20 a.a 

---

Limestone quarry of Arizona Copper Company a,t Mo-
renci, Modoc Mountain _____ . ________________________ 95.52 0.69 .................. 0.92 1. 06 

Limes~one quarry .of Detroit Copper Company l}t Mo-
1. 00 2. 70 renc1, near smeltmg plant_ ____________ ______________ 94.00 ................. .................. 

Limestone quarry, Shannon Mountain, near summit_ ____ 82.50 9. 54 1. 34 1. 66 .... - .. -- .... 

a Mostly ferric oxide. 

It will be noted that the rock from Shannon Mountain, though similar in 

appearance and texture to the Morenci !limestone, contains much more magnesic 
carbonate. It is very coarsely crystallihe and almost white. 

The beds immediately und~rlying the Gray Cliff limestone consist of heavy 
benches of light-brownish-gray limestone, weathering drab, and containing a few 

minute crystals of pyrite. In thin section it proves to be a fine- and even-grt~.ined 
dolomite; 

Partial analyses of dolomite underlying b'w·e limestone close to the ]forenci smelter. 

[L. R. Wallace, analyst.] 

I 
West end of quarry _____ . ____ . _____ ____ . . ____ j_ . ____ _ 

East end of quarry _________ . _________________ J ______ _ 
Pure dolomite ___ . _____________ . _____________________ _ 

57.5 
56.00 
54.35 

37.60 0.3 
36.00 1.0 
45.65 

1.8 0.4 
2.8 

--------!--------

Bed No. 4 in the first detailed sect~on underlying the brown dolomite is very 

constant near Morenci, though it has n~t been found in the northern part of the 

Clifton quadrangle; it consists of a ha!rd quar~zitic sandstone, the grains being 
well rounded and cemented by calcite. The basal member of the formation is a 
heavy band of coralliferous bluish-gray limestone, which does not contain much 
dolomite. 
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.Age and co'rrelation.-The Modoc limestone is fossiliferous throughout, well
preserved species being found in it in the top, basal, and intermediate mem hers. 
The determinations by Dr. G. H. Girty show that the formation throughout 
belongs to the Mississippian series of the Carboniferous system-i. . e., to the 
lower Carboniferous. The determinations are as follows: 

On trail to Silver Basin, l~ miles southeast of Morenci; from the Coralliferous 
limestone, the basal member of Modoc formation: Rhipidomella Michelini?, 
Spirifer centronatus, and Seminula lLUmilis? 

In the section one-fourth mile south of Modoc Mountain, Morenci; from the 
Coralliferous limestone: Zaphrentis sp. . 

In the gap 1,000 feet ·south' of Modoc Mountain; from the Coralliferous 

limestone: Zaphrentis sp., and Spirifer cf. centronatus and S. Forbesi. 
In outcrops 850 feet S. 18° E. from Modoc Mountain; from the top of the 

Gray Cliff limestone, No. 2 of first detailed section (p. 70): Orthis sp. 
In outcrops 85~ feet S. 18° E. from Modoc Mountain, at an elevation of 

5,100 feet; from heavy blue limestone, No. 1 of first detailed section (p. 70): 
Lithostrot1~on? sp., Henophyllum· :;p., Favo8ites sp., Granatocrinu8 sp., Platycrinu::;, 
F enestella sp., Ortlwthetes inmqualis ?, Spirifer near Spirifer keokuk, Spir~:ferina. 

Many other fossil localities were found in the northern part of the Clifton 
quadrangle. 

As is well known, the Mississippian series is extensively developed throughout 
the \Vest. At Globe, Ariz.,a Mr. Ransome found this series present in the upper 
part of the Globe limestone, while at Bisbeeb he has referred 700 feet of st~·ata 

to the same horizon under tHe name of the Escabrosa lime~tone. 

TULE SPRING LIMESTONE. 

This formation, which consists of heavy-bedded bluish-gray limestones with a 
characteristic upper Carboniferous or Pennsylvanian fauna, does not occur in the 
area here discussed (Pl. I), but is fairly extensively developed in the northern part 
of Clifton quadrangle. Near Morenci Mesozoic strata, not recognized elsewhere, 

. unconformably overlie the lower Carboniferous. 

MESOZOIC STRATIFIED ROCKS. 

Th~ Jurassic and Triassic are apparently not represented in this area, but 
rocks belonging to the Cretaceous have been found near Morenci. 

a Prof. Paper U.S. Geol. Survey No. 12, 1903. bProf. Paper U. s·. Geol. Survey No. 21, 1904. 
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PINKA, D FORMATION. 

General character and distribtttion.-The Pinkard formation consists of a 
Reries of sandstones and shales with a I thickness of several hundred feet. The best . 
exposures are found in Silver Basin Creek, 2 miles southwest of Morenci, and in 
the Eagle Creek foothills, 4 miles distant in the same direction. The gently 

I 

.upturned strata here surround an ov~ mass of diorite-porphyry intruded in them. 
In the porphyry stock of Gold Creek many smaller metamorphosed patches of the 
same strata occur. Modoc Mountain at Morenci is capped by a small area of the 
same strata, and a somewh_at larger 1 ass is exposed on the ridge overlooking the 

head of Morenci Canyon on the sout' and west side; it is here again intruded by 
porphyries and partly metamorphosed by them. 

The lowest part of this formaJion consists of black shales, which occupy 
considerable areas in Silver Basin; their upper part is made up of alternating 
shales and yellowish-gray sandstone j in places calcareous. A section from the 
top of the hill one-fourth mile southwest of Morenci smelter, eastward, shows 
the following suecession, the beds hJre being somewhat metamorphosed: 

Geological section Luthwest of Morenci smelter. 

Top of hill; elevation 5,140. / Feet. 

Reddish hard shales, partly epidotized _...... . . . . . . . . . . . 50 

Heavy light-gray quartJitic sandstones, with some inter-
bedded shales . ___ .. _ J _ . ____ ... __ . ____ . __ .. __ .. __ . _ . _ _ 50 

Black · fissile shales .... 
1 
... __ .. ____ ........ _ ... _ .. _. . . . . 30 

Striped green and yellor'ish-brown shales ...... _........ 45 

Top of Modoc limestone at ibase of series. 

175 

On the trail to Silver Basin, 1, miles southwest of Morenci, is an outcrop 

of the Morenci shale~ covered by ta thin bench of limestone, evidently corre

sponding to the base of the lower Carboniferous (the eoralliferous limestone, 
No. 5 in detailed section, p. 70). Above this lie knotty arenaceous shales of 

greenish~gray color and a thin layer of yellowish limestone, clearly corresponding 
to the base of the Pinkard formatifn and northward overlain by the shales of 
Silver Basin. The total thickness present is difficult to measure on account of 

probable dislocations. 1 
Thin strata of epidotized hrow 1 and greenish shales cover the summit of 

Modoc Mountain, overlying the uppf rmost stratum of the Modoc formation. 
There is evidently an unconfor~ity brtween the lower Carboniferous and 

the Cretaceous. It seems rather to be an unconformity by erosion than a 
structural break. 
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Age and correlation.-Fossils were found in a calcareous sandstone overlying 
shale . in a gulch one-half mile southeast of the porphyry hill ~ith bench mark 
5,175, 2t miles south-southwest of Morenci. The elevation is here close to 4,000 

- feet. The fossil bivalves are well preserved and some of · the species are 
rather abundant. On this collection Dr. T. W. Stanton reports as follows: 

"The fossils submitted include: 

Fossils from calcareous sandstone south-southwest of Morenci. 

Mactra sp. related to M. W arreneana M. & H. 
Corbula. sp. 
Cardium sp. 
Astarte? sp. 
Cyrena? sp. 

Turritella sp. 
Dentalium sp. 
G lauconia coal villensis Meek. 
Tugnellus fnsiformis Meek. 

The last two species are characteristic forms of the Colorado group, which 
elsewhere are known only in the upper part of the Fort Benton formation and 
its equivalents." 

At the eastern side of Silver Basin, lt miles southwest of Morenci, great 
numbers of small Astarte n. sp. were found, occurring in the lowest horizon 
almost immediately above the basal member of the l\fodoc formation. While 
these fossils are not conclusive as evidence of age, there can be no doubt that 
the strata are equivalent to the fossiliferous horizon described above. No fossils 
have thus far, in spite of careful search, been found in any other part of the 
Pinkard formation. 

Cretaceous and Jurassic strata are known from the plateau province of north
eastern Arizona. At Bisbee Mr. Dumble a recently discovered the Cretaceous, 
and Mr. Ransomeb has described it mot~e in detail. There are over 4,000 feet 
of Cretaceous strata which are referred ~o as the Bisbee group and subdivided 
into four formations. Tne upper surface at Morenci, as well as at Bisbee, is 
everywhere one of erosion, and thus the original thickness is, in both cases, 
unknown. From considerations of topography it is scarcely likely, however, that 
the total thickness at Morenci ever approached that at Bisbee. At Globe and 
other points in the interior of Arizona the Cretaceous has not thus far been 
found. 

CENOZOIC SEDIMENTARY ROCKS. 

No sediments of Tertiary age have been found, the volcanic flows of that 
period apparently always resting on a deeply eroded land surface. Strata of 
Quaternary age are, however, extensively developed, the most important formation 
being known as the Gila conglomerate. 

a Trans. Am. Inst. Min. Eng., vol. 31, pp. 703-706; Prof. Paper U.S. Geol. Survey No. 21, 1904, pp. 56-73. 
b Trans. Am. Inst. Min. Eng., February, 1903. 
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GILA J oNGLO:\iERATE. 

General character and distributioA.-- This name was first applied by Mr. G. K. 

Gilbert to extensive and deeply eroded valley · deposits extending along Gila 

River from ,the mouth of the Bonito up into western New Mexico. Mr. Gilberta 

characterizes the formation as follo1s: 

"The bowlders of the conglomerate are o:E local ongm, and their derivation 
from particular mountain flanks is often indicated by the slopes of the beds. Its 
cement is calcareous. Interbedded ,ith it are layers of slightly coherent sand and 
of trass, and sheet~ of basalt; the latter, in some cliffs, predominating over the 
conglomerate. One thousand _feet ~f the beds are frequently exposed, and the 
maximum exposure on the Prieto is !probably 1,500 feet. They have been seen at 
so many points by Mr. Howell and myself that their distribution can bA given in 
general terms. Beginning at the mbuth of the Bonito, below which point their 
distinctive characters are lost, they fdllow the Gila for more than 100 miles toward 
its source, being last seen a little Jbove the mouth of the Gilita. On the San 
Francisco they extend 80 miles; on t~e Prieto, 10; and on the Bonito, 15. " 1here 
the Gila intersects the troughs of tJhe Basin Range system, as it does north of 
Ralston, the conglomerate is continu~us with the gravels whieh occupy the troughs 
and floor the desert plains. Below tHe Bonito it merges insensibly with the detritus 
of Pueblo Viejo Desert. It is, indee1, one of the 'Quaternary gravels' of the desert 
interior, and is distinguished from its family only by the fact that the water
courses which cross it are sinking themselves into it and destroying it instead of 
adding to its depth." 

1 

The Gila conglomerate occupies about 30 square miles in the southeast corner 

of Clifton quadrangle. It skirts thj Hanks of the Morenci hills and the southeast

ern slopes of Copper King Mountain, attaining marginal elevations of about 4,500 

feet, the ridges sloping thence southward, at a grade of 100 to 200 feet to the 

mile, until they abruptly drop off info the canyon of the San Francisco, 400 to 500 

feet deep. A long bay of this formation ex1bends northward into the mountain 

' area, following the western side of / San Frandsco River up to a point 10 miles 

north of Clifton, where it forms small patches on basalt and rhyolite at elevations 

of 4,500 feet. The thickness expoJed near Clifton is 600 feet, while along the 

river canyon, due east of Copper fK,ing Mountain, it almost reaches 900 feet. 

Along San Francisco River it does I not extend more than 25 miles north of the 

Gila. 

The material of the Gila formation consists almost exclusively of coarse 

subangular gravels, appearing more or less distinctly stratified by nonpersisting 

streaks or lenses of sand, and eontaining fragments of all of the older rocks of 

the mountains. In most plaees baJalts and rhyolites predominate, as is natural 

a Gilbert, G. K., Preliminary geological report : h. S. Geog. Surv. W. lOOth Mer., vol. 3, Appendix D, 1874, p. 540. 

, 
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when we consider that at the time when these deposits were being accumulated a 
much larger part of the quadrangle was covered by volcanic flows than at present. 
Other rocks may, ·however, locally preponderate; thus, for instance, below the 

. area of porphyry, a few miles southwest of Morenci, where the gravels consist 
almost exclusively of coarse diorite-porphyry, · often, indeed, difficult to dis
tinguish from the deeply weathered outcrops of the same rock. Along the 
lower part of Eagle Creek volcanic rocks are extremely abundant in the Gila 
conglomerate, and the dividing line between this and the underlying basaltic and 
rhyolitic tuffs in places becomes indistinct. 

Along San Francisco River and Chase Creek the erosion has in many places 
produced steep or nearly perpendicular bluffs of Gila conglomerate, usually pitted 
by reason of the gradual weathering out of the larger pebbles. Where volcanic 
rocks predominate the conglomerate is often well cemented, and in many places 
must even be blasted along railroad cuts and tunnels. 

From Morenci down to Clifton the gravels are roughly stratified, largely 
subangular, and the pebbles rarely attain over 1 foot in diameter. Volcanic 
rocks, granite, limestone, and quartz porphyry are mixed. They are not greatly 
consolidated, though forming small cliffs in places. The gravels contain a con
siderable amount of sand, but it is . intimately mixed with the coarse material and 
rarely occurs in isolated streaks. The color . of the Gila conglomerate is reddish 
to grayish white, especially in places where long-continued exposure has had 
opportunity to oxidize the iron. 

In Ward Canyon the gravels lean up against the steep fault plane along 
which the granite here breaks off. North of the canyon patches of gravel lie on 
the granite at higher elevations of 4,300 feet. These were probably once connected 
with the great table of gravel south of the ~anyon, which has the same elevation, 
apparently showing that there has been no considerable dislocation ·of the con
glomerate since its deposition. 

The gravel bluffs begin almost immediately below Clifton, where they are 
seen leaning up against granite and basalt (Pl. II, A), and continue along the 

river for many miles. Excellent exposures are seen 1 t miles below the new 
Shannon ·smelter, especially on the west side (Pl. III, B). The sandy river bottom 
is here from. 300 to 600 feet wide; in several places there are narrow terraces of 
gravel, at most 100 feet above the creek. The bluffs, which in places are almost 
perpendicular, rise to a height of about 400 feet; the conglomerate is well 
cemented (railroad tunnels will stand in it without timbering) arid is roughly 
stratified by small streaks of sand. On the whole, there is little sand and few 
indications of cros~-bedding. The material consists of rhyolite, basalt, granite, 
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and porphyry, all subangular, the fragments attaining 2 feet in diameter~ but 
averaging about 8 inches. Some of the material on top of the bluff seems 
better rounded than the rest. South of San Francisco River the same formation 
continueB over the undulating foothills down to the Gila, but the pebbles of the 
conglomerate become distinctly finer. At the Gila the formation leans against 
hills of basalt and other lavas. 

Mode of deposition.-The Gila conglomerate is unquestionably of fluviatile 
origin, and was deposited during an epoch in which the lower reaches of the rivers 
gradually lost their eroding and transporting powers, 'Yhile disintegration pro
gressed rapidly in the mountains. Especialiy was it active among the loose masses 
of lava, which then covered so much of this quadrangle, from which intermittently 
torrential streams brought down vast masses of the CI~umbling rocks. The climatic 
conditions were then probably very ~imilar to what they are at present. 

The volcanic outbursts of the 'Fertiary took place under conditions of active 
erosion, the different flows being often deeply dissected before the eruption of 
the next mass. This epoch of erosion doubtless continued for a short time after 
the close of the igneous activity, for we find the Gila conglomerate deposited on 
an uneven and in places deeply dissected surface. A deep and narrow canyon 
was cut COIJresponding to the present San Francisco River, with a course parallel, 
but about a mile farther west; this is clearly marked by the bay of gravels now 
cut across by Chase Creek between Clifton and the Morenci foothills without 
exposing the bed rock. As far as known, the Gila conglomerate has not been 
warped or dislocated by faulting in this area, though studies extended over a 
wider field may very possibly modify this conclusion. 

Age.-No fossils have been found in the formation. Mr. Gilbert, followed by 
Mu. Ransorpe, assigns an early Quaternary age to it, and no evidence from this 
region conflicts with this conclusion. 

TERRACE GRAVELS. 

Small benches of terrace gravels appear at a few places along San Francisco 
River and Eagle Creek, especially in the lower part of the stream courses. Such 
gravels are found on Eagle Creek in small bodies 100 to 200 feet above the 
creek in its lower course, and about 50 feet above the creek near the northern 
end of the quadrangle. Similar benches are found along the San Francisco. The 
Shannon smelter is built on one of them, which is exposed 1 mile below Clifton, 
rising 60 to 100 feet above the water level. These gravels, indicating a tem
porary check in the erosive power of the stream, are much later than the Gila 
conglomerate, and are referred to the late Quaternary. 
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PRESENT STREAM GRAVELS. 

The most recent Quaternary formation is th~ alluvium contained in San 
Francisco River and Eagle Creek. Both streams are well graded and occupy a 
continuous strip of sandy and gravelly bottom land, sometimes, however, narrow
ing to a width of only 100 or 200 feet. Just below Clifton the sandy alluvium 
of San Francisco River attains the unusual width of 2,000 feet. 

INTRUSIVE ROCKS. 

GENERAL STATEMENT. 

Granting intrusive origin to the basal pre-Cambrian granite, there is a second 
and much younger series of igneous rocks contained as stocks, dikes, sheets, and 
laccoliths in all of the lower Cretaceous, Paleozoi~, or pre-Cambrian formations. 
The time of intrusion of these falls between the middle Cretaceous and the middle 
Tertiary periods, but they far antedate the Tertiary lavas, which are spread out 
over their eroded surface. Porphyries of granitic, monzonitic, or dioritic affilia
tions predominate; diabase occurs in subordinate amounts and would appear to 
be somewhat later than the porphyries. The great dislocations followed these 
intrusions. 

PORPHYRIES. 

General character and distribuMon.-The porphyries form an almost continuous 
series of light-gray acidic or predominatingly feld8pathic rocks, ranging from 
diorite-porphyry through monzonite-porphyry to granite-porphyry. Between the 
last two divisions no line can be drawn, but the diorite-porphyry occupies a 
somewhat more individual position. · 

The area covered ?Y porphyry on the general map (Pl. I) hardly amounts to 
9 square miles. The rock is extensively developed in the Morenci hills between 
Eagle Creek and Chase Creek, but also reaches up from the canyon of the latte:r 
on th,e north and the east flanks of Copper King Mountain. 

The principal area forms a stock extending with jagged contacts for 7 miles 
in a northeast direction from the Eagle Creek foothills by :Morenci to 1 mile 
northeast of Metcalf, where it splits up in very numerous dikes, all having a 
northerly or northeasterly trend. The northern half of this stock and its dikes 
is chiefly contained in granite, while the southern part is surrounded by Cretaceous 
shales and sandstones, Cambrian quartzites, or Ordovician limestones, and breaks 
up into a complicated mass of dikes and sheets near the point where the rocks 
dip below the basalts, which fill the valley of Eagle Creek. A narrow dike, 
breaking through Cretaceous sediments, connects this area with an oval mass of 
porphyry containing 1 t square miles, and almost entirely surrounded by slightly 
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upturned Cretaceous sediments: This mass is1evidently a laccolith. Dikes and 
rounded masses of the same rock are containe in the gently rolling Cretaceous 

area east of this laccolith. 
At Shannon Mountain and Morenci, wher1 the porphyry adjoins Paleozoic 

strata, the latter close to the contact contains a number of well-defined dikes. 

A persjstent sheet of porphyry follows in p~ces the division plane between 
Coronado quartzite and Longfellow limestoae. Again, in the western portion of 
the great stock, the latter breaks up into a ne ork of dikes and sheets~ chiefly 
intercalated between the Ordovician strata. North of Metcalf, in Garfield Gulch 
and at the foot of the great lava masses of .N1alapais Mountain, are several ~mailer 
areas of porphyry, appearing as stock-like lasses in granite, but frequently 

changing to sheet intrusions wherever in contact with limestones. _ 
Summing up, it may be said that porphyri s preferably occur as stocks and 

dikes in th8 granite, while in the Paleozoic sed'ments they are apt to take the 
form of sheets or sills. In the Cretaceous se iments again the tendency is to 
form laccolithic masses, probably because of the lighter weight and greater 
flexibility of superincumbent sediments. 

The northeastern half of the principal stock, from Morenci to Metcalf, consists 

of granite-porphyries distinguished by l.arge p1rphyritic quartz cryi:ltals. Many 
of the dikes, also, conform to this type. From Morenci to near the south western 
end of the stock the prevailing rock consists f monzonite-porphyry, containing 
quartz chiefly in the groundmass; the same is, as a rule, true of the dikes near 
Morenci; while the smaller areas inclosed in th mesh of altered sediments near 
the Eagle Creek basalt, as a rule, consist of di rite-porphyry. Diorite-porphyry 
also makes up the great laccolith mass in the so thwestern foothills and the dikes 
in that vicinity; it also appears in Garfield Gu ch and near the head of Placer 

Gulch. 
Granite or monzonite-porphyry then chiefl occurs as stocks or dikes, while 

diorite-porphyry forms most of the sills, sheets, and laccoliths. 
Petrography of the granite-porphyries.-As tated above, the northern end of 

the great porphyry stock from Morenci to be ond Metcalf consjsts of granite
porphyry, forming a belt from 1 to 2 ·miles w de. Within this area the rocks 
are almost universally affected by the introduct on of quartz, pyrite, and sericite. 

I 

The yellowish or reddish-brown outcrops, tinted by oxidizing pyrite, are apt to 
appear in extremely rough forms, well shown rlear the mouth of King Gulch, at 
Metcalf (Pl. VII, A). Fresh rock is almost impossible to obtain, the best being 
bleached and traversed by a network of quartz \veinlets. Specimens from a rail
road cut just south of King Gulch show on f resh fracture pale-greenish-gray 
color and contain closely massed dull-white felclfpar crystals, at most 2 or 3 mm. 
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in length. There are also well-defined bipyramidal quartz crystals several milli

meters in diameter, and sparingly .represented biotite crystals converted into 

chlorite. 

The groundmass is fine grained, and now consists chiefly of sericite and 

quartz; sericite has also largely invaded the feldspar phenocrysts, especially the 

orthoclase. The feldspars consist partly of orthoclase and partly of sharply 

-defined albite crystals. A partial analysis of this rock by Dr; W. F. Hillebrand 

gave the following percentages: Si02 , 69.13; CaO, 0.22; Na20, 3.01, and K 20, 3.94. 

Besides a large amount of quartz the rock would thus contain 23.5 per cent 

of the orthoclase molecule, 25.1 per cent of the albite molecule, and 1.1 per cent 

of the anorthite molecule. It clearly belongs to the granite-porphyry, the large 

~mount of individually developed albite being especially notable. 
The stock at the head of Placer Creek is similar in character, but the rock is 

fresher and contains more biotite as well a1:! a little secondary epidote, a mineral 

which is absent in the porphyries· of the Metcalf basin. Its presence indicates an . 

approach to monzonitic and dioritic modifications. Many of t,he dikes east and west 

of Metcalf also belong to the· granite-porphyries, though quartz-monzonitic facies 

are more common. One dike at Las Trajas m~ne, a mile south of the Coronado vein, 

is especially rich in quartz. 

Petrography of the q~tartz-monzonite-porphyries.-The rocks of the great stock 

at l\'Iorenci and Gold Gulch basin, together with many dikes, belong to this type, 

which, as well as the preceding division, have a close structural and genetic con

nection with the ore deposits. North and northeast of Morenci quartz cementation 

and pyritic dissemination are generally present and often accompanied by exten

sive sericitization. In this area the outcrops are reddish or yellowish red, and 

weather in irregular craggy form. The rock is most typically developed in the 

Gold Gulch . basin, where mineralization is slight or absent. Here it disintegrates . 

easily to a sandy, yellowish soil and slightly rounded outcrops; entirely compact 

and fresh rocks are not easily found. Specimens from the divide between Gold 

Gulch and Morenci Canyon, due west of Morenci, are light colored, with fairly 
abundant greenish biotite foils up to 2 mm. in ,diameter; the feldspar prisms of 

light-yellowish-gray color are closely massed and reach a length of 3 to 4 mm., while 

the quartz phenocrysts rarely attain 2 mm. in diameter and show no well-defined 

bipyramidal form. 

Un~er th_e microscope orthoclase, albite, and oligoclase, with an occasional 

crystal of labradorite, are shown to be present. The plagioclastic feldspars often 

show well-developed zonar · structure. The groundmass is coarsely microcrys

talline, consisting of quartz and nonstriated feldspar grains, with occasional 

oCtahedrons of magnetite. Sericite is present in the feldspars, while chlorite has 
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formed from the biotite; a little seco dary epidote also occurs. A partial analysis 
of this rock gave: 

Partial analysis o No. 10, Clifton collection. 

Per cent. 
Si0

2
• ___ • ____ • - ·-. _ •• ___________ • ___ • __ ••••••••• _ ••••• _ •• _ 69. 30 

CaO .... ___ . __ . __ . __ . ________ . __ . ____ . ___ . _____________ . _ _ 1. 67 

N a
2
0 ______ .... ______ . _ ~ ... ____ . _____________ •.. __ .. . . . • . . . 5. 56 

1(20- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - -· - - - - - - - - - - - - - - - - 2. 39 

Similar porphyries make up the largest part of Copper Mountain and :form 
the matrix of the chalcocite ore, ut, as a rule, sericitization prevents exact 

determination. 
The freshest porphyry obtainable was collected in the first level of the Ryer

son mine in the crosscut to the W el ington vein, 100 :feet north of the Ryerson 
stopes. The rock is similar to the o e just described, though not quite as fresh. 
It shows the same closely massed, s all, usually striated feldspar prisms; a few 

small and greenish biotite foils as w ll as some inconspicuous quartz phenocrysts 
are seen. All these constituents are mbedded in an abundant light-greenish-gray 
flinty groundmass. The :feldspar phe ocrysts consist of albite and oligoclase, with 
some orthoclase. The groundmass · s fine-grained microcrystalline, with much 
quartz and orthoclase. Accessories a ·e apatite, titanic iron ore, and zircon. 

Of secondary materials sericite, epidote, chlorite, se.rpentine, and pyrite are 
present in moderate amounts, but t eir presence would not seriously alter the 
composition of the rock. As this ~pecimen would seem to most closely repre
sent the prevailing rock of Copper Mountain, it was analyzed, with the following 

result: 
Analysis of quartz-monzonite-porphyr from Ryerson mine; No. 211, Clifton collection. 

[W. F. H llebrand, analyst.] 
Per cent. 

Si0
2 

_ •• ~ ____ • __ •••••• ____ •••• ___ ••• __ ••• ____ •• _.. • • • • • • • • 68. 04 

Al
2
0

3 
•••••••••• _ ••••••••• _ ••••• _________ • _ • ___ • _ ••••• __ • _ 17. 20 

Fe
2
0

3 
•• ______ • __ ••••• _ •• ______ • ___ •• __ ••• __ • _ • _____ • __ • _ • 34 

FeO ____ - . _ ...... _ .. _ . __ . _____ .. _____ . __ . __ .. __ . ____ . __ . . . 67 
MgO _ . __ . ____________ . _________ . _ . _ .. ~ . _ ... ____________ . 1. 05 

CaO _. ______ ... ___ ..... : ... ____ .... ___ .. ____ ... _ .. _. ___ .. 2. 21 

Na
2
0. ____ . ____ .. _ ... __ .. _ .. _ .. ___ .. _. _ .. ____ . ___ .. _. _ _ _ _ 5. 33 

K 20 __ ...... _. _ .• ~ ......... __ . _ : . _ . __ ...... ___ . _ . . . . . . . . 2. 65 
H

2
0 -100° .. _ ... _. _ .. __ .. __ .. ___ ... ____ ... __ . ___ .. __ . ___ . . 60 

H
2
0+ 100°. _ .. ______ . ___ . _ . _ . _ .. ___ . ___ .... ___ ... __ .. _ _ _ _ 1. 23 

( 

Ti0
2 

•••••••••• __ ••••• __ •• _ ••• ___ •• __ ••••• ____ • _ •• _ •• __ •• • 41 

Zr0
2 

• _ • _ • ___ •• __ •••• __ •• _ • ___ • _ •••••••••••• ____ •• _ •• __ • • • 01 

C02 ••••• _ •••••• _ •••••••• ___ ••••• ___ •• __ • _ ••••••••• _ •• __ • None. 

16859-No. 43-05-6 
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Analysis of quar{z:-monzonite-porphyry from Ryerson mine; No. 211, Clifton collection-Continued. 

Per cent. 
P 20 5 ••••• _ ••••• _ __ •••••• ~ . _·_ ••••••••••••••••• _ ••••••••• _. _ • 12 

MnO ....... _ .... ___ ... _. _ ........ _. ___ ..... __ . _. _ .. ___ .. . 06 

BaO .......... ___ .. __ . ___ ..... _ .. __ . _ . _ . _ .... __ ..... ___ . _ . 10 . 

SrO . ______ . _ . __ . _____ .. _ .. _ . . . . . . ___ ................ _ _ _ _ . 03 

Li
2
0 ................ ~ . _____ . _____________ .. __ .. _ _ _ _ _ Faint trace? 

V20 3 ••••••••••••••• ~ ••• ~ ••••••••••••••••••••••••••• Faint:trace. 
FeS

2 
a ... __ . __ ••. ___ . , . , ..• ___________ .•••••.•• _ ••• ___ • _ _ _ _ . 24 

Ou2S ? a ••••••••.••••.• _ •.•••. _ . _ . _ •• ·- _ • _ • • • • • • • • • • • . • • • . . 02 

ZnS ? a ••..•••••••••••••••••••••••••••••••••• _ • ___ •••••. _ . 03 

Mo03 • ~ ••••••••••••••••• _ ••• __ ••• _ ••• _ ••••• _ • • • • • • • • • • • • None. 

100.34 

A fairly ·large amou~t of CaO and a strong preponderance of sodium dis
tinguishes this po.rphyry .from that of the Metcalf type. A rough calculation 
shows the rock to contain: 

Percentage of minerals in quartz-monzonite-porphyry from Ryerson mine. 

Orthoclase molecule ....... _ .. _______ . _ .... _. _ ........ _____ . _ 16 

Albite molecule ___ .......... _ ....•.. __ . _ .. _ .... _______ ...... 45 
Anorthite molecule. __ ...... ______ . __________ .... ___ . __ .. ___ . 10 

Biotite ................................................ _ . . . . 6 
Quartz ............... ___ .............. _ .... _ ... __ .. __ ... ___ . 22 

Titanic iron ore .................. ~ .. . . . . . . . . . . . . • . . . . . . . . . . . 1 

100 

While exact data can not be obtained, the rock probably contains equal 
quantities of orthoclase (mostly in groundmass) and albite, aggregating 38 per 
cent against 24 per cent Ab2An. 

It would thus represent an almost typical quartz-monzonite-porphyry, 
applying Professor Brogger's definition of the granular rocks to their porphy:ries. 

Similar porphyries fresh enough to be determined were noted from the 
Longfellow mine and from the · stope level of the Copper Mountain mine at the 
head of the incline (Nos. 10, 211, ·233, 220, 197 of Clifton collection). 

A gradual increase in calcium, iron, and magnesiu~ brings us to another series 
of quartz-monzonite-porphyries, similar in appearance to those just described except 
that ho~nblende sometimes occurs with the biotite, and that the -fine-grained flinty 
groundmass is of a darker-greenish color. Quartz is not present as phenocrysts. 
This kind of porphyry· is not represented in the great stock, nor in any other 
large areas, but is common among the dikes. 

a 0.14 per centS.; condition of zinc and copper problematical. 
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To this class belong some the second level of the Arizona Central 

mine at Morenci, one occurring near t e breast of the Hudson crosscut and the 

other on the northwest wall of the A izona Central vein, 200 feet n~rtheast of 
the shaft. Both are grayish-green por hyries with small and closely massed, but 

inconspicuous, feldspar crystals. Th rectangular prisms consist chiefly of 

andesine; there are a few small quar z grains and :fairly abundant prisms of 

hornblende; the groundmass is microc ·ystalline, fine grained, in places micro

poikilitic, and evidently contains ortho lase. Of secondary minerals epidote and 

pyrite are the most prominent. 
The long and prominent dike cutti g across southward from Modoc Mountain 

(see p. 128) consists of a similar rock. The abundant phenocrysts are andesine 
and oligoclase, with some orthoclase. The ferro -magnesian silicates are mostly 

decomposed, one prism of hornblende, n w converted to chlorite and epidote, being 

noted. The groundmass is microcrys . alline, consisting of quartz and unstriated 
feldspar. Some sericite and much epi ote are presen~, the latter here and there 

replacing whole feldspar crystals. 
Many dikes east of Chase Creek also belong to this class; for instance, that 

which is followed by the Copper King vein. 
Under this heading may also be -escribed an ~ nusually fresh dike rock 

from the Montezuma mine, Morenci, aters shaft ll vel, 135 feet northwest of 
the main vein. In thin section it shows well-defined a"?d abundant phenocrysts of 
andesine up to 2 mm. in length, wh_ile here are few, if any, orthoclase crystals. 

Both hornblende and biotite, with a ew grains of li laek iron ore, are present. 
The groundmass is microcrystalline, consisting of quartz and minute prismatic 

feldspar crystals, the latter irregularly istributed within the small quartz grains. 

As usual, the biotite is converted to hlorite and some epidote, the iatter also 
replacing some of the andesine; some c Ieite is presen~ in groundmass and pheno

crysts, but very little sericite was noted 

- Petrography of diorite-porpltyries. These rocks halve usuaJly a light-yellowish 
or greenish-gray color, weathering to ull brownish yellow; they form rounded 
outcrops with sandy soil, the abundan detached fragilnents being generally also 
rounded, but rather by disintegration than by tran~portation. The Gila con

glomerate below these porphyry hills consists nearly exclusively of the same 
cobbles. The diorite-porphyries, as s ated above, preferably form laccolithic 

masses in Cretaceous sediments, or sheets or sills, more rarely dikes, in the 

Paleozoic strata. A favorite place of intrusion of these sills is between the 

Coronado and Longfellow formations. 
The dome-shaped hill at Morenci, almost due south of the smelter, forms an 

excellent example of the occurrence and type of this rock. A specimen (No. 15, 
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Clifton collection) of this rock Rhows abundant prisms of white feldspar up to 4 mm. 
in length, and of narrow dark-green hornblende up to 1 em. in length, together 
with · a few grains of black iron ore. These phenocrysts are em bedded in a 

, scant greenish groundmass. In thin section the beautifully developed feldspars 
prove to be a rather basic labradorite with zonar structure; the hornblende is 
of ordinary greenish-brown color, while the groundmass consists of small, thick 
rectangula1" prisms, in part orthoclase; between these is a ·still finer microcrystal
line mass of unstriated feldspar and quartz. Small amounts of chlorite and 
epidote are present, but no pyrite. A partial analysis runs as follows: 

Partial analysis of No. 15, Clifton collection. 

[W. F. Hillebrand, analyst.] 
Per cent. 

Si02 ••••••••••••••••••• __ ••••••••••••••••••••• · •••••••••••• 61. 20 

CaO ..... _ ... __ .... _ ..... ___ ..... _____ .............. . . . . . . 5. 11 

Na20 ............. _ .... _ .. _............................... 5. 70 
K 20 ........... _ ... ____ ... _ ... _........... . . . . . . . . . . . . . . . . 1. 35 

Typical specimens from the porphyry 1 mile north of the point where Gold 
Gulch enters the Eagle ~reek basalt flows form an exact counterpart of the above 
description. This porphyry forms -a complicated stock-like intrusion in the Long
fellow limestone. In reality it is probably a sheet with many intercalated and 
parallel strata of limestone. Entirely similar are the rocks from one of the small 
laccolithic masses in Cretaceous strata 2 miles southwest of Copper Mountain, 
and the large laccolith 3 miles south-southwest of Copper Mountain conforms to 
the same type. 

The porphyry from the small stock on Garfield Gulch at the Mammoth mine 
is perhaps rather a monzonite-porphyry. It is slightly brownish in color and 
contains abundant small and well-defined crystals of a triclinic feldspar well filled 
with sericite and calcite, probably andesine, together with pseudomorphs of epidote 
and chlorite after hornblende in a microcrystalline groundmass of llnstriated 
feldspar and quartz. 

Fine-grained dark-green (melanocratic) porphyries do not occupy large ar.eas.· 
A specimen collected 2 miles southwest of Copper Mountain, near the contact of 
the great stock with the Cretaceous rocks on the south side, is of this kind a~d 
contains many slender hornblende needles. Under the microscope these prove to 
be of pale-green color and partly altered to bastite, while the groundmass consists 
of long prisms of feldspar, probably labradorite, together .with small needles of 
hornblende and a little magnetite. This type properly belongs to the dike rocks 
and the dioritic lamprophyres. 

The diorite-porphyries rarely contain copper ores and seldom pyrite; chlorite, 
· much epidote, calcite, and a little sericite are the principal secondary minerals. 
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Age.-Petrographically it is not possible to separate the different classes of 

porphyry described above except by artificial lines. Geologically the same applies; 
beyond question they solidified from one magma, intruded about the same time. 
While it may not be advisable to draw too wide-reaching conclusions from the data, 
it would seem as if the deeper parts of the magma were the more acidic, while the 
upper and marginal parts more nearly approach dioritic types. The magma invaded 
the upper crust after the deposition of the Cretaceous beds (equivalent to the 
Benton), and the probably late Tertiary lavas flowed over their deeply eroded 
surface. Hence, we may safely 'place their eruption in the later Cretaceous or in 
the earliest Tertiary. No part of the areas now exposed ever reached the surface 
as it was at the time of intrusion. The magma invaded Cretaceous beds, and we 
may be sure that a considerable t hickness of similar beds once covered the now 
exposed laccoliths. How much, it is impossible to say. The Cretaceous at the 
present time is only a few hundred feet thick,- but as the Bisbee beds exceed 4,000 
feet in thickness the possibility of solidification at that depth must be conceded. 
On the other hand, it does not seem at all likely, from what we now know of the 
geology of this region, that the magma was covered to a depth much greater than 

4,000 feet. 
Contact metamorphism.-While the diorite-porphyries have changed the sur

rounding sedimentary beds but little by the heat and emanations of the magma, 
the quartz-monzonite-porphyries and the granite-porphyries have generally exerted 
a profound alteration, especially in the Paleozoic limestones and shales. . On 
account of its great importance, this subject will be discussed in a separate 
chapter. The contacts are sharp, and there is no evidence whatever of assimila:... 
tion -of the sediments by the intrusive magma. 

DIABASE. 

D·istribution.-A dark-green medium-grained rock which proves to be diabase 
occurs in scant development as dikes and, more rarely, as sheets in widely distant 
places. Occasional dikes are found in the Gold Creek basin in monzonite
porphyry; at the Virginia, Trinidad, Brunswick, and Garfield mines at or near 
Garfield in granite; at the Coronado mine between granite and quartzite, and, 
finally, in the lower part of Sycamore Creek as an intrusive sheet or horizontal 
dike in granite. In no place are the dikes more than 100 feet wide, and usually 
they are much less. They are connected with a class of fissure veins carrying 
copper, but it is only a small division, containing as its most important repre
sentative the Coronado vein. In development and interest the diabase of the 
Clifton district does not begin to equal the occurrence at Globe, Ariz., so well 
described , by Mr. Ransome. a 

a Prof. Paper U. S. Geol. Survey No. 12, 1903. 
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Petrography.-The freshest rock is exposed in Sycamore Gulch, where there 
are no copper deposits connected with it. The rock forms dark-gray rounded 
outcrops and is a typical medium-grained diabase, chiefly composed of labradorite 

and augite with normal diabase structure. 

The Coronado vein (p. 339) follows in part of its course a diabase dike up 
to 70 feet wide, but the rock is usually greatly altered. A specimen from a 
small vein 200 feet above the Horseshoe shaft and the same distance south of 
the main -vein is fa_irly fresh and is a typical fine- grained diabase. Although 
much augite . still remains between the feldspar prisms, most of it is converted 
into chlorite. The feldspar contains some sericite. A little pyrite is also present. 
Rocks from the dike along the main vein are dull dark green and very much 
altered, showing lath-like sericitic feldspars, chlorite replacing augite, and leu
coxene replacing ilmenite. 

The Black lode (p. 360) follows a diabase dike up to 40 feet wide, similarly 
altered, and the other occurrences mentioned under the heading '' Distri?ution" 
are also of the same type. 

A ge.-As a dike of diabase breaks through porphyry in Gold Creek basin, 2 
miles due west of the railroad station at Morenci, it seems likely that the diabase 
is somewhat later than the porphyry~ but it is not probable that the time of 
their eruptions differed much. 

TI:IE TERTIARY LAVAS. 

General statement.-North of Clifton the Tertiary lavas cover enormous areas. · 
The southern edge of the great lava fields~ which probably extend northw:ard for 
100 miles up to the San Francisco Mountains, is located a few miles north of 
Metcalf; besides, the same eruptive rocks practically cover the eastern side of 
San Francisco River down to the latitude of Clifton and the whole valley of 
Eagle Creek down to Gila River. Within the central parts of the mountains 
containing the copper deposits they are almost absent. In some places erosion 
may have remo-ved them, but it is not likely that they e-ver covered the domes 
of Coronado and Copper King mountains. Their age can not be determined with 
exactness, but many considerations point to the late Tertiary as their time of 
Bruption. Copper deposits do not occur in them, though a little native copper is 
reported from an amygdaloid basalt in Sardine Creek. They have suffered very 
little from the great faulting movements which in the main must have preceded 
their eruption. Of little importance in a study of the metalliferous deposits, they 
will be briefly passed over in this report, a fuller account of them being reserved 
for the text of the Clifton folio. 

Succession.-A repeated succession of r~yolite and basalts with subordinate 
andesites characterizes the Clifton volcanic series. The eruptions began by rhyo-
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lites, massive and tuffaceous, which now form the reddish bluffs on both sides of 

the town of Clifton. This rhyolite, which in reddish groundmass carries smaH 

phenocrysts of feldspar, quartz, and biotite, is somewhat different in appearance 

from the yellowish -gray, more normal, succeeding rhyolite eruptions. A partial 

analysis by Mr. George Steiger gave the following percentages: Si02, 67.37; CaO, 

1.55; Na20, 2.16, and K20, 5.96, showing that this rock stands in a peculiar man

ner between the true rhyolites, the dacites, and the trachytes. The rhyolite was 

covered with black fine-grained basalts, over which poured out heavy sheets of 

gray or brown pyroxene-andesites, ~:5ometimes containing olivine. This is well 

exposed in the bluff northeast of Clifton. A few miles farther north, on the 

river, this is covered by thick flows of scoriaceous basalt, having their origin 

somewhere near Sunset Peak and thinning out very much along the river. 

A second eruption of rhyolite took place, this time in the form of light

yellowish or brownish tuff breccias. Most of these seem to have flowed down from 

the upper river, 10 miles north of Clifton, but there was also one local eruption 

of massive rhyolite near the mouth of Hackberry Gulch, a few miles north of 

the town. 

This eruption was succeeded by numerous basalt flows, aggregating 1,500 feet 

in thickneHs, well exposed by the deep trench of Sardine Creek, north of the 

area shown on Pl. I. These basalts also show in dark-brown outcrops on the 

north side of Garfield Gulch, though they are there only about 300 feet thick; 

they also Jorm the basement of Mount Malapais. To the same epoch belong 

probably also the basaltic flows which form the whole southern valley of Eagle 

Creek and the high ridges west of it. A considerable epoch of erosion followed 

after the second great basaltic eruptions; Eagle Creek excavated its canyon to a 

depth at least as great as it has attained at present, and the northern basalt hills 

were deeply trenched. 

After this followed the third and last great rhyolite eruption, which appears 

to have originated from the high points near Mount Malapais and the summits 

near the head of Whitewater Creek. The yellowish-gray masses of tuff breccia, 

similar to those of the second rhyolite eruption in San Francisco River, poured 

down westward~ covering the upper basin of Eagle Creek and, narrowing down 

to a thinner stream, filled the lower basalt canyon of Eagle Creek. Renewed 

Quaternary erosion has reexcavated the trench, but along its steep buttresses 

enough of the rhyolite tuff remains to show the former configuration of the 

country. These bluffs, illustrated in Pl. IV, B, are very picturesque, the pleas

ing bright green of the cottonwoods and sycamores lining the watercourse 

appearing in sharp contrast against the glaring and arid desolation of the 

volcanic cliffs. 
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STRUCTURE. 

GENERAL STATEMENT. 

As indicated in fig. 1. (p. 28), the Territory of Arizona presents three physio

graphic regions, divided by northwest and southeast lines. The northeasterly 

area comprises the high plateau region, characterized by undisturbed stratification 

of beds ranging from the Cambrian to the Cretaceous. The central or mountain 

division contains a great number of often high but usually narrow ranges trending 

north and south or northwest and southeast and separated by debris-filled valleys. 

In the southwesterly or desert division the valleys are more extensive, while the 

ranges trending northwest are shorter and less conspicuous. 

In. fig. 1 the line between the plateau and mountain provin~es is drawn a 

few miles north to Clifton. ~hile this is probably correct, the ?asaltic lavas 

cover so mueh of the older rocks that the limit can not be accurately defined. 

Neither is the mountain region well defined in this vicinity, for no distinctly 

trending ranges can be identified. , Perhaps it would be most accurate to define 

the region as the broken-down edge of the plateau. A glance at the map shows 

the multitude and importance of faults; a more. careful search will show that the 

Tertiary volcanic rocks and the Gila conglomerate have not participated in the 

faulting movement,a which practically was confined to one epoch falling between 

the intrusion of the porphyry (latest Cretaceous or earliest Tertiary) and the 

eruption of the lavas (late Tertiary). 

DISLOCATION DUE TO INTRUSIONS. 

During the unbroken period of sedimentation from the Cambrian to the 

Carboniferous the strata remained horizontal. . The unconformity between the 

Cretaceous and the Carbonife:r;ous is not strongly marked and, during the deposi

tion of the former, the older strata preserved an approximately horizontal 

position. The first marked disruption of the stratified formations (which were 

1,200 feet thick, at least, and probably much more, for the original depth of 

Cretaceous sediments is in doubt) occurred at the intrusion of the porphyry. 

That this movement was most violent can not be doubted, for a body of magma 

7 miles long by 2 miles wide is not intruded in the basement granite and over

lying sediments without seriously affecting the position of the latter. The magma, 

which probably did not reach the surface, must have bulged the uppermost 

Cretaceous strata; it certainly dislocated the Paleozoic rocks extensively, injected 

itself between the beds, and tore large parts away from the edges of the 

a This is not strictly accurate, as a few minor faults have been observed in the basaltic flows, and at least one fairly 
large fault was observed in the great volcanic area northeast of Sardine Creek. But for practical purposes the statement 
holds good. 
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fractured ma-sses. The effects of these dislocations by intrj ding ·magma are best 
I 

seen in the confused geological structure of the lower Gold Creek basin. 

A most important structural line was determined byl this intrusion. The 

direction of the stock was northeast, and the dike system at its northern end, as 
well as the mineral lodes formed later, followed the same trike. Certain prom
inent fissures with northeast strike, soon to be filled with cupriferous minerals, 

were opened shortly after the intrusion, and somewhat lat r began the principal 

faulting movements, the general results of which consist in a settling and breaking 

down of the edge of the mountains toward Gila Valley. 

FAULTING. 

The faults appear most abundant in the sedimentar . area, partly because 
more easily identified there by aid of the members of a comparatively thin 

series of strata. This difference is partly due, however, to the fact that the two 

principal granitic areas, Coronado and Copper King mountfins, occupy positions 
of resistant buttresses between which the fractured sediments have settled. In the 
porphyry stock there are undoubtedly many faults which ha 1e not been recognized. 

The fault planes divide the sediments into blocks oj varying extent and 

shape; these are nearly always monoclinal and have gentJe dips prevailingly to 
the west and north, rarely to the south and east; they average about 12° , while 

dips of more than 30° are very seldom encountered. 

CHARACTER AND DISTRIBUTION OF FA ULT1. The faults are not difficult to trace in the sedimentary f reas, for the different 
strata are ordinarily easily identi~ed; the larg~r dislocat· on~ oft~n, but by no 
means always, carry contact breccias, the best Instance of this bemg the great 

Coronado fault. In places where the exposures are exce~tionally good, as, for 
instance, south of Modoc Mountain, Morenci, a multitude of small dislocations 
may accompany the larger faults and it is sometimes diffichlt to decide which to 

I 

represent on the map and which to leave out. The minor dj'slocations have seldom 
left any traces on the topography, except that they a e sometimes, as near 

Morenci, followed by gulches; but the large faults around · he buttresses of Coro
nado and Copper King are certainly still marked by p ecipitous bluffs. The 

best instance of this is seen back of the small limestone m~s at the eastern foot 
of Coronado Mountain. 

The faulting is in most cases of a normal characte , implying a relative 

downward movement of the hanging wall. The sections ( I. I) give convincing 
evidence of this. The strike -of the fault planes varies greatly, but the two or 
three principal dislocations have an east-west or a northe st-southwest direction. 
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There is another system strik.ing northwest-southeast, as shown near Morenci, but 

the planes dividing the smaller fault blocks are apt to take any direction. The 

faulting appears to have been confined to one epoch, the larger blocks naturally 

breaking first. The dip or hade of the dislocating planes is generally steep

over 60° from the horizontal. In places flatter faults are met with, especially 

outside of the area shown ~n Pl. I, and some of them are of very peculiar char

acter, the limestone having been tieparated from the underlying quartzite and 

drawn down over the more resistant granite. 

Beginning from the · north, the great dome of Coronado Mountain, partly 

covered with gradually curved quartzite areas that bend down to the west and 

north, · breaks off to the south and east by the Coronado fault. This at first bas 

an east-west direction, but nearer Chase Creek evidently swings around northeast 

and is traceable to a point just west of the junction of Garfield Gulch and Chase 

Creek. The vertical throw is at least 2,000. feet in Horseshoe Gulch, where the 

fault is first seen emerging from under the covering basalts; 2 miles farther east 

it bas decrea~ed to 1,200, increasing again to 2,000 feet at the point where the 

dislocation dips under the volcanic masses north of Garfield Gulch, always count

ing the vertical distance between the base of the quartzite on the summit and that 

in the down-thrown block. The actual displacement on the fault plane may have 

been less on account of distributed movement in the granite, which is in part 

sheeted, but the prominent ~nd imposing bluff along the lower sl0pes of the moun

tain indicates that most of the movement took place within a very short horizontal 

distance. The continued steep slope of Coronado Mountain west of Horseshoe Gulch 

indicates a probable continuation of this dislocation, now swung in a west-north 

west direction. Wherever determinable, the hade of the fault is from 45° to 70° 

south or east. Complicated fault blocks fill the ''graben" or deep structural depres

sion about Metcalf, and then the Coronado quartzite (which, on account of its 

position on the granite and its frequent preservation, it is well to select as a 

guiding horizon) rises again, by step faults, and probably also by bending, to the 

summit of the second buttress, the northeasterly trending Copper King Ridge. 

No quartzite remains on top of Copper King Mountain, bu.t it is preserved, at 

elevations of 5,800 feet, on the same ridge north o:f Sycamore Creek, and no great 

error is likely to occur in assuming_ that the s,ummit mentioned (elevation 6,825 

feet) is near the now eroded base of the Coronado quartzite. 

The thrown block south of the Coronado mine is extensively broken by small 

faults, but on the summit of the ridge the quartzite continues almost level for 2 

miles southward. Here the quartzite block ends and a precipitous slope ·of 

granite leads down about 800 feet to the level of the porphyry ridges connecting 

with Copper Mountain at Morenci. This escarpment probably represents the con-
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tinuation of an important east-northeast dislocation, definitely recognized at the 

Cayuga and So to prospects in !Pinkard Gulch; it forms a second important step 

down from the heights of Coron31do to the plains of the Gila. From the Soto fault 

down along the Eagle Creek foothills to the great porphyry laccolith, no important 
faulting has been recognized. rrhis may be partly due to the· great difficulty of 

identifying horizons in the confused mass of porphyry and detached sedimentary 
fragments. The Soto fault has not been traced across the porphyry at Chase 

Creek; in fact, east of that str~am the movement, as explained above, took place 
in an opposite direction by downthrow of the northern blocks, on account of the 
resisting buttress of Copper Mountain. 

About a mile northeast of Morenci the great Concentrator fault is encoun

tered. Granite and quartzite have been brought in juxtaposition by this for a 
vertical distance of 1,000 feet from the bottoin of Chase Creek Canyon to the 
summit of the hill at the Arizona Copper Company's concentrator. It is accom

panied by many step faults to the south until, on the east slope of Modoc Moun

tain, the quartzite h~s regained its position in the regular series there exposed. 
Here the movement on the principal plane has evidently been greater, gradually 

diminishing by step faults southward (Pl. I, pocket). The Concentrator fault con
tinues across Cha:::;e Creek ·Canyon, rapidly gaining in vertical throw as the 

buttress of Markeen Mountain is approached. - At the southerly foot of .this 

mountain, east of Chase Creek, the down-thrown quartzite block is visible 
and has suffered a dislocation of at least 2,000 feet. The same fault line 

now crosses under the Gila r nglomerate to Oroville and, still hidden, con
ti-nues on the northwest side f the 8a.n Francisco River in a north-northeast 

direction for several miles to Sycamore Gulch, beyond which it can not be 
traced. Although the actual fault plane is covered, the presence of the disloca

tion is amply proved by the Longfellow limestone, which is exposed for several 
miles along the bed of San Francisco· River, indicating a vertical throw of 
3,QOO feet, the greatest thus far shown in the district. · The up-thrown block is 

marked by a precipitous wall of red granite, magnificently exposed for 6 miles 
along the west side of the river. Step faulting may possibly have occurred, but 

no trace of it remains and the sections indicate a dislocation confined within 
small horizontal distance. 

The Concentrator fault can not be traced far eastward into the porphyry stock 
north of MorenJi. Southward of it, in the Morenci foothills, the sedimentary 
series is broken into blocks by three principal and many smaller northwest faults, 

along which divers displacements have taken place (Pl. I). At the point in 
Chase Creek where the Morenci road turns up the hillside there is exposed on 

the east side of / the. canyon a very excellent illustration of the breaking up of 
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the strata into blocks; a small area of Coronado quartzite has become detached 
from the main mass on the ridge above and settled down along fault planes 

almost to creek level (Pl. V, B). 

ORIGIN OF MONOCLINAL BLOCKS. 

In the preceding pages the dip of the stratification in the blocks has not 
been considered, but in e~plaining the structure it is n factor which must not be 
overlooked. An inclination of the strata may be due to initial dip; this is not 

likely to have application in the present case, except possibly in the lowest strata 
of the Coronado quartzite. The intrusion of porphyry would seriously affect the 

sedimentary beds, at least in the immediate vicinity of the larger ' stocks. Many 
sueh disturbanees are formed along . the contaet at Morenci, the prineipal one 

probably consisting in bringing up the underlying quartzite more or less eontin

uously all along the edge of the porphyry.- Similar lifting and tilting of the 
beds by sheets and laceolithie masses are eommon in the Gold Creek basin and 

around the contaets of the great laeeolith southwest of Morenei. 
But aside from these loeal eauses there is, as explained above, a universal 

monoelinal tilting present in nearly all of the bloeks and usually directed toward 

southwest, west, or northwest, more rarely to other points of the compass. It 
is impossible to explain this by assuming breaks in horizontal beds followed by 
normal faulting, though unequal settling may have produeed loeal and irregular 

dips. The question is an important one for many districts of the West, and 
this loeality seems to offer at least a partial explanation of the modus operandi 

of thi s struetural movement. On the great buttresses, especially on Coronado 
Mountain, detaehed masses of the Coronado quartzite oeeur, resting on the basal 
granite. It is found that these do not lie horizontal, but dip like the rest of the 

series at angles of 10° , 15° , and even 20° . In other words, the granite has been 
deformed as well as the sedimentary series; it has evidently acted as a some

what plastic. body, and its surfaee, as well as the eovering beds, has suffered 
dome-shaped warping or gentle folding before the breaks and the settling of the 
bloek oecurred. The ultimate eause of these movements still remains a subject 

of speculation. 
AGE OF THE FAULTING.~ 

The folding and dislocatio"ns took place after the intrusion of the porphyry 
and a long time before the principal lava eruptions, for a period of very aetive 

erosion preceded . the Tertiary volcanic flows, and the orographic. movements 
imply a somewhat plastic condition of the granite only possible under a con
siderable load. The faulting then falls between latest Cretaceous and middle 
Tertiary. ' The age of the minor masses of diabase occurring in this region 
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·compared with that of the faults is less certain. The diabase appears to be 

somewhat younger than the porphyry, and its intrusion may have occurred 

almost simultaneously with 'the faulting. 
At Globe, a in central Arizona, where similar extensive shattering. has taken 

place, Mr. Ransome finds that the principal faulting has -taken place after the 

eruption of certain dacitic !surface lavas, . but before the deposition of the Gila 
conglomerate and certain associated basalts. The time of this faulting is tentatively 

placed in the middle of the Tertiary period. In this region there are only small 

areas of rocks comparable to the dacite of Globe (p. 87), and these represent the 

earliest eruptions of Tertiary lavas. It is not possible to state with positive assur
ance that the faulting preceded the earliest rhyolitic eruption, but the probability 

that it did so is very great. 
Repeated faulting on a small scale took place after the lava eruptions, and 

possibly even after the deposition of the Gila conglomerate, but it is entirely 

subordinate compared with the earlier period of intense movement. 

~EOLOGICAL HISTORY. 

The oldest records are less well preserved than in other parts of Arizona, 

but still reach back to pre-Cambrian times, when a low, gently undulating land 

area of red -coarse granite, with more prominent points of harder quartzitic 

schists, spread out where the bills of Morenci and Coronado now lift their summits 
high above the sea level. Dim indications point still further back to a far older 

basement on which these quartzite schists were deposited, to mountain building 

forces which compressed the sediments, lifted them and· rendered them schistose; 
to an intr-usion of red granite which almost engulfed the sediments; and to a 
long period of erosion which planed down the rough topography, produced by 

the orogenic forces, to the smooth outlines of the undulating plain referred to 
above. Animal and vegetable life probably did not grace that barren land, but 

the rains and the storms beat on its surface then as now, for underneath the 

covering sediments is clear evidence of weathering, disintegration, and oxidation. 

At first streams flowed over its surface, accumulating in their beds pebbles 
of resistant quartzite from neighboring areas.. The uneven distribution of this 

basal conglomerate proves that the land area was somewhat accentuated, while the 
fairly even thickness of the covering, Coronado quartzite, shows that the topog
raphy was not of a rough character. Gradual mingling of sandy conglomerates 
into sandy disintegrated rock also indicate~ the epoch when the sea had not yet 
invaded this land. 

But the marine invasion was not distant, and soon the waves covered the low 
hills. Abrasion by the sea and erosion by the streams of remaining land areas 

a Prof. Paper U. S. Geol. Survey No. 12, p. 104. 
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soon accumulated · the Coronado sandstones, in the uppermost part of which scant 

shell remains point to a Cambrian age. Submersion and deposition continued 
unbroken during the Qrdovician period, but the sediments soon became prevail

ingly calcareous. The Silurian, _properly speaking, seems absent, though no 
unconformity can be observed between the Ordovician Longfellow limestones and 
the covering, probably Devonian, strata. 

The · sea .grew more shallow, but no granite or quartzite remained above water 

to supply sediments; these came from more distant quu.rters. The limestones 
became argillaceous and soon changed into clay shales, designated the Morenci 
shales. Both of these terranes have been referred to the Devonian on rather 
scant evidence from a meager fauna. 

Above the Morenci shales, in a deepening sea, were deposited a series of 
limestones, first dolomitic, then remarkably pure, and afterwards coarsely crys

talline-the Modoc limestone of the
1

lower Carboniferous, or Mississippian, epoch. 
The sedimentation continued still further, and on top of these limestones was 

deposited another series, that of the Pennsylvanian epoch, or upper Carboniferous, 
also appearing as heavy-bedded limestones. Throughout the whole o£ the Car

boniferous animal life was abundant and has been well pre~erved in the rocks. 
The time interval between the Carboniferous and the middle Cretaceous is 

not represented by any sediments; there is, on the eontrary, evidence of an 
epoch of erosion, for the Cretaceous rests unconformably on the lower Carbon

iferous at Morenci, where the upper Carboniferous is not present. 
The disturbance was, however, not great and the later strata must have been 

deposited on the nearly horizontal, though partly eroded, Carboniferous. The 

last subsidence under the Cretaceous sea wa,s of only moderate depth, the sedi
ments consisting of · coarser sandstones and carbonaceous shales, clearly not 

derived from the granite of this vicinity, but rather from somewhat distant land 
areas. The total thickness of Cretaceous is unknown; the larger part of · the 
series may in fact have been removed by erosion. 

This long era of deposition without far-reaching orogenic disturbances was 

followed by intense intrusive activity, beginning in the earliest Tertiary, or in 
the latest Cretaceous. Masses of acidic porphyries, associated with diorite-por
phyries, invaded the lithosphere, filled great spaces made -for them by gradual or 
violent dislocations, and congealed to stocks, sheets, dikes, and laccoliths in the 

disrupted granite and sediment. Thes~ intrusions form practically one connected 
mass from Eagle Creek 'to Copper King Mountain, which has been exposed only 

by subsequent erosion. 

The intrusive bodies thus consolidated far below the sudace of that time. 
Just how far is doubtful, but probably not more than 4,000 feet, and · their 
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upper portions, and the laccoliths may have been covered by a very much smaller 

thickness of strata. 
The porphyries in cooling produced far-reaching metamorphism of such of 

the adjacent sediments as were susceptible of this alteration, and the introduction 

of sulphides of . various kinds accompanied the contact metamorphism. Shortly 
after the consolidation fissures broke open following the general northeast direc

tion of the stock and dikes, and were filled with cupriferous pyrite, zinc blende, 

and other minerals. Soon after the time of the intrusion an uplift must have 

taken pla-ce, raising the heavily sediment-laden crust to high elevations, throwing 
them, as well as the underlying partly plastic granite, into gentle dome-shaped 

swells or anticlines. Finally, the load proving too heavy, the risen area broke 
into fragments, which gradually settled down, forming monoclinal blocks around 

the more resistant buttresses of Coronado and Copper King mountains, and frac
turing still further as they settled. 

The country was now a land area with rough topographic features, to which 

the faulting contributed important elements. An active erosion following the 

epoch of faulting has not been able to entirely efface this influence, and, though 
obscured by the Tertiary lava flows, these fault scarps are still dominant features 

visible in the granite bluff~ of Coronado and Copper mountains and the down

thrown valley between them. 

During this epoch of ero~ion the principal valleys, like those of Chase Creek 
and San Francisco River, were carved. San Francisco Valley is, however, 

primarily of structural origin, being determined . by the great Oroville fault. 
Volcanic eruptions of gTeat volume occupied the latter part of the Tertiary 

period, and consisted chietly of thrice-repeate~ rhyolite and twice-repeated basalt 

flows, with subordinate masses of andesite. In places they are over 1,500 feet 
thick and almost entirely surrounded the old granitic buttresses. 

Next followed a second epoch of erosion, accompanied by deposition of thick 

detritus in front of the mountains-the coarse accumulations which have been 
called the Gila conglomerate; much material for this was supplied by tbe enor

mous volcanic masses north of the plains. This epoch is referred to the early 

Quaternary. 
A notable depression in the level of deposition during the late Quaternary 

was followed by renewed activity of the streams, not only in the hills, but on 
the sloping plains of the Gila. The cou1;se of Eagle Creek, previously outlined 

between the second basaltic and third rhyolitic flows, became definitely estab
lished and rapidly deepened to a box canyon. Likewise the final course of the 
San Francisco was fixed, the river, under fresh impetus, sweeping out tbe Gila 

conglomerate from its upper course and cutting a canyon 600 feet deep in that 
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material in its lower reaches. The region gradually became sculptured into the 
forms of to-day, when, as far as the San Francisco and the Eagle are .concerned, 

a condition of equilibrium has been established in which no further erosion and 

but little deposition takes place in the stream bed. 

Lastly must be mentioned the gradual ehanges that have been going on since 
the mineral deposits were first exposed by erosion-a continuous oxidation, solu

tion, and redeposition of minerals, among these the copper ores, within the zone 
easily accessible to surface waters. Inconspicuous and slow as these processes 

are, they have resulted in the transformation of poor primary ores into the 
rich and extensive bodies which have placed the Clifton-Morenci district among 

the first ranks of copper producers. 



CHAPTER III. 

ORE DEPOSITS AND THEIR J\1INERALS. 

GENERAL FEATURES. 

Almost all of the mineral deposits of the Clifton-Morenci district contain 
copper as the principal valuable metal. In a small class of veins, however, gold 
occupies this position, and some irregular deposits of magnetic iron ore occur in 
the contact zones of the porphyry. While the district produces copper to the 
value of $7,500,000 per annum, the gold output is ' insignificant. The iron ores 
are of value only as flux for copper smelting. 

The economically most important copper ore Is chalcocite or copper glance 
(Cu2S); more rarely cupriferous pyrite or chalcopyrite is treated as ore, while 
bornite and covellite are practically absent. Of oxidized copper minerals, azu
rite, malachite, brochantite, chrysocolla, and cuprite are of common occurrence, 
together with native copper, but the quantity of this class of ore is annually 
diminishing. Gold and silver· are present only in traces in the ordinary copper 
ores of Morenci and Metcalf. 

The occurrence takes many forms. A first great division consists of irregu
lar or roughly tabular bodies of oxidized ores in limestone or shale near porphyry 
contacts. Below the zone of oxidation these irregular bodies, may contain dissemi
nated chalcopyrite and zinc blende. A second great division consists of lodes Qr 
veins-in other words, deposits clearly connected with fractures and fissures. 
These fissure veins cut across limestone, shale, porphyry, and granite, usually 
near the igneous contact, and contain pyrite and chalcocite, associated in the 
upper levels of the mines with cuprite, native copper, and some carbonates, 
silicates, and sulphates of copper. Genetically connected with fissure veins are also 
the irregular disseminations of pyrite and chalcocite sometimes occurring in 
porphyry. A closely connected claE-is of fissure veins follows porphyry dikes in 
granite. A smaller division of veins is connected with · diabase dikes in granite, 
or along important fault planes. 

16859-No. 43-05-7 97 
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With all the diversity of form and content, a review of the deposits brings 
out one prominent fact. All of the ore deposits, except the small class connected 
with diabase dikes, are intimately associated with granite-porphyry or quartz
monzonite-porphyry. They occur either in dikes or stocks of these porphyries 
or in sedimentary rocks or granite not far from the contact. There can be no 
doubt whatever that some connection exists between the acidic porphyries and 
the ore deposits. 

The difference in accompanying gangue minerals is as striking as the diversity 
in form. The fissure veins in porphyries, granite, and similar ~ acidic rocks 
contain a quartz-sericite gangue with little, if any, calcite. The irregular and 
tabular deposits in limestone are followed by magnetite, garnet, epidote, pyroxene, 
·amphibole, calcite, and quartz. Fissure . veins in limestone are accompanied by 
quartz, magnetite, and amphibole as metasomatic minerals. 

It has long been conceded that the oxidized copper ores, like malachi_te and 
azurite, have been formed from sulphides by the subjection of the latter to the 
altering influences of atmospheric waters, containing oxygen and carbon dioxide, 
and that if the deposit admits being followed down to sufficient depth the unaltered 
sulphides will be found replacing the oxides, carbonates, and sulphides. 

A most important fact brought out by a study of these deposits is that 
chalcocite, the cuprous sulphide, Cu2S, is here likewise of a secondary character, 

·and that it has been deposited by reactions primarily due to the oxidizing 
influence of atmospheric waters on those deposits which erosion has brought 
sufficiently near the surface; proofs of this will be presented in a subsequent 
chapter. At present the deposits of commercial importance are mainly those 
which contain oxidized copper ores or chalcocite. In other words, the oxidizing 
action of surface waters seems to be necessary to enrich the deposits sufficiently 
for profitable exploitation. This is simply a statement of facts _ as far as our 
present knowledge of the district re~ches, and by no means excludes the possi
bility that workable pyritic ore bodies may be found. Wherever the products of 
oxidation are absent, chalcopyrite and cupriferous pyrite, associated with zinc 
blende, form the ores, which ordinarily are of very low grade. 

Summing up, we have this preliminary classification of deposits containing 
payable copper ores: 

Deposits in limestone and shale, not connected with :fissure veins (all carry oxidized orel! 

almost exclusively; rarely chalcocite): 

Irregular bodies near contacts of main stock or dikes. 

Tabular bodies near contacts of main stock or dikes following stratification. 

Tabular bodies, following contacts of porphyry dike. 
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Fissure veins: 
Normal veins in porphyry or in any of the other rocks near porphyry contacts. 

The pay part includes both the central, sharply defined veins and the surround

ing partly replaced porphyry, forming together a lode. They carry chalcocite 

as the important ore. In upper levels they sometimes also carry oxidized ores. 

Normal veins, following porphyry dikes in granite, and carrying chalcocite and 

oxidized copper ores. 
Normal veins following diabase dikes. These carry chalcocite and oxidized copper 

ores. 
Stockworks. Irregular disseminations in porphyry, quartzite, and other rocks. Contain 

chalcocite and oxidized copper ores. 
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This classification is based on the occurrence and form. A more general genetic 
system, given in another chapter, will show a somewhat different arrangement. 

GEOGRAPHIC DISTRIBUTION. 

The copper deposits are scattered over a belt of country 3 to 4 miles wide, 
beginning at _the Eagle Creek foothills, extending in a northeast direction across to 
Chase Creek, and thence gradually narrowing to a point in Sycamore Gulch on the 
Copper King Ridge. The length of this belt is ~ or 9 miles, and it is practically 
coextensive with the great porphyry stock and its northeasterly dikes, a fact of the 
greatest importance, substantiating the assertion on a preceding page that the 
copper deposits are most intimately connected with the porphyry. 

The southwestern part of the belt contains scattered deposits of no great 
present value, consisting of irregular masses in limestone and small :fissure veins, 
many of which, in Gold Creek basin and vicinity contain some gold. Morenci 
on the southeastern contact, between porphyry and limestone, is one of the most 
important points. The limestones close to the main contact and between dikes 
contain irregular and tabular deposits of very rich oxidized ores. The Longfellow, 
Detroit, and Manganese Blue mines belong to this class, now almost exhausted. 
Moreover there exists' on both sides of the main contact a most important system 
of northeasterly trending veins containing enormous deposits of low-grade chal
cocite ores, changing to poorer primary sulphides at varying depth. Such chal
cocite ore the great Ryerson, Copper Mountain, East Y ankie, and Arizona Central 
mines are exploiting. A number of prospects, mostly fissure veins, are scattered 
between Morenci and Metcalf, a secon~ great center of the mining industry. At 
Metcalf the Shannon copper mines are being worked on irregular and tabular 
bodies of oxidized ore in limestone close to the main porphyry contact, while 
some porphyry dikes and part of the main porphyry stock are valuable on 
account of disseminated chalcocite and its products of oxidation. 
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At the old Metcalf mines irregular bodies of chalcocite ore are contained in the 
soft and sericitic granite-porphyry. Across King Gulch is located the King mine, 
one of the best-defin~d fissure veins of the district. Two miles west of Metcalf 
and high up . on the ridge above it is the Coronado lode, a large deposit located 
on an important fault fissure and connected with a diabase dike. Irregular 
deposits in limestone and fissure _ veins of some value occur near Garfield Gulch 
on the northwest side of the . porphyry stock. Northeast of Metcalf on the 
Copper King Ridge a great number of fissure veins occur, nearly always following 
porphyry dikes in granite, but few of them are of great economic importance. 
The largest deposit is found near the summit of Copper King Mountain, and is 
known as the Copper King mine. In the extreme northeast end of the copper 
belt the amount of copper ore on the veins decreases, and instead a considerable 
amount of gold appears, a metal which, together with silver, is almost. entirely 
absent from the Morenci deposits and very sparingly present in the l\1etcalf 
district. 

The granite mass of Coronado Mountain, the southern part of the Morenci 
Hills, including the great laccolith of diorite-porphyry and the sunken limestone 
block east of San Francisco River, are barren of copper deposits. Barren, like
wise, are the Tertiary basalts, rhyolites, and andesites. 

· Morenci and Metcalf are the- only important places where the Paleozoic lime

stone, which appeal's to be the most favored locus of the ores, comes ·in close 
contact with the great porphyry stock, and at both these places most extensive 
and interesting alterations have taken place in the sedimentary, rocks near that 
contact- alterations which, as will he shown, are due to metamorphism exerted by 
the molten intruding magma on the limestones. A similar metamorphic action is 

noted in almost all cases where the sedimentary rocks come in contact with granite
porphyry or quartz-monzonite-porphyry, while at the contacts of the diorite-por
phyry these effects are far less pronounced. 

On the whole, the ores throughout this region are so closely connected with 

metamorphic processes of various kinds that it will be necessary to study these in 
more detail before the ore deposits can be intelligently described. 

MINERALS. 

The following list gives the modes of occurrence of the miner~ls known from 
the Clifton district, and also, in case of rarer species, their composition and phys
ical characteristics. · Eight or nine of the ore minerals have not been previously 
described frorri the district, one (libethenite) is new to the United States, and two 
(coronadite and ni.orencite) are considered as new mineral species. 
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Oopper.-Metallic copper is always a secondary product In the copper 
deposits at Clifton. It is rare in the irregular limestone deposits, occurs some
times in the lodes in porphyry, and is frequent in the upper levels of the veins 
which cut through shale, limestone; and associated porphyry dikes. Principal 
occurrences are in the Metcalf mines and in the vVilliams vein of the Arizona 
Central mine, · at Morenci. As a rule the copper is associated with cuprite at 
the upper limit of the chalcocite zone. It has been found at the Shannon mine 
in limonitic and kaolinitic porphyry in spongy masses of bronzy ,color, consisting 
of small distorted crystals. In the Metcalf open cuts it is found in large 
irregular masses, intergrown with cuprite and covered with carbonates, silicates·, 
and sulphates of copper. The matrix is· a sericitic chalky porphyry. At the 
same mine it occurs in stopes 40 feet above Wilson level, about 200 feet below 
the surface, in sericitic porphyry, included in cuprite and also associated with 
chalcocite. At Morenci it occurs with chalcocite and cuprite in the Joy vein, 
200 feet below the surface. It is also common in fine distribution all along the 
Williams vein. On the intermediate level of the Arizona Central mine, 400 feet 
from the shaft and about 200 feet below the surface, a vein of solid copper was 
found in the Williams vein. It occurred in sericitized porphyry, which all along 
contains a little chalcocite and native copper. The vein formed a sheet of 
copper, in places 8 inches thick, standing nearly verticaL and striking east
northeast. It was followed down to the third level; where, however, it is less 
well defined and splits up into several seams. This copper had in places· a 
remarkable, fibrous structure, perpendicular to the plane of the vein, such as 
occasionally is exhibited by the chalcocite seams, of which it is believed to be a 
pseudomorphic development. In one specimen two sheets of copper were found 
separated by sooty chalcocite. The direct reduction of chalcocite to copper without 
the intermediary stage of cuprite · has not found a ready explanation. In the 
Butler and London tunnel a little native copper was found in a seam of dark clay 
300 feet below the surface in an unproductive part of the workings. 

Gold.-Occurs native with galena in the Hormeyer mine, a fissure vein in 
limestone on the ridge between Chase Creek and Morenci Canyon, 2 miles south 
of Morenci, and in many small seams and fissures in Gold Gulch and vicinity. 
As placer gold it is found in Gold Gulch, as fine flakes in the gravels along the 
Morenci Canyon, about 4 miles below the town, and in several places in gravels 
along San Francisco River, the best prospects occurring near Oroville, where 
washing has been attempted. 

Quartz.-This mineral is of common occurrence. It is an important constit
uent of the granite and of the quartzite derived from that rock. It occurs in 
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the form of chert or · fine-grained varieties in the Longfellow limestones. It 
further forms bipyramidal crystals in the granite-porphyry and quartz-monzonite~ 
porphyry and also enters into their groundmass. In the metamorphosed lime
stones it is found in small quantities. As seams and vein lets it is abundant in 
altered porphyry and in the gTanite near the porphyry. It forms a small part 
of the great productive veins of pyrite and chalcocite. Finally it is ·a product of 
surface oxidation of metamorphic limestone, the lime-iron garnet especially forming 
quartz and limonite upon oxidation. In the veins and seams the q uu.rtz is very 
rarely crystallized, the only exception being found in certain parts of the Fair
play veins, at Morenci, and in a peculiar filled vein of drusy quartz, pyrite, 
chalcopyrite, and zinc blende, crossing the Lone Star tunnel (see p. 279). When 
due to surface oxidation of the metamorphosed limestone, small druses of crystals 
may also be formed. 

Ohalcedony.~Part of the cherty material in limestone may more properly 
come under this heading than under quartz. Specimens of this mineral were 
also found loose on the surface of Shannon Mountain. Microscopically it was 
observed occasionally formed together with quartz and kaolin during the process of 
chalcocitization of the pyrite. Opal is also deposited at times during this process. 

Zircon.-Occurs as microscopic crystals il) the granite and in the porphyry. 
R ·utile.-Dark-brown microscopic prisms determined as rutile are of common 

occurrence in the sericitized porphyry and are probably due to alteration of 
titaniferous magnetite. 

Hagnetite.-This mineral occurs sparingly as irregular grains in the granite, 
diorite-porphyry, granite-porphyry, dia~ase, basalts, and andesites of the region. 
In part, however, especially in the more basic rocks, titano-magnetite and ilmenite 
replace the normal mineral. In great quantities th~ mineral appears in the contact 
metamorphic limestones and dolomitic limestones, where it is associated with garnet,. 
amphibole, pyroxene, and sulphides. In structure it is usually granular, but 
when disseminated in limestone it also occurs in crystallized form. It is found 
wherevf>:r contact-metamorphic alteration has taken place; especially large masses, 
e<?onoiD:ically important as flux for smelting· purposes, occur in the Manganese Blue 
and Arizona Central ~ines, as w~ll as on the hill slope southwest of the latter · 
mine-. A large body also occurs in the gap where the road to Eagle Creek ,descends 
into the Gold Gulch Valley. · To a minor degree it is also formed as a meta
somatic product in limestone, rarely in porphyry, along the walls of the fissure 
veins which cross these rocks. It alters to limonite and sometimes also to hema
tite, as well shown in the "iron stopes" of the Manganese Blu~ mine. 
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~matite.-Occurs somewhat sparingly as a product of contact metamorphism 

associated with quartz, garnet, epidote, and magnetite; associated with quartz in 

contact breccias of granite and porphyry at Metcalf. Occaf.1ionally it occur~ as 
translucent foils in vein quartz. Sometimes it is due to surface oxidation of 

magnetite and garnet, as at the Modoc mine, at :Morenci. 

Limonite.--This mineral is very abundant within the zone of surface oxidation, 

and is always characterized by earthy appearance and yellowish-brown color. 
Most of it appears in the oxidized limestone deposits and in the decomposed meta

morphosed limestones. In porphyry it is less abundant~ though everywhere present 

in small quantities in the uppermost oxidized zone. Large masses occur asso
ciated with kaolin in the East Yankie mine (Longfellow deposits) and with magnetite 

in the Manganese Blue mine. Under the microscope it is translucent, yellowish
brown, with strong, double refraction and aggregate-fibrous structure between 

crossed nicols. 
Pyrolusite. - Common in black, often sooty, masses in the zone of surface 

oxidation of metamorphosed limestones and in the copper deposits contained in 
this rock. Associated with quartz, azurite, and malachite. Not found as a struc

turally distinct mineral; often mixed with limonite and hematite. 

Coronadite. -On the dump of a small shaft on the west end of the Coronado 
vein, three-fourths of a mile west of Horseshoe shaft, fairly large amounts of 
a dark metallic mineral were found intimately intergrown with quartz and decom

posing into limonite. The vein at this end shows no . copper minerals, but is 

stated to contain some gold; its sui'face ores are reported to have been worked 
in an arrastre in the early days of the camp. In color this mineral is black and 

its structure delicately fibrous. The hardness is about 4 and the streak black 

with brownish bnge. 
A thin section proves it to be opaque and m reflected light its fibrous aml 

homogeneous structure is well brought out. It cements angular quartz grains 
and its secondary mitur~ is clearly indicated. In general aspect it is not unlike 
psilomelane. A preliminary examination by Dr. W. F. Hillebrand showed that 

it contained the oxides of lead and manganese; as it did not seem to corresponJ 
to any known mineral species a separation and analysis was made by Doctor 

Hillebrand. who statei:l his results as follows: 

··Long-continued efforts by the use of heavy solutions to secure pure material 
for analysis were not attended with success. The ultimate product of specific 
gravity, 5.246 at 22° , yielded, on decomposition by hydrochloric acid, a residue 
of from 6 to 7 per cent, which consisted mainly of silica, with a small amount 
of alumina, etc. Its presence would not have mattered much had it been quite 
indifferent to acids, but its partial . solubility, as shown by the varying amot:mb; 
undissolved on different trials and similar varying amounts of alumina and per-
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haps other minor ingredients found in solution, render the calculation of molecular 
ratios not altogether certain in all cases. The comp.osition as found is: 

Analy15is of coronadite from Coronado vein, Arizona. 

Per cent. 
Mn0

2 
•• -- ••• ___ • ________________ -. _. _____________________ a 56. 13 

l\1:n0 ___ . _____________ , _____ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 6. 56 
PbO _____ : __ - _________________ · __ J __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 26.48 

ZnO ----------------------------------------------·-----
Cu() ____ _ • _____________________________________________ _ 

Mo03 ------· -----------------------------------· --------

Al203 ______ · ___ - - ___ : - - - . - - - - - - - - - - - - - - - - - - - - - - - - • - - - - - - -
Fe

2
0

3 
r· _____ . _________ • ____ ~ ____________________________ _ 

H 20 ----------------------------------------------------
Insoluble and silica_ _ _ _ _ _ _ _ _ _ _ _ ___ ~ ________ .. __________ _ 
CaO, MgO, alkalies, and loEs ____________________________ _ 

.10 

. 05 

. 34 
b. 63 
1. 01 

dl. 03 
7.22 
.45 

100.00 

"The material available did not admitof determining quantitatively the vana
dium, which may be present in rather more than a mere trace, but neither it nor the 
phosphorus can influence- materially the ratios given below. The vanadium would 
be effective in two ways: (1) By requiring a base for its neutralization, if existing 
as an acid constituent, and (2) by liberating chlorine when acted on by hydrochloric 
acid, and thus affecting the values found for peroxide oxygen. If the iron exists 
in the ferrous state, it, too, would affect the values found for the peroxide oxygen, 
and consequently for both the oxides of manganese. Assuming it to so exist and 
applying the proper corrections, also deducting from the lead oxide an equivalent 
for the molybdenum, assuming its existence as molybdate of lead, the following 
are the results: 

Molecular ratio of coronadite. 

Mn02 • ___ _ _ 56.68-+- 87.0 = 0. 6515 = 3. 00 
MnO. _ _ _ _ _ _ 6. 11-+- 71. 0 = . 0861] 
PbO ___ ~ __ 25. 96-+- 222.9 = .1165 
FeO _____ . . 91 ~ 72. 0 : . 0126 . 217 = 1. 00 
ZnO _____ . . 10--.--- 81. 0 - . 0012 
CuO _____ . . 05-+- 79. 0 = . 0006 
H 20 1. 03-+- 18. 0 = . 0572 = . 264 

"If the mineral is to be regarded as anhydrous, the comparatively simple formula 
R" (Mn30 7)" satisfies the above ratio, and it may be written structurally: 

O=Mn'''' - 0 

y "'~ 
0 = Mn11 11 R11 

6 // 
I / 

0 = Mn1111 - 0 

in which R" = Pb" or Mn". This is to be regarded as a saturated salt of one of 

a Mean of 56.10 and 56.16. Total Mil as MnO from MnS04, 52.38 per cent. Peroxide oxygen, 10.31 per cent. 
b With a little Ti02, P20 5, and V205• 

c State of oxidation not known. 
dNothing at 100°, only 0.14 per cent below 200°. 
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the numerous possible derivatives of ortho-manganous acid that may be derived 
from it by removal of water, in the present case as follows: 

3H4Mn0 4 - 5H20 = H 2Mn30 7 • 

An acid of the same empirical formula would result by removal of two molecules 
of water from three of metamanganous acid, H 2Mn03 • 

''It is probably best to rest for the present content with the a hove relatively 
simple formula and to regard the water found as due to incipient alteration. But if 
the water is to be considered as wholly or in part essential, and, furthermore, con
stitutional-and this may very well be the proper view to take-then the formula 
becomes much more complex, namely, R" 4H 2 (Mn120 29), when none of the water is 
allotted to the foreign matter: This formula is still referable graphically to a more 
highly condensed manganous acid and a number of isomers would be possible. 

''Such intricate formulas as this should not cause the least surprise, however 
unlikely they may at first appear to be. The great number of manganites, in varying 
degrees of saturation and hydration, observed in nature and prepared artificially~ 
some of them of even greater complexity than the above, are certainly not all mix
tures of only a few simply constituted molecules. A very short study of the graphic 
formula corresponding to the above empirical formula R" 4H 2 (Mn120 29) will show 
what a vast num her of closely related bodieR are theoretically possible by hydrating 
the molecule step by step, or by adding to or reducing the number of divalent atoms, 
or substituting for them those of another valance. Similar varieties in great number 
would be derivable from other condensed manganous acids of both higher and lower 
orders, and it is plain that because of the very slight differences in pereentage com
position between many of them it is almost as hopeless to expect analysis to reveal 
the exact empirical formula in the majority of cases as it is for the enorm_ously com
plex albuminous bodies of organic chemistry. This is especially true because in so 
many cases the mineral manganites described are far from being homogeneous 
species. They are · either mixtures of two or more of these closely related complex 
molecules or else are contaminated by foreign bodies. It is not surprising then that 
so many compounds of uncertain formula that may be regarded as salts of manganous 
acid have been prepared in the laboratory or are found in nature. From the known 
tendency of these bodies to form under laboratory conditions which may very well 
be repeated in their general character in nature, it is to be expected that a vast 
number of mineral manganites should exist, and it ought rather to excite surprise 
than otherwise if two or more are not formed simultaneously from the same solution. 
This, together with ,inherent difficulties of analysis, would offer a simple explanation 
of the fact that so few of the analyses made lead to rational formulas. If formed 
from solution their original state might well be one of hydration, either as regards 
water of crystallization or of constitution. The temperature at which the water is 
expelled in the present case indicates constitutional water." 

A search of the literature has not revealed a native manganite carrying a 
high percentage of lead , although artificial compounds have been prepared. For 
this reason, and hecaus~ of its distinctly crystalline character, the present mineral 
seems worthy of receiving a specific name. The one proposed is coronadit~, 
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after the famous explorer of that portion of the American cont)nent from which 
the Territories of New Mexico and Arizona have been formed. 

Ouprite.-Cuprous oxide, ' Cu20; 88.8 per cent Cu. This handsome dark-red 
translucent mineral, often beautifully crystallized in cubes or distorted capillary 
form (chalcotrichite), occurs at Morenci and Metcalf as a product of surface 
oxidation. It formed an important part of the Longfellow ores, but .is otherwise 
not common · in the deposits in limestone. Its normal occurrence is at the upper 
limit of the chalcocite zone as a product of decomposition of the latter mineral; 
as, for instance, on the second level of the Joy vein and on the water-shaft level 
of the Montezuma vein; in the Arizona Central mine on the deepest levels, 200 to 
300 feet below the surface, near the contact of porphyry and metamorphic rock, 
where it is often deposited on magnetite and associated with limonite; in the open 
cuts and on the Wilson level of the Metcalf mine as irregular veinlets in serici
tized porphyry, where, as often elsewhere, it is i~tergrown with native copper. 
It is also frequently found distrihuted in fine ·scales on the joints of the altered 
clay shale of the Arizona Central, the Detroit, and the· Manganese Blue mines. 

Pyrite.-FeS2• This is the only iron · sulphide observed, marcasite and 
pyrrhotite a not being known from the district. It is extremely common in dis
seminated form and in vein lets in the metamorphosed limestone · and shale, and 
sometimes in quartzite and granite. It is equally common in the altered porphyry, 
where it is always associated with sericite, and is found on the fissure veins in 
porphyry and in metamorphic rocks in large· masses often several feet wide and 
sometimes, as in the tToy vein, 50 feet wide; here i~ generally occurs as coarsely 
granular masses with occasional small crystals showing in drusy cavities. Larger 
well-developed crystals are not common, but are found with quartz in the Hudson 
and Fairplay veins, as well as in a small filled vein in the Lone Star tunnel, all 
at Morenci; the usual combination in this case is cube and pyritohedron. The 
oceurrences in almost all cases except those just mentioned indicate origin by 
replacement of limestone, shale, or porphyry. 

Ohalcopyrite.-Fe2Cu2S4.; 34.5 per cent Cu. This mineral occurs sparingly on 
the lower levels of the veins of Morenci, intergrown with pyrite and zinc blende; 
also iu similar position in veinlets or disseminated in porphyry. Rarely it is 
associated with chalcocite, as was the case in the Black stope of the· second level 
of the Ryerson mine; such a connection would suggest its origin as due in this 
case to secondary sulphide formation by solutions froni above, for it is known 
that chalcopyrite, ·as well as chalcocite, may form under such conditions. ~he 

mineral is very abundant in disseminated forms, as well as in veinlets, in the 
metamorphic limestone of Morenci; also in shale in the Shannon mine. It may 

a Grains of pyrrhotite were observed in a cop. tact-metamorphic Cretaceous shale from lower Gold Creek. 
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form irregular aggregates or grains in otherwise little-altered limestone near the 
porphyry contacts, or occur intergrown with garnet, epidote, or pyroxene in the 
highly altered rock, almost always being also associated with magnetite, pyrite, 
and zinc blende. Much of the pyrite from the lower levels of the Morenci vein, 
and also that disseminated in other rocks like quartzite, contains about one-half 
per cent of copper, probably due to a mechanical admixture of chalcopyrite, 
difficult to detect either by the naked eye or by the mieroseope. 

Zinc blende (sphalerite).-This sulphide occurs under practically the same eon
ditions as chaleopyrite, with which it is usually associated. It is common, dis
seminated in the hard limestones or metamorphic rocks, and is also frequent in 
the lower levels of the vein, where it is associated with much pyrite and some 
ehalcopyrite. It is not known to occur in oxidized deposits or in the zone of 
sulphide enrichment, nor is it formed by these secondary processes anywhere in 
the distriet. As an exeeptional oecurrenee it is found erystallized with pyrite, 
chalcopyrite, and drusy quartz on a filled vein . in the Lone Star tunnel. Its 
forms are a combination of cube and two tetrahedrons (Penfield). The zinc 
blende is easily oxidized, and, aside from a few rarer occurrences, its products 
only appear as efflorescing sulphates on the walls of the mine workings in the 
upper oxidized zone. 

Galena.-Of rare oecurrence; reported from the Stevens group near Garfield 
Gulch, from the fissure veins of Dorsey Gulch, and from a few other loealities . 

.Mol/ybdenite.-MoS. This mineral is frequently found in the Morenci fissure 
veins in primary assoeiation with pyrite, chalcopyrite, and zinc blende; analyses 
have also revealed its presence in small quantities in the ordinary smelting ore. 
As dark-gray foils it occurs in a quartz vein in granite on the northeast side of 
Chase Creek 1 mile above the Longfellow incline, associated as above. Micro
seopically it was noted. in the deep levels of the Montezuma pyrite vein, where 
it formed dark-gray fluffy aggregates in quartz (Pl. XII, A). 

Ohalcocite.-Cu2S; 79.8 per cent Cu. The cuprous sulphide is very common 
in the Clifton district, in fact constituting at present the principal valuable 
mineral in the ores. It occurs, chiefly interg:rown with pyrite, in the altered 
porphyry as disseminated grains Dr as solid seams or veins, which rarely exceed , 
2 or 3 feet in thiekness. It is never eryst~llized, but ~as ordinarily an earthy 
or ~ooty appearance and black color; scratching it with a knife reveals the semi
seetHe charaeter and metallic luster. In a few small massive veinlets the normal 
metallic luster and dark-gray color appear on fractures; a fibrous or columnar 
structure of the mineral is known on small seams in shale from the Montezuma 
mine. The mineral prefers porphyry, and the great bodies of ore now worked 
all occur in this rock, but it is not entirely unknown in the irregular deposit~ 
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in limestone generally carrying cuprite and copper carbonates. A partial analysis 
of . massive chalcocite from the Montezuma mine, Morenci, gave (vV. F. Hille
brand, analyst) 96 per cent Cu2S and 2.4 per cent FeS2 , the latter probably 
mechanically admixed. · 

The chalcocite is everywhere, in this district, a secondary mineral, formed 
by the replacement of pyrite by means of descending solutions of cupric sulphate. 

Pl. XIV illustrates the typical appearance of the chalcocite ore. The depo-
. sition of the mineral was accompanied by the formation of quartz, chalcedony, 

and kaolin. In the veins in porphyry the chalcocite ore begins 100 to 200 feet 
below the surface and continues to a depth of 400 feet, or even more, when it 
is usually replaced by pyrite, chalcopyrite, and zinc blende . 

. Covellite and bornite.-Rarely observed minerals. Covellite was noted from 
the Ryerson and . Montezuma mines. 

Antimonides and arsenides.-These minerals are not known to occur in the 
district. Analyses of flue dust r.eveal very small quantities of arsenic and antimony. 

Tellurides and 8elenides.-The same statement applies to these minerals. As 
shown by the flue-dust analysis (p. 39), a minute . amount of tellurium must be 
contained in the ores. This association of copper and tellurium has been noted 
before, and it is known that in copper refining some by-products contain a con
siderable quantity of that element. 

Feldspars.-Orthoclase, as reddish grains, is found in granite, and sometimes 
in the clastic rocks derived from it; likewise in the phenocrysts and groundmass 
of granitic. and monzonitic porphyries and in rhyolite. Microcline and perthite 
occurs in granite; albite in granite and in granite-porphyries. Acidic oligoclase 
is found . in the latter rocks and in the monzonite-porphyry; labradorite and 
andesine in diorite-porphyry, diabase, and basalt. Feldspars of a1l kinds are 
conspicuously absent in the metamorphic rocks and in the pyrite veins. 

Garnet.-Garnet occurs in the Clifton ·district, exclusively in the altered 
limestones; it is throughout, as far as known, an andradite or lime-iron garnet 
of typical composition, yellowish to dark-brown color, and usual resinous luster. 
For analyses see page 134. Commonly occurring in massive form, it sometimes 
appears as small crystals of usual dodecahedral form, embedded in calcite, and is 
frequently revealed by the microscope in well-defined hexagonal sections in the 
limestone close to more extensive areas of garnet. The larger masses are iso
tropic, but the crystals ordinarily show the optical anomalies of the species, 
consisting in sectors and concentric bands with double refraction; this is usually 
feeble with light-gray colors, but in places bright-yellow interference colors are 
noted. 
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The garnet when derived from the pure limestones of the Modoc formation 
forms large masses 50 to 100 feet thick, as on the western slope of Modoc Point 
at Morenci and on top of Shannon Mountain at Metcalf. The siliceous and dol
omitic limestones of the Longfellow formation both at Morenci and Metcalf also 
contain garnet in places, irregularly distributed together with epidote, pyroxene, 
and magnetite, as in the Yavapai, Manganese Blue, and Arizona Central mines, 
and many other places. The only place outside the immediate vicinity of 
Morenci and Metcalf where garnet has been found is in Gold Gulch and Pink
ard Gulch, and here only in smaller masses. 

Garnet frequently occurs intergrown with magnetite, pyrite, zinc blende, 
and chalcopyrite (Pls. VII, IX, and X, A). It decomposes to quartz and limonite, 
the lime being carried away as carbonate. Other products of oxidation · associated 
with it are malachite and azurite. 

A mphibole.-Common hornblende forms part of the diorite and some of the 
monzonite-porphyries, and occurs in places in the granite. A colorless amphibole, 
which the analysis of a rock containing it shows to be tremolite or the nearly 
pure metasilicate of magnesia and lime, occurs in the metamorphic dolomitic lime
stones of Morenci and Metcalf and also in altered shades, always forming minute 
or microscopic prisms of normal optical behavior. It is also formed in the lime
stone wall rock of pyritic veins at Morenci and Metcalf. The tremolite weathers 
to chloritic and serpentinoid minerals, sometimes also to a variety of asbestos. 

Pyrowene.-The common augite forms part of the diabases and basalts, but 
does not occur in the porphyries. A colorless variety, apparently corresponding 
to pure lime-magnesia pyroxene, or diopside, is of very frequent occurrence in 
the metamorphosed limestones of the Longfellow formation. The manner of 
formation by metasomatic replacement is shown in Pl. VII, B. The association 
is with the other contact-metamorphic silicates, magnetite, and sulphides. It may 
also form in the limestone wall rock adjoining pyritic veins. Like the tremolite 
the diopside alters near the surface to chloritic and serpentinoid minerals. 

Epidote.-This yellowish-green mineral, a silicate of lime, ferric iron, and 
alumina, appears as a secondary product in the feldspars of some monzonite and 
diorite porphyries. Its principal occurrence is, however, in the metamorphic 
rocks, where it is in intimate intergrowth with garnet, magnetite, pyroXBne, 
pyrite, chalcopyrite, and zinc blende; frequent in the altered Longfellow lime
stones, sometimes in large masses, as at the Joy mine, third and fourth levels. 
It occurs further, abundantly in places, in the altered Devonian and Cretaceous 
shales on the ridge west' of the Arizona Central, as far west as the Eagle Creek 
road at the gap leading down to Gold Gulch. In metamorphism along dikes it is 
the mineral usually immediately adjoining the porphyry. 
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Well-defined crystals are very rarely observed. The mineral is granular, and 

has all the characteristics of normal epidote rich in iron. Epidote rock decomposes 

at the surface to an earthy, yellowish-green mass, as shown, for instance, near 

the Arizona Copper Company's hospital at Morenci and near the Shannon Gap, 

Metcalf. Quali.tative analysis of the former revealed much water and ferric oxide, 

together with a little CaO, Al20 3 , MgO, CuO, and a trace of ZnO. The microscope 

shows indefinite microcrystalline aggregates, which probably chiefly consist of 

hydrous ferric silicate, the lime having largely been extracted. 

Biotite.-This black mica is found sparingly in the granite and monzonite 

porphyries, in the granite (usually decomposed), and in the rhyolites of Clifton. 

It is not known to occur in the contact-metamorphic rocks, not even from the 

shales. 

MuscmJite.-As a primary mineral muscovite does not enter the composition 

of the Clifton rocks~ but in the fibrous-felted form usually called sericite it is . 

extremely common in the porphyries and also . to some extent in the granites 

and quartzites in the vicinity of the mineral deposits. During the common sur

face decomposition sericite is apt to form to a limited extent in the feldspars 

of igneous rocks. ..._1\..long the veins, however, sericitization is a most important 

process, the rocks for long distances from the vein being completely changed to 

felted sericite and quartz. Practically the whole of Copper Mountain and large 

parts of the porphyry between Morenci and Metcalf and at the latter place are 

thus changed. ·The composition of the mineral is shown calculated from analy

ses on page 170. It is occasionally present in the metamorphosed clay shales. 

·The microscopic aggregates show under the microscope the normal behavior of 

the mineral. Sericite resists further decomposition very energetically, and the 

quartz sericite rocks, unless containing very much pyrite, form hard blocky out

crops. A limited amount of kaolin iR formed from the sericite under the influ

ence of waters containing free sulphuric acid. 

Ohlorite.-Af?, a product of common hydrometamorphism from surface watersJ 

chlorite forms from biotiteand hornblende in granite and in the porphyries. To 

some extent varieties with little iron re~mlt from dec~mposition of pyroxene and 

amphibole in metamorphic rocks. The garnet does not decompose into chlorite. 

Small foils of a dark-bluish chlorite were noted in a limeston·e from the south 

s~ope of Copper Mountain and from other places near Morenci in metamorphic 

rocks. 

Serpentine.-This mineral results very frequently from the hy~Jration of the 

pyroxene and amphibole in metamorphic limestone due to surface waters. Pure

yellow translucent serpentine occurs on the ridge west of ::Moret1ci as irregular 

masses · in limestone just below the garnet contact. Almost pure serpentine with 
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magnetite occurs at the Thompson mine on the summit of the same ridge, near 

the porphyry contact; it is dark green, streaked, and contorted, having seemingly 

resulted from replacement of shaly material. Serpentine nowhere forms large 

areas. Its characteristics under the microscope are normal. 

Asbestos.-The metamorphic rocks in places also contain asbestos as a result 

of hydration. The mineral is found near the Arizona Copper Company's hospital 

at Morenci, and in pieces over a foot long, much resembling fossil wood, in the 

Black Hawk ·No. 3 tunnel at Metcalf. The silky white fibers extinguish between 

crossed nicols at angles of 20° , and are probably altered actinolite. They are 

contained in honey com bed limonite masses. 

Kaolin.-As a secondary product kaolin is not uncommon at Morenci, and to 

less extent also occurs at Metcalf. It does not form during the sericitization of 

the porphyry which accompanied the formation of the pyritic veins, but accom

panies in small amounts the chalcocite in the veins in porphyry, and the copper 

carbonates in the decomposed deposits in limestone. It occurs as veinlets in the 

quartz in the Humboldt, Ryerson, and other mines, and as large masses in the 

Longfellow mine (East Y ankie claim), where it is adjoined by much limonite and · 

is often very pure. Sometimes it is delicately veined by malachite and incloses 

small grains of cuprite with native copper and limonite. It also occurs in pure 

condition at the Mammoth mine in Garfield Canyon, and at the Copper Mountain 

mine, Morenei, in snow-white mammillary masses with azurite and malachite. 

Kaolin is evidently easily form ed by the action of free sulphuric acid on clay 

shale or . porphyry; the sericite of the altered porphyry is only attacked by this 

acid with great difficulty. 

Glaucon~:te.-A greenish mineral, resembling glauconite, occurs in the shales 

of the Morenci formation and also in the green shales which, near the mouth of 

Apache Gulch, overlie the Coronado quartzite. 

Willemite.-Zn 2Si0i. This rare silicate of zinc was found by Mr. Boutwell, 

as very small grayish crystals on a fragment of garnet rock, in the Modoc open 

cut on the north side of Modoc Mountain. These crystals were identiood by 

Messrs. Pirsson and Penfield, of Yale University, who state that the stout hex

agonal prisms look exactly like those from the original locality at Moresnet. 

Oalamine.-(ZnOH)2Si03 • Small transparent rhombic crystals of calamine 

were identified by Doctor Hillebrand and myself on a specimen of decomposed 

garnet rock from the Shannon mine, just above the lime quarry . 

.Dioptase.-H2CuSiOi. The· silicate of copper, dioptase, has been found at 

only a few localities. Very beautiful specimens, which, however, are by no means 

common, have long been known from the classic locality, the Kirghese Steppes, 

T{u~sia, and more recently from the French Kongo State, Africa. Dioptase is 

' . 
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.. 
seldom found in the United States, the only recorded occurrences being at the 
Bon Ton mines, Chase Creek, near Clifton, Ariz., as noted by R. C. Hills,a and 
from near Riverside, Pinal County, Ariz., as noted by W. B. Smith.b Well
crystallized specimens were found on an old dump of the Stevens group of mines, 
on the west side of Chase Creek, near Garfield . Gulch (p. 351). _ They occurred in 
a small chimney of chrysocolla ore in limestone, now worked out, in a locality 
believed to be the same as that described by Mr. Hills~ The dioptase ·crystals 
were submitted to Prof. S. L. Penfield, who remarks on them as follows: 

"The crystals, measuring from 1 to 2 mm. in diameter, occur closely grouped 
together, lining cavities in a brown ferruginous gangue impregnated with amor
phous green material, which is probably chrysocolla. The color of the dioptase is 
a beautiful emerald green. The habit of the crystals, shown by the accompanying 
figure [Pl. VII, E, F], is that which is most commonly observed and . is especially 
characteristic for dioptase ; prism of the second order a (1120), terminated chiefly 
by the rhombohedron of the first order 8 (0221), and with small faces of the 
rhombohedron of the third order w (1341). As is common on this species, the 
prismatic faces are vicinal and the 8 and w faces are striated parallel to .their 
mutual intersection edges, hence the crystals are not suited for getting accurate 
measurements of the angles with the reflection goniometer. One crystal w;ts 
measured, and the angles of one . of the rhombohedral zones, given below, fl.re 
sufficiently close to the calculated values to establish the identity of the forms. 

Table of angles measured. 

Measured. Calculated. 

a x, n2o 1341 = 28° 55' 28° 48'. 

s s', 02~h 2021 = 83 48 84 33. 

s' ' a11, 2021 1120 = 48 18 4 7 43. 

By crushing some of the material, em bedding in oil under a cover glass, and 
examining in convergent polarized light, occasional fragments were found which 
gave a normal uniaxial interference figure, with numerous rings indieating high 
birefringence. The character of the birefringence was found to be positive. 
Thus, in all of its prystallographic and optical relations the material studied is 
like typical dioptase from other localities." 

Oliry8ocolla.-CuSi03+nH20; 36.05 per cent Cu. This mineral occurs 
very commonly in the oxidized part of the deposits, but does not, except in 
some cases, constitute an important ore. On the whole it is more abundant in 
the deposits in porphyry and gra~ite than in those in limestone. The usual 
bluish-green or dirty-green colors and conchoidal fracture- characterize it. It 
occurs in seams or coatings at many of the mines, abundantly in the Mammoth 
mine on contact fissures between porphyry and limestone; at several prospects on 
the Stevens group in Chase Creek near Garfield Gulch; in the Las Terrazas · fissure 

a Hills, R. C., Am·. Jour. Sci., 3d ser., vol. 23, 1882, p. 325. b Proc. Colorado Sci. Soc., vol. 2, 1887, p. 159. 
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vem In porphyry near Metcalf; at the Metcalf mines; at many 9f the prospects 
between that place and Morenci, and at the Modoc open cut, Morenci. A technical 
analysis of chrysocolla ore from Las Terrazas mine by the Arizona Copper Com
pany gave: 

Analysis of chrysocolla ore from Las Terrazas mine. 
Per cent. 

Si0
2 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _________________________________ - _ 31. 65 

CuO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 34. 90 

H
2
0 ____________ .. _ _ _ _ _ ________ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 26. 30 

Al20 3 - - - - - - • - - - - - - - • - 3.80 
Undetermined _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3. 35 

Normal chrysocolla should ave 34.2 per cent Si02 , 45.2 per cent CuO, and 
20.5 per cent H 20, but the anal ses s~10w great divergency, many probably being 
mixtures. Moreover, what has been ealled chrysocolla · probably inCludes two 
mineral species. 

The optical characteristics f chrysocolla seem imperfectly known. Dana 
states correctly that it is crypto rystalline, while many other text-books, notably 
one issued in 1902 by Professor Miers, call it . "amorphous." 

In most cases the mineral indeed seems cryptocrystalline with bluish-gray 
colors of interference. But this is by no means universal. Chrysocolla from the 
1\tlodoc open cut appears as rna miliary crusts of bluish-green color on " copper
pitch ore." The. latter is isotro ic and undoubtedly a distinct mineral from the 
chrysocolla; it is of a brown col r in varying tints, some of it opaque and showing 
evidence of concentric depositio . On top of the chrysocolla are thin crusts of 
quartz and some calcite. The c rysocolla has three different structural forms, as 
seen under the microscope: (1) ryptocrystaUine to microcrystalline aggregates of 
particles with high birefFacting "ndex; (2) very fibrous and felted aggregates of 
the same substance, giving und latory effects between crossed nicols and medium 
high colors; (3) fibrous crusts on top of the first-named form or thin layers between 
masses of the same, the individ als having such a remarkably parallel orientation 
that the aggregate of them ap ears almost like single crystals between crossed 
nicols, with black shadows s eeping across them when the table is turned. 
Extinction is parallel to the fib rs; double refraction . strong, about like augite; 
character negative. The same o tical characteristics were repeatedly observed in 
thin sections of chry.socolla fro Metcalf and other places. Reniform deposits 
were sometimes noted, the cente of cryptocrystalline material being coated with 
coarsely fibrous and highly hire ringent material. 

Sections from the Coronad and Metcalf mines often show pseudomorphs 
of pyrite, consisting of a shell f limonite with a kernel of fibrous chrysocolla. 

16859--~o. 43--05----8 
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Specimens from the Rattlesnake claim, 1-! miles northwest of Morenci, showed 
cryptocrystalline chrysocolla containing needles o:f a doubtful mineral with parallel 
extinction and birefringence about like quartz. The material contains a con
siderable amount of phosphoric acid and also a little lead. 

The observations of J annetaz a on chrysocolla from Boleo, Baja California, 
Mexico, led to the same results as described above, but seem generally to have 
been overlooked by editors of text-books. 

Copper-pitch ore.-Under this old German name is described a dark-brown 
to black substance, sometimes dull, but generally with ghtssy to resinous luster; 
hardness, about 4; streak, dark brown. It occurs among the products of oxida
tion of the deposits in limestone, as at the Detroit and Longfellow mines and 
the Modoc open cut at Morenci, and is associated with azurite, malachite, and 
chrysocolla, often inclosing these minerals or replacing in branch.ing veinlets, 
together with azurite, a shale-like mass, probably largely composed of kaolin. 
In thin sections it is sometimes opaque, but often_ also translucent, gradual tran
sitions obtaining in the same section, and occurs ·in irregular or concretionary 
masses, often containing small embedded crystals of a doubtful mineral, possibly 
a silicate of zinc. Between crossed nicols the translucent mineral always proves 
entirely isotropic and, except for varying depth of color and the small crystals 
mentioned, is entirely homogeneous. 

A rough preliminary analysis by Dr. W. F. Hillebrand of selected pitch-black 
material from the Detroit mine gave: 

Analysis of copper-pitch ore from Detroit mine. 
Per cent. 

CuO •..................................................... 28.6 

ZnO ...................................................... . 8. 4 

Mn02 •••••••••••••••••••••••• : • •• , ••••••••••••••••••• _. • • • 21. 2 

Fe20 3+ Al20 3 + P 20 5 •••••••••••••••••••••••••••••••••••••••• 4 
Insoluble in HCl ...... _ ............. _ .. _,_ ................. · 22. 8 

Ignition loss 16.3, less oxygen due to conversion of Mn02 to 
Mn30 4 ••••••••••••••••••••••••••••••••••••••••••••••••••• 13.7 

98.7 

Similar material surmounted by crusts of chrysocolla from the Modoc open 
cut contained much .l\tln02 with a good deal of CuO and ZnO and is thus evidently 
the same substance. To this analysis Doctor Hillebrand ·remarks that M n is 
largely but not certainly wholly present as Mn02 • The insoluble portion consists -
of silica; it is wholly separated by acid without need of evaporation and is nearly 
all soluble in dilute KOH. It is not possible to say whether Si02 is in combi
nation or as opal, but it c'an not be present in any other form. 

a Bull. Soc. Min., Paris, vol. 9, 1886, 211. 
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Most of these copper-pitch ores, known from many districts, have been 
described as impure chrysocolla. As shown by the optical characteristics, how
ever, they are not a mixture, and they certainly do not contain any chrysocolla, 
the characteristics of which are very different. They probably represent a series 
of closely related compounds, the chemistry of which has not yet been fully 
elucidated. Prof. G. A. Koenig-a describes a similar mineral with the same isotropic 
character from Bisbee and names it melanochalcite. Its compositiop is different, 
as shown by the following analysis': 

Analysis of melanochalcite from Bisbee, A riz. 
Per cent. 

CuO .. ___ .. __ ..... _ .. . .. . .. __ .. ___ .... _ ..... _ .......... _ 76. 88 

Si02 ••••••••••••••••• _ •• • ••• _ ••••••• _.................... 7. 80 

002 - - - - .. - - - - - - - - - - - - - . - . - - - - - - - . - - . - - - -..... - .. - - . - - - - - 7. 17 
H

2
0 .... __ ... _ .......... . .. _ . _ ...... _______ ______ ... __ . _ _ 7. 71 

ZnO . ____ . ___ .. ___ · ___________ . ____ ........ _............. . 41 

Fe8
2 

• ____ • _ •• __ •••• • _ _ __ •• __ _ ___ • ____ • _ • _____ _ _____ • _ _ _ _ _ 07 

100.04 

Mr. Koenig considers it as a basic salt of an ortho-silico-mtrbonic acid. No 
CO~ was found in the Morenci minerals. In conclusion, it would seem that the 
chemistry of these copper-pitch ores would bear further examination . 

.Morencite.-In a lime shale on the intermediate level of the Arizona Central 
mine, Morenci, 200 feet below the surface, bro~nish or greenish spreading masses 
were found containing brownish-yellow, silky, fibrous seams. The inclosing mate
rial consists largely of the same material as the seams, but impure and mixed 
with a little chlorite and pyrite. The whole bears evidence of being a product 
of oxidation of some contact metamorphic mineraL 

The fibrous mineral on the seams forms a felted aggregate as seen under the 
microscope, but .it is well individt~alized and contains few impurities except a 
little pyrite and chlorite. The minute fibers are brownish yellow and slightly 
pleochroic, being darker when palrallel to the principal section (opposite the 
behavior of biotite); the birefringence is strong and extinction probably strictly 
parallel to the fibers. No mineral corresponding to this has been described, but, 
although its individual character is beyond doubt, the analysis does not lead to a 
satisfactory formula. The material for the analysis was picked out carefully 
under the lens and, examined under the microscope, proved satisfactorily pure. 

Doctor Hillebrand, who analyzed it, remarks as follows: 

"The analysis afforded the results of the first column of figures below. In 
deducing the molecular ratios of the second column there has been deducted 
sufficient lime to form apatite with the phosphoric oxide. 

a Am. Jour. Sci., vol. 14, Dec., 1902, p. 404. 
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Analysis and molecular ratios of morencite from Arizona Central mine. 

Per cent. Molecular ratios. 
Si02 • _______ •• _. _ ••••••••••••• ____ 45. 74 757 =10. 71 or 11 
Ti0

2 
• _ •• ___ ~ ____ • _. _. ____ •• _ _____ Trace. 

Al20 3 •• • ••••••• ~ •• __ ••••••• ___ • _ • • 1. 98 
Fe20 3 ••••••••• -·- _ ••••••••••••••••• 29.68 

019} 
186 

205= 2. 90 or 3 

FeO .... _· ..... ________ ..... ______ . . 83 011 
MnO ___ .. ___ .. __ .. __ .. ___ ... _ . . . . Trace. 
CaO ____ ..... _. _ ... .. __ .. __ .. __ . _.. 1. 61 
MgO __ .... _______ . ___ . ____ . ____ . . . 3~ 99 

027 
100 141= 2. 00 or 2 

K 20 -----------··· · ··-····--------- . . 20 002 
Na

2
0 ______ . ___ .. _. ____ . ____ . ____ . . 10 001 

H
2
0 105° .. _ .. _ . ______ .... ___ . _ _ _ _ _ 8. 84 491 = 6. 96 or 7 

H
2
0 150° ..... _. _ .. ___ ~ ___ ... ___ ... . 12 

H
2
0 below redness : ______ . _ ... _ _ _ _ _ 4. 27 282 · = 3. 99 or 4 

H 20 redness .................. ~. . . . . 69 
CuO _____________________ . _ . _ _ _ _ _ Little. 
Fe8

2 
______ • ________ • __ •• _. __ • ____ • • 66 

p 205 • - - - - - - - - - - - - - - - - - - - - - - - - • - - - - • 18 

98.89 

'"It would seem from the temperatures at which the water is driven off that this · 
must exist in two conditions, and that four-elevenths of it must be hel_d more securely 
than the remaining seven-elevenths. The attempt to account for four molecules of 
water as constitutionaJ, however, led to no simple or seemingly probable formula, 
whereas if all water is excluded the ratio is that of a metasilicate-R"2R"'6(Si03)"11 • 

On the other hand, to include the whole of the water as essential to the silicate 
molecule, for which there is little ground in view of the ease with which most of 
it is expelled, leads to an orthosilicate ratio-H'22R"2R'"~(SiO;~,)""n·" 

On the whole, considering also the bad summation of the analysis, it is more 
rational to regard the mineral as a hydration product of an original metasilicate 
molecule than to attempt to construct a complex formula which could have but a 
very doubtful value. Considering that the mineral is not a mixture but is optically 
well individualized, it has been thought best to fix its identity by means of the 
name of morencite. 

Oaloite.-In almost. pure, fairly coarse, granular form, this mineral con
stitutes the uppermost 100 feet of the Modoc formation (lower Carboniferous). , In 
the Longfellow formation it is also abundantly represented, but there it is always 
associated with silica and sometimes with dolomite. It occurs further in the 
contact metamorphic rocks in very coar:;;;ely granular masses, or as small veinlets 
with magnetite and pyrite. It appears more rarely as small rhombohedral 
crystals (1/2R and R) on decomposing metamorphic rocks, especially in the copper 
deposits contained in them, as at the Modoc mine on drusy quartz rock, and at 
the Detroit mine on partly altered shale. 

DQlomite.-Occurs in granular form as beds in the lowest part of the Modoc 
formation, and mixed with calcite in places throughout the Longfellow formation. 
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It is further contained as a secondary product in small :fissures in lime shale and 

porphyry in the Ryerson mine, anf! is then usually of earthy appearance and with 

cryptocrystalline development.. 
Carbonate of zinc.-The presence of carbonate, and probably also silicate, of 

zinc is indicated, according to Doctor Hillebrand, in some of the '"cap rock" from 
Shannon Mountain, consisting ehiefiy of magnetite and garnet. This is also borne 

I . 

out by the analysis on page 314. I 

..Malachite.-(CuOH)2C03 ; 57.4 Jper cent Cu. Malachite, a basic cupric car

bonate, is one of the most comm~l of oxidized copper ores in the irregular and 
tabular deposits in limestone, whil~ it is far less abundant in the lodes contained 

in. porphyry. The _ finest specimfns came from the Detroit (Humming Bird), 

Manganese Blue, and Longfellow! mines at Morenci ; but few, if any, of the 

mines are entirely without it. It occurs in intimate association with kaolin, 

limonite, azurite, and brochantite. l The mineral is ·monoclinic and often occurs 

in complicated twins and fibrous ~u~ches of crystals. Simple crystals are usually 
very small; the basal cleavt;Lge i~ excellently developed. Very fine radiating 

bunches were obtained in the Standard- mine, a mile below Metcalf; the larger 

crystals are flat prisms with well-developed clinopinacoid, w bile some microscopic 

single crystals proved to be thickjt~bular with predominant basal plane. Mala
chite has a light-green color and shows in simple crysta-ls a notable pleochroism 

ranging on the basal plane from lb yellowish green to .c bluish green. Single 

prismatic crystals also show slight pleochroism. In larger prismatic crystals 

complicated twinning generaHy ob~cures the pleochroism. The axial plane lies 

in the clinopinacoid, and it is stited that it. makes an angle of 23!0 with the 

vertical axis, but the maximum ejtinction in the prismatic zone in the material 

examined is only 17!0
• Superimposed individuals are the rule in the larger 

crystals, and these remain light bJ tween crossed nicols. The index of refraction 

is 1.87-1.88; the maximum birefrimg
1

ence is high, probably in the vicinity of 0.1, 

as a rule giving rise to greenish ~qite of a higher order. Malachite generally 

occurs in fibrous aggregates, sometimes forming perfect spheres and often inter

grown with crusts of azurite. It often develops by replacement in shale as 

small crystals, grains, or fibers (Pl. XV, A). A small spherical mass of cry~tals 

consisting of malachite was found bn Metcalf Hill and doubtless represents a 
pseudomorph after azurite. 

Azurite.-(CuOH)2Cu(C03) 2 ; 55.22 per cent Cu. This beautiful dark azure

blue mineral, which is also a basic I cupric carbonate, accompanies malachite in 

the oxidized deposits in limestone, and is not so often found in the fissure veins 

in granite and porphyry. ~n 
1
thbl Longfellow, Detroit, Manganese Blue, and 

Shannon mines it formed large ~asses of ore, while it scarcely occurs in 
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the great chalcocite veins of Copper Mountain, not even in the upper levels. 
It is not uncommon in the . porphyry of the Metcalf mines, but there smaller 

masses of limestone are not far distant. Azurite frequently occurs well crystal

lized in monoclinic tabular or wedge-like forms, and these crystals may either 
develop in open spaces or replace soft rocks like kaolinized I shale. The crystals 
often combine to sheave-like · or spherical aggregates, sometimes weighing · 40 

pounds or even more. These stalactitic masses occurred, among other places, in 
the Detroit mine a in crusts alternating with malachite, the mineral occasionally 

having fibrous structure. The association with kaolin is frequently noted, also 
with the black copper-pitch ores. As to succession it is often the latest mineral 
formed. Whether formed by i·eplacement · or crustification, azurite is apt to 

develop in large single individuals, appearing in thin section with wedge-sh~;tped 
outliNes, and extinguishing parallel to the extension of the crystal. There is a 

slight pleochroism, .c paler blue, a and b deep pure cobalt blue. The birefrin
gence is rather high. 

Libethenite.-H2Cu4P20 10 • This hydrous basic phosphate of copper was 
found 30 feet below the tunnel level of the Coronado mine in the ·main ore 

shoot. It is a matter of interest to record its occurrence, for this rare mineral 
has never before been noted in the United States. It occurs in small crystals, 

less than 1 mm. in length, deposited in cavities and seams in a quartzite gangue. 
The mineral was identified by Prof. S. L. Penfield, who also kindly measured 
and figured the crystals. Professor Penfield describes the mineral as follows: 

" The only associated minerals are occasional clusters of minute quartz crystals 
and small tufts of radiated malachite needles. The color of the libethenite varies 
from light to dark olive green, depending upon the size of the crystals. The habit 
of the crystals, as shown by the accompanying illustration, is a combination of the 
prism m (110) and brachydome e (011), which is exactly like that commonly obser~ed · 
on libethenite from foreign localities. On an occasional crystal the brachypinacoid 
b (010) was also observed. _Although the crystals are brilliant, the faces .are gener:. 
ally vicinal and give uncertain or multiple reflections of the goniometer signal. The 
best reflections were obtained from the faces of the dome e, and three measurements 
of e"" e', 011""011 gave 69° 52', 70° 18',· and 70° 1.4'. The last measurement, obtained 
from the best reflections, is close to the value 70° 8', obtained by Rose. The best 
measurement of the prismatic angle gave m""m'' ',110""110=87° 11', which, consider
ing the vicinal character of the prismatic faces, is reasonably close to the value of 
Rose, 87° 40', as given in Dana's Mineralogy. A small crystal resting on a prismatic 
face, when examined in convergent polarized light, showed an optical axis nearly in 
the center of the field, with the dark bar running at right angles to the vertical axis, 
,thus indicating that the optical axes are in the plane of the base, as determined by 
Des Cloizeaux. The presence of copper, water, and phosphoric anhydride were 
determined by chef!iical tests." 

tt Given as the Humming Bird mine in the literature. 
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A more 'detailed research would probably reveal small quantities of phos
phates from other mines near Morenci. They are certainly not abundant. 

Br.ochantite.-H6Cu4oS010 ; 56.10 per cent Cu. This basic sulphate of copper 
is usually supposed to be one of' the rarer minerals of this metal. It was, how
ever, discovered at a few places near Metcalf and Morenci in well-developed 

crystals, ·and this led to a systematic microscopic examination of the green ores, 
hitherto supposed to be malachite. The result was surprising, as the mineral 

was proved to be of extremely common occurrence, mostly intergrown with 

malachite, which had effectively masked its presence. It is believed that a 
careful examination of many so-called malachites .from other districts will dis
close the overlooked importance of brochantite as a copper ore. 

Brochantite is frequently crystallized in the short but stout rhombic prisms 
combined with dome and bracbypinacoid characteristic of the species. Needle
shaped and :flat crystals are more rare. The crystals are usually of small size and 

frequently microscopic. The mineral occurs as lighter or darker emerald-green 
crusts on limonite or sericitized porphyry from the red-ore body in the Shannon 

mine, from the Metcalf mines, and from many other places; as fine-grained aggre

gates in altered porphyry from the Shannon mine near the surface, where it 
constitutes valuable ore with up to 30 per cent copper; as flat pieces or even 

foils with almost pearly luster, in croppings from the King vein, filling seams 
and coating porphyry fragments; as :flat stellar aggregates of bluish-green foils 

in croppings of the Copper Queen mine between Morenci and Metcalf; and finally, 
at places near Morenci, as, for instance, in the Copper Mountain and 1\fontezuma 
mines, at the latter locality replacing chalcocite. It would probably not be found 

·absent from any mine in the district containing oxidized copper ores. On the 
whole the mineral is most abundant in fissure veins in porphyry, though also 

occurring in the irreg~lar deposits in limestone. Malachite often develops later 
than the brochantite. 

Brochantite has an excellent cleavage parallel to the brachypinacoid. The 
macropinacoid is the axial plane, and the acute bisextrix is seen emerging in 
cleavage foils. The pleochroism is very slight. The birefringence is much lower 

than that of malachite, being about equal to that of augite. This, as well as 
the absence of twins, distinguishes brochantite from malachite. The reaction for 

Fmlphuric acid is, of course, a valuable aid. 

Alunitc.-K20,3Al20 3,4S03,6H20. This white and inconspicuous sulphate of 
potassium .and aluminum was found filling a na~row seam on a contact between 

shale and porphyry in the main adit of the Ryerson mine at Morenci, where it 
forms a white earthy mass not unlike kaolin. 

It is also found in some altered porphyries of the same mine associated with 
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pyrite and kaolin. It occurs here as microscopic rhombohedral crystals showing 
quadratic or hexagonal sections; as grains or irregular masses; and as fibrous 
aggregates. The birefringence is of medium strength, the colors at most reaching 
pale yellow. The index of refraction is low. 

Gypsum.-CaS0~+2H20. Common in oxidi~ed deposits in limestone, as may 
be expected from the fact that a large· part of th~ copper carbonates are formed 
by reaction between sulphates and calcium carbonates. Specimens of g·ypsum 
from the Manganese Blue mine inclose plates and crystals . of cuprite. 

S_pangolite.-H18Cu6 AlC1S019 • This peculiar mineral, essentially a highly 
basic sulphate of copper and · alumina with chloride of copper, was discovered 
and described by Prof. S. L. Penfield a some fifteen y"ears ago. . The specimen · 
came from some point within 200 miles of Tombstone, Ariz., and probably from 
one of the great copper camps of the territory. Somewhat later it was identified 
by Prof. H. A. Miers on two specimens from Cornwall, England~ but the American 
locality has not yet been found. It is therefore a matter of interest to record 
its discovery on some specimens from the Metcalf mine of the Arizona Copper 
Company, taken from the workings in the great open cut not more than 100 feet 
below the surface. These specimens consist of white sericitized granite-porphyry, 
in part silicified, and traversed by veinlets 'and irregular masses of cuprite~ the 
cuprite contains native copper and is covered by crusts of malachite, brochan~ite, 
and chrysocolla. A soft and scaly bluish-green coating on the chrysocolla proved to 
consist of microscopical hexagonal crystals or cleavage foils, remaining dark between 
crossed nicols. It was identified by Doctor Hillebrand as spangolite, ·a determina
tion in which Professor Penfield concurred. No measurable crystals were found 
and the mineral is very inconspicuous. It is difficult, if not impossible, to obtain 
material entirely free from accompanying minerals. 

Concerning the chemical examination, Doctor Hillebrand reports as follows: 

"Selected bluish flakes from this specimen gave tests for water, and the sul
phate and chlorine ions, besides copper. There was too little of this pure 
material to permit a test for alumina, but the mixed copper minerals qomposing 
the greater part of the specimen showed the presence of this body. It seems 
therefore probable on these grounds alone that the bluish flakes are spangolite. 
Vanadium, phosphorus, and arsenic are absent. The clos~d-tube reactions' of the 
mixed copper minerals are very striking. Water is given off first. Then appears 
suddenly a white sublimate (A1Cl3 ~) near the assay which seems to form or at 
once change to minute colorless drops. This deposit can be driven slowly up the 
tube, followed at its lower, sharply defined edge, by dark yellow-brown drops 
(CuCl2 ~) which on co.oling solidify to greenish crystalline aggregates, and the 
part of the tube between them and the assay shows under the lens delicate 
feathery crystallizations like frost markings on window panes. Down in the flame 

a Am. Jour. Sci., vol. 39, 1890, pp. 370-378. 
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the glass becomes colored red (Cu20 ~) and in parts yellow. On charcoal the 
blowpipe flame is colo-red azure blue and at the same time green. 

"In order to compare the above closed-tube behavior with that of undoH.bted 
spangolite, a small fragment of the latter, offered by Doctor Penfield, was tested. 
It gave water and then a white sublimate like the one above mentioned, followed 
by a dark olive-brown liquid, which on cooling passed through lig·hter shades of 
color and solidified as a bright-green ring. In general this behavior is very like 
that of the mixture under examination from Clifton." 

Ohalcanthite or blue vitriol.-CuS04+ 5H20; 25.3 per cent Cu._ Common as 
filling of small fissures, as coatings, or as efflorescences in the lodes in por
phyry of Copper Mountain and elsewhere, especially above the upper limit of 
th~ chalcocite zone, but very rare below this limit. In one of the upper levels 
of the Joy shaft it forms stalactites almost filling the tunnels. It occurs 
in fibrous or distinctly crystallized forms. Melanterite, or common copperas 
(FeS04+ 7H20), is not abundant·, while pisanite, the sulphate of copper and 
iron, probably occurs together with the chalcanthite. No ferric sulphates have 
been found. 

Goslarite - and epsomite.-ZnS04+ 7H20; MgS04+ 7H20. These occur as 
white, long, and delicate capillary efflorescences on the walls of tunnels, and 
soon disintegrate to a powder in the air. There are evidently several isomor
phous mixtures of this series. 

Dr. W. F. Hillebrand identified goslarite with some magnesia, and a little lime, 
copper oxide, and manganese, from -the Arizona Central mine. Epsomite and a 
mixture of epsomite and goslarite was found in the 1\lontezuma mine, as well as 
a sulphate containing both zinc and copper. 

Gerhardtite.--H6Cu"'N20 12 • The cliffs of granite-porphyry in the deeply eroded 
Chase Creek Canyon at Metcalf show in many places a bright-green coating of some 
copper mineral, which, no doubt, is formed by the trickling of atmospheric waters 
over and through rocks containing a small percentage of copper. This is not 
surprising, for porphyry in this vicinity is altered throughout by quartz cemen
tation and disseminated cupriferous pyrite. This '"green paint," as it is frequently 
called, is not soluble in water, and, when more closely examined, consists of small, 
dark-green, ro~ghly mammillary forms coating the rock to a thickness of a few 
millimeters. Examination by the microscope fails to reveal any recognizable 
mineral in the cryptocrystalline mass. 

Chemical examination by Doctor Hillebrand led to the interesting discovery 
that the copper minerals present consist of a nitrate and a chloride, neither of 
which has been found elsewhere in the mines of the district. Detrital grains and 
some silica seem associated with these compounds. The nitrogen is difficult to 
account for, in the absence or scarcity of animal substances which might have 
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yield_ed it. Possibly it is contained in the porphyry. Doctor Hillebrand's remarks 
concerning this mineral are as follows: 

"The closed-tube reactions of the copper minerals forming the mixture on this 
specimen are as striking in their way as those of the mixture containing spangolite 
described elsewhere. Water first appears, then brownish niti·ous vapors, followed 
by a sublimate which is not very volatile, which becomes black on further' heating, 
but on cooling yellow-brown. The glass at the bottom of the tube is often yellow
brown when cold. After some hours the sublimate nearly disappears or becomes 
greenish from absorption of water. If the water which condenses in the upper 
part of the tube on first applying heat is driven out by the flame and the mouth of 
the tube is held in the flame, this is colored deep green by a volatile copper com
pound (chloride?). On charcoal the flame is azure blue and at the same time green. 
Vanadium is absent. 

"The mixture contains presumably the basic nitrate gerhardtite and a chloride 
whieh is perhaps atacamite. Spangolite the chloride can hardly be, for the slight 
amount of 803 shown by t~st does not seem sufficient to account for the large amount 
of chlorine." 

The only place from which gerhardtite has previously been identifi_ed is at the 
Jerome mines in the central part of Arizona, where it is associated with cuprite and 
malachite. It was discovered by Messrs. H. L. Wells and S. L. Penfield. 



CHAPTER IV. 

METASOMATIC PROCESSES. 

GENERAL STATEMENT. 

Metasomatic processes are those by which, through chemical reactions, and 
mainly by aid of water, one mineral is changed into another. In practically all 
cases they cause a partial or a complete change in the chemical constitution of the 
mineral and involve loss or gain of substance. On account of our lack of knowl
edge of the exact reactions involved, it may sometimes be difficult to decide 
whether a replacement is effected by separate dissolving and :filling, or by one 
or several ·chemical reactions-. In cases of complete molecular replacement, such 
as galena after calcite, the replacing mineral was probably present in the active 
solution, partly dissociated or ionized. The solution of a certain quantity of the 
original mineral caused a separation of a corresponding quantity of the ions of 
the replacing substance according to physico-chemical laws. If carried out on 
these lines the process is necessarily molecular and chemical. Where two solu
tions existed-one dissolving, the other depositi'ng-and where a certain ~ime 
intervened, the ·process is a mechanical one and should not, I , think, be considered 
metasomatic. In some cases the distinction may be difficult to draw. 

Rocks are metasomatic if any or all of the constituent minerals have under
gone partial or entire metasomatic changes. It is thus not necessary that they 
should, as a whole, have suffered a change in their chemical composition, though 
in the great majority of cases this has undoubtedly taken place, at least to some 
extent. Metasomatism, then, is a wide term, including the earliest transformations 
after the rock has been formed and the last ones active in it until disintegration 
finally destroys it. A still wider term is "metamorphism," which covers any 
changes in composition or structure of a rock through whatever agency and 
whether with or without gain or loss of substance. 

From the standpoint of the mining geologist, these processes are of para

mount interest, and it has been thought best to devote a separat'9 chapter to · 

them in the discussion of the ore deposits of Clifton-Morenci. 

123 
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That form of metamorphism which is associated with long-continued and 
strong pressure, and which, besides metasomatic changes, results in schistose or 
slaty structure, is singularly absent in the Clifton distric.t. The only epoch in 
which dynamo-metamorphic processes were active here on a large scale antedates 
the Cambrian age. Schists of various kinds, · principally quartzitic, constitute the 
Pinal formation, which is not represented within this special area, though occurring 
in the northern part of the Clifton quadrangle. Similar dynamo-metamorphism 
has not been repeated in this region since that very ancient epoch, though the 
rocks were subjected to stresses during the intrusion of the porphyries, ~uring the 
opening of fissures which followed that event, and during the epoch· of extensive 
faulting which followed still later. On prominent vein and fault fissures some 
crushing has taken place, aecompanied ·by an incipient schistose structure, but in 
no case does this change extend far from the original break. 

The changes to be considered are then almost wholly metasomatic, and their 
discussion may be grouped in several divisions: 

Common hydrornetanwrphism.-This, which is also described as static meta
morphism, includes the changes effected under the influence of ordinary percolating 
waters at a moderate depth, but distinctly below the zone of active oxidation. 
The principal minerals formed · are epidote, chlorite, serpentine, pyrite, zeolite, 
muscovite, quartz, etc. Feldspars are ordinarily ·not formed. These conditions 
evidently rather involve transformation of material than gain or loss of substance 
for the rock as a whole. 

Contact metamorphism.-In the immediate proximity of intrusive granites, 
granite-porphyries, diorites, and many other allied rocks, extensive changes have 

. I 

often been produced in the inclosing formations. Most susceptible to change are 
·clay shales and limestones, which are frequently entirely metamorphosed, both 
as to structure and composition. The principal minerals formed are garnet, 
epidote, wollastonite, pyroxene, amphibole, magnetite, and pyrite in the lime
stones, and amphibole, epidote, feldspars, biotite, andalusite, and quartz in clay 
shales. These changes, which have been studied at a great number of places 
throughout the world, are usually attributed to the combined influence of heat 
and magmatic water pressing outward from · the cooling intrusive rock. It is 
usually stated that little gain or loss of substance has taken place in contact
metamorphic rocks. This statement is not, however, in entire agreement with 
the results obtained during this examination. 

Hydrothermal metammphism.--Still another form of metasomatic action is 
caused by hot or "thermal" waters, usually ascending along fissures and acting 
upon the surrounding rocks. This alteration is in most cases confined to the 
ciose vicinity ~f the fissures. Much of the ore may be produced in this manner 
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by replacement of country rock. The minerals most commonly formed in this 
district are pyrite, sericite, calcite, and quartz, but it will be shown that magnetite, 
pyroxene, amphibole, and epidote may also be formed by these agencies. Feldspars 
are not commonly produced by this mode of metasomatism. Exten~ive gains and 
losses of substance often take place during this process. 

Processes of owidation.-Under this' beading will be described the alterations 
which the rocks undergo at or near the surface under the influence of oxidizing 
. atmospheric waters. Especially interesting are the changes suffered by the contact
metamorphic rocks and by those previously affected by hydrothermal metasoma
tism. Both of these usually contain sulphides with valuable metals. The pure 
atmospheric waters are, by action on these sulphides, rapidly converted to mineral 
waters of · great strength, and as such are the agencies chiefly responsible for the 
concentration of metals into deposits of economic importance. It will be shown 
that formation of chalcocite or cuprous sulphide is indirectly due to these oxidiz
ing waters, and that thus not only oxygen . salts but also sulphides may result 
·from this alteration. Gains and losses of substance are usually very great. 

COMMON HYDROMETAl\10RPHISl\1. 

This form of metamorphism affects the rocks of the district only to a limited 
degree. In the siliceous limestones of the upper part of the Longfellow formation 
it finds expression in fairly extensive replacement of the calcium carbonate by 
cryptocrystalline or fibrous silica, largely of cbalcedon1c character. This chert is 
grayish in color and forms irregular seams or bu~ches in which ragged residual 
masses of calcite may be embedded. 

In the quartzitic sandstones of the Coronado formation the cementing material 
is largely converted into sericite, but otherwise there is little alteration. The 
pure Modoc limestones and dolomites have suffered no change. 

The granite is generally affected by a chloritization of the biotite, which 
usually has entirely destroyed that mineral. In some varieties containing horn

. blende secondary epidote and pyrite have formed. The feldspars contain a small 
amount of sericite. 

More extensive but still not materially affecting the character of the rock are 
the changes in the porphyries, especially in those approaching dioritic composition. 
The most pronounced changes refer · to the hornblende and the biotite, both of 
which alter to chlorite, frequently containing grains of epidote. Hornblende also 
changes to a mineral like bastite. Besides, epidote generally replaces the plagio
clastic feldspars, developing in-them as large and sharply defined grains, sometimes 
giving the mineral an appearance of primary origin. Scattered chlorite also 
migrates into feldspars and groundmass. A little sericite is contained in ·the 
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feldspars, a.nd grains of pyrite are apt to develop in the ferro-magnesian silicates. 
Kaolin is not prominent in these rocks and probably forms chiefly close to the 
surface of the ground. All these changes take place independently of any mineral 
deposits, lodes, or veins, and are more or less extensively developed in all areas 
of porphyry. 

The changes in the Tertiary surface lavas are insignificant and chiefly consist 
in the formation of chlorite and serpentine. 

CONTACT METAMORPHISM. 

While granite and qua~tzite have undergone little change in contact with 
porphyry, great alterations have taken place in the limestones and shales adjoin
ing that rock. These changes may be noted along the contacts of the great 

porphyry stock as well as near dikes or smaller masses. 

REVIEW OF LOCALITIES AND CHARACTER OF METAMORPHISM. 

A great mass of diorite-porphyry, apparently laccolithic, H: by 1 mile in 
size, is intruded in the Cretaceous strata 3 miles southwest of Morenci. The 
sedimentary rocks are very little altered at the contact; at most a hardening and 
some development of epidote are noticeable. The same applies to the smal!er 
areas of porphyry northeast of this mass. One of them, one-half m.~.~ ~ south of 
Morenci, forms the top of a · hill and rests on Cretaceous sediments, shales, and 
sandstones, which appear reddish and in places contain much epidote, but are 
not . otherwise much altered. The metamorphism becomes more intense going 
north, and appears to be due to the viCinity of the contact · of the main stock. 
Along the Eagle Creek foothills north of Gold Creek ~iorite-porphyry again 
prevails and contains many slab-like inclusions of varying size of Ordovician 
limestone, but at the contacts of these practically no alteration is visible. The 
same applies to the long sill of diorite-po~phyry intruded all along the contact 
between th~ Coronado quartzite and the Longfellow limestone, and to the little 
stock of the same rock which occupies the basin of Garfield Gulch north of 
Metcalf. 

From all this it appears that the diorite-porphyry exerts a very slight action' 
on the surrounding sediments, whether they be limestone or shale. 

Very different conditions obtain at the contacts of the quartz-bearing por
phyries, mainly quartz-monzonite-porphyry and gra·nite-porphyry. The Cretaceous 
strata which cross Gold Creek in irregular masses, deeply indented and torn by 
the porphyry,. are decidedly altered. ·The shale and fi~e~grained sandstone are 
very much hardened, becoming sometimes even flinty and of black or _dark-green 
color. They contain a little epidote, pyrrhotite, and pyrite, besides more or less 
green hornblende, which has developed in the mass of the shale and in the 
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LOCALITIES AND CHARACTER OF METAMORPHISM. 

cement of the sandstones. In places the sandstone has acquired a quartzi~ic 
appearance; but withal the alteration does not compare in intensity with that 
suffered by the Paleozoic limestones. 

At the mouth of Pinkard Gulch, where the Ordovician shaly limestone is 
greatly cut by dikes and masses of porphyry, some of the included masses are 
almost · wholly converted to epidote with magnetite and garnet; copper stains 4re 
abundant, and many small prospects have been opened. Between thii:l place ~nd 
the Soto mine, where Gold Creek crosses the Soto fault separating Ordovician 
limestone from granite, the same phenomena are repeated~ garnet and epidote 
occur abundantly at the contacts and also along certain strata. But the altera
tion is not always extensive and some limestone masses seemed to have esca"Red 

almost entirely. I 

For a mile northeast and southwest of Morenci the stock of monzonijte
porphyry borders· against the whole sedimentary series, which is less cut up tlian 
in the Gold Creek basin. Alteration has developed on a large scale; over an 
average distance of 1,500 feet from the contact the rocks are greatly transformed, 
in places to a width of even 2,000 feet (Pl. XVII). There is very material 
difference in the manner of . alteration of the various strata. Dikei:l both inside 
and outside of the altered zone are followed by bands o.f metamorphosed . rocks. 
The alteration shows no dependen-ce upon fissures or veins, the only factor which 
seems to have any influence being the proximity of intrusive bodies. 

The Cretaceous sandstones and shales on Modoc Mountain and on the h~lls 
south and sou.thwest of . Morenci are altered to quartzites and epidote- amphibole 
schists, the latter of dark-green color and increasing size of grain as the porphyry 
is approached. The Modoc limestone, as well as the underlying dolomite, i::; most 
8usceptihle to change; a whole block of this formation extending from Modoc 
Mountain to the Copper Mountain faults has been almost bodily converted i~to 
a .mass of calcium-iron garnet. This applies also to the exposure of the same 
formation in the next block, between the Apache and the Copper Mountain fault, 
exposed south of the smelter. It is entirely converted to garnet and epidote for 

2,000 feet from the contact, while the underlying shale and limestones remr in 
almost entirely unaltered. . 

More or less disturbed masses of Morenci shales and Longfellow limestone 
adjoin the porphyry and extend along it for 1 t miles. The shale is converied 
to dense greenish rocks rich in epidote, amphibole, and pyrite, while the lime
stone contains garnet, epidote, pyroxene, amphibole, specularite, magnetite, pyrite, 
chalcopyrite, and zinc blende, in irregularly distributed masses. Garnet, howevj r, 
does not form large bodies, as in the case of the Modoc limestone. Smaller, 
unaltered masses of limestone are sometimes contained in these areas. 
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Biotite, muscovite, and feldspars are almost entirely absent among the contact
metamorphic minerals . . 

From Morenci to Metcalf the porphyry Rtock borders against granite, but at 
the latter _place a small area of the Paleozoic series directly adjoins the granite
porphyry and is cut by several dikes projecting· from it (Pis. I and XIX). The 
phenomena described at Morenci are here repeated. Practically the whole area is 
affected by the alteration. Chalcopyrite and pyrite form abundantly, together with 
garnet, pyroxene, and epidote. The small down-faulted limestone area at the mouth 
of Garfield Gulch is unaltered, except where a little epidote and magnetite appears 
in the immediate contact of the small dikes of diorite-porphyry traversing it. 

The stock of monzonite-porphyry at the head of Placer Gulch has produced a 
somewhat capricious alteration. While the limestone adjoining on the north is not 
noticeably altered, the many small inclusions of the same rock in t~e southern part 
of the stock are partly converted to epidote and magnetite, and frequently show 
copper stains.' The long dike traversing limestone near the head of Sycamore 
·Gulch has changed the rock but little, epidote appearing only in places. 

The stock at the head of Silver Creek, near the northern limit of the district, 
is composed of diorite-porphyry and has not changed the surrounding rock. 

The general mode of occurrence of this peculiar alteration decidedly eliminates 
it from being classed with either regional metamorphism or commo_n hydrometa
morphism or hydrothermal metamorphism. The determining factor is evidently 
the presence of a quartz-bearing porphyry. 

Taken in connection with the widespread and well-known occurrence of just 
such alteration in the immediate _vicinity of intrusive bodies, there need be no 
hesitation in referring these changes to contact metamorphism. 

THE MORENCI CONTACT ZONE. 

DIKES. 

In describing the complicated phenomena here shown it is perhaps best to begin 
with the dikes cutting the relatively unaltered strata on the east slope of Modoc 
Mountain, in the vicinity of the Longfellow incline. Most of these dikes distinctly · 
alter the inclosing rocks; but the change is not always uniform, v~rying in different 
parts of the same dike and affecting each formati~n in somewhat distinctive manner. 

A well-defined dike of quartz-monzonite-porphyry 20 to 50 feet wide starts 
from near the summit of Modoc Mountain and continue·s southeasterly, crossing 

o I 

the deep gulch separating that point ft:om the high limestone cliff at the eastern 
margin of the area shown on the special map (Pl. XVII). The dike can be traced 
a few h~ndred feet outside of the limit of this area, but the exposures are not 
good and little contact metamorphism seems to exist. .At the edge of this dis
trict it crosses the Morenci shales. . 'fhese . are greenish and distinctly hardened 
near the contact, but a few feet ~way regain their ordinary appearance. 

• 
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In the Longfellow limestone, near the bottom of the gulch in a prospect tun

nel, the dike is adjoined by about 2 feet of epidote and specularite, with a little 

garnet and green. copper stain. On 'the north~est side of the gulch the dike is 

excellently exposed on the steep slope for a vertical distance of several hundred 

feet up to the summit of Modoc :.Mountain. Along both sides of it runs a dark

brown zone, caused by the oxidation of pyrite in the altered belt and contrasting 

with the fresher gray limestones. The alteration has proceeded irregularly, in some 

places extending horizontally along the strata to a distance of 20 feet from the 

dike, but ordinarily occupying a width of only a few feet. The dike rock con

tains a small amount of epidote and pyrite, but is hard and very little altered. 

There is no evidence of dislocations or fissures along either wall. 

A small tunnel near the bottom of the gulch on its northwest side gives 

good exposures of the altered zone, there only a few feet wide. The rock~ 

bordering again!:lt the porphyry with sharp contact, is very hard and fresh, 

streaky gray and yellowish in color, and contains irregular masses of yellowish

brown garnet; ehalcopyrite and zinc blende in moderate amounts are disseminated 

through the garnet. Thin sections show the garnet partly massive, partly in 

well-defined dodecahedral crystals, the latter with decided birefringence and divi

sion in sectors (Pl. VII, A and 0). It contains grains and smaller masses of 

chalcopyrite and . zinc blende em bedded in a manner to indicate contemporaneous 

crystallization. The gray parttl between the crystals and larger areas of garnet 

prove to be thoroughly crystalline limestone of granular, noninterlocking struc
ture. Much finely divided calcite is included both in the massive garnet and 
in the separate crystals of that mineral which form in the crystalline limestone. 
The residuary character of the calcite is very evident under the microscope. 
Quartz occurs in some places as coarse aggregates of anhedrons, and fine-grained, 
colorless pyroxene develops occasionally in the calcite grains. The line of diyision 
between the altered and unaltered rock is very irregular but rather sharp. It 
seems altogether out of the question that the apparently very pure limestone could 
have contained enough ferric oxide to form this amount of garnet. 

A little higher up the dike enters the dense, dark-gray, argillaceous Devo
nian limestone. Here the alteration is not extensive, but always shows near the 
contact, extending irregularly from it. For about 1 foot from · the contact the 
limestone is almost completely converted to epidote; between this and the unal
tered limestone is a 5-inch transition zone, containing small but very abundant 
garnets, developing in the calcite. This relation of garnet and epidote has been 
repeatedly observed along many of these dikes. Immediately adjoining the 
intrusive mass epidote forms; garnet begins to develop a few feet farther away 
from the dike. Copper stains occur in places. 

16859-No. 43-05-9 
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Still a little higher up on the slope the dike enters the Morenci shales. For 
a few feet from the contacts the shale isA very hard and greenish; it has also 
iost much of its fissility. Som~ 20 or 30 feet away there is no extern~! evidence 

of metamorphism, and the rock appears with its usual fissility and dark-gray 
color. Sm~ll specks of pyrite are common throughout this formation. 

A thin section of the apparently unaltered shale _(No. 313 Cl. A) shows a 
cryptocrystalline aggregate, with evenly distributed flocculent grains of epidote, 
amounting to at least 5 per cent of the. mass. A considerable part of the 
remaindet: consists of dirty-green extremely fine aggregates, of chloritic appear

ance, but showing rather vivid colors of interference; in view of the chemieal 

composition, it seems plausible to regard ~hem as glauconite, especiaUy as glauconite 
in larger grains has been observed in the Cambrian shales just above the top 

of the Coronado formation. The colorless cr:y·ptocrystalline mass in which these 
minerals are contained is probably kaolin. _ Sericite is practically absent. A 
greater amount of recrystallization has taken place than the exterior of the rock 
would lead one to suspect . 

. The altered rock adjoining the dike, although macroscopically of differing 
appearance, is, under the microscope, very similar to the rock just described. 
The epidote is more abundant and better individualized; and £rom the glauconitic 
material there seems to be forming a~other substance, likewise with vivid colors 
of interference and fibrous in structure, which probabiy is an amphibole. The 
two rocks just described were analyzed with the following result: 

Analyses showing 1·esult of contact rnetarnorphis~ on_ black Devonian shale. 

[W. F. Hillebrand, analyst.] 

Si02 •••••••• --.-----------

Al203 ... - - ... - . - - - -- -- - -- -
Fe20s ........ - .. - - - - - - . - - -
FeO ----------------------
MgO ... - - - . - - - - - ~ - - - - - .... 
CaO ----------------------
Na20 ............ - .. -- -.---
K 20 ------------ ------- ---
H20- ---------------- .... 
H 20+ .. -.-- ------ -------
Ti 0 2 •••••••• --. - •••• - ••• · •• 

Zr02 ••• _ - . - •• _. · , · ••••. ,- ••••• 

I. II. 
(313 Cl. A.) (312 Cl. A.) 

61.25 
15.60 
1. 35 
3.04 
4.16 
3.40 
.44 

6. 74 
. 62 

2.09 
. 66 

Trace? 

60.51 
15.81 

1. 40 
2.64 
4.25 
2.34 
1. 26 
8.27 
.59 

1. 90 
. 68 

Trace. 

002----------.----.-----
P205 . -.- - .. -- .. ---- - ..... 
803 ---------· ------------
Mn 0 .............. ~ - - - - . -
BaO .................. · ... . 
SrO. , ____ ..... _ ......... . 
Li20 . _. _ ................. -
FeS2 ••••••••••••••• - - .... . 

CuFeS2 - •••• -.-.- •• -------

ZnO ......... -- .. -.-------

I. 
(313Cl. A.) 

None. 
0.08 

None. 
a. 07 

Trace. 
None. 
Trace. 

{- 25 
b .·03 

. 63 

99.81 

a Partly Mn02. bTotal S, 0,14. c Total S, 0.025. 

II. 
(312 Cl. A.) 

None. 
0.08 

None. 
a.ll 

.17 

. 01 
Trace. 

. { . 04 
c Trace. 

. 02 

.100. 08 

I. Fresh black . Devonian shale; on trail from Newtown to Longfellow, 30 feet southwest of 
large porphyry dike. 

II. Contact-metamorphic black Devonian shale; on trail from Newtown to Longfellow mine, 
at contact of large porphyry dike. 



DIKES. 131 

The composition of the unaltered rock differs somewhat from that of a nor
mal clay shale; the considerable percentage of lime in absence of carbon dioxide 
and the very large amount of potash are especially remarkable. The analysis 
confirms the microscopic diagnosis of epidote, kaolin, and a mineral related to 
glauconite, although the latter does not appear to be present in the amount which 
the quantity of potash would indicate. 

The only change of note in the rock adjoining the contact is decrease in 
lime and increase in alkalies, but neither is decided enough to justify any gener
alizations. The water has not decreased. Practically the only change is thus in 
a development of an amphibole from the chloritic constituents. The principal 
mineral deposits and the main altered zone are so near that no safe deductions 
can be made from the very small amounts of zinc and copper present in both 
rocks. 

From the Devonian shale the dike enters the lowest member of the Modoc 
formation, indicated on the map as the coralliferous lime. This very compact 
bed, which is only 6 to 10 feet thick, is entirely unaltered, even at the immediate 
contacts. Above this the dike penetrates the upper part of the Modoc forma
tion, which is completely changed to the heavy brownish masses of garnet rock 
with epidote and magnetite, which occupy the summit and western slope of 
Modoc Mountain. The change to garnet begins immediately above the corallif
erous lime and spreads irregularly from the dike for a hundred feet southward. 
It is not certain to what extent this porphyry dike has caused the change, for 
there are several other dikes which join near the summit and the area falls 
within the general ·contact-metamorphic zone. At any rate, both sharply defined 
walls of the dike consist of garnet rock, while in the dike itself an unusually 
extensive replacement by epidote has taken place. 

Most of the other dikes on the southeast side of :Modoc .Mountain show 
similar changes along their contacts, but the exposures are rarely good. Five 
hundred feet south of the summit two dikes traverse the Modoc limestone, and 
show well-developed contact zones of epidote-garnet-magnetite rock. Copper 
stains and epidote appear along the contacts of the several dikes descending 
toward the Longfellow incline from Modoc J\!Iountain, but oxidation has generally 
obscured the exposures. Below the brake house of the Longfellow iodine are 
found the continuations of several of -the dikes of Modoc Mountain. :They show 
copper stains and epidote, together with a little pyrite on both sides. Two 
hundred feet below the brake house is met the porphyry sill, which lies at the 
base of the Longfellow formation, and which follows this h~rizon for a mile or 
more southward; but, while for the greater part of this distance the sill exerts 
little contact metamorphism, . a great deal of epidotization is noted at this par
ticular place in the shaly limestone for 40 or 50 feet above and below the con
tacts. The metamorphism is observed to a lesser degree on the next ridge south, 
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where a prospect has been opened on account of the copper stain shown in the 
epidote. South of this almost all trace of alteration at the contact disappears. 

On the fourth tunnel level of the Longfellow mine the contact of the middle 
or sheet-porphyry dike with the Longfellow limestone is well exposed. The 
contact is closely welded and no evidence of joints or fissures can be seen. 
While the limestone some distance away is almost fresh-containing only a little 
pyrite-that next the contact is greenish and filled with small grains of pyrite 
and chalcopyrite; it also contains thin seams of the same minerals. Under the 
microscope a granular crystalline lime8tone still forms the main mass, but has 
embedded in it a maze of minute colorless prisms of a pyroxene, probably -
diopside; a photograph of this slide is shown on Pl. VII, B. The calcite also 
'contains grains of pyrite and chalcopyrite, intergrown with magnetite; veinlets of 
calcite, chalcopyrite, and pyrite cut acrm;s the rock. 

On the ridge 100 feet above the office of the Arizona Copper Company at 
the_ Longfellow incline is a big open cut traversed by three narrow porphyry 
dikes, as shown on Pl. XVII. Large tumbled blocks lie in this cut, broken 
down from a bed of the hard and dense Devonian limestone; these must have 
almost adjoined the dikes. The limestone is nearly unaltered except that long 
radiating needles of an amphibole, probably tremolite, and intergrown grains of 
pyrite and magnetite lie embedded in it. A few of the blocks contain, however, 
seams and irregular masses of yellowish-brown garnet, light-colored zinc blende, 
and chalcopyrite. Near the8e masses the dark-gray compact limestone becomes 
greenish and mottled, while the size of the calcite grains increa8es. A little 
quartz appears between the calcite grains, and small gar~ets develop in them. 
This borders pretty sharply against a coarse-grained aggregate of . calcite, garnet, 
zinc blende, chalcopyrite, and granular quartz (Pl. IX), intergrown in a manner 
to indicate contemporaneous crystallization by replacement. Other specimens 
show fine birefringent garnets, embedded sometimes in irregular grains of quartz, 
and sometimes in coarse calrite grains (Pl. VIII, B). Small prisms of diopside 
have also developed, as well as grains of chalcopyrite. 

The north dike of the Longfellow mine (close to the Longfellow hoist) has 
also exerted a strong influence on the limestone adjoining, converting it into 
garnet, magnetite, and much epidote. Most of these exposures are now difficult 
to study on the surface on account of extensive oxidation, unless, as in the 
Longfellow open cut, some portions happen to remain unaltered. 

Many more examples might be described, but from the preceding it is evident 
that, independently of fissures and other ducts of mineral waters, local alterations 
take place along the contacts of quartz-bearing porphyry dike.:; by which garnet, 
epidote, diopside, tremolite, magnetite, pyrite, chalcopyrite, and zinc blende are 
formed by replacement of lime8tone; garnet forms especially in the Modoc pure 
limestone, . while diopside and tremolite are more apt to appear in the sometimes 
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dolomitic Longfellow limestone. Generally speaking this means an access of 
silica, iron, sulphur, copper, and zinc, for the limestones do not in any place 

contain these constituents in sufficient amount. This is evident in the case of 

the silica and iron, and, even admittiog that the limestone might contain traces 

of sulphur, copper, and zinc, it is difficult to conceive of any adequate process of 
concentration which would be operative under .the conditions obtaining during the 

intrusion. - The only source available would appear to be the molten porphyry 
magma. It has been shown that the dikes 1ikewise exert a change in the clay 

shales, apparent in texture, color, and hardness, but the evidence does not show 
that the composition of the rock has been materially altered. While the altera.

tion is general, its intensity varies greatly in different parts of the dike and in 

the various strata which it traverses. 

PRINCIPAL METAMORPHIC AREA. 

\Vithin the mam metamorphic area it is not always possible to identify the 

several formations, nor to decipher the structure. It can be done, however, in 

a general way and it seems best to describe the altered rocks ~ccording to the 

formations to which they belong. 

Pinkard .fiJrmation.-Hard, reddish, slaty rocks with much epidote in streaks 
and bunches cover the top of lYiodoc Mountain and undoubtedly belong to the 

Pinkard formation. Similar rocks occupy the high hills l,OOQ feet southwest of 

the smelter, where those nearest to the porphyry are decidedly more altered. 
The same formation is believed to occupy the high hill shown on the south 

edge of the special map from the Thompson mine to the Morenci-Eagle Creek 

road. The alteration is here very strong, and slaty green rocks have resulted 

with epidote and occasional smaller masses of magnetite. A typical rock from 
the northeast slope of this hill is hard, flinty, streaked dark green and grayish 

green with much minutely divided pyrite. Under the microscope the principal 

mass consists of streaks of fibrous amphibole ~ith disseminated epidote; pyrite, 
and quartz grains; these constituents are embedded in a cryptocrystalline mass 

which in part may represent the original shale substance. It probably contains 
quartz, kaolin, and chlorite. The summit of this hill, which is a few hundred 
feet outside of the southern margin· of the area mapped, consists of a small area 
of hard dark-gray quartzite . 

.. 2J£odoc formation.-This occupies the whole west slope of Modoc Mountain. 
Its ·southeastern part is almost wholly unaltered, a very irregular line with 
frequent detached altered masses dividing this from the metamorphic portion. 
This locality is of great importance, for the identification of the thoroughly altered 
rock as the· lYiodoc formation is absolutely certain. The contact line with unal
tered rock is usually sharply defined. 
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Near this contact line the Modoc limestone becomes very crystalline-changes 
in fact to a coarse marble of crumbling granular structure, as ·may be well seen 
at the limestone quarry of the Arizona Copper Company; then, within a few feet, it 
becomes transformed to a mass of dark yellowish-brown garnet rock, with which 
are occasionally associated masses of greenish-yellow epidote and black magnetite. 
On the surface processes of oxidation often veil the true character of the rocks, 

. but the exposures at the Modoc open cut, in the gulch coming down at the 
smelting works and on the path between the smelter and the Detroit Copper 
Company's limestone quarry, leave no room for doubt as to the character of the 
main mass as garnet rock. An ill-defined area northeast of the smelter has been 
mapped as partly altered rock. 

The garnet has colors ranging from yellow to dark brown, most commonly 
yellowish brown, like dark honey. Samples from near the -Detroit smelter, from 
the Shannon mine at Metcalf, and from the third level of the Arizona Central 
mine (the latter from the Longfellow formation) have been analyzed and proved 
to be an almost pure andradite or lime-iron garnet (3CaO,Fe20 3 ,3Si02). Quantita
tive analyses were made of two specimens, as shown below: 

Analyses of garnet and garnet rocks. 

[George Steiger, analyst.] 

Si0
2 

______ ------ _____ _ 

Al
2
0

3 
________________ _ 

Fe
2
0

3 
_______________ _ 

FeO ____________ ------

MgO -------------0---

I. 

42.63 

1. 53 

31.41 

. 30 

None. 
CaO ____________ • _ _ _ _ _ 23. 37 

N~O-- _-------------- ----------
K

2
0 ________ . __________________ _ 

H20-105° c ___________________ _ 

H 20+105° C--------- ~ ----------
Ti02---------·-------- None. 
C0

2 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ________ • 

P205------------------
MnO ____________ -----
Cu 0 _________________ ._ 

ZnO _________________ _ 

Trace. 

.43 

None. 

None. 

99.67 

II. 

36.26 

. 78 

32,43 

. 32 

None. 

29.67 

None. 

None. 

13 

.44 

None. 

None. 

. 06 

. 27 

100.36 

III. 
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31.5 
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--- .................. -
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--- ... - .. -- ...... 

................ -........ 
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I. From trail between smelter and Detroit Copper Company's lime quarry. Representative 
rock. Modoc horizon, No. 406, Clifton collection. 

II. Summit, Shannon Mountain. Modoc horizon, No. 317, Clifton collection. 
III. Typical composition of andradite. 
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PLATE VII. 

PHOTOMICROGRAPHS OF ORES AND RocKs. 

A, Contact-metamorphic rock (310 Cl. A) at contact of porphyry dike, 1,000 feet east-southeast of 
Modoc Mountain. 

Garnet developing in crystalline limestone of Longfellow formation. Dark gray=garnet, 

with intimately mixed residuary calcite; light gray=granular calcite. 

Ordinary light. Magnified 15 diameters. 

B, Contact-metamorphic rock (362 Cl. A) at contact of porphyry dike, fourth tunnel level, 

Longfellow mine; Longfellow formation. 

Prisms and grains of diopside developing in granular limestone. Darker masses=fine

grained diopside. 

Ordinary light. Magnified 62 diameters. 

G, Contact-metamorphic rock ( 310 Cl. A) at contact of porphyry dike, 1,000 feet east-southeast 

of Modoc Mountain. 

Garnet and sulphides developing in crystalline limestone of Longfell0w formation. Black 

in center=zinc blende; black at margin of open field=chalcopyrite; light gray=isotropic 

garnet (in places hexagonal birefringent bands indicating dodecahedrons); dark gray= 

calcite, chiefly residuary granular masses in garnet. 

Ordinary light. Magnified 15 diameters. 

D, Contact-metamorphic rock (260 Cl. A) from Arizona Central mine, third level near shaft; 

Longfellow formation. 

Black=chalcopyrite intergrown with garnet; gray=garnet mixed with a: Jittle residuary 

calcite and granular diopside; white=small aggregates of quartz. 

Ordinary light. Magnified about 15 diameters. 

E, Dioptase crystal, clinographic projection. 

F, Dioptase erystal, orthographic projection. 

G, Libethenite crystal, clinographic projection. 

H, Libethenite crystal, orthographic projection. 
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PLATE VIII. 

PHOTOMICROGR4-PHS OF ORES AND RocKs. 
/ 

A, Contact-metamorphic rock (321 Cl. A) from ridge of Shannon JY.[ountain, 500 feet south of 

Shannon Gap; Modoc formation. 

Dark gray = garnet crystals developing in crystalline limestone (light gray). The latter 

also contains some microscopic pyroxene crystals. 

Ordinary light. Magnified 15 diameters. 

B, Contact-metamorphic rock (246 Cl. A) from Longfellow mine, surface, 100 feet above office of 

Arizona Copper . Company; Devonian limestone in Morenci formation. 

C=coarsely crystalline calcite; Q=quartz, coarsely granular; G=cry.stals of garnet,. bire

fringent and with zonar structure, developing in quartz and calcite; Cu=chalcopyrite. 
Ordinary light. Magnified 22 diameters. 
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PLATE IX. 

PHOTOMICROGRAPHS OF ORES AND R00KS. , 

A, Contact-metamorphic rock (249 Cl. A) from surface pit of Longfellow mine, 100 feet above 

Arizona Copper Company's office. 

Fine-grained Devonian limestone, metamorphosed to coarse calcite, garnet, quartz, zinc 

blende, and chalcopyrite. 

Ordinary light. Magnified 22 diameters. 

B, Key to A: Fc=Fine-graiped calcite of normal limestone, with dotted line indicating approximate 

transition to coarse calcite; C::=coarse-grained calcite; Q=quartz; S=sericite; G=garnet; 

Z=zinc blende; Cu=chalcopyrite; O=open field. 
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PLATE X. 

PHoTOMICROGRAPHS oF ORES AND RocKs. 

A, Contact-metamorphic ·rock (226 Cl. -A) from Arizona Central mine, first level, 91 feet below 

surface. First crosscut to Williams vein, north of shaft. 

Pyritic ore from contact-metamorphic rocks, derived from limestone of Longfellow formation. 

C= residuary calcite; P= pyrite; M= magnetite; Cu= chalcopyrite; Z= zinc bien de. 

Magnified 22 diameters. Drawn from photograph by reflected light. 

B, Contact-metamorphic rock (337 Cl. A) from Shannon mine, ~etcalf; breast No.3 Black Hawk 

tunnel, April, 1902. 

Derived from limestone of Longfellow formation. L=fine-grained magnesian limestone, 

partly contact metamorphosed, and containing grains of diopside, magnetite, and pyrite; 

C= calcite veins . containing intergrown grains of magnetite and pyrite (M P) and few 

sma]J tremolite prisms; veinlets adjoined by gradually fading zone of tremolite (T), partly 

crystallized in --minute prisms next to the calcite. 

Magnified · 22 diameters. Ordinary light. · 
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PLATE XI. 

PHOTOMICROGRAPHS oF ORES AND RocKs. 

A, Contact-metamorphic rock (172 Cl. A) from Fairplay road, east slope of Copper Mountain. 

Medium-grained limestone from Longfellow formation with magnetite and chalcopyrite. 

Mottled white and gray=granular limestone; black=magnetite (sharply defined grains) 

developing by replacement; black grain at Cu= chalcopyrite; C=. chlorite; O=open field. 

Ordinary light. Magnified 44 diameters. 

B, Contact-metamorphic _rock (same specimen). 

Magnetite (black, sharply defined grains) developing by replacement in granular lime

stone. 

Ordinary light. Magnified 44 diameters. 
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PLATE XII. 

PHQTOMICROGRAPHS oF ORES AND. RocKs. 

A, Vein quartz (204 Cl. A) from Montezuma mine, big pyrite vein 170 feet southwest of main 

shaft at deep level about 150 feet below surface. 

White (Q)=medium-grained quartz; black (P)=crystals of pyrite; black (M)=aggre

gates of molybdenitP. scales; dark gray (S)=aggregates of sericite. This pyritic ore with 

about one-half per cent of copper was probably formed by replacernent of porphyry along 

fissure. 

Ordinary light. Magnified 22 diameters. 

B, Vein quartz (205 Cl. A) from same _locality. 

Normal, coarse-grained, idiomorphic vein quartz with fluid inclusions. Probably formed 

by filling of open cavity. 

Polarized light. Magnified 22 diameters. 
C, Ore (202 Cl. A) from Montezuma mine, shale stopes · on Waters shaft level 50 feet below 

surface. 

Black=chalcocite in process of oxidation to brochantite (white and light gray); broch

antite alters in the veinlets to malachite (dark gray). 

Ordinary light. Magnified 22 diameters. 
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PLATE XIII. 

PHoTOMICROGRAPHS oF ORES AND RocKs. 

A, Sericitized quartz-monzonite-porphyry (199 Cl. A) from Longfellow mine, fourth tunnel level, 

n~ar lower limit of deposit, about 300 feet below surface; from middle or sheet-porphyry 

dike. 

F =plagioclase crystals converted to sericite felt; G =ground mass of sericite and quartz; 

P =pyrite crystals replacing feldspar and groundmass; Q = ,veinlet of quartz. 

Polarized light. Magnified 22 diameters. 

B, Cuprite ore in sericitized porphyry ( 324 Cl. A) from Metcalf mines in stopes 40 feet above 

Wilson tunnel. 

Large, rounded, white areas=quartz phenocrysts; remainder (light gray) =groundmass 

of porphyry, consisting of quartz and sericite; black= filled veins of cuprite with shreds 

of native copper and a few grains of chalcocite breaking across the quartz. In the ground

mass the cuprite spreads by replacement of sericite and occupies extensive areas. Note 

fissure veinlet on left·, in quartz, changing to replacement veinlet in groundmass. 

Ordinary light. Magnified 22 diameters. 
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PLATE XIV. 

PHoTOMICROGRAPHS OF ORES AND RocKs. 

A, Chalcocite ore ( 209 Cl. A) from Ryerson mine, first level, at elevation of 4, 7 48 feet. -Drift 

on Humboldt vein, 150 feet north of end line Morenci claim. Lower limit of chalcocite 

zone. 

Dark gray=chalcocite, developing by replacement in pyrite (light gray). The chalcocite 

is accompanied by small amounts of microcrystalline quartz, sericite shreds, and kaolin. 

Black areas represent open field. 

Reflected light. Magnified 22 diameters. 

B, Chalcocite .ore (69 Cl. A) from Butler vein, Butler and London tunnel. 

Sericitized porphyry with pyrite partly replaced by chalcocite. 

G=groundmass of porphyry, chiefly microcrystalline quartz with shreds of sericite; 

P=pyrite; C=chalcocite. 

Reflected light. Magnified 22 diameters. 
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PLATE XV. 

PHOTOMICROGRAPHS OF ORES AND RocKs. 

A, Malachite ore (254 Cl. A) from Detroit mine. 

M =radial malachite, developing by replacement in partly contact-metamorphosed shale 

(S), consisting of kaolin, epidote, amphibole, glauconite, sericite, etc. Microcrystalline 

malachite also develops among the constituents of the shale. 

Ordinary light. Magnified 25 diameter.s. 

B, Azurite ore (254 Cl. A) from Detroit mine. 

A= crystals of azurite partly twinned, developing by replacement in contact-metamor

. phosed shale (S), consisting of amphibole, sericite, and kaolin(?). 

Ordinary light. Magnified 25 diameters. 
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A thin section of No. 1 shows that it is to some extent affected by oxidation, 

which has produced a networkof granular quartz and limonite ot hematite along 

fracture lines. There is also a little residuary calcite included in the massive 

garnet, but so little that it would scarcely show in an ordinary analysis. The 

garnet is yellowish in transmitted light and practically isotropic, except in some 

places, where appear hexagonal bands of varying color, indicating dodecahedral 

crystallization. These bands show distinct but faint birefringence. Allowing for 

the surplus of Fe20 3 and 8i02, indicated by the microscope, the garnet must be 
a very nearly pure andradite. 

No. II shows ·almost pure garnet substance under the microscope and cor-

responds ~o the formula of-

18(CaFeMn)O. 7(Fe2Al2)03.20Si02 

Ca :Fe'' :Mn = 1:.008:.007 
:Fe"' :Al= 1::04 

'Vbile copper stains are found at many places in the garnet rock, and valuable 

copper ores, chiefly cbrysocolla, occur in it at t he Modoc open cut, unaltered 

sulphides have not been found within this area. They are no doubt present to 

a limited amount, but surface oxidation bas changed them entil;ely to various 

minerals, such as malachite, willemite, cbrysocolla, and copper-r:l4tcb ores. 

The total thickness of the Modoc formation at Morenci is 170 feet; the upper 

85 feet consist of heavy-bedded pure limestone, underlain by 60_ feet of brownish 

fine-grained rocks ·which to some extent consist of dolomite. The two lowest 

members are a 15-foot band of sandstone and a 10-foot stratum of pure limestone. 

It is the upper member of pure limestone which is so extensively converted 

into garnet. 'The lowest limestone member resists metamorphism strongly, and 

is found little altered in the Detroit mine in the center of the metamorphic area. 

·At its northern edge it seems, however, to have succumbed to the altering 

influences; this is also true in other places, notably in the exposures just north 

of the slag dump at the smelter.. Sufficient data were not obtained to show 

conclusively bow _the stratum of . dolomite acts under metamorphosing influences, 

but to judge from the exposures near the smelter and on Modoc Mountain, it also 

changes to garnet. 
-

In the exposures of the Modoc formation on the slope southwest of the 

smelter similar interesting phenomena are observed. About due south of the 

smelter 112 feet of Modoc limestones are exposed, including 10 feet of 

coralliferous lime, 35 feet of brown dolomite, and 50 feet of the upper Gray 

Cliff limestone, all covered by Cretaceous strata. A short distance westward 

these limestones become suddenly and completely altered, appearing now as a 
cliff of garnet with large masses of magnetite. The coralliferous ·lime resists 
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alteration longest, the dolomite next, but both are here converted into garnet. 

Whether this garnet differs from the normal andradite was not ascertained. 

The Gray Cliff limestone is as usual most easily altered and continues -thus 

changed for several hundred feet beyond where alteration ceases in the .underly

ing dolomite and coralliferous lime. . This band of garnet rock is traceable for 

1~500 feet into the town of Morenci, wherQ further identification becomes impos
sible. For at least half of · this distance there is little or no alteration visible in 

the underlying shales and limestones of the Morenci formation. 

Over large areas, then, the Modoc formation, and especially its upper and 

thickest member, the Gray Cliff limestone, has become almost completely changed · 

to lime-iron garnet, with some _epidote and magnetite. · The limestone is an 

extremely pure rock of its kind, containing about, 96 per cent of carbonate of 

lime, and it is very clear that in order to effect this change all of the C02 must 

be expelled and large quantities of Si02 and Fe20 3 must be added. 

In order to trace the precise mode of alteration it would be important to 

know the relation of volume of original and changed rock, but unfortunately 

there seems to be no exact way of getting at this problem. · Judging from 

thickness and appearance of the altered formations I believe that neither great 

increase nor great reduction of volume has taken place . . By the following cal

culation we may arrive at an understanding of the quantities involved in this 

transformation. 

In 1 cubic centimeter of CaC03 are contained 1.5~ g. CaO and 1.19 g. C02, 

making a total of 2. 71 g. 

Weight of constituents in 1 cnbic centimeter of andradite (Analyb'is II). 

Grams. 
CaO ____ . _· ....•..• ___ .. __ . _ ... ___ . ___ . _ ....... _ .. _ .... - - - . . 1. 08 

Si0
2 

___ • ___ •• _ ••• _. ______ • ______ • __ • _______ • ___ • ___ • _ • ___ •• 1. 33 

.Al203 - - - - - - - - - - - - - - - - - . - - - - - ·_ - - - - - - - - -- - - - - - - - - - - - - ~ - - - - - - . 03 
Fe

2
0

3 
_________________________ • ______________________ ~ ____ 1. 18 

FeO __ . _ . ___ . _. _____ . _ . _ .. _. __ .. ____ ·. _ .... __ ...... _. _. _... . 01 

MgO _ ....... _ . ________ . __ .. _ ~. __ . _ ...... _ . __ . _ . . _ . _ . _ ~ ___ . . 01 

H
2
0 ___ .. ___ : __ .. ______ . _ . __ . ________ .. _ . __ .. _ . _ . ____ . ___ - _ . 01 

3.65 

If the whole of CaO in 1 em. 3 CaC03 has been used to convert the rock into 

garnet, then this volume become~ 1.40 em. 3 garnet-that is, the volume is increased 

about one-half during the contact metamorphism. · This has almost certainly not 

taken place. On the oth~r hand, if there has been no change of volume during 

the alteration, 0.46 g. of CaO has been carried away together with 1.19 g. C02 , 

while 1.33 g. Si02 .and 1.18 g. Fe20 3 have been added. In other words, 460 kilos 

CaO and 1.190 kilos C02 have been carried away per cubic meter, while 1,330 
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kilos Si02 and 1,180 kilos Fe20 3 have been added, the latter amount being a mini

mum because of the magnetite so frequently found associated with garnet. These 

are astonishing figures, and give an idea of the vigorous transfer of material 

which took place during the contact metamorphism . 

.Morenci slwles.-These can be traced approximately around the north side of 

Modoc Mountain by the Longfellow and Montezuma mines and the gap at the 

Arizona Copper Company's hospital down into the town~ they are exposed in 

the Detroit and Manganese Blue mines, in the Butler and Hudson crosscuts of 

the Arizona Central mine, and probably also show along the railroad between the 

Detroit Copper Company's store and the Arizona Central mine. They are again 

found in the southern part of Morenci, forming thus a continuous belt through 

the altered area. The alteration seems most intense in the center of the town, 

_ where the shale is nearest to the porphyry mass. 
In general the shales when altered form gray or dark-green, dense, flinty 

rocks with streaks and seams of epidote and specks of pyrite. Specimens from 

the Montezuma mine are dark gray, somewhat mottled, nonfissile, and a;re cut 

by small veinlets of epidote and pyrite. In thin section the rock is identical 

with that described on page 130, which contains flocculent aggregates of epidote 

and much dirty-greenish glauconite(?), from which fibers of amphibole appear to 

develop. The cryptocrystalline mass between these constituents probably consists 

of quartz and kaolin. The shale from the first level of the Detroit mine is a com

pact, hard, gr~enish-gray rock, imperfectly fissile and containing no calcite. In 

thin section the rock is seen to consist of some granular, :flocculent epidote with 

much amphibole in felted aggregates. A clear mass of low double refraction lies 

between the needles, but could not be definitely identified; a few very small 

grains of striated feldspar, probably of metamorphic origin, were observed. The 

second body of oxidized ores in the Detroit mine is contained in this rock. 

Another, a brownish and partly oxidized shale from 20 feet below the Waters 

shELft level, Montezuma mine, now contains abundant prisms and grains of pyrox

ene, embedded in a mass of slightly greenish muscovite. The latter is an unusual 
mineral in this contact zone. 

The unaltered shales have, in the first place, a rather unusual chemical com

position, shown in analysis on page 130; mineralogically they contain epidote, 

quartz, kaolin, and a large amount of a mineral related to glauconite. Along dikes 

they have not suffered great alteration, but within the main contact zone epidote, 

pyrite, and an amphibole develop in them. In how. far this is connected with a 

chemical change I have ~ot the data to say definitely; if anything, magnesia and 

lime have been added, but· there is no evidence of the great access of iron and 

silica shown by the contact-metamorphosed :Modoc formation. No chalcopyrite 
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nor zinc blende were observed. If commonly present they could hardly have 

escaped notice, for the ·shales are bard and not easily affected by oxidation. 

Lon·gfellow limestones.-These rocks occupy the l~rgest area in the contact 
zone and border directly against porphyry. Together with the shales they make 
up the larger area of the general altered zone indicated on the special map. 

It bas been shown that the Longfellow formation consists of about 400 feet 
of limestones and lime shales·, containing dolomitic rocks at intervals, but on the 

whole pl··evailingly calcitic; they contain much rriore silica, chiefly as chert, than 

does the Modoc formation. Iron is present in very . small amount, while they 
may contain up to 3 or 4 per cent of alumina. 

The alteration of this formation offers much variety. In some places, even 

near the porphyry contact, small and irregular areas haye almost entirely escaped 
metamorphism; for example, at the southwest corner of the district covered by 
the special map · and near the Ryerson hoist.' In places heavy· masses of garnet, 

epidote, and magnetite have formed, but niore common is a partial alteration with 
residual calcite, resulting in pyroxene, magnetite, and sulphides. Pyrite, chalco
pyrite, and ·zinc blende occur abundantly wherever oxidation has not changed them. 

Heavy masses of garnet and magnetite occur on both sides of the north dike 
in the East Yankie ·mine. In the eastern part of the Yavapai and Montezuma 

mines there are large ·quantities of epidote, and the bottom level of the Monte

zuma (elevation 4,688 feet), connecting that mine with the Ryerson, traverses 
hard masses of garnet, pyrite, and magnetite. Thin sections show these minerals 
in intimate intergrowth, indicating beyond doubt simultaneous crystallization; 

they also contain some colorless pyroxene and residual masses of calcite. Mag
netite and pyrite, in various parts of the slide, envelop each other. 

In the Manganese Blue and Copper Mountain mines occur large masses of 
magnetite, partly · oxidized to limonite, and also some garnet. Cc:arse aggregates 

of epidote and magnetite occur at the mouth of the Copper Mountain tunnel. 

I~ the Ryerson mine a development of garnet in the altered limestones is not 
common; . in the main adit level, 100 feet south of Ryerson vein, however, hard 

greenish and brownish mottled rocks are met, containing little specks and seams 
of chalcopyrite. Under ·the microscope a part of the slide consists of granular 

epidote, with some prisms of thB same mineral. The remainder is composed of 
irregular masses of granular calcite, containing grains of epidote, rounded crys
tals of garnet, and irregular gi·ains of chalcopyrite. intergrown with garnet and 

epidote. · Throughout the calcite are also found minute foils of dark-red specu
larite. 

In Arizona Central mine a 200-foot-wide mass ~f garnet. with sulphides is 

exposed on the first l~vel in the crosscut between the Arizona Central and 
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Williams vems. It is a very intimately intergrown coarse aggregate of · pyrite, 

chalcopyrite, dark-brown zinc blende, a?d magnetite. Both pyrite and magnetite, 
the most abundant constituents, appear in granular masses, showing a tendency to 

crystallization (Pl. X, A). 

On the intermediate level of the same mine, near its west end, close to the 
fault here cutting across the veins, a large mass of magnetite intergrown with 

chalcopyrite of the same age was found and some tons of this were actually 
extracted as ore. This is the only instance known here of commercial ore occur

ring in unoxidi~ed contact-metamorphic rocks. 
On the bottom level of the same mine in the crosscut from the shaft 

extremely hard garnet rocks were encountered. These, which are entirely fresh, 

consist of coarsely granular garnet, epidote, a colorle~s pyroxene, probably 
diopside, with magnetite, pyrite, and chalcopyrite, intergrown as described. A 

little calcite and microcrystalline quartz are also present (Pl. VII, .D). A body of 

pure granular magnetite was stoped on this level for fluxing copper ores. It 
was 150 feet long and about 30 feet wide, wholly em bedded in metamorphic 

rocks, and without sharp contacts. 
Exposed along the road ft;om Morenci to Eagle Creek (shown near the lower 

edge of the special map) is an area of coarsely crystalline garnet-epidote with 
one or two large masses of magnetite. A prospect containing much unaltered 
chalcopyrite is opened · in this rock at the roadside. This area runs out irregu

larly south of the road and is covered by metam9rphosed shale. It probably 

belongs to the Longfell_ow formation. 
As stated above, a more common form of alteration is one in which there is 

much residual carbonate. These rocks are greenish gray or mottled gray and 
green, effervesce freely with cold acids, and commonly contain visible particles- of 
magnetite and sulphides. In many of them some dolomite is admixed with the 

calcite. Grains and ragged prisms of a diopside-like pyroxene develop in them, 
more rarely epidote. Anhedrons of magnetite, pyrite, zinc blende, and chalco

pyrite are irregularly distributed in the carbonates, sometimes in large quantities. 
It is characteristic that these four minerals occur in intimate intergrowth; each 

one may develop· any of the others. Such rocks occur in the R.yerson, Yava-pai, 

Montezuma, Copper Mountain, and Arizona Central mines. Large masses of them 
probably contain up to 1 per cent of copper, especially in the Yavapai mine, and 

it is easily seen that oxidation of them might well develop payable ore bodies from 
such raw material. One of them from the Fairplay road, 1,300 feet N. 76° W. 
from the Detroit Copper Company's store, is figured in Pl. XI. It is .a partly 
dolomitic rock with interlocking grains of carbonates of lime and magnesia. 
Grains · and imperfect crystals of magnetite develop abundantly, in metasomatic 
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manner, in the calcite and the dolomite. The only other constituents are scattered 
foils of chlorite, anhedrons of titanite ( ?), and aggregates of chalcopyrite, the 

latter in plaees intergrown with magnetite. " 
On the whole, there is in the Longfellow limestone a distinct belt of intense 

and almost complete alteration to ga.rnet, diopside, epidote, etc. Roughly speak-
ing, it follows the main contact from the point where the limestones first come 

into contact with the porphyry, in a northeasterly direction through the Arizona 
Central, Manganese Blue, Montezuma, and East Yankie mines (north dike Long

fellow), to the place where the limestones cease. This belt is only about 600 feet 
wide and mine workings to the southeast of it run into much less altered rock. 

Those parts of the limestone series which' project into the porphyry, or which are 
entirely surrounded by it, seem on the · whole less altered. 

These rocks of the Longfellow formation have certainly received an access of 

iron, sulphur, copper, and zinc. Whether magnesia and silica have been added is 
more doubtful; in some cases it would seem that this has happened, but as it is 

_known that the formation contains a certain amount of both of these substances, 

it is hardly possible to answer that question with much assurance, as vigorous 
transferring of material may have occurred between the various beds. 

Considering the wide distribution of sulphides and magnetite throughout this 

contact-metamorphic zone, it is evident that the later processes of oxidation here 
encountered a most fruitful field for the c~ncentration of copper ores. 

CONTACT ZONE OF SHANNON MOUNTAIN. 

On Shannon Mountain, at 1\fetcalf, an entirely similar set of phenomena are 
encountered. A mass of · down-faulted sediments comprising the whole series 
from the Coronado quartzite to the Modoc limestone and occupying an a1~ea of 

about 100 acres lies here at the contact of the main stock and ~s cut by several 
dikes extending from it. A detailed description may be found on page · 305_. 

"The Modoc . limestone, which here contains 3 per cent of silica, lime, and ironr 

and 9 per cent of magnesic earbonate, is converted to a mass of dark-brown 

garnet and iron ore · much oxidized in places, forming th~ summit of the moun
tain. An analysis of this garnet is given on page 134. Small masses of highly 

crystalline crumbling limestone are preserved in some plaqes and give good 
opportunity for studying the transformation into garnet; a~ usual this takes place 
rather abruptly. Pl. VIII, .A, illustrates the development of small crystals of 
garnets and pyroxene in the limestone at the contact. Near the contact small 

masses of garnet rock are inclosed in the coarsely crystalline limestone. Sections 
of these show closely massed crystals of garnet, between which lies a little residual 

calcite and a few grains of quartz. '\Vhile eopper stains are abundant in these 
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rocks and the products of oxidization contain much zinc, no unaltered sulphides, 

except a few grains of pyrite, have been observed. 
The dolomite member found at :Morenci in the lower part of the Modoc 

limestone is not represented here. The Morenci formation is as usual repre

sented by shales which contain epidote and oxidized copper ores, especially near. 
the dike contacts. In certain parts of the shales seams of pyrite and chalcopyrite 

are very abundant, but these are probably rather produced by hydrothermal than 

by contact metamorphism. 
The _Longfellow limestone is most altered on the side of the main porphyry 

stock and along the dikes, but is more or less affected throughout the whole area. 

The bluish-gray and rather dense limestones are to some extent dolomitic and_ 
contain more or less silica. The same irreg·ular alteration noted at Morenci char

acterizes it here. Garnet has developed in several places, notably near the red 
ore body, near the top of the Longfellow formation, and along a porphyry dike 

on the northeast side of the limestone area. In the red ore body the rocks are 
very much oxidized, but on its outskir ts specimens were found eonsisting of partly 

decomposed garnet with included grains of chalcopyrite. On the same level 

(Boulder tunnel, end of north drift) specimens were collected showing a greenish
gray, :fine-grained limestone with abundant grains of chalcopyrite; toward one 

end of the specimen this changes gradually into massive garnet, containing grains of 

chalcopyrite. Seams containing pyrite and chalcopyrite also cut through the rock. 
Thin sections show that pyroxene, garnet, and epidote alternately prevail in dif
ferent parts of the same slide. Very intimate inter growth of chalcopyrite and 

epidote was observed, and the garnet contains a network of chalcopyrite, probably 

due to replacement of residuary calci te between the garnet grains. In other sec
tions the garnet includes gtains. of chalcopyrite of simultaneous crystallization. 

V einlets of pyrite and chalcopyrite, associated with epidote, calcite, and a little 

diopside, cut the rock in places and, spreading from them, chalcopyrite has occa 
sionally replaced the garnet. This specimen shows evidence of two periods of min

eralization, one being distinctly connected with the general metamorphism of the 

rock, and the other with later vein action. Entirely unoxidized metamorphic rocks 
are exposed in the Black Hawk No. 3 tunnel, 160 feet below the Boulder tunnel, 

in the _lower part of Longfellow formation. The rocks are grayish green and 
fine grained; they consist of calcite, diopside, and tremolite, with scattered grains 

o£ magnetite, pyrite, and chalcopyrite. Veinlets of coarse calcite, with inter
grown grains of pyrite and magnetite, cross the rock and are adjoined by a zone 

of alteration about half the width of the vein, consisting of colorless tremolite 
prisms (Pl. X, B). 
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SUMMARY AND DISCUSSION. 

The above description has shown that . in the limestones and shales near the 
contact of the main stock and the dikes of quartz-monzonite-porphyry and 

granite-porphyry tbe following minerals have been formed by practically simul
taneous replacement: Garnet, epidote, pyroxene (diopside), amphibole (tremolite), 

magnetite, specularite, pyrite, chalcopyrite, and zinc blende. This metamorphism 

is directly dependent upon the proximity of the contact and apparently also upon 

the acidic character of the porphyry, the diorite-porphyry exerting little influ
ence, while the granite-porphyry and the monzonite-porphyry produce an intense 

alteration. It is not-except to a minor degree a8 qualified below under the 
heading of hydrothermal metamorphism-due to waters circulating on fissures 
and must be ascribed to the direct influence of some substance contained in the · 

molten magma of porphyry. The altered rocks have · beyond all doubt generally 
received a great access of iron, sulphur, copper, and zinc, ·and in the ca.se of 

pure li~estones, which over large areas have become converted into almost pure 
garnet rocks, have received immense amounts of ferric oxide and silica. 

While the main contact zone is clearly dependent upon the proximity of tho 

principal stock of porphyry, it seems that some of the dikes near that contact 

have exer~ed a specially strong influence. In the limestones-even in those of 
greatest purity-massive epidote is apt to develop along t4e immediate contact 

of the dikes, thus implying a limited transfer of alumina. A few feet away the 
garnet begins, and of course, as a lime-iron silicate, contains a very small 

proportion of alumina (see analyses on p. 134), ptobably almost exactly the amount 
qriginally contained in the limestone. 

The contacts with the porphyry are sharp and show no indication of 

assimilation. The contact-metamorphic rocks are always-when unaffet;.\ted by 
oxidation-hard and compact; oxidizing waters :find it much more difficult to 
attack them than the porous porphyry. Considering that great amounts of 
carbon dioxide-up to 40 per cent-have certainly been expelled during the 

metamorphism, a great ~hrinkage of volume should have taken place ~hich could 
hardly fail to be noticed in the structure and thickness of the metamorphosed 
strata. I believe that in general this loss has been fully counterbalanced by 

additions of substance from the magmatic waters. 
Comparing these contact phenomena with those of other localities described 

1n the literature a great many points of similarity appear at once. Characteristic, 
among other things, is the l:::llow change of the shales and the sudden metamor

phism of the limestones, especially the pure limestones, which; if metamorphosed 

at all, attain their full metamorphic development almost at once. 



SUMMARY AND DISCUSSION. 

Most of the described contact zones refer to granites or diorites; no changes 
along the contacts of porphyries comparable to the Morenci and Metcalf zones 

have ever been examined, so far as I am aware. 
V esuvianite and wollastonite, common in many contact zones, have not been 

identified with certainty in this district. The alteration of the shales is also 
peculiar. Instead of the ordinary knotty schist and hornfels, with a great 

development of biotite, andalusite, staurolite, and feldspars, there is found at 

Morenci a greenish hornfels, with much amphibole (tremolite), epidote, pyrite, 
and magnetite. The Morenci shales are somewhat unusual in eomposition, with 

high lime, magnesia, and iron. Amphibolitic hornfels is, however, not unknown, 

and has been described by Professor Brogger from th Christiania field. 

The question whether contact-metamorphic rocks imply represent a recryH
tallization, or whether they have received additional s bstance from the cooling 
magma, is a most important one. Professor Rosenbusc believes that little 01~· no 

additional substance has been received, and eonsiders t at it is possible to deter
mine the original character of metamorphic rocks from heir present composition. a 

Professor Zirkel b says that in nearly all cases the on tact-metamorphic rocks 

::simply represent a recrystallization of original constituents. He believes that the 

contact metamorphism took place by reason of the ressure and heat exetted 

by the molten rock, and speaks rather slightingly o the view that substance 
from the magma can be transferre9. to the surroundi g strata, although admit

ting that in one or two cases it seems to have happ ned. Professor Brogger, 
to whom we owe a most careful description of the Uhri ·tiania co'ntact zone, states 
that the alteration at that place seems to involve hiefly a recrystallization, 

although certain of the phenomena strongly suggest l cal accession of matenial, 
though perhaps rather from adjacent strata than from the intrusive body. 

The idea of determining the original eomposition of metamorphic rocks is 
followed out by Dr. J. Barrell in his study of certain ontact-metamorphic rocks 

of Montana. In his paper c he advances the genernliz tion that "carbonic acid 
is expelled only where the siliceous impurities of the limestone are sufficient to 

combine with the lime set free." Based on this he btains the further result 
that a great loss of volume has taken place, and that it is possihle to calculate 

original constituents, kaolin, siliea; magnesite, and ca cite from any given rock 
more or less altered to wollastonite, ga1:net, epidote, et . If these statements are 

a "Man kann es also als ein Gesetz aussprechen dass bei der Kontaktmetamor ose urn Tiefengesteine das Eruptivge
stein nur physikalisch und im allgemeinen nicht durch Stoffabgabe chemisch wir te." Micr. Physiogr., 3d ed., p. 85. 

bLehrbuch der Petrographie, 2d ed., vol. 1, pp. 587-588. 
cAm. Jour. Sci., vol. 13, April, 1902. 

16859--~o. 43--05----11 
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really meant as generalizations, as would appear from the paper, they are not 
supported by convincing proofs. Mag·matic additions are mentioned, but receive 
scant treatment. a 

This seems a rather crushing a:rray of testimOJ!Y from the petrographio side, 
and it has even been intimated by Pro~essor Klockmann, b in a recent paper com
bating the theory. of transfer of material from magmas to sediments, that it ought 
to be sufficient to settle the . question. While I do not doubt in the least the 
correctness of the conclusions drawn in individual cases by such eminent authors 
as Professors Rosenbusch an~ Zirkel, it is certain that contac~ metamorphism 
manifests itself in many various ways, and that the particular phases connected 
with mip.eral deposits ?ave been rather conspicuously neglecte$l by many petro
graphers, whose dat~ and statements in regard to the occurrence of ores, even in 
ordinary rocks, has always seemed to me to suffer somewhat from lack of detail 
and precision. 

On the other hand many French authors, among these Professor Michel Levy, 
and lately Prof. J. H. L. Vogt,c of Christiania, together with a growing number of 
younger scientific men, have strongly contended that many substances are given 
off by the cooling magma and enter the adjoinjng strata. This dew is shared by 
myself and expressed in a recent paper on contact-metamorphism deposits. d 

The truth seems to be that in many cases no perceptible accession of substance 
- from the magma has taken place, while perhaps in as many more important addi

tions have been received. How far the heat and the gases from the intruded 
magma will penetrate and ·what effects they will produce depends on many factors. 
As shown above, the composition of the magma is sometimes a factor of impor
tance. In the case of the Morenci contact zone the amount of substance available 
seems ~o stand in direct relation to the amount of quartz in the porphyry. In . 
many intrusive bodies there may be a very small quantity of water gas present; 
the access of material may then be slight, and the contact phenomena mostly due 
to the heat of the rock. The difference in Rusceptibility of the various beds is 
also strongly marked; aU investigators agree on this point. In this district impure 
and very compact limestones resist alteration much more than coarse-grained pure 
rocks of the same kind, and, as shown above, the change in composition in the 
case of clay shales is extremely slight. 

a Weed, W. H. , Geology and ore deposits of Elkhorn mining district, Montana: Twenty-second Ann. Rept. U. S. 
Geol. Survey, pt, 2, 1901. 

b Zeitschr. prakt. Geol., vol. 12, 1904, p. 78. 
c See, for instance, The genesis of ore deposits: Trans. Am. Inst. Min. Eng., 1902, p. 648. 
d Op. cit., p. 716. 
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Study of the Morenci contact zone as a whole proves conclusively that most 

important accessions of substance have been received. The rocks inside of the 

altered zone contain an enormous amount of sulphur, iron, copper, and zinc. 

Iron is of course contained in the unaltered rocks to some extent, but in nothing 

like the quantities accumulated in the contact zone; sulphur, copper, and zinc in 

noticeable amounts are absent from the unaltered rocks. Were they present to 

the amount of a small fraction of the percentage contained in the contact zone, 

direct observation and surface oxidation would easily expose their presence. The 

minerals in which these substances are contained were certainly formed contem

poraneously with the ordinary r.ontact minerals. 

The metasomatic development of magnetite in pure limestones may be 

observed in almost countless localities at Morenci and Metcalf. We know that 

iron was not contained to this amount in the original rock, but to demonstrate 

its actual derivation is of course difficult. The question becomes clear only 

when we compare the contact zone as a whole with the original unaltered rocks. 

It seems very strange that anyone can doubt the possibility of such additions. 

and overlook what must happen when a magma in aqueous fusion is suddenly 

brought up to higher levels and strongly ionized water gas, above the critical 

temperature, is largely released from its bonds. It must of necessity contain 

dissolve.d substances. Even at comparatively low temperatures water is one of 

the most powerful solvents known, and its action, when a perfect gas, is probably 

far in excess of that at 100° or 200°. It is well known that some rapidly congealed 

rocks like the "pitchstone" from Saxony contains up to 8 per cent water, indicating 

an amount of water gas which, at +4° , would correspond to 250 or 300 liters per 

cubic meter of magma. All magmas. may of course not have contained this amount. 

The water gas seems to have penetrated the limestones like a sponge, inducing 

extreme molecular mobility. Even if we deny anx additions of substance a m_?st 

remarkable transferring of substance has taken place in the rock, as shown, for 

instance, by large crystals of garnet in limestones of uniform composition and 

containing far less iron and silica than the amounts required by the newly forme~ 

mineral. a In a chapter on inclusions cogent proof will be brought that the 

magma actually was accompanied by water containing dissolved a large amount 

of substances. 

A misapprehension of the character of contact deposits seems to exist in many 

quarters, as shown, for instance, by Professor Klockmann, b in considering the 

aE. Weinschenk, Vergleichende Studien ueber den Kontaktmetamorphismus: Zeitschr. Deutsch. geol. Gesell., vol. 
54, 1902, p. 443. 

b Zeitschr. prakt. Geol., vol. 12, p. 75. 
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presence of minerals containing boron, fluorine,' etc., as necessary to prove the 

contact-metamorphic character of these deposits. To such arguments I would 
reply that the character of magmatic waters evidently varies greatly in different 

·magmas. Some may carry large amounts of the substances mentioned, as shown 

by the presence of tourmaline, cassiterite, and other minerals in the contact

metamorphic rocks, while others may be almost wholly deficient in these and 

carry instead sulphur, copper, iron, and o~her metals. Any attempt to reduce 
the wonderful variety in the contact-metamorphic deposits to a sing]e pattern is 
doomed to failure. 

In a short paper dealing with contact-metamorphic deposits in North Amer

ica a I emphasized the irregular form of most ore deposits of this kind and stated 

that they only occur close to the contact or at most a hundred feet away. In 
view of better acquaintance with this type this :;tatement should be modified; as 

far as we -know at present they may occur several hundred or even 2,000 feet 
away .from the contact. In fact, disseminated sulphides and magnetite occur at 

Morenci up to 2,000 feet from the main contact. 

A tabular form of deposits is often noted; this is usually due to the strongly 
marked difference in susceptibility of the various beds. Wherever the deposits 

have been enriched by oxidation the form may be more or less dependent upon 
those changes. 

Mr. W. H. Weed has noted this tabular shape in contact deposits at Cananea, 
Mexico, and makes the form a basis of classification.b I do not believe, however, 

that distance from contact (within limits given above) or shape are at all essen
tial, and can find no mineralogical differences between deposits varying in these 
respects. 

HYDROTHERMAl"_. ME'l'AMORPHISM. 

GENERAL STATEMENTS. 

Both the porphyry and the contact zone at Morenci and Metcalf are traversed 
by quartzose fissure veins containing cupriferous pyrite and zinc blende. Over 
an extensive area between Morenci and Metcalf, and especially at Metcalf, the 

porphyry ~nd the granite are shattered and recemented by quartz veinlets. These 
phenomena must of necessity have taken place after the consolidation of the por

phyry. Their study and relation to contact metamorphism, which doubtless chiefly 

took place before arid during the consolidation . of the magma, thus becomes of 
the greatest importance. The porphyry adjacent to these lodes and occupying 

a Trans. Am. Inst. 1\fin. Eng., vol. 31,'1901, p. 226. 
b Weed, W. H., Ore deposits near igneous contacts: Trans. Am. Inst. Min. Eng., vol. 32, 1903, pp. 715-746. 
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the shattered zones which accompany ~hem, alters to a sericite-quartz-pyrite rock, 
while in the limestone the phenomena are more complex. The veins are here 

often surrounded by narrow zones of tremolite. 

ALTERATION IOF THE PORPHYRY. 

Altered areas.-A series of lodes with northeast trend cut through the por
phyry at Morenci, extending from tpe saddle west of Copper Mountain to the 
Detroit concentrator. Other parallel veins follow the Arizona Central dike. The 

whole of Copper Mountain and the dike mention(}d are altered, though in a few 

places unaltered porphyry may locally appear in some of the crosscuts in the 
mines. The great _porphyry ridge west of Copper Mountain is chiefly compos_ed 
of unaltered porphyry, and fresh pbrphyry is correspondingly exposed in the 
western part of the Lone Star and ti e ce-ntral part of the Butler tunnel (see Pl. 

XVIII). Many of the dikes have been followed by fracture zones and have 

become more or 'less thoroughly altered. Among these are the .Joy dike, th~ 
West Yankie dike at the Detroit concentrator, and many others near the M~nte
zuma mine. Others remain practically unaffected; among them are several 

smaller dikes in the Arizona Centralfmine, one or two in the Ryerson and the 
:Montezuma mines, and several amor g those cutting lVlodoc Mountain and the 

Longfellow mine. Toward the nort end of Butler tunnel, near the Carasco 
mine, the alteration again increases and extends more or less continuously by the 

Fairbanks and Copper Queen mines to Metcalf. 
At -Metcalf a large area extending from the Standard and King mines up 

to and including Shannon Mountain with the. Metcalf mines is occupied by 

porphyry filled by irregular quartz sekms and completely sericitized. This altered 
zone also extends over a part of th4 hills west. of the town. Practically all of 
the dikes on Shannon Mountain are slimilarly altered. 

It is plain from this statement ~hat this rock alteration is not confined to 

the immediate v~cinity of lodes, veins, and veinlets, but spreads over larger areas 
corresponding to the general outline of the shattered zone. The same altered 
rocks are found on all levels in the IDines within this zone. 

The porphyry seems to possess 1 a certain porosity and looseness of grain, 
making it easily permeable to solut~ons. This quality also finds expression in 
the rounded outcrops and sandy soils of the u~altered areas. 

Character of alteration. - The seliicitized rock becomes bleached, dull white, 
I 

and chalky; the feldspar prisms lose t heir luster; albite and oligoclase, as well as 
orthoclase, become filled with sericite foils, at first oriented parallel to the 
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cleavage, and later completely pseildomorphed by a sericite felt mixed with occa
sional quartz grains. No epidote nor chlorite develop in the feldspars. The 
quartz phenocrysts remain unaltered. The biotite first becomes converted to 
chlorite and sericite, and is sometimes also pseudomorphed to the latter mineral. 
In wholly altered rocks the chlorite is transformed to irregularly spreading ser
pentine·, often difficult of detection. A little epidote is ·occasionally present. 
Kaolin and chalcedonic quartz are found in places, but are connected with a later 
process of chalcocitization. 

In the groundmass of the porphyry the feldspars are transformed into an 
aggregate of sericite, the quartz grains remaining unaltered. Finally pyrite 
forms more or less abundantly, usually in cubes or pentagonal dodecahedrons, 
sometimes also in octahedrons, and develops by replacement in the groundmass 
as ~ell as in the feldspars, more ·rarely in the quartz grains; chalcopyrite, zinc 
blende, and molybdenite 1are rarely observed. The original magnetite in the por
phyry is evidently transformed into pyrite. The titanium in the ilmenite or in 
the magnetite assumes the form of small dark-brown prisms of rutile. 

Very commonly seams of allotriomorphic granular or partly idiomorphic 
quartz traverse the rocks. In certain parts chalcocite is very abundant, in inti
mate intergrowth with pyrite; but this is a later development and will be described 
pnder processes due to oxidation. 

The process just described is · thoroughly characteristic for the whole area 
mentioned above. Even in the most-altered rocks the original structure is often 
plainly visible (Pl. XIII, A). 

A series of analyses were m~de of these altered porphyries of Copper lYioun
tain at Morenci. 

No. I is a comparatively fresh porphyry from the first level of the Ryerson 
mine, and, it is believed, represents the typical original rock of that altered zone. 
Description of this may . be found on page 81. 

No. II was taken adjoining a 2-inch pyrite vein in the foot wall of the Humboldt 
vein at the southwestern end of the drift, . near the line between Morenci and Eagle 
claims. It is a soft, white, chalky rock with scattered pyrite; on a few seams a 
little chalcocite appears. This locality is 600 feet below · the sur~ace and somewhat 
below the chalcocite zone, properly speaking; some oxidation and chalcocitization 
of the vein is, however, present. The rock is principally a felted mass of sericite 
with some granular quartz, and is cut by veinlets of kaolin. Pyrite is developed 
throughout in grains and crystals; none appear, however, in the kaolin veinlets. 
A little zinc blende, chalcopyrite, and molybdenite occur as irregular grains and 
aggregates; also a few prisms of rutile and isolated zircons. 
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No. III wa::~ taken from the intermediate level of the Ryerson mine, 550 feet 
west of West Yankie shaft, about 300 ~eet below the surface. It is a hard, white, 
quartzitic porphyry with scattered sm~ll pyrite crystals. The original structure is 
almost [ lost, but under the microscope the outlines of feldspar crystals are still 
visible. The rock consists chiefly of al very fine sericite felt with granular quartz; 

the lat~er also occurs as veinlets with pr.rite. Chalcocite does not occur abundantly 
in thele hard and siliceous altered ror ks. 

No. IV is from one of the big stqpes of Humboldt lode, Ryerson mine, above 
the lower adit level, and about 450 feet below the surface. It is a soft, white, 
chalky rock, with gritty feel, from the many included quartz grains, cut 'by many 

small ,earns of pyrite and chalcopyri~e. In thin section the porphyry structure 
is retamed, as well as the contours of I the feldspars. They are, however, entirely 
converted into sericite felt; the gro~ndmass consists of granular quartz, well 
filled jith sericite foils. R~mnants of biotite crystals are transformed to sericite 
and serpentine. Pyrite occur8 in crystals and anhedrons, largely in the altered 
feldspars, but also occurs with small Ijllasses of granular quartz. One zircon and 
some doubtful rutile crystals were noted. 

Nl. V was collected from the surface of the northeast spur of Copper Mountain, 
500 fe t southwest of West Yankie 'haft, where it formed brownish-gray hard 
outcro s. It is of dull-white color, tfue porphyry structure still visible. A thin 
section shows it to be an entirely seri<eitized rock with pseudomorphs of feldspars 
and biotite. The groundmass consists mainly of fine-grained quartz, with sericite 
foils. No pyrite is present. 
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From the data of analyses and seetions the rocks were calculated as follows; 
the computations were kindly undertaken by Mr. L. C. Graton: 

Analyses of fresh and altered porphyry from the mines at Morenci. 

[W. F. Hillebrand, analyst.] 

I. II. III. IV. V. 
(211 Cl. A.) (315 Cl. A.) (314 Cl. A.) (73 Cl. A.) (336 Cl. A.) 

Si02 ••••••• • •• ~ . _ •••• • • _ •••••••••••••• _ ••••• 

Al20 3 •••••••••••••••••••••••••• . •••••••••••• 

Fe20 3 ••••••••••••••••••••••••••••••••• · •••••• 

FeO ........................ -----. ------ -- . . 
MgO ...................................... . 
CaO ........... ·. _ . _ ..... " .· ....•...•......... 

N~O ---·---------------·---------- -· ---------
K20 ............... : ------------------------

H20- .... . ........... - .... ----- --. --- ------

H 20+ ....... -- --- - -- - - - - - - - - - - - - - - - - - - - - - - -
Ti02 •••••••••••• • •• _. _ •••••••••••••••••• ___ • 

Zr02 •••••••• - ------------ •••••••••••• ------

002 - - - . - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - -

68.04 
17.20 

. 34 

. 67 
1. 05 
2.21 
5.33 
2.65 
. 60 

1. 23 
.41 
. 01 

None. 
P20 5 ••••••• - • • ••••••••••••••••••• ____ •• __ ••• • 12 

803 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MnO ................................ _ .. _ _ _ _ . 06 

BaO ............ -·- ................ _. __ .. _.. . 10 
SrO ....................... . ......... ... .. _ . . . 03 

Li20 ........ - .. . ..... . ................... . . . 

v 203 - - - - - - - ~ - - - .. · .. - - - - - .. . . - - - - . - . - _.- - - - - . 
FeS2 ••••••• - •••••••••••••••••••••••••••••••• 

Cu2S ----------. ----- · -- -·- -----------------

Trace? 

Trace.
. 24 
. 02 

46.67 
20.92 
a.37 

a.36 

. 85 

.15 

.16 
4.33 
.94 

q.01 
. 43 

Trace? 

None. 

.15 

.18 
None. 

. 04 
None. 

Trace. 

--- .. ---- ..... 
19. 18 

. 24 

69.55 
16.43 

b.46 
b.ll 

. 62 ' 

.15 

.17 
5.05 
1. 00 
2.69 
. 41 

Trace. 

None. 

. 05 

.10 
None. 

. 05 
None. 

Trace? 

-----~----

3.09 
. 07 

64.88 
16.41 

} c.65 

1. 12 
.11 
.12 

4.96 

. 83 
2.74 
. 38 

Trace. 

None. 

.12 

.10 
Trace? 

. 07 
Trace. 

Trace. 

......................... 

4.96 
2.42 

72. 78 
15.35 

{ . 55 
.10 
. 89 
.14 
. 36 

5.00 
1. 21 
3.22 

.45 
f 

Trace. 

None. 

. 05 

. 08 
None. 

. 02 
None. 

Trace. 

---------· 
. 06 

Zn ..... _ ................................ . ......................... _. . . . . . None. . ..... __ .. 

ZnS ... _.................................... . 03 . 32 ............................. . 
Mo .................... -.................... None. . _ ................. . None. . ..... _: .. 

l\1oS2 .... + ............. -......... _- . .. .. . .. . .. .. .. .. .. .. . 20 None. 

100.34 100.50 100.00 99.87 100.26 

a These values a re quite uncertain. b Approximate. 

I. Fresh monzonite-porphyry. Ryerson mine, first level. 

II. Altered monzonite-porphyry. Ryerson mine, first level; drift on Humboldt vein at end 

of small crosscut in foot wall 40 feet east of Humboldt claim line. 

III. Altered (silicified) porphyry. Ryerson mine·, intermediate level, 550 feet west of West 

Yankie shaft. 
IV. Altered porphyry within chalcocite zone. Ryerson mine, lower adit level, Humboldt 

vein, from stopes 70 feet wide, 80 feet above level. 

V. Altered porphyry. From slope of Copper Mountain, 500 feet southwest of ·west Yankie 

shaft. 



ALTERATION OF THE PORPHYRY. 169 

Mineral contents of fresh and altered quartz-monzonite-porphyries. 

-----------------------~----------~------~-------.------~-------.--------· 

Quartz .................................... . 

Orthoclase (mol. ) .......................... . 

Albite (mol.) .............................. . 

Anorthite (mol.) ......... . ................. . 

Apatite .................................... . 

Zircon ...... -... .......... .................. . 

I. 

21.35 

13.12 

45.26 

9.52 

. 28 

.02 

Magnetite . _. _ .................. , . . . . . . . . . . . . 41 

Ilmenite.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 

Rutile .................................. --- .......... . 

Sericite......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 75 

Kaolin ....................................•. ___ ..... . 

Chlorite .. .. _. _. ___ . _.'". _ ......... .. _ ... _. _. a 3. 04 

Serpentine ...... _ .. _ .............. _ ..... ___ . b. 98 

Epidote __ . __ .. _ .............. _ . __ . _ .. ____ . . g • 59 
Alunite ... __ . ... _. __ ... __ .... ~ _________ . ____ . _________ _ 

vV ater (below 100° C.) .. __ . ________ ... _ .. __ .. . 60 

FeS2 _ •• ___ • _ •• - - •• -- - - • - --- -- • _- _.. • • • • • • • • • 24 

Cu2S ___ . - • - • - - - .•• --- -. - • -- -- - __ •••• - - •• _.. . 02 
ZnS :. ___ ... . __ . __ ... -- ... __ . _ ... _. _. _. __ .• . 03 

MoS2 - - .. - .. 

II. 

19.13 

. 36 

.43 

38.50 

17.90 

c 2. 81 

-..... -... - ... - .... 

. 46 (?) 

. 94 

19.18 

. 24 

. 32 

. 20 

III. . 

49.33 

.12 

.41 

43.44 

d 1. 71 

.43 

. 26 ('?) 

1. 00 

3.09 

. 07 

.................. __ 

.. ---- ... - ........ 

IV. 

43.03 

. 30 

. 38 

44.94 

e2. 74 

----- - ............ 

. 26 (?) 

. 83 

4.96 

2.42 

......................... 

---- ......... --

v. 

50.81 

.12 

.45 

44.29 

f 2. 71 

g,36 

. 21 (?) 

1. 21 

. 06 

-.. -......... --- ... 

............................ 

...... -- .......... - .. 
1--------1------------- - - 1------- 1--------

100. 02 100. 47 99.86 99.86 100.22 

a Amesite, ~ gO:Fe0=6:1. 
b 0.39 per ce 11t MgO, 0.19 per cent H20 residue, with 0.40 per cent Si02-too high in H20 for serpentine. 
c 0.84 per cep_t MgO, 0.29 per cent FeO, 0.53 per cent H20 residue, with 1.1fi per eent Si02-too high in H20 for serpentine. 
d 0.62 per ce P-t MgO, 0.39 per cent H20 residue, with 0. 70 per cent Si02 corresponds fairly well to Dewey lite. 
e 1.11 per cep_t MgO, 0.49 per cent H20 residue, with 1.12 Si02-too high in H20 for serpentine. 
!0.89 per c~p.t MgO, 0.95 percent H20 residue with 0. 87 per cent Si02-too high in H20 for serpentine. 
(I Al203 :F~'- a=4:1. 

The ~rincipal results effected by the alteration will be readily seen from 
these two tables. The altered rocks consist chiefly of sericite, pyrite, and quartz, 
with a litt e serpentine. Kaolin occurs only m No. II, which is the only speci
men taken immediately adjacent to an important seam or vein; calcite is entirely 
absent fro ill all of the specimens. The silica has not been materially changed, 
except In ~o. II, where it Is lowered corresponding to the high percentage of 
kaolin. .A lumina seems generally constant, but has been increased in No. II; 
this mcrea~e is, however, ·probably only apparent and due to conversion of sericite 
to kaolin, fvith attendant setting free of some chalcedonic or opaline silica. Ti02, 

Zr02 , and lP20 5 remain constant. MgO has likewise suffered no change. On the 
other hanc, practically all CaO and Na20 has been carried away and a substantial 
addition o FeS2 and K 20 has been made. As a nearly constant proportion was 
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found between the various constituents of the sericite in Analyses II-V, the 
average composition could be calculated as follows: 

Average analys·is of sericite from Morenci mines. 

Si02 •• __ ••• • - __ •••••••••••• __ • _ •• 

Al20 3 • _. _ •• _ •••••••••• ·- ••••• __ • _ 

Fe20 3 ••••••••••• _____ •••••••••• 

:FeO .• _ .. _ . _ .. _____ . _ . _ .•....... 

K 20 ..... - - . - - - - - - - - - - - - - - - - - ·· - -
Na

2
0. _ ... __ ... _ ~ ___ . _. _ ....... . 

H 20 ........ - .. - . - - - - . - - - . - - - - - -

Molecular weip,ht, 847. 

Per cent. 

46.70 

35.50 

1.12 

.17 
11.55 

. 36 
5.00 

100.00 

Molecular 
proportions. 

6.55 
2.95 
.06 

.02 

1. 00 

.05 

2.35 

The whole course of the alteration indicates waters distinctly deficient in 
alkaline carbonates, but probably rich in iron and silica; this conclusion is impor
tant, as it tends to connect the alter~tion genetically with the porphyry. (See 
under Genesis, p. 220.) These ~~ins are, according to the character of alteration, 
related to those of Freiberg, Saxony, and Silver City and De Lamar, Idaho. 
They are very different from the normal gold-quartz veins of California, which 
were formed by waters very riGh in alkaline carbonates and probably also in lime. 

ALTERATION IN GRANITE AND QUARTZITE. 

'£he granite, which is very generally somewhat altered for a considerable 
width all along the eastern contact of the porphyry stock, is best exposed in 
Chase Creek Canyon between Longfellow incline and Metcalf. The alteration 
chiefly consists in sericitization of the orthoclase and the introduction of veinlets 
of quartz with pyrite. This altered area, which contaiJ?.S many prospects, but no 
important mines, finds a superficial expression in red fantastically weathered out
crope due to oxidation of pyrite. Similar alteration is noted to a smaller extent 
along the numerous fissure veins following porphyry dikes, which are so com
mon on Copper King Mountain. At the foot of the Longfellow incline the 
quartzite is mineralized, containing several per cent of pyrite and about half a 
per cent of copper. Cubes of pyrite develop both in the eement and in the 
quartz grains. The cementing material is already largely converted into sericite, 
so there is scant room for further change in this direction. At the East Y ankie 
mine, near Morenci, this cupriferous pyritic quartzite has been further enriched 
by the introduction of chalcocite, rendering it a valuable concentrating ore. 
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All of these changes, excepting the last-mentioned one, are probably due to 
the same aters which so radically altered the porphyry of Morenci and Metcalf. 

ALTERATION OF LIMESTONE AND SHALE. 

It is ot to be supposed that this widespread hydrothermal alteration which 
affected p rphyry, granite, and quartzite would be without effect on the limestone 
and shale, which, more or less contact-metamorphosed, adjoin the altered area 
of porph ry, and which also are travei·sed by fissure veins. Aside from the 
larger lod s at Morenci, su,qb. as the Joy, Montezuma, Arizona, Central, and 
Williams, the sedimentary rocks contain in places an abundance of seams con
taining, b sides quartz and a little calcite, amounts of pyrite, magnetite, chalco
pyrite, an zinc blende. At Metcalf exactly the same conditions prevail, some of 
the seams containing in addition a little epidote. Wherever these veins and 

processes. 

through shale no marked alteration can be observed along them, 
e shale be moderately or wholly changed by contact-metamorphic 

But i limestone a different condition of affairs prevails. For a certain dis
tance fro the vein, ordinarily not more than a few inches or a few feet, the 

limestone s bleached and heavily impregnated with pyrite. A typical example is 
shown on Pl. X, B, representing a dolomitic limestone from the Black Hawk 
No. 3 tun el of the Shannon ·mine. The rock is grayish green and partly altered, 
containing besides much fine-grained oolcite aggregates of colorless pyroxene and 
amphibole This is cut by veinlets of coarse calcite, containing intergrown 
anhedrons of pyrite and magnetite, with a little chalcopyrite. Adjoining these 
veinlets a d extending about half of their width are altered bands in which the 
limestone as been completely converted to prisms of colorless amphibole, proba
bly tremo ite. On~ or two of the same prisms are also contained in the veinlet 
itself, whi h apparently is produced by filling. Thus the metasomatic change 
exerted b the waters flowing t hrough this fissure consists in the conversion of 
dolomitic imestone . to tremolite. 

At M renci many Rimilar instances were observed and proved. On the fourth 
level _ of he Joy mine the vein consists of a well-defined steep hanging wall, 
adjoined y a sheeted and bleached zone, some 10 feet wide, heavily impregnated 
with pyri e. A crosscut runs out in the foot wall for 100 feet to the deep Joy 
shaft (fig. 11). The first part of this, next the vein, consists of partly altered 
lime shale; then follows about 25 feet of hard, solid epidote rock, which again 
is adjoine by the same greenish limestone; finally at the shaft another mass of 
solid epid te makes its appearance along the wall of the Joy porphyry dike. • 
The cont cts of limestone and epidote are remarkably sharp. The limestone 
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. about 25 feet from . the shaft contains several smaller veins of solid pyrite, each 
a few inches wide and surr.ounded by a distinct zone of bleached . and pyritic 
rock rapidly fading out into the ordinary g;e(mish limestone. There is some 
slight oxidation, but not enough to materially influence the results. Specimens 
were collected of these typical occurrences and analyzed, as shown below: 

Analyses showt'ng alteration of limestone adjoining pyrite veins. 

['w. F. Hillebrand, analyst.] 

I. II. 
(263 Cl. A.) (264 Cl. A. ) I. I II. (263 Cl. A.) (264 Cl. A.) 

Si02 •••••••••••••••• ~ ••••• 

Al20 3 • ~ •••••••••• _ •••••••• 

Fe20 3 ••••••••••••••••••••• } 

FeO ................... - - . 

MgO ..................... . 

CaO ..................... . 

Na20 .................... . 

K 20 .................... . 

H 20- ................... . 

H 20+ ................... . 
Ti02 •••••••••••••••••••••• 

Zr02 • _ • _ ••••••• _ •••••••••• 

C02···················--·-

17.08 
2.34 

a. 76 

12.38 
32.48 

.09 

. 10 

. 95 

3.01 

. 27 

. 02 
26.85 

42.03 
3.16 
1. 18 
. 84 

20.25 
10.41 

.06 

.12 
1. 07 
4.25 
. 31 

Trace . 

.3.58 

P20s- ........ - . . - ..... -.-. 

803 . ... - . - . - - - - - ...... - .. 
MnO .................... . 

BaO ................ - - - . - -

SrO ....... ···"····· ..... . 
Li20 ..................... . 

FeS2 •••••••••• - •• : ••• ~ •••• 
CuFeS2 ................. .. 

0.16 
.13 

. . 26 

None? 

None. 

Trace. 

b 1. 50 
b .18 

CuO ..................... · '·. __ .. , __ . 

ZnO ................. _.... . 99 

99.55 

bTotal S, 0.90 per cent.• c Total S, 5.20 per cent. 

0.42 
. 75 
.18 

None. 

None. 

Trace. 

c 8.10 
c 1. 67 

. 83 

. 58 

99. 79 

I. Magnesian limestone. Joy mine, in crosscut to sD,aft on. fourth level. No. 263, Clifton 

collection. 

II. Alteration product of No. 263. Rock in contact with pyritic vein. Joy mine, fourth level, 

adjoining small pyrite vein in crosscut to shaft. No. 264, Clifton collection. 

No. I represe!lts apparently unaltered rock 10 inches from the 2-inch pyrite 
vein in the crosscut from the Joy vein to the Joy shaft, · at the 4-foot level. It 
is a light-brownish-gray, dull, limestone-like rock· traversed by several faint, par
allel, · wavy streaks of greenish material along which small grains of pyrite, zinc 
blende, and magnetite are visible. Under the microscope it shows a prevailing 
mass of fine-grained calcite, but contains, pervading the aggregate and appearing 
in irregular spots between the grains, a colorless substance of weak refraction 
and birefringence. In places it is almost isotropic, while more commonly wavy 
dark or light-gray colors appear between crossed nicols, indicating an extremely 
fine felted structure. The general appearance is that of serpentine, and there can 
be little doubt that this substance replaces another mineral which had formed 
between the calcite grains. A few grains of magnetite and pyrite were noted. 

From th_e analysis it is apparent that there is more of this magnesian silicate 
than would be supposed at first glance, and that it is in part probably composed 
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of chlorite This is very possible, since in very fine aggr.egates chlorite and ser

pentine ar~ sometimes difficult to distinguish. 

No. I was taken from the narrow, distinctly visible, altered zone imme

diately adjoining a small vein of i:iolid pyrite in limestone, and only 8 inches 

from the dightly altered limestone represented by No. 263. The rock is greenish 

gTay, rath~r fine grained, and fairly soft; it contains large pyrite grains and a 

few small particles of magnetite, chalcopyrite, and zinc blende. Under the 

micrOSCOpE it IS shown to consist of irregularly oriented prisms of colorless 

amphibole between which lie a few calcite grains. Aggregates of low double 

refraction, probably bastite and chlorite, separate the prisms of . amphibole. In 

places lar ~er masses of calcite show clearly the structure of limestone, the 

grains pie ced by needles of amphibole. There are partly idiomorphic, fairly 

large pyriLe crystals and small aggregates of chalcopyrite, the latter intergrown 

with mag etit~ or surrounded by it. The sulphides are contained both in the 

amphibole and the calcita 

The a 1aly~es may be calculated as follows: 

Mineralogical composition ofanalyzed rocks. 

I. II. I I. II. 

-----+-- +------1--- - ·- ----------- - --1---

Calcite . _ ... 52.40 
Magnetite _____ .. __ .. __ ... _. . 7. 21 
Quartz . _ _ _ _ _ _ _ _ .... _____ . _.. 5. 10 

Tremolite (C~SiO + 3MgSi03) __ --------

Wollastonite ? _ _ _ ........... _ _ 6. 50 

Chlorite ( 5~ gO, Al20 3 , 3Si02 , 

4H20) - - - - - - - - -- - - - - - - --- -
Serpentine . 

Magnetite_. 
' --- - .. - .... - -- ..... 

Pyrite .. _ _ _ _ __ . ______ ... _--. 

Chalcopyrite ....... __________ _ 

Zinc blende ... __ .. _. ___ ..... _ 

12.58 
10.38 

. 60 
1. 50 
.18 

1. 50 

8.20 

9.60 
42.60 

22.43 

... .................. 

1. 72 
8. 10 
1.67 

.... -- ... ---

0. 19 
TiO~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 27 
Zr0

2 
_. _ _. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ • 02 

H
2
0 combined _______________________ _ 

H
2
0 hygroscopic______ _ _ _ _ _ _ _ _ . 95 

P20 5 ------------------------- .16 
803 - - - - - - - - - -- - -.- - - - - - - - - -- -- . 13 
MnO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 26 

CuO _____ ___ ... . ... -- - -------- --------

0.18 
. 31 

1. 44 
1. 07 
. 42 

. 75 

.18 

. 83 
ZnO .. ______ -- -- . __ . _ _ _ _ _ _ _ _ _ _ ____ __ _ _ . 58 

99.95 100.08 

There is . a small excess of lime in No. I which has been calculated as wollas

tonite, alt ~ough this mineral was not observed i.n the slide; neither was epidote 

noted in tb.e section. There is also an excess of. Si02 not observed in the rock 

and proba :>ly present in cryptocrystalline form. A deficiency of 0. 5 per cent 

sulphur in :licates partial oxidation; some of this sulphur is present as 803 • 

In No II the CaO necessary for C02 was first subtracted. On the basis of 
the remai1 ing CaO the tremolite was calculated and the remaining MgO used 

for chlori e. In this slightly more Al20 3 than the 3.16 per cent given in the 

analysis w:ts used; hence the excess in summation over the analysis. Oxidation 
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has set in, as clearly indicated by 803 ; both phosph~tes and hydrous sulphates 
are probably present. 

A comparison between the two analyses shows that the altered rock adjoining 

the· vein has received a substantial addition of silica and magnesia, together with 

sulphides of iron and copper; also that it has suffered a considerable loss of lime. 

It seems entirely improbable that the proportion of CaO to MgO of the limestone 

could have changed greatly within the interval of 8 inches which separated the 

specimens. Consistent with th-e great mineralogical change a very great loss of 

C02 is noted. An increase of combined wate~ is indicated., but this is accounted 

for by the presence of a certain amount of oxidized salts of iron and copper. 

Alkalies are present in both specimens in very small amounts, and the absence 
of any concentration of K 20 ir{ No. 264 is in ·contrast to the great accumulation of 

this substance in the altered porphyries. The percentage of titanium remains 

practically' constant, as is usual in altered wall rocks. 

The roek No. I is already somewhat metamorphosed and hydrated, as shown by 

the large amount of ehlorite eontained. Probably this ehlorite is formed from 

· tremolite, and this, as well as the magnetite and sulphides, may be due to the 

same vein-forming influenees which have caused such a profound change in No. II. 

At any rate, it is certain that the metasomatic change along this vein consists in 

the abundant development of tremolite from a somewhat magnesian limestone. 

It may be of interest to follow the ehernieal changes involved in this, taking for 

greater simplicity a hypothetical ease of a dolomitic. limestone composed of 75 

per . cent CaC03 and 25 per eent MgC03 • 

For the ealeulation we may first tentatively assume eonstant magnesia-that 

is, assume that the unit weight of limestone has not reeeived any addition or loss 

of this oxide. Supposing an original limestone of the eomposition shown under 

A, whieh alters to a tremolite of the composition B, we need, to obtain tremolite 

from the unit weight of this limestone, the quantities shown under C. · 

. Changes involved in transformation of dolomitic limestone to tremolite. 

A. B. C. 

Si0
2

• ______ ~ _______________________ _ 58 24.0 
CaO . . - ___ . _________________ . 42 13 5. 4 
MgO _ . _ . __ . _______ . _____ . _ _ 12 29 12.0 

C02 ------------------------ 46 ----------------

100 100 41.4 

This involves a gain ~f 24 parts Si02 and a loss of 36.6 parts CaO, as well 

as of 46 parts C02 ; or, in other ~ords, a total loss ·of 58.6 parts, or oyer 50 .per 
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cent. T loss in volume is even greater. If additions of magnetite and 
sulphides ave taken place the losses will be somewhat smaller, and an original 
per cent f silica will also reduce the last :figure to some extent. Such a loss of 
volume s ems, however, improbable, and we are driven to the assumption of an 
access of gO. Should this access amount to 17 parts MgO the gains of Si02 and 
MgO wou d exactly balance the loss of C02 and CaO and there would be only a 
slight red ction of volume. 

In th Montezuma mine, along the great pyritic lode, similar alteration has 
taken pia Specimens of fresh and altered limestone at a smaller vein in the 
foot wall f the large one showed similar relations to those described from the 
Joy mine. These smaller veins were selected for tests because it was possible to 
obtain fr sh and altered rocks closely together. The original rock is a fine
grained d rk-gray limestone containing small grains of magnetite, pyrite, chalco
pyrite, an zinc blende, while the altered rock looks dull, earthy, and greenish 
gray. It contains aggregates of ragged and imperfectly . developed pyroxene 
(diopside) ith some magnetite. Between the pyroxene grains lies fibrous serpen
tine or ch orite. If the mineral is diopside it would of course have a com 
position si ilar to tremolite. In places, however, the alteration of limestone and 
lime shale takes a different course and results in sericite. The big pyrite stopes 
of the J o mine, sometimes 30 or 40 feet wide, are adjoined by a whitish, soft 
rock whic surely is an altered sediment, although the rock from which it was 

not be positively identified. The altered product consists of felted 
sericite, ith sma1l, scattered, and in part intergrown aggregates of pyrite, 
magnetite, and zinc blende. 

More definite results were obtained from the examination of the pyrite vein 
on the fir t level of the Montezuma, some 30 feet below the rich chalcocite zone 
encounter d on the water-shaft level. The massive pyrite ·vein is here very 

distinct, 2 to 4 feet wide, with a well-defined foot wall. A couple of feet away, 
in the foo wall, the rock is a dense gray limestone, with veinlets and specks of 
magnetite, pyrite, and zinc blende. · The latter are associated with fine fibrous 
aggregate of serpentine or chlorite. ·The rock effervesces freely with cold acids, 

s only a small amount of silica, alumina, and other impurities. Near 
the vein he rock (372 Cl. A) changes to greenish-gray color, and proves to 
consist ch efly of sericite of greenish color, g~ains of the above sulphides (pyrite 

coated with magnetite), and a certain amount of serpentinoid 

at the vein the rock (373 CL A) is whitish-gray, soft, with 
much pyri e, and consists chiefly of the same greenish sericite and granular quartz. 
No. 372 ontained much silica, considerable alumina and magnesia, also pyrite~ 
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and very little lime. A determination of alkalies gave K 20, 3.63 per cent; Na2<;>, 
0.25 per cent; titanium, about 1 per cent. No. 373 contained the same bases as 

' No. 372; alkalies: K 20, 3.95 per cent; Na20, 0.16 per cent. (Analyses by 
Dr. W. F .Hillebrand.) 

RELATION OF CONTACT AND HYDROTHERMAL METAMORPHISM. 

':1-'he alteration of limestone along fissure veins to tremolite or diopside with 

magnetite and sulvhides is, as far as I am aware, a process which has not been 
described previously. Ordinarily, limestone alters next to fissure veins to dolo
mite or quartz or jasperoids. a The access of silica and iron ·and the mineralogical 

result of the process here discussed undoubtedly connects it in some way with 

contact metamorphism, and it is also probable that this kind of transformation 
took place at high temperature comparatively soon after the solidification of the 

porphyry. 

At first glance it might seem plausible to assign all the changes, which have 

taken place in the metamorphic zone to the same hydrothermal alteration which 
has affected the porphyry along the fissure veins. This view, however tempting, 

is surely incorrect. Instead of one set of phenomena, we have two related and, 

in part, superimposed processes. Among the proofs of this are the absence of 
sericitization ' in the porphyry of many dikes which have exerted strong contact 

metamorphism, and, further, the entire independence .which the masses of 

extremely altered garnet-magnetite rock show in regard to the :fissure -veins, and 
their distinct dependence on contact of dikes and main stock. The vein altera

tion produces dull ea~thy rocks from the limestone, while contact metamorphism 

resu~ts in hard, compact, granular rocks. On the other hand, there is undoubt
edly a certain relation between the two processes, for · amphibole and pyroxene 
occur in the true contact-metamorphic rocks, and the intergrowth of magnetite 

and pyrite is characteristic of both. I should, therefore, conclude that after the 

completion of the contact metamorphism, properly speaking, and after the con

solidation of the porphyry, an extensive fissuring took place, and solutions 
derived from the cooling porphyry, probably' ascending and laterally extending 
from this rock, flowed through these fi$sures. Everything indicates that these 

solutions .were closely related to those which emanated from the magma at the 
moment of intrusion, and, in fact, were similar in general composition. 

As to the quantitative relation of contact metamorphism and hydrothermal 

metamorphism it is difficult to speak with absolute certainty. In some parts of 
the contact-metamorphic rocks small seams with sulphides and magnetite are very 

abundant (for instance, in the Yavapai mine), and it is not easy to say bow much 

a Lindgren, W., Metasomatic processes in fissure veins: Trans. Am. Inst. Min. Eng., vol. 30, p. 57R. 
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be credited to each form of alteration, for the sedimentary rocks 

were evid ntl:r solid during the intrusion, and seams filled with sulphides may well 

have for ed in them. Generally speaking, they would be, and in fact are at 
present, uch less permeable to solutions than the porphyry, as shown by the slight 
depth wh' lh oxidation has attained in them, and it is believed that the hydrothermal 

solutions ere chiefly confined to cracks and fissures, in contradistinction to the much 

more sea ·ching action of gaseous water. The facts above given show, indeed, 

how slig is the lateral spread of alteration from the yeins. That the solutions 

producin the contact metamorphism effected such intense results is probably due 
to a far reater degree of heat and gas pressure existing. 

immediat 
its identi 

panied b 

DUE TO OXIDATION .AND HYDRATION IN THE CONTA.CT

META.MORPHJC ZONES .AND I N THE VEINS. 

GENERAL STATEMENT. 

the above heading are included the changes due to oxidation at the 
surface, or weathering, by which the rock is broken down and loses 

; and also various changes and interchanges .of minerals usually accom

hydration and sometimes effected at considerable depths below the sur-
face, but in all cases primarily due to surface waters and to the oxygen which 

they con ain. To a large extent, these processes come under the division of 
common ydrometamorphism, but the many peculiar reactions taking place in 

the mine lized zone renders it advisable to discuss this area separately. Outside 
of this ar a, where special conditions .of abundant sulphides and many minerals 

rich in i on prevail, weathering plays an unimportant part. Owing to climatic 

condition", erosion and disintegration proceed far more rapidly than does the 
chemical ecomposition of the minerals. 

The ltimate tendency of surface weathering, then, is to destroy the rock 
and to pr duce a few extremely resistant minerals which will ultimately form part 

of the so· . Among these, limonite, kaolin, and quartz are the most prominent, 
while th lime, magnesia, and alkalies are largely carried away as carbonates 

by surfac waters. 

PROCESSES IN DETAIL. 

MINERALS. 

Garn /t.-The brown or yellow lime-iron garnet of the districts becomes 
uniformly converted into cellular masses of limonite and hematite, together with 
quartz, th latter sometimes crystallized. Under the microscope the decomposition 

1s seen to proceed from a network of little fissures. The quartz is in places very 

1 859-No. 43-05-12 

\ 
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fine gramed, almost cryptocrystalline, but is apt to suddenly change to ~10re coarsely 

crystalline aggregates. The lime must be carried away as carbonate; secondary 
calcite crystals are sometimes seen surmounting the decomposing garnet. The 

proces~ is confined to a shallow zone at most 100 ·feet below the surface, although · 
in ore bodies or along fissures where oxidation has been energetic it may take 

place at much greater depth, probably down to 400 feet. Seams of black oxides 
of manganese occur frequently. 

E_pidote.~Epidote . crumbles near the surface to yellow or brown soft masses 
which contain much H 20 and Fe20 3 , together with a little Al, Ca, Mg, and Cu, 
probably a mixture of .ill-defined hydrous silicates. When not directly exposed 

to oxidation, it is very resistant. 
Pyroxene (dio_pside) and amphibole (trenu;ilite).~The colorless diopside and· 

tremolite so common in ' the altered limestones also resist direct oxidation very 

strongly, but are very susceptible to hydration below the surface. Abundant 
pale~gre~n chlorite is deyelqpe,d from · both · minerals; · this takes place at depths 

of severaJ hundred feet below the surface, especially near fissures. The chlorite 

occupies . spaces between . th.e prisms; has normal optical characters, and. probably 
corr.esponds approximately to . _the composition 5Mg0,Al20 3,3Si02,4H20. · The 

proce~s involves loss of Ca, . as carbonate, while the small amount of alumina in 
the rocks is probably - sufli,~ient for the development of chlorite. Occasionally, as 
in the second ·ore body of the Detroit mine, · tremolite takes !lP much water, 17 

per cent in . one c~se, and bec9mes converted to asbestos-like minerals. Another 
phase ·of ~Iteration of tr~molite and diopside is that resulting in serpentine, 
frequently · occurring. together with chlorite, as, for instance, . in the case shown 
by th,e analysis on page 173. This serpentine is sometimes found infiltrating 

the less-altered limestones near rocks with much pyroxene, as . yellowish-green, 
translucent veinlets, repl~~ipg the carbonate. 

Ohlorite.-Chlorite chap.ges to limonite and quartz under strong oxidizing 
conditions. Below the surfaq~ hydrated ferric silicates seem to form from it in 
some places .(see ,. Moren9ite," p. 115), with loss of part of the magnesia. Under 

influence of vein-forming solutions in the altered porphyry chlorite alters to 

serpentine. 
8ericite.-Sericite is decomposed with great difficulty, and is abundantly 

present at the very surface. · A small part of it seems to alter to kaolin, but 

probably only under the influence of solutions containing free sulphuric acid. 
In rare instances it seems 'to have been wholly dissolved, as above the cuprite 

zone in the Montezuma mine in porphyry. 
Magnetite.-This mineral oxidizes at the surface to hematite, which is usually 

loose and cellular, and black from accompanying peroxide of manganese. Limon-
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ite 'is the final product. Near fissures and in ore bodies jn altered limestone 

the oxidat on of · magnetite may proceed to a depth of 200 feet or more. 
Apati e.-Under the influence of vein-forming solutions apatite is not m 

general at acked, which seems peculiar, as it certainly is acted on by carbonated 

surface w ters. This finds expression in the sparing occurrence of copper phos

phates in he oxidized ores at several places in the district.. Except in on~ case, 
it was im ossible to determine specifically the mineral formed. 

P.1frit .-The oxidation of pyrite is a subject which h.a:s been extensively 
discussed y many writers on chemical geology, but, as remarked by 1\!Ir. Ran
some, a it s still in need of treatment from the experimental standpoint. b At 

the surfac pyrite in general oxidizes according to the formula: 

FeS2 +70+H20=FeSO"'+H2SOi!. 

This react on involves several intermediate stages in which S, H 2S;and 802 may 
be forme The ferrous sulphate upon further oxidation yields fer.ric sulphate, 

and the l tter is easily decomposed to various basic sulphates and ferric hydrates 
and free id. The :sulphuric acid is ready to oxidize remaining pyrite, if cuprif

erous (seep. 183), while the ferric sulphate also at tacks pyrite and other sulphides, 

changing hem to sulphates, being itself reduced to ferrous sulphate. A cycle 
of reactions .will .thus be initiated which will continue until all of the sulphides 

exposed to oxidation have been transformed into various oxysalts and most of the 
iron bas changed to limonite. Pseudomorphs of limonite after pyrite have been 
noted under the mjcroscope in decomposed porphyries from Coronado and Metcalf, 

and some of these carry a kernel of chrysocolla. 
'Such "iron caps" as are seen at the outcrops of veins in regions where oxi

dation· proceeds undisturbed by erosion are generally absent in this district. The · 

veins are rather marked by siliceous outcrops containing a small amount of oxi
dized copper ore and little limonite; some of them are entirely barren. The ore 

bodies in limestone contain, it is true, much limonite, but that is rather due to 
reactions between sulphate and carbonate than to di'rect oxidation. No basic ferric 

stilphates have been found on the surface or in the mine workings. It is therefore 
concluded that the waters which percolated through the deposits very soon lost 

a Prof. Paper U.S. Geol. Survey No. 21, 1904, p. 155. 
bThe subject is treated in: 
Bischof, G., Lehrbuch der chemischen und physikalisj ~hen Geologie, 2d ed. , vol. 3, Bonn, 1866. 
Roth, J., Allgemeine und chemische Geologie, vol. 1, Berlin, 1879. 
Doelter, C., Chemische Mineralogie, Leipzig, 1890. 
Brauns, R., Chemische Minera!ogie, Leipzig, 1896. 
Emmens, S. H., The chemistry of gossan: Eng. and Min. Jour., vol. 54, 1892, pp. 582-583. 
Penrose, R. A. F., The superficial alteration of ore deP')Sits: Jour. Geol., vol. 2, 1894, pp. 288-317. 
Emmons, S. F., The secondary enrichment of ore deposits : Trans. Am. Inst. Min. Eng., vol. 30, pp. 177-217. 
Weed, W. H., The enrichment of gold and silver veins: ibid., pp. 424-448. 
Weed, W. H., Enrichment of metallic veins by later metallic sulphides: Bull. Geol. Soc. Am., vol. 11, 1900, pp. 179-206. 
Winchell, H. V., Synthesis of chalcocite: Bull. Geol. Soc. Am., vol. 14, pp. 269-276. 



ORDER OF OXIDATION. 

The general order of attack by oxygen is said to be as follows:'a Arseno
pyrite, pyrite, chalcopyrite, blende, galena, and chalcocite, the last being the most 
resistant. 

Van Rise b says that the sulphides of iron, copper, zinc, lead, and silver will 
be oxidized in the order given. How far this may be relied upon is doubtful; 
it is probably true for only one set of conditions as to mass, aggregate, and 
character of solutions, and varies also in the different sulphur compounds of each 
metal. In the Clifton district, for instance, chalcocite is- often entirely oxidized, 
while much pyrite remains. 

SULPHATE WATERS. 

The waters descending from the surface of the ground into the lodes, as well 
as into the pyritized and sericitized porphyry and the altered limestone, should 
contain, as essential constituents, ferrous, cupric, and zinc sulphates. together 
with some free sulphuric acid. Any oxygen they might contain would almost 
at once be absorbed by the ferrous sulphate. Even if free ~mlphuric acid were 
lacking, an acid reaction would soon obtain by electrolysis. To the acid solution 
of iron, copper, and zinc must be due most of the important changes which have 
transform~d the low-grade lodes and the disseminated copper ores in the limestone 
into commercially important ore bodies. All three sulphates, especially those of 
copper and zinc, are found as efflorescences in the mine workings. 

The relative stability of the sulphates appears to be as follows: Ferrous sul
phate, cupric sulphate, zinc sulphate, and lead sulphate, the last being the most 
stable. The first three are very easily soluble in water-in fact, more so than 
most other substances-and this great mobility e.xpli:tins many of the remarkable 

aWeed, W. H., Trans. Am. Inst. Min. Eng., vol. 30, p. 429. bTrans. Am. Inst. Min. Eng., vol. 30, p. 101. 
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transformations effected. As I have found erroneous statements on this· subject 

in some of the literature on ore deposits, the following figures are given. They . 

are mostly from Comeys's Dictionary of Solubilities: 

Table of parts of different salts dissolved by 100 parts of water at d{ff'erent temperatures centigrade. 

Na2S04+ 10H20------------------

CaS04+ 2H20.---------- ---------

MgS04+ 7H20- -------------------

5. 00 

. 205 

73. 00 

___ ____ . _ _ _ _ _ _ _ _ a480. 00 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . 217 4 

-------- ------ - - 116. 00 -------- -------- ----------
FeS04,+ 7H

2
0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 45. 50 ___ __ _________ -- -------- 333. 00 

CuS04,+ 5H
2
0 ____________________ ~ b23.47 37.00 42.33 65.83 -------- 203.32 

ZnS04,+ 7H
2
0 ___ __________________ 115.00 138.00----- -- - 161.00- - ------442.00 654.00 

Al2 (S04,) + 18H20 ----------------- 86 85 - - ------------------------------ ________ l, 132.00 

b 31.6 (Fremy) . 

Recent investigations by Etard a have shown that nearly all of the hydrous. 

sulphates have a maximum of solubility at a certain temperature beyond which 

the solubility decreases, sometimes veTy rapidly. This is due to the decomposi

tion of certain of the' hydrated salts at given temperatures and is especially marked 

in the case of ferrous sulphate, ~hich becomes practically insoluble at + 155° C. 

Potassium sulphate is an exception, increasing steadily in solubility. 

The turning point of the solubility curves lies at 34° C. for Na2S04 + 10· 

H 20, at 80° for FeS04 + 7H20 and ZnSOi+ 7H20, and at 130° for CuSOi+ 5H20. 

The temperature obtaining in the oxidized zone of these deposits probably 

nowhere exceeded 100° and range~ from that figure down to the average tem

perature prevailing in the region; that is, to somewhere about + 15° C. 

Mr. Winchell states that the mine waters of But t e contain considerable 

amounts of cuprous salts, presumably cuprous sulphate.b The method by which 

this result was obtained .is not given. This would seem desirable, as it is said 

to be very difficult to detect cuprous salts in a mixed solution. While not deny

ing the possibility of their existence in intermediate reaction~, I do not believe 

that they formed an important part of the mine waters in the Clifton-Morenci 

district. At the present time,i while moisture percolates, as shown by effiores
eences and stalactites of sulph te, no waters can be obtained in suffic. ient quan

tities for examination. The s phate solutions act somewhat differently in · the 

porphyry and in the limestone shale series. In the former, more porous, rock 

they spread easily and percolat downward, while the altered shale and limestone 

offer considerable resistance. 

a Ostwald, Allgemeine Chemie, pt. , p. 1052. ·b Bu ll. Geol. Soc. Am., vol. 14, p. 269. 
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PRQCESSES IN FISSURE VEI~S IN PORPHYRY AND LIMESTONE. 

The most important of these consists in the formation of chalcocite by the 
action <;>f cupric sulphate on pyrite and zinc blende. That certain salts will be 
decomposed by metallic sulphides and precipitated as sulphides bas long been 

known. The reactions established by Schuermann a show the following series in 
the order of their affinity for sulphur: Mercury, silver, copper, bismuth, cadmium, 
antimony, -tin, lead; zinc, nickel, cobalt, ·iron, arsenic, thallium, and manganese. 

A salt of any metal iri the series would · be decomposed by the sulphide of a~y 

succeeding metal and the first metal precipitated as sulphide. If secondary depo
sition of sulphides by reaction of pyritic ores on descending waters has taken 

place in an ore deposit containing silver, copper, lead, and zinc, these sulphides 
would be arranged according to this rule in zones in -the following order: Argen~ 

tite, chalcocite, bornite, chalcopyrite, galena, zinc blende, pyrite at bottom. 
In the lodes at N orenci, where practically only copper, zinc, and iron are 

present, the lower limit of the cha1cocite zone seems to lie about 400 feet below 
the surface, though it varies considerably in different parts of the camp. 
Below this depth the veins consist of massive' pyrite with which is intimately 

iritergrown equally massive zinc blende and ?halcopyrite, the latter in small 
amounts. The gangue consists of _very little quartz. The minerals in the chalcocite 
zone consist almost ·exclusively of pyrite a?d chalcocite. Above the chalcocite 
zone the lodes are usually leached and almost barren, continuing thus to the 
surfa~e. 

CHALCOCITIZATION OF THE ZINC BLENDE. 

The blende of the bottom zone exposed in the first, second, and third levels 
of the Ryerson mine is _doubtless a primary mineral deposited contemporaneously 

with the pyrite; the manner of intergrowth in solid masses precludes any other 
~upposition. In the chalcocite zone and in the bari·en surface zone zinc minerals 

seem to be almost entirely absent. The manner in which zinc blende is attacked 

and ~copper sulphide deposited is well seen in specimens from the first level of 
~he Ryerson, some 30 feet below the bottom of the principal chalcocite zone, 
along the Humboldt vein, 400 feet below the surface. The well-defined vein of 
solid pyrite with · admixed zinc blende varies from 1 _to 6 feet in thickness and 
is not altered as a whole. Along the foot wall, however, is a seam of kaoliri 
showing a slight green copper stain. Within one-half inch of this seam the 

-.fine-gr:;tined, almost black, zinc blende, which is intergrown with some pyrite, 
becomes dull and sooty and shows the presence of some covellite, a mineral of 
very·-ra-re occurr~nce at Morenci. Under the microscope the i·ock exhibits much 

a Liebigs Ann. d. Chern., vol. 249, 1888, pp. 326-350. Emmons,~- F., Trans. Am. Inst. Min. Eng., vol. 30, p. 212. Weed, 
W H., Trans. Am. Inst. Min. Eng., vol. 30, p. 428. 



CHALCOOITIZATION OF ZINC BLENDE. 183 

shattering, and the zinc blende is seen to be ·surrounded by dark borders, not 

however, so clearly defined as in tbe case o£ the chalcocitization of pyrite. 

Chemical examination showed the presence of abundant copper in the altered part. 

The pyrite apparently does not precipitate Cu2S or CuS while zinc blende is 
present. Associated with the blende are grains of chalcopyrite, whether secondary 
or not could . not be definitely ascertained. The kaolin, or a related mineral, 

· and aggregates of chalcedony :fill the branching veinlets in the rock. The zinc · 

blende is thus ·attacked and converted into covellite and probably also chalcocite 

with simultaneous deposition of kaolin and chalcedony. No sericite forms. As 
covellite is unknown higher up in the main chalcocite zone, it follows that it must 

soon be reduced to chalcocite. The principal reaction is doubtless expressed by: 

ZnS+CuSO~=ZnS041+CuS. 

Thus zinc blende is here clearly the first m~~eral to cause sulphide deposition 

from solutions of cupric sulphate, which ag~ees with its relative position in 

Schuermann's series. 
The zinc sulphate, being very easily soluble, [is carried away. No effiorescences 

of zinc sulphate were found in the chalcocite/ zone of the .veins in porphy.ry, 

though it occurs commonly enough in the ~xidized zone of 99ntact metamorphic 
sediments. If, as probable, the attacking w~terk besides sulphates, contained free 

sulphuric acid, the decomposition of 1bhe bl~nde would prp~::tbly be facilitated. 
No secondary zinc blende has been found[ in any.,part of the mines, , while, • 

according t.o · Schuermann's reactions, zinc should be ,precipitated as sulphide by 

pyrite. Secondary zinc blende, possibly form~d according to this reaction, has, 

however, _been reported from various mining ~istrict~ .. a 

CHALCOCITIZATION OF ·TtE PYRITE. 

According to Dr. H. N. Stokes,b dilute H2f0~ will . not act upon pure pyrite. 
Reaction takes place, however, when the pyrite is cupriferous and likewise when 

H2SO~ is allowed to act on chalcopyrite. Dm1tor. Stokesc has also shown that a 
neutral solution of cupric sulphate will act on pyrite at 100° and 180° as follows: 

5FeS2 + 14CuS04 +12H20= 1'Cu2S+.5FeS04 +9H2S04+3H2S04 • 

The last H 2S04 is formed . by th.e oxidat~~n . of the sulphur of FeS2 • The 

formation of H 2SO4 was proved by quantitatfve analysis. The reaction is not 
as simple as thus expressed, for some CuS is formed, less at 100° than at 180°. 
Cuprous sulphate also plays a part i,n the re~ction as . a.n int~rmediate product, 

a Weed, W. H., Bull. Geol. Soc. Am., vol. 11, pp. 193, 205. 
bOp. cit., p. 187. 
c Unpublished manuscript. 
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according to Doctor Stokes. Similar equations would no doubt explain the for 
mation of covellite (CuS), bornite (3Cu28+ Fe283), and chalcopyrite (Cu28+ Fe2S3), . 

for it is well known that these sulphides fo:r:m under conditions analogous to 
those of chalcocite. Doctor Stokes considers it likely that the reaction likewise 
goes on, though more slowly, between +100° C. and +20° C., the range of 
temperature probably existing in the deposit during the period of sulphide 
deposition. 

Mr. H. V.. vVinchell a in a most interesting experiment obtained the mineral 
chalcocite from the action of CuSO 4 on pyrite in the presence of much S02 • It 
seems very unlikely, however, that S02 was present in the requisite amounts 
during .the deposition of the chalcocite, so that the experiments and equation of 
Doctor Stokes more likely represents what actually . happened. That S02 is 
formed in small quantities during the oxidation of pyrite in open air is true. 
Ferric sulphate is also formed, and as the two are incompatible the result will be 
sulphuric ac.id and ferrous sulphate. During this stage of open-air oxidation 
sulphites · may possibly form, but is is very difficult to Imagine that they could 
remain stable. As the waters percolate downward through the mass of unoxi
dized pyrite present at Clifton a short distance below the surface that mineral 

will soou reduce the ferrie to ferrous sulphate and thus the principal aptive 
reagents will soon be limited to ferrous sulphate, cupric sulphate, and free H 280"'. 
It is stated in Mr. Winchell's paper that 802 is formed by the action of ferrous 
or cupric sulphate on pyrite or chalcopyrite, but even if small quantities of 
sulphur dioxide did form they would probably soon be oxidized by an excess of 
cupric sulphate. 

The very fact that during the experiments of Mr. Winchell cupric sulphate was 
for a long time in contact with pyrite without causing a precipitate would seem to 
show that the evolution of 802 must be excessively slight. The synthesis of 
chalcocite effected by Mr. Winchell is a highly important experiment, but it does 
not seem to apply to conditions at Clifton-Morenci, partly for reasons already 
given, partly because the reaction is a metasomatic interchanqe between pyrite and 

the solutions, not a simple product of precipitation. 
On the other hand, it is certainly true that no chalcocite has as yet been 

produced artificially by replacemen~ of pyrite at ordinary temperatures, and such as 
doubtless prevailed durjng the formation of the mjneral. The question is thus to 
some extent yet open. 

The equations given by Prof. C. R. Van Rise b ·for the formation of chal
cocite seem. ·open to criticism, as they require the presence of oxygen, which was 
evidently not present in the chalcocite zone, and as · they· are generally based on 

a Bull. Geol. Soc. Am., vol. 14, pp. 269-276. bTrans. Am. Inst. Min. Eng., vol. 30, pp. 101, 111, 112. 
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cuprous sulphate, which is only stable in the presence of an excess of cupric 

sulphate and probably only of importance as an intermediate product. Doctor 

Stokes a has further found that at 200° a mixture of ferrous and cupric sulphates 

gives metallic copper and ferric oxide. As such mixtures must have been present 

in the sulphate water, and as no such products resulted, it is clear that no such 

temperature prevailed . when the chalcocite was fofmed. 

In this district the jormation of chalcocite from pyrite is a most important 

process, to which most of the ore bodies owe their origin. This process is, 

throughout, one of replacement, chalcocite bodily repladng the pyrite, and 

it is so uniformly developed that one description answers for all localities. It 

acts on the solid pyrite seams and veins as well as on the sericitized and pyritic 

porphyry. To a limited extent it takes place in th
1

e metamorphic rocks, but on the 

whole these are so much less pervious to solutidns than the porphyry that few 

important ore bodies have thus resulted. By chlalcocitization the massive veins 

of pyrite become transformed into solid masses of black dull chalcocite, while the 

sericitized porphyry becomes filled with grains and little seams of the same min

eral. The first constitutes high-grade ores, the second the low-grade. A residue 

of pyrite, not yet acted upon, is nearly always present. Thus a vein of massive, 

sooty material cutting the shale in the Montezmlna mine containeq. 96 per cent 

Cu2S and 2.4 per cent FeS2 , and pyrite may ~e easily seen in nearly every 

specimen of low-grade porphyry ore. The pyrite first becomes coated with a 

black stain; in a more advanced stage the chalcocite penetrates the pyrite on 

, eracks and fissures in all directions (Pl. XIV); finally it · almost entirely replaces 

it. The chalcocite has an easily recognized, dull-black color and its sectile char

acter is proved in thin sections, by the deep striations produced by the emery 

during the grinding. Kaolin gouge always accompanies chalcocite when occur

ring as massive veins; in the chalcocitized porphyr·y the process is nearly always 

attended by a formation of a little brownish kaolin , together with microcrystalline 

quartz or more often chalcedony; these minerals encircle the pyrite or traverse 

the chalcocite as minute veinlets, distinctly later than the alteration of the por

phyry to sericite and pyrite. Sericite does not form during chalcocitization; on 

the contrary, the kaolin is formed at the expense! of that mineral. Almost solid 

masses of chalcocite up to 20 or 30 feet thick hjve been mined in the Ryerson 

and Humboldt mines. The transition from chalcocite to unaltered pyrite at the 

lower limit of the zone is remarkably sudden. Usually ~L change takes place 

within 25 feet, sometimes within 10 feet, from rich chalcocite ore to pyrite with 

one-half to 1 per cent copper. Chalcopyrite is rarely found as a secondary 

mineral, but has been observed as small grains inclosed in chalcocite veinlets 

a Bull. U. 8. Geol. Survey No. 186, 19r, p. 44. 
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which cut through pyrit-e in the Ryerson vein; it is here also accompanied by a 
little bornite.· Other specimens of sericitized porphyry from the same mine show · 

a coating of covellite instead of chalcocite on the pyrite grains. In t~e ''black 
stope" of the intermediate level of the same mine chalcocite is said to have 
occurred mingled with ch&lcopyrite, which probably was due to secondary sulphide 
deposition. 

OXIDATION OF THE CHALCOCITE ZONE. 

In the absence of a typical "iron cap" we are forced to the belief that the 
space between the top of the chalcocite zone in the veins and the surface is 
occupied by the products of oxidation of chalcocite and pyrite, the only two ore 
minerals present in that zone. As reagents we have here ferrous sulphate, pos
sibly with a small amount of ferric sulphate, further cupric sulphate, sulphuric 
acid, and oxygen, the first four dE?rived from the oxidation of chalcocite and 

pyrite. ,nea~: . ~he surface. The ferric sulphate is rapidly converted into ferrous 
salt by the plentiful pyrite. Chalcocite un,der the influence of oxygen changes 
to cuprite and cupric sulphate: 

2Cu2S + 0 = 2CuS + Cu20; CuS + 40 = CuSOi. 

Cuprite indeed is found abundantly just above the chalcocite zone, both in vems 
in limestone (Montezuma and Joy mines, Morenci) and in porphyry . (Metcalf 
mines). Metallie ·copper is very easily produred from cuprite by sulphuric acid: 

Cu20 + H 2S0i = Cu + CuSOi 7- H 20. 

In fact, metallic ·copper is frequently observed in most intimate intergro'wth with 
cuprite in t~is zone (quoted occurrences and in Arizona Central mine). In some 
cases (Montezuma vein) wher~ much sulphuric . acid must hf:\ve been present, the 
sericite in the altered-porphyry dike accompanying the vein is wholly dissolved, 
having as gangue a porous, loose, mass of quartz grains. The cuprite formed 
usually spreads irregularly in the wall rocks of the vein. Specimens from the 
Metcalf ~ines 40 feet above Wilson level and about 200 ·feet below the surface 
consist of light-gray sericitized granite-porphyry with seams of massive dark-red 
cuprite and scattered grains of the same mineral. 1 The microscope shows the 
rock to be a norll).al, entirely sericitized porphyry, extensively fractured, and trav
ersed by ir~egular yeinlets of dark-red translucent cuprite .with small grains of 
native copper and a few remain~ng chalcocite grains. · The veins often traverse 

the~ qu,art~ _ phenocrysts (Pl. XIII, B), and are largely Jormed by replacement 
along iritial cr:acks, partly also by mechanical filling. Cuprite also spreads in 
dendritic ~oyrr~s t4ro-qgh the mass of the porphyry, accompanied by a little dark
brown limonite, a mineral which, however, is not usually found together with 
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cuprite in the veins. Similar ore was extracted in 1902 from the Montezuma 

vein, Waters Shaft level, where for some distance at the upper part of the chal
cocite zone this mineral and cuprite occurred together. Seams several inches 

wide· of dull sooty chalcocite contain dark-blue spot.R of eovellite, as required 

by the formulas given above, and are traversed by later seams of cuprite. 
The same intimate intergrowth of cuprite ap.d native copper is frequently 

observed in Williams vein, Arizona Central mine. Sheets of copper are found 

on seams, incrusted with cuprite. There are ~lso veins, syveral inches thick, 
of native copper which have that fibrous structure perpendicularly to the plane 

of the vein sometimes noted in chalcocite from this district, and which certainly 
I 

represent direct pseudomorphs after chalcocite. This occurs from 250 to 280 .feet 

below the surface. The chemical explanation of
1 

this replacement is not quite 
clear. The indirect way ~ indicated above woulq hardly form massive pseudo

morphs. Another possible way is by ferric sulphate, if this could have main-

tained its existence down to the required depth, 1thus: 1 

Cu2S + 3Fe2(SO,J 3 + 4H20 = 2Cu + 6FeSO-i + 4H2SO-i . . 

Hansome a suggests, quoting Brauns, that f~rrous sullJhate may act as a 

reducing agent and precipitate cuprous oxide from cupric salts. This seems 
hardly probable, for cupric sulphate and ferrou$ sulphate appear to mix in all 
proportions without reaction. Stokes's b reaction of FeSOj, and CuSO-i forming 

hematite and native copper at 200° is very i~~resting, but probably has no 
application in the prese~t case . 

. Th~ zo.ne , of cuprite and metallic copper has rarely great vertical extension. 

:Both minerals are rapidly. converted into cupric. i:mlphate, brbchantite, with sub

ordinate malachite .. and azurite, .by sulphuric acid and carbon dioxide; . but these 
products again are soon dissol v·ed by free sulpquric acid forming from pyrite, 

some of which mineral tenaciously remains until the very last, and the copper 
salts descend to he.lp enrich .the cuprite zone. Thus the uppermost 100 to 200 

feet of the veins are usually barren. This applies to the Montezuma and tT oy 

veins, and in a lesser degree to the Arizona Cen~ral mine, where the oxysalts of 
copper r.eached the 'surface In places. At the Metc:l-lf mines the zone of oxidized 
ore reaches to .within 30 feet of the surface, w h~re the ore becomes too poor to 

mine and where' l.imonite, absent below, begins to be deposited on seams. The 
most important copper minerals in the oxidized zone of the veins in porphyry 

are brochantite an~ chrysocolla, although wherever carbonate solutions were 
obtainable malachite and azurite also occur. . Some very fine specimens from the 
Metcalf mines some 60 feet below: the surface and about [100 feet above the 
chalcocite zone offer excellent ·illustrations of these processes. The white serici-

aProf. Paper U. S. Geol. Survey No. 21, 1904, p. 157. b UnpubliJhed manuscript. 
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tized porphyry contains replacement veins and , irregular bodies of cuprite, 
mostly massive and containing . streaks of native copper. Green, partly crystal
lized or mammillary crusts of green minerals cover the cuprite. The earliest of 
these are intimately · intergrown, bluish-green chrysocolla, brochantite, and mala
chite, the former two prevailing. Azurite is usually the last mineral formed, 
sitting in well-defined crystals in cavities · of the brochantite and chrysocolla. 
Flakes of spangoli.te on the chrysocolla testify to the presence of acid solu
tions capable of dissolving ·alumina. A dark-yeliowish-brown mineral, either 
limonite or a ferric silicate, is also present in small quantities. 

Other specimens from the open cuts on the first level show veinlets of mal
achite, in part certainly replacing sericite, and associated with a gangue of fine 
grained quartz and limonite. At other places in the Metcalf mines malachite 
and brochantite occur as filled veinlets and the latter is frequently found as 
well-developed minute crystals. Specimens from the Copper Queen mine show 
chrysocolla concentrically deposited on loose pieces of porphyry and surmounted 
by fine crystals of azurite. 

It is not necessary that this complete cycle of transformations should be fol
lowed, for brochantite and m~lachite direct from chalcocite has often been observed. 
Brochantite (H6Cu~S010) probably forms as follows: 

2Cu2S+ l00+4H20=H6Cu~S01o+ H2SO~. 

Chalcocite is not attacked by either strong or dilute H2SO~, while hydrochloric 
acid decomposes it with development of H 2S. In a specimen from the Montezuma 
mine the chalcocite appears as if shattered, and on all seams brochantite develops 
by replacement. Farther away from the sulphide the brochantite partly changes 
to mala<;hite (Pl. XII, 0). Direct transformation to malachite has also been 
observed at a prospect near Metcalf. 

The common occurrence of brochantite, the basic sulphate of copper, has been 
emphasized in the chapter on mineralogy. Its "habitat" is chiefly in the porphyry 
and not far below the surface. It is probably a very common mineral, though 
usually taken for malachite. It is very easily reproduced in different ways. a 

Chrysocolla forms in most cases from cuprite, but Roth b says also that it results 
by interchange between cupric silicate and alkaline silicates. lt iH somewhat 

soluble in water, containing C02 , and is easily decomposed by acids. 
The absence of these oxysalts from the immediate surface zone of most of the 

veins seems to indicate that they have been dissolved by waters containing H2SO~ 
,and C02 • The solutions were carried down to deposit still more copper in the 
upper and always richest part of the chalcocite zone. 

a Brauns, R., Chemische Mineralogie, 1896, p. 260. • bAllg. Geol., pt. 1, p. 253. 
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With some exceptions the CI'oppings of the Copper Mountain veins contained 
m porphyry are almost absolutely barren of copper · minerals. Where the outcrops 

can be accurately placed, which is not often the case, they merely consist of 

sericitized porphyry cemented by veinlets of quartz. The pyrite, copper salts, and 

limonite have been carried away, as illustrated by Analysis V on page 168. The 

top of the chalcocite zone is 100 to 200 feet below the surface. .As usual, the 
upper half of the zone is much the richer. At its upper limit the porphyry 

containing chalcocite and pyrite becomes brown and rusty. The chalcocite disap

pears rapidly, but some cupric sulphate is universally present ~s efflorescences and 
seams in the rock. Limonite is fairly abundant in seams and throughout the rock. 

Some pyrite remains to the last and disappears wholly only a very short distance 
below the surface. Malachite, chrysocolla, and allied minerals occur only in insig
nificant amounts. For some reason there has been here a more energetic oxida

tion of the chalcocite with direct conversion to cupric sulphate, which in turn has 

descended and enriched the upper chalcocite zone. We may assume that the 
following equations represent what has taken place: 

Cu2S+05 =CuS04+CuO 
CuO+ HSO 4 = CuSO 4 + II20 

I 

In some caHes, however, bunches of chalcocite continue along the main veins close 
to the surface, and on the Fairplay claim, at Carasco, and near the Liverpool 

tunnel chrysocolla and other oxysalts are found near the surface. 

Cupric oxide (melaconite or tenorite) has not been foudd in these deposits 
either in the chalcocite or in the oxidized zone. 

PROCESSES IN DEPOSITS IN LIMESTONE. 

The processes which have resulted in the oxidized deposits which form 
irregular or tabular masses in limestone or shale are materially different from those 

prevailing in the veins. They are partly due to direct oxifation and largely 
to the effect of sulphate solutions. Most of the ore bodies are situated near the 
surface like the Detroit, Longfellow, and Shannon deposits, or near a fault facil

itating the percolation of solutions. Although direct evidence is not available 
in every case, it is certain that the original material in most cases consisted of 
lean chalcopyrite ores mingled with pyrite, magnetite, and zinc blende. These 

were, according to accidents of contact metamorphism, locally more concentrated 

in irregular masses or along certain strata. Free oxygen, :Erlee sulphuric acid, 
ferrous and cupric sulphates with an abundance of carbonat e of lime were the 
reagents employed by nature. Oxygen and carbon dioxide alone in many cases 
doubtless produced limonite and malachite direct~y from the sulphides, but the 
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most important reactions surely were those between carbonate of lime and 

sulphate solutions partly derived from points neal; the surface. 

2CuSOi +2CaC03 + H 20= (CuOH)2C03 +2CaSOi +C02 , 

or cupric sulphate+ calcite= malachite+ calcic sulphate; 

3CuSO 4o + 3CaC03 + H 20 = ( CuOH)2Cu(C03) 2 +3CaSO 4o +C02, 

or cupric sulphate + calcite = azurite + calcic sulphate. 

According to a well-known reaction, ferric hydrate will be produced from 

ferrous suiphate and calcite, and in this manner is explained the occurrence of 
malachite, azurite, and limonite on these deposits. The copper contained in the 

contact metamorphic rocks will thus be enr\ched by precipitation of the trans
ported cupric sulphate. Reduction of volume by · the removal of _ gypsum contrib

utes to the enrichment. · In confirmation of the correctness of this reaction crusts 

of replacing malachite and azurite frequently surround residual rounded masses 

of limestone. This was particularly well shown in an excavation at the surface 
near the Ryerson shaft, Morenci, and in the Boulder tunnel, Shannon mine, 

Metcalf. In part, however, the process is one of crustification, as was well shown 

in the beautiful stalactitic masses of ~alachite and azurite formerly found in the 
Detroit and Manganese Blue mines, and to some extent yet occurring in the red 
and central ore bodies of the Shannon mine. A · specimen from ·the latter locality 
shows stalactitic crusts of black copper-pitch o1:e -and -·dull-black material with · 

much manganese; on this is deposited coarsely crystalline: a.zurite with a little 

kaolin, which again is surmounted by fine fibrous malachite; in places occurs a 
. second generation of azurite alternating with copper-pitch ore. Other specimens 

show crusts of dark-green brochantite, limonite, again surmounted by fibrous 
pale-green malachite; 

In the old irregular az~rite stopes in the Copper . Mountain tunnel at Morenci 
the partly cont::tct-metamorphosed lirrH~stone is '·tW1flv~rted -- to a ·loose ·yellowish 

aggregate containing bunches of small azul!ite ~ C<l!ystwlis~'and '. fiuiny ·small pale-green 
balls of radially fibrous malachite. The matrix ,:eons!sts )chiefly of a kaolin-like 
material, containing roughly 27 per cent 1!20, :: 89 ·per cent" Si02 ~ :-·: 36.5 per .cent 

Al20 3 , and ·3.3 per cent MgO. (Hillebrand, arna:ltst.} · · -, ~ ··-~ 
The garnet and magnetite, . frequently forming . the gangue· 'of · th~se deposits, . 

likewise alter to ferri<:l hydra~e and quartz with refitoval of lime'. Gypsum is 
not uncommonly found as silky. foils, and was especially .noted from the Monte
zuma and Manganese Blue mines. 

Besid
1

es :these principal processes there are .many others of subordinate 
importaiJce. Chry1socolla forms where silica is_ abundan~, as in masses of garnet 
(ModoG mine); an,d is usually associated with copper pitch ores and seams of . 
black manganese, probably impure pyrolusite. Brochantite is not common. 
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The zinc ulvhide contained in the primary veins, below the chalcocite zone, 
is there conve ted to zinc sulphate and practically eliminated from the oxidized 
zone. In the tleposits in the altered limestones no such complete elimination 
takes place, f r carbonate .of zinc and the two silicates are occasionally found; 
much zinc als goes into copper-pitch ores, and the cap rock of partly oxidized 
magnetite and garnet at the Shannon mine contains some of it as carbonate and 
silicate. In the ore bodies proper the zinc forms a very small percentage. E:ffio
reseences of zinc sulphate, with which are also mixed the sulphate of magnesia 
and copper, are of very common occurrence in old mine workings in shale 
and limestone. 

The final result of the oxidation and enrichment · of the altered limestone 
will be limonite, quartz, malachite, and azurite, with more or less kaolin. The 
lime is almost eliminated, ·while silica and alumina form residual concentrations. 

Chalocite is rarely an important mineral in these deposits. Cuprite, ordinarily 
absent, occurred extensively in some parts of the Longfellow mine, under exactly 
what conditions is not known. 

OXIDIZING PROCESSES IN SHALE. 

The occurrence of cuprite in clay shale is a common phenomenon at Morenci. · 
Disseminated in small flakes it is plentiful in the Hudson crosscut of the Arizona 
Central mine 150 feet below the surface, and bodies of it were extracted in 
1902 in the Manganese Blue and Montezuma mines, 100 to 150 feet below the 
surface. · It also occurs disseminated with the thick shale beds underlying the 
second ore body in the Detroit mine. The two lower ore beds of the Manganese 
Blue mine, now worked out and inaccessible, also carried predominant cuprite ore. 
The occurrence in the Longfellow mine may also have been partly associated 
with shale. The cuprite occurs as flakes on the bedding planes of the dark-gray 
or black shale, or. disseminated through it in veinlets which to some extent are 
formed by replacement. No particular gangue mineral seems to be associated 
with the mineral, except limonite in the richer occurrences. The cuprite is partly 
altered to malachite, this being proved by seams of the latter mineral cutting 
across the first. These occurrences of cuprite seemed at first difficult to explain, 
but recent interesting experiments by Doctor Kohler, a who shows that solutions of 
copper sulphate filtered through kaoli.n become hydrolyzed by adsorption, throw 
much light on the subject. The copper is precipitated as oxide, and sulphuric 
acid is set free. Organic matter contained in the kaolinic shales would easily 
account for further reduction to cuprous oxide and native copper, if indeed this 
be not accomplished directly by the free sulphuric acid. 

a Zeitschr. prakt. Geol., vol. 11, p . 49. 
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Dr. E. C. Sullivan, who tor some time had been working on the phenomena 
of adsorption by ·kaolin, kindly consented to make some experiments on the 
Morenci shale analyzed and described on page 67, with a view to ascertaining its 
action on solutions . of cupric sulphate. A preliminary statement by Doctor 
Sullivan of the interesting results of this. inquiry is here appended. 

" ·Fifty grams of shale, finely ground in agate mortar, were placed in .100 cubic 
centimeters of solution of cupric sulphate containing 0.0025 gram of copper per 
cubic centimeter. After standing for four days, with occasional shaking, the solu-

. tion contained but 5 per cent of that amount of copper. A solution of the same 
strength had lost all its copper after four months' contact with shale. A concen
trated solution with original content of 0. 7645 gram copper per cubic centimeter had 
but 0. 7058 gram copper per cubic centimeter after a few days' contact, 100 cubic 
centimeters of solution thus giving. up nearly 0.6 gram copper (0.75 g. cupric oxide, 
CuO) to 50 grams shale. · 

''A certain amount of acid radical is also taken from the solution by the shale. 
This loss in one experiment with the dilute copper sulphate mentioned was something 
over 10 per cent of the total SOi. 

"The shale in turn gives off a part of its constituents to the solution, about 0.2 
gram having been found in 100 cubic centimeters after treatment with the dilute 
copper-sulphate solution. This is 0.4 per cent. of the 50 grams shale taken. Of this 
dissolved matter, mostly present as sulphate, one-third to one-half was potassium 
oxide, most of the remainder being magnesium oxide and calcium oxide. with sodium 
oxide, manganese oxide, ferric oxide, and silica in smaller quantities. 

"The acidity of the solution was not increased by removal of copper, analysis 
showing that copper precipitated in excess · of that equivalent to the acid radical 
removed was replaced in solution by other bases as sulphates." 

' -
In that part of the Longfellow deposit contained in the East Y ankie mine 

masses of very pure kaolin occur together with separated masses of cellular 
limonite. Neither contains mueh ore and both are probably derived from clay 
and lime shales. The kaolin contains little aggregates of cuprite with metallic 
copper and both alter to malachite, which traverses the rock in delicate vei~lets. 
Sometimes the cuprite is surrounded by little aureolesof limonite and malachite. 

Azurite is also no stranger in the shale deposits, as shown, for instance, in 
the second ore body of the Detroit . mine. The mineral has a strong tendency 
to develop metasomatically in the partly contact-metamorphosed shale, as shown by 
Pl. XV, B. Specimens show a grayish compact shale, more or less deeply colored 
by malachite and containing fine replacement crystals of azurite. In thin section 
the shale consists of a . microcrystalline aggregate of. sericite and tremolite, full 
of minute grains and crystals of malachite which also occurs as fibrous replace
ment veins. Besides the minerals mentioned there is formed by replacement of 
the shale a dark-brown translucent and isotropic copper-pitch ore which assumes 
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round concretionary forms. Cases have been observed in the Copper Mountain 

mine in which azurite envelops grains of undecomposed . pyrite accompanied · by 
a little limonite. 

Another interesting occurrence is that of cuprite on magnetite, observed on 

the intermediate level of the Arizona Central mine, 200 feet below the surface. 

AJ;out 200 feet below the surface at a strong slip, not far from the great dis
turbance of the Apache fault, a seam of chalcocite in porphyry alters to cuprite 

near a mass of magnetite here adjoining the porphyry. Fine crystals of cuprite 
sit on open fissures of dissolution in the magnetite and are accompanied by 

limonite and fibrous crusts of some manganese ore. The magnetite probably 
plays no direct part in this reaction, which more likely is due to direct oxidation. 

It is well known that the "clay substance" in plastic clays, together with 

any potassium they may contain, dissolves entirely in strong sulphuric acid, as 
well as in hydrochloric acid. It is certain that kaolinite is likewise decomposed 

by strong acids, though a statement to the contrary is found in Dana's System 

of Mineralogy. That dilute sulphuric acid produces similar re~ults more slowly 
is very probable and is supported by many observations at Morenci. Thus 

alumina acquires a considerable mobility wherever acid solutions are present. 
An illustration of this is furnished by specimens of greenish compact shale from 

the Longfellow mine, which are traversed by seams of quartz and manganese 

dioxide. Between these seams the clay shale is partly dissolved and a s.eries of 
irregular cavities formed, often coated by calcite crystals in :fiat rhombohedrons. 

Pure-white kaolin frequently occurs with azurite at Morenci, its formation being 

easily explained by the action of aluminum sulphate on free silica in the 
presence of cupric sulphate, thus: 

A 12(80 4) 3 + 3CuSO 4 + 3CaC03 + 2Si02 + 6H20 = 3Cu0 ,2002 , H20 + 
H4Al2Si20 9+3CaS04 +3H2S04 +C02 • 

The aluminum sulphate formed by the attaek of sulphuric acid on clay sub

stance is extremely soluble in water, and is thus easily transported. During the 
oxidation of clay shales pure kaolin in nodules is very apt to form, as seen in 
the Detroit mine, and this in itself seems to imply solution and transportation. 

Sericite is undoubtedly more resistant than kaolin, but evidence from the 

Montezuma mine shows that it may be attacked. The presence of alunite, an 
almost insoluble sulphate of aluminum and potassium, in the Ryerson mine points 
in the same direction. It occurs here both in seams and in the altered rock, 

clearly replacing the sericite; the pyrite in the same rock is, however, not attacked, 
and we may, therefore, refer its origin to sulphu:I'ic-acid solutions without free 

oxygen. 
16859-No. 43-05-13 



194 COPPER DEPOSITS OF CLIFTON-MORENCI DISTRI-cT, ARIZONA. 

No secondary pyrite appears to have been formed at any time in the zones of 
direct or indirect oxidation. Considering that cupric and ferrous sulphate certainly 
occur mixed in various proportions in the oxidizing waters, it i~ certainly remark

able that the oxysalts of copper are almost entirely free from iron. Only the 

soluble sulphates seem to have some slight inclination to crystallize in isomor

phous mixtures. 
P .ARAGENESIS. 

The minerals formed durin,g successive stages may be summarized as follows: 

Veins-

Primary processes-Pyrite, chalcopyrite, zinc blende, molybdenite (rarely magnetite), 

sericite, quartz (rarely tremolite, diopside, and epidote). 

Introduction of iron, sulphur, zinc, copper, potassium, and silica. Elimination of calcium 

and sodium. 

Processes of oxidation-

Action of sulphate solutions without oxygen-Chalcocite (rarely covellite, chalcopyrite, 

and bornite), quartz, chalcedony, kaolin, alunite. 

Introduction of copper. Elimination of zinc, some iron and sulphur. 

Action of directly oxidizing solutions-Cuprite, native copper, brochantite, malachite, 

chrysocolla (rarely azurite), ehalcanthite, limonite, quartz. 

Introduction of carbon dioxide. Elimination of sulphur, together with some iron 

and copper. 

Contact deposits-

Primary processes-Pyrite, magnetite, chalcopyrite, zinc blende, molybdenite, specularite, 

garnet, epidote, diopside, tremolite, quartz. 

Introduction of much iron and silica, together w~th copper, zinc, molybdenum, 

sulphur, possibly magnesia. Elimination of carbon dioxide and probably some lime. 

Processes of oxidation-Limonite, malachite, azurite, cuprite, rarely native copper and 

chalcocite, copper-pitch ore, chrysocolla, goslarite, zinc carbonate, willemite, calamine, . 

pyrolusite, quartz, calcite, chlorite, serpentine. 

Introduction of carbon dioxide and additional copper. Elimination of calcium, sulphur, 

some zinc and iron. 
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DEPOSITS OF CARBONATES AND OXIDES IN LIMESTONE AND SHALE. 

· . DISTI,IBUTION. 

These deposits are chiefly confine to the vicinity of Morenci and Shannon 
Mountain, the principal occurrences b ing those of the lYlanganese Blue, Detroit, 
Copper Mountain, Montezuma, and ongfellow mines at the former place, and 

that of the Shannon mine at the lat er. Smaller deposits occur at the head of 
Placer Gulch and at the Stevens mine near · the mouth of Garfield Gulch. 

GENERAL CHARACTER AND STRUCTURE. 

In their present form these deposits contain practically all of the oxysalts of 

copper known from the district, but consist chiefly of malachite, azurite, and 
cuprite, with very subordinate occurrences of native copper and chalcocHe. In 

most cases these are associated with much limonite, manganese dioxide, kaolin, 
and soft yellowish material which in a large proportion of the deposits proves to 

be decomposing and hydrated forms of tremolite, diopside, epidote, or garnet~ 

some quartz is also present. The copper minerals are sometimes deposited by 

crustification, when zinc and manganese salts usually also appear, or form as 
replac_ements in lime or shale. Exceptionally, as in the Stevens mines, deposits 
of chrysocolla with limonite occur in wholly unaltered limestone: 

The carbonate ores, which generally prevail in the deposits contained in 
limestone, are malachite and azurite, the latter sometimes forming .large aggre

gates of crystals. Formerly the ore was often extremely rich, great masses 
yielding 20 ·per cent having been of common occurrence, but practically all of 

these deposits except some in the Shannon mine have now been worked out. 
There was great demand for this ore, which natually yielded most easily to 

metallurgical treatment, and the deposits were thu~ rapidly exhausted. The ores 
contain very small quantities of gold and silver, the amount of silver per ton rarely 

rising to 1 ounce and the amount of gold rarely exceeding 50 cents per ton. 
The form of these deposits is sometimes entirely irregular, as shown in the 

small azurite stopes of Copper Mountain. The Longfellow deposit was shaped 

195 
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like. an inverted pyramid, its greatest depth being about 400 feet from the sur

face (figs. 5 and 6). Most common, however, is a roughly tabular form following 
certain beds in the sedimentary series. This is the form in the Montezuma, 

Detroit, l\t1anganese Blue, and Shannon mines (Pl. XXV and figs. 7 and 8). In the 

three latter there are_ several ore-bearing beds, one above the other, 4 of them in 
the Manganese Blue and 3 in the Detroit. The horizontal extent of these tabular 

deposits varies greatly, but rarely exceeds 300 or 400 feet, and the two dimensions 
are apt to 'be approximately equal. The thickness varies from 1 or 2 feet up to 

;25 or 30, and occasionally this last is exceeded. The boundaries are rarely 

regular and the pay ore shades ~mpercepti-bly into the rock. One of the excep
tions from the last rule ~s found in the second ore ·body of the Detroit, which 

lies between shale and limestone. The ore, which chiefly consisted of oxidized 
metamorphic shale with much azurite, and which was about 5 feet thick, bordered 

against the upper limestone with a well-defined and irregularly pitted surface, 
probably due to erosion by acids during the oxidizing process. Still another form 

. is shown by many of the smaller ore bodies along the Central, Black Hawk, and 

Shirley dikes at th.e Shannon mine. These lie as tabular n1asses along ·one or 
both contacts of the dikes and, though only a few feet in width, are sometimes 

continuous for several hundred feet. 
Quartz-monzonite-porphyry or granite-porphyry are found in the immediate 

vicinity of all of these deposits. The ore bodies of Copper Mountain are the 
only ones situated directly at the contact of .the main porphyry stock. .All of 
the others show a yery decided dependence on the porphyry dikes rather than 

on the main mass of that rock. Thu~ the Longfell<?w lies between three dikes, 
which, together with a fault plane, determine its outlines (figs. 5 and 6). The 
Detroit and Manganese Blue are confined between the Joy and Humming Bird 

dikes, which are about 400 feet apart (fig. 7). The ores run up against these 
dikes, which themselves contain very little pay ore and that rather as chalcocite 

than as oxysa~ts. The Shannon 1~ed and central ore bodies (Pl. XXV) are also 

situated in the same way' as are the otherwise very different chrysocolla pocket-. 
of the Stevens mines. 

This dependence is still more marked in those deposits which follow some of 
the Shannon Mountain dikes. In this case the dike itself contains in placets a little 

chalcocite and cuprite. 

GEOLOGICAL HORIZON. 

The deposits are not tied to any particular horizon, but are distributed 

through the whole Paleozoic series. None have~ however, been found in the 
Cretaceous rocks. In the Longfellow and the Manganese Blue the ore bodies 
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occur throughout the Longfellow limestone. In the Montezuma they are found 

in the lVIorenci shales. In the Modoc and Detroit mines they occur in several 
horizons of the Modoc limestone. The same is repeated at Metcalf. 

CROPPINGS. 

It seems characteristic of these deposits that they frequently outcrop almost 
at the surface; As illustrating this may be mentioned the azurite stopes follow

ing the Shannon dikes, the central Oil'e body in the same mine, the Longfellow 
mine, and the big upper ore bodies in the Detroit and Manganese Blue mines. 

Azurite appears in fact to resist deqomposition more strongly than most of the 
other oxysalts of copper. 

<pRIGIN. 

Driving laterally, or sinking deeJ er from these ore bodies, is apt to develop 

hard metamorphosed limestone witi chalcopyrite, garnet, epidote, and other 
mineral of the contact-metamorphic ~roup. Such was found laterally and at the 
bottom of the Longfellow mine, 400 feet below the surface? and in the Detroit 

and Manganese Blue mines at depths : f between 400 and 500 feet. In the D~troit 
mine garnet intergrown with azurite

1 

?ften occurs in the upper ore body, and 
tremolite with the same mineral in lthe seeond tabular mass of ore. Entirely 

similar conditions obtain in the Shannon mine. From all these data, explained 
in more detail in the chapter on me morphic . processes, the very confident con

clusion has been drawn that the maj 
1

rity of these deposits have been formed by 

the oxida6on of irregular or tabul r masses of low-grade ore, consisting of 
chalcopyrite, pyrite, zinc blende, a 1d magnetite, associated with contact-meta

morphic silicates, such as the low~r mine workings have disclosed in such 
abundance, for -instance, in the Ynvr pai mine. The oxidation has been accom
panied by great enrichment on accoubt of reduction of volume and introduction 

of additional copper in sulphate solluFon. The principal reaction involved seems 
to be that between calcium carbonate ~n one hand and the sulphates of ferrous iron 
and copper on the other hand, resulting· in ferric hydrates, copper carbonates, 
and gypsum. 

The o~idation does not extend own to any well-defined water level, which 

must be far below the deepest wor ings, but acts most irl'egularly, sometirries 

leaving fresh metamorpl;tic limestone 1 at the surface and again reaching down to 
a depth of 400 feet along fissures a d faults. The present ore bodies probably 

fell an easier prey to oxidation by re , son of their richness in sulphides and their 

favorable exposure to percolating 3ters. In such position are the upper ore 
I 

bodies of the Deh"'it -and Mangane e Blue, In other cases the oxidation was 
facilitated by means of fault planes ;nd porphyry dikes. These agents doubtless 
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caused the concentration of copper in the Longfellow mine (figs. 5 and 6), and the 

Copper Mountain fault easily carried solutions dow~n to the lower ore bodies of 

the M;anganese Blue (fig. 7). At the Shannon mine the ore bodie1ll were easily 
accessible to surface waters. 

For some of these deposits the origin i~dicated above is probably not appli
cable. Among these the most prominent group is formed by the cuprite deposits . 

in shale , both in the pure clay shales of the Morenci formation and the lime 
shales of the Longfellow formation. Here the cuprite occurs disseminated or in 

filled or replaced veinlets frequently changed to malachite, and the ordinary con
tact minerals are absent. These deposits, of which the lower beds in the Man

ganese Blue and some beds in the Montezuma mine furnish the best examples, 
are evidently derived from- percolation along shale beds of copper-sulphate solu

tions, which, according to the reaction described by Kohler,a deposit copper 
oxide and liberate sulphuric acid. 

In a few other cases, notably in the Stevens mines at Garfield Gulch, the 

oxidized ores, chiefly chrysocolla, form irregular masses surrounded by limonite 
in apparently unaltered limestone, but lying closely adjacent to a porphyry dike. 

It is difficult to arrive at definite conclusions as to the origin of these deposits 
where no direct evidence of contact metamorphism exists. The sulphides from 

which the oxidized ores are directly derived may, in this case, well have been 
deposited by the vsin-forming solutions spreading irregularly in the limestone. 

If so, these ore bodies would belong to a somewhat later period than those due 

.to contact metamorphism. In the Shannon mine some of the Morenci shales 
contain much chalcopyrite, principally in little seams, and it is considered prob
able that this impregnation also dates from the vein-forming epoch. 

Only a limited number of the more important ore bodies of carbonates and 
oxides have been mentioned, but it should be remembered that the contact

metamorp~ic areas of limestone and shale, both at Morenci and at Metcalf, are 
full of smaller deposits and pockets of the -same kind as those descrihed in this 

chapter. 
AGE. 

To the principal class of contact-metamorphic deposits an age equal to that . 
of the porphyry intrusion must be ascribed~that is, they were formed in latest 

Cretaceous or earliest Tertiary times. The-agency was in all probability magmatic 
solutions, emanating from the porphyry. But these deposits were of. low grade, 
and their conce.ntration to bodies of workable· copper ores took place later, and by 

the agency of descending atmospheric waters, as evidenced by the complete oxida
tion of the ores. That this process of oxidation is still in progress is certain. 

aZeitschr. prakt. Geol., vol. 11, p. 49. 
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Another question is as to the date of beginning of oxidation. It is certain 

that the oxidation began at the moment the first oxidizing surface waters reached 
these deposits. This .depended on the rate of progress of erosion, which may 
have been materially different in various places. There is no reason why, in some 

cases, the oxidation may not have begun in Tertiary time, for just before the 
great volcanic eruptions of that period erosion had cut down to the same gradient 

it has now attained. Similar conditions and active erosion followed the Tertiary 

outbursts and preceded the deposition of the Gila conglomerate. 
An important dislocation-the Copper Mountain fault-cuts across the lime

stones which contain the lVIanganese Blue ore bodies. There is very little ore on 
this fault, and the oxidized ore bodies, according to best authority, butted . 

directly against it. As shown by fig. 7, the oxidation has reached a depth of about 
400 feet · on the foot-wall side, but scarcely more than 200 feet on the hanging

wall side, which has moved down relatively about 225 feet. The principal epoch of 
faulting in this district was later than the intrusions of porphyry and earlier than 

that of the , Tertiary lava flows: At the time of the faulting it is probable that a 

considerable thickness of Cretaceous f trata covered the ore-bearing limestones in 
the Morenci basin, and, therefore, bearing in mind the great resistance of the 
contact-metamorphic rocks to oxidatiqm, it is likely that no part of this oxidation 

took place earlier than the dislocation along the fault. After the faulting extensive 

degradation followed, and the access qf surface waters was much facilitated by the 
fissures. My conclusion would be that oxidation of the Morenci contact

metamorphic deposits beg·an rather e~rly in Tertiary time, before the eruption of 
the andesites, rhyolites, and basalts. 

FISSURE VEINS AND RELATED DEPOSITS. 

DISTRIBUTION. 

The fissure veins on the whole follow the porphyry stock, extending north
easterly from Gold Gulch, among the Eagle Creek foothills, by Morenci and Met
calf, to Copper King Mo.untain ; theirr last outliers are found at Sycamore Gulch 
northeast of that peak. . The belt is about 9 miles long and from 2 to 4 miles 

wide. Small and irregular veins outcrop in Gold Gulch, and a strong and pro

ductive vein system passes through Morenci, on both sides of the contact. Small 
fissures and extensive mineralized zones characterize the vicinity of .1.\Ietcalf and 
Chase Creek between Metcalf and the Longfellow incline. The great Coronado 

fissure occupies a position by itself on top of the ridge south of Coronado Moun
tain. :F'inally a small group is found at Garfield Gulch, while a strong, but thus 

far not very productive, vein syste~ follows the porphyry dikes of Copper King 
J.\!Iountain. 
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GEOLOGICAL FEATURES. 

The veins occur m practically all of the older rocks of the district, but are 
never found in the Tertiary eruptives, basalt, rhyolite, and andesite. At Morenci 
they cut the Cretaceous and Paleozoic strata, all more or less contact metamor
phosed. The best veins are contained in porphyry or· are not far from the con
tact. At Metcalf they occur in porphyry or granite; in the Chase Creek Canyon 
chiefly in granite, though usually close to porphyry dikes; at Garfield Gulch one 
vein lies on the contact between porphyry and limestone; the Coronado vein fol
lows a fault fissure between quartzite and granite, accompanied by a diabase dike; 
smaller veins, associated with diabase dikes, occur at Garfield Gulch and vicinity. 
There are a few deposits which do not resemble the prevailing type at all, but, . . 

like the Hormeyer vein, contain gold and silver with lead, or, like the Black 
Lode, contain the very unusual association of chalcopyrite, magnetite, and epidote. 
With all this diversity, practically all of these veins are closely connected with 
granite-porphyry, quartz-monzonite-porphyry, or diabase, either cutting these rocks 
directly or following dikes of them, or at least occurring in the immediate vicinity 
of important dike systems. 

-Leaving out of consideration for the present the few deposits of abnormal 
character, the discussion will first be confined to the prevailing Morenci and Met
calf type, including those ore-bearing dikes and irregular zones of dissemination 
which are clearly genet.ically connected with the fissure veins. 

MORENCI AND METCALF TYPE. 

STRUCTURE. 

Most of the Morenci and Metcalf veins have a northeasterly strike and a 
steep northwesterly or southeaste:-ly dip; a few between Morenci and Metcalf 
have a northerly strike, and a minor system of veins near _Metcalf cours'e north
westerly. Still, the northeasterly trend is characteristic; and this trend is also 
that of the porphyry stock and of practically all the porphyry dikes. This is 
in marked contrast to the trends of the fault lines, which do not seem to follow 
any well-defined direction, and to the course of the rhyolite dikes on Copper 
King _Mountain, which ·have a northwesterly direction. ·As shown on the mine 
map (Pl. XVIII) there ar~ two groups of characteristically linked lode systems 
at Morenci, both forming flat curves, with the co.n vex side toward the southeast, 
one chiefly in the porphyry stock near the contact and the other entirely in the 
metamorphic rocks. The length of this system is less than 2. miles. Individual 
veins are rarely traceable far, and may dip steeply either northwest or southeast. 
The Copper King vein, on the moU:nta!n of the same name, is probably traceable 
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for lt miles; it is the longest vein in the district. On this a vertical depth of 
600 feet is attained. Few of the Morenci wor~ings penetrate more than this 

distance below the surface of Copper Mountain. The irregular zones of dissemi
nation, as at the Metcalf mines, show small fh;sures and veinlets running in all 

directions, but here also a northeasterly striking sheeting of the country rock 
prevails. Altered and ore-bearing dikes often also show northeasterly sheeting 

_with pyrite seams parallel to the walls. 
The veins always have one or more well-defined walls, frequently well 

polished and striated. :Movement has always taken place along them, though 

the dislocations were seldom of great magnitude. The regularity of the principal 
fissures and their ·conjugated character (that is, their dipping in opposite directions) 

make it exceedingly probable that they are due to compressive stress acting in 

a general northwest-southeast direction. In this respect these vein systems differ 

little from those of many other mining districts of the West. 

ORES IN GENERAL. 

The ores consist of predominat~ng pyrite with chalcopyrite, zinc blende, _ 

molybdenite, chalcocite, cuprite~ and various oxysalts of . copper, among which 
chi·ysoeolla, brochantite, and malachite are the most common. The gangue 

occurs in subordinate quantities and eonsists exclusively of quartz. Experience 

has shown that each vein usually contains three zones in vertical distribution, as 

follows: 
Ore zones in the J.lforenc'i and 1lfetcalj type of fissure deposits. 

Surface zone .... _ ...... 50 to 200 feet deep from the croppings; contains oxidized copper min-

erals or is barren. 

Chalcocite zone. ___ .... 100 to 400 feet in vertical extent; possibly more in places; contains chal-

cocite and pyrite. 

Pyritic zone ... _ ....... Begins 200 to 600 feet below the surface; contains pyrite, chalcopyrite, 

zinc blende, and molybdenite. 

It has been shown in the chapter on metamorphic proeesses that the min
erals of the upper two zones have resulted from those of the pyritic zone by . 

processes of direct and indirect oxidation; that the chalcocite is wholly derived 
from replacement of pyrite, probab~y by aid of cupric sulphate solutions; and 
that the surface zone has been derived from the chalcocite zone by its gradual 

and direct oxidation. · It has further been emphasized that the pyritic. zone has 

thus far been foun~ to be poor, and rarely makes commereial eopper ore; that 

the chalcoeite zone produces the richest ore, and that the richest part of it is 

near its upper limit; and, finally, that the leached zone is usually poor and some

times practically barren. 
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ALTERATION OF THE COUNTRY ROCK. 

The veins are accompanied by complete sericitization of adjoining porphyry, 
and this alteration, especially at Morenci and Metcalf, spreads over a dis
tance of many hundred feet, evidently on account of the great permeability of 
the rock to solutions. Thus, at Morenci, practically the whole vein system is 
encased in rocks, which now, whenever untouched by chalco9itization or direct 
oxidation, consist of pyrite, sericite, and quartz, with minor quantities of chal
copyrite and zinc blende. At_ Metcalf a large part of the porphyry shown on 
the special map is similarly altered. Detailed studies qf these proce~ses may be 
found in Chapter IV. 

In the contact-metamorphic sedimentary rocks, which were evidently much 
more impervious to solutions, the limestone is converted into tremolite or diop
side, with pyrite, zinc blende. and ~orne magnetite; more rarely the process takes 

a ~imilar course, as in porphyry, and yields sericite with hydrated magnesian 
silicates. But the intense alteration is confined to the immediate vicinity of the 

vein. 
PYRITIC ZONE. 

This part, representing the veins as they were before oxidizing processes 
had transformed them in manifold shape, is well exposed in the deeper levels of 
the Ryerson, Montezuma, and Joy mines. In the Joy mine it begins about 300 
feet from the surface and is well exposed b}; the third and fourth levels. In 

the Montezuma west vein the pyrite appears 250 feet below the surface; but in 
the east vein at less than 150 feet. In the Ryerson m-ine the average depth 

· at which this zone begins is 400 feet (fig. 1_6). . In a few places, especially below 
the su.mmit of Copper Mountajn, it has not yet been reached at 600 feet (fig. 17). 
In the Arizona Central mine it has not y~t been found at 300 feet below the 
surface (fig. 18). 

The copper values of this pyritic ore are us.ually low-;-ordinarily, in fact, 

below 1 per cent. But the explo~ations of this zone have not thus far been 
extensive enough to warrant the statement that no commercially important bodies 
will be found. It has been suggested that another oxidized zone may be found 
below the pyritic ores, but this seems at least very unlikely. The zones of 
pyritic and sericitized porphyry surrounding the veins proper are likewise poor 
and contain as a rule only traces of copper. The metal seems to occur chiefly, 
if not wholly, in finely distributed chalcopyrite. The zinc blende is subordinate 
and thus far has not been found in commercially important quantities; the same 
applies to molybdenite. 

. The pyrite occurs in bodies up to 40 feet wide; in the Joy mine it is extracted 
to supply the sulphuric-acid plant at Clifton with raw material. 
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At the Metcalf mines few lodes of noteworthy size have been found, but on 

the Wilson level, about 250 feet below the top of the hill, the veinlets and seams 

contain almost only pyritic material. In the King and ,Jameson veins, each having 

attained about 250 feet below the surface, the pyritic zone has, not yet been 
encountered. The Copper King mine, on the mountain of the same name, in 

1902 showed chalcocite ore 300 feet below the surface, but has since been deep
ened to 800 feet, and I am informed that some payable pyritic ore has been 

found in the lower levels. At this and other mines oxidation is often apparent 
immediately along the fissure planes, while the mass of the vein is still entirely 

unaffected by it. 

The v~ins usually show a distinct :foot wall, while the hanging wall is often less 
well defined'. ·It is characteristic that pyrite predominates in the veins, and forms 
a sheet varying in thickness from a mere seam to 40 feet. It is massive and 

granular, but wherever quartz gangue is present a tendency to crystallization is 

shown by the pyrite. Chalcopyrite has not been found in crystallized form, and 
it is ·very seldom that zinc blende thus occurs. In the Fairplay vein on Copper 

l\1ountain, and in the small Hudson vein (Arizona Central) pyrite occurs in ill

defined crystals with prevailing octahedrons. In the altered porphyry, on the 
other hand, cubes prevail. .Quartz, with some sericite, constitutes the only gangue 
mineral. The quartz occurs very sparingly and is rarely well crystallized. Sericite 

often separates the pyrite grains. The appearance of the ore and the structure of 

the vein point to replacement as the principal mode of formation. In most cases 
the massive pyrite seems to have been country rock, in ~hich pyritization has 

been carried on to its extreme result, leaving only some quartz and sericite to 
represent the original character (Pis. XII, A, and XIV). 

Lastly, mention should be made of an exceptional vein which cuts across the 

Lone Star Tunnel at Morenci. It is only 8 inches wide at most, but consists of a 
gangue of drusy, well-crystallized quartz·, intergrown with blende, pyrite, and 

chalcopyrite, the first two minerals in part crystallized. It bears distinctly the 
marks of a filled open space along a fi~sure, and thus differs decidedly from the 

others.. The Hudson, a narrow vein in the Arizona Central mine, is somewhat 
similar to this type. 

CHALCOCITE ZONE. 

General character and extent. -In the chalcocite zone, commercially the most 

important of the three, that mineral has largely, but rarely wholly, replaced the 
pydte, both in the massive veins and in the zones of pyritization and sericitization 
surrounding them. It is generally sharply separated f rom the pyritic zone, the 
transition from payable ore 1to low-grade pyrite taking place within 10 or 20 feet. 
This was repeatedly observekl in the tJoy, Montezuma, and Ryerson mines. The 
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chalcocite zone is always richest inl its upper part and gradually grows more . 
pyritic until the sudden transition just mentioned takes place. Below this level 

evidence of chalcocitization can be· found only alo~g the fissure planes. The 
massive pyrite veins are transformed! into pure chalcocite or more commonly into 

a mixture of chalcocite and pyrite, while the zinc blende is eliminated by conver

sion to soluble sulphate. This forlfs high-grade ore, with over 5 per cent in 
copper, and sometimes up to 50 per cent, while the pyritized porphyry turns into 
low-grade ores with from 2 per cent to 5 per cent of copper. To these large low

grade bodies t~e recent great develo~ment of the industry is due. 
In some mines the chalcocite ore begins almost from the surface; ·as, · for 

instance, at the Copper King and J ~meson veins, and in the insignificant bodies 
found near the bottom of Chase Creek Canyon. But at Morenci the depth from 

the surface is rarely less than 200 f~et. 

The depth on the vein attained by the chalcocite zone from the beginning of · 

direct oxidation to the upper limit of the pyritic zone varies greatly; it is some

times less than 100 feet, as in the Joy and Montezuma veins (figs. 10 and 11), 

while under Copper Mountain the [average would be somewhat over 200 feet, 
though directly below· the summit it is 300 feet, and the bottom in some places 

has not yet been reached at that de:pth (figs. 7, 8, 14, and 17). In general, the 
upper limit would be represented by a curved surface somewhat less convex than 

the contour of the mountain. !-'he lowe.r limit is not so regular, but seems on 

the whole to be flatter, while great I irregularities may sometimes exist (fig. 16), 
no doubt due to exceptional conditions of circulation of surface waters. In 

the Arizona ·Central mine partial oxidation has penetrated the chalcocite zone 
to a depth of 300 feet below the surface, probably owing to its situation under
neath a wide gulch. At the Metcalf mineH the zone is small and not distinct, the 
chalcocite being greatly mixed with cuprite. In the Metcalf King mine it has 

not yet been reached at a depth of TOO feet. 
. Ore bodies of the chalcocite zone.-In the Copper Mountain mines the veins, 

of which the Wellington, Ryerson, Humboldt, and "rest Yankie are the most 

important, cut across both porphy~y and metamorphic limestone (Pl. XVIII 
and fig. 12). The great ore_ bodies are almost exclusively confined to the 
porphyry, and when a vein carry in~ chalcocite enters the sedimentary masses 

sometimes included in the porphyry, it ordinarily becomes narrow, poor, or 
barren (fig. 14). The veins themseh~.es are rarely over a few feet wide, more 
commonly 12 or 18 inches, and consist of a massive streak of sooty chalcocite 

ore of great richness. Following t~is seam are sometimes very large masses of 
low-grade ore-usually soit whitish ~orphyry, containing disseminated grai~s and 
little seams, running fn aU directions, of chalcocite and pyrite. The stopes of 

I 
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low-grade ore ordinarily range from a few feet up to 50 or more in width; many 

are 200 feet long and have been stoped for that vertical distance. The great 

body of concentrating ore between the two Humboldt walls, which dip toward 

each other, is about 300 feet long up to 200 feet wide, and has been stoped for 

a vertical distance of nearly ~00 feet (fig. 14). 

The Humboldt foot wall (Pl. XVIII) continues extremely well defined from 

the Ryerson mine into the Arizona Copper Company's properties, where it 

cros8es the Wellington vein;. here again very large ore bodies, in some cases up 

to 200 feet wide, are found I hieh have been stoped over a vertical distance o£ 
300 feet (fig. 17). · 

These bodies usually eontlinue throughout the depth of the chalcocite zone, 

provided no bodie'3 of metam~rphic shale or limestone are encountered, in which 

case they immediately become impoverished. 

vVhile the Fairplay veins, which are entirely contained in porphyry, are not 

quite so large and the rock ~s apt to be hard and siliceous, 4 large stopes are 

opened on them at present, the most extensive being 100 feet long, 35 feet wide, 

and at present (1903) 160 fee~ high. 

Some masses of low-gTad~ ore in porphyry are less directly connected with 

separate and distinct fissures, as, for instance, the Eagle stope in the Humboldt 

mine and the stopes in the Yavapai mine. In the latter the ores seem to follow 

two porphyry dikes from 10 to 100 feet wide, which, previous to chalcoci6zation, 

were already converted into sericite, quartz, and pyrite', and thus offered a 

congenial place for circulatior of copper solutions (fig·. 15). Here again the 

adjoining limestone, though cbntaining disseminated chalcopyrite, proved largely 

impermeable to oxidizing solutions. These stopes in the Yavapai are considered 

to belong to the West Y anki~ lode and form in fact a sheeted zone with many 

pyritic seams parallel to the r alls of the dike. Ore-bearing dikes of the same 
kind occur in the Shannon mine at Metcalf (Pl. XXV). 

I 

In the Arizona Central mine the Williams vein generally follows a porphyry 

dike of very varying width; 1r ost of the ore is contained in it. Farther west it 

strikes into the larger porphyry masses and the ore bodies widen correspond

ingly. In the Montezuma ve~n the chalcocite zone is less developed; most of it 

seems to have been oxidized. But here too the vein partly followed a dike of 

porphyry, and the mixture of cuprite and chalcocite which formed the ore was 

best and largest wherever the porphyry widened out (Pl. XVIII and fig. 18). 

In the East Yankie mine a great .east-west fault is encountered, along which 

occur more or less extensive masses of Coronado quartzite, usually embedded 

in porphyry (fig. 9 and Pl. XVIII). The quartzite is here of a peculiarly 

loose and crumbling nature, pften difficult to distinguish from . the altered por" 
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phyry. It contains pyrite and sericite as products of early alteration, and is 

thus equally well adapted as the porphyry for . the precipitation of chalcocite. 
Very large, irregular bodies of low-grade ore have recently been found in thi~ 
vicinity. All along this fault line the quartzite is pyritized and sericitized; in 

the bottom of Chase Creek a tunnel has been opened on it in quest of material 

for converter lining; at this place where no chalcocite has been deposited it 
contains about one-half per cent of copper, probably aB chalcopyrite. Masses of 

low-grade ore, comp:;trable to those at Morenci, occur at Metcalf, but here the 

sulphides are mostly converted to oxysalts. 
The ore shoots of the Morenci veins are thus materially different from those 

usually found in gold and silver veins. Their gTeatest extension is horizontal 
rather than vertical, and their size depends more on conditions of circulation of 

surface waters than upon original distribution of copper in the primary veins. 

Prospecting must rather proceed laterally, guided by favorable indications, than 
seek extreme depth. 

Relation of chalcocite zone to water level. -In the published descriptions -of 
chalcocite ores from other district~ this secondary sulphide is always said to 
develop at or just below the water level. This clearly does not apply to the 

district here discussed~ for in none of the mines has the water level thus far been 

reached. Nearly all of the mines are, in fact, entirely dry, both in the chalcocite 
zone and in the pyritic zone. 

Chalcocite perhaps forms at the present time in the upper levels of the belt 

occupied by this mineral where copper-sulphate solutions from oxidizing chalcocite 
above are abundant and free oxygen absent, but I doubt very much that it is 
actively forming in the lower levels of the zone. Direc.t oxidation has, in fact, 
already penetrated to the deepest llevels attained in the pyritic zone; at present 
it works here chiefly along fissures and seam1:l, but is probably slowly spreading. 

I regard . the chalcocite zone _as formed about an ancient water level, much 

higher than the present. During the epoch of the Gila conglomerate the water 
level was surely at least several hundred fe.et higher than it now is, and it was 
probably still higher during Tertiary time, in which a moist climate most likely 
prevailed. 

Relation o.f cl~alcocite zone to present sttrface.-The payable deposits lie, as a 
rule, at a considerable elevation underneath the hills and ridges. No large 
deposits have thus far been opened on the lower slopes of Chase Creek Canyon 

or along its bottom. The Standard and. Copper Queen and the Metcalf and 
Longfellow mines are all about 700 to 800 feet above the bottom of the-creek. 

Only higher up along its course, near Garfield Gulch, a few minor deposits 

approach the level of the valley. In the canyon below .Metcalf many veins have 
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been opened in the granite, but they show low values; chalcoeite in many places 

is close to the surface, but the mineral shows ordinarily only as a slight coating 

on the pyrite. This topographical distribution is the more remarkable when it 

is recalled that the erosion of Chase Creek Canyon probably antedates the Gila 
conglomerate, and that, therefore, oxidation would apparently have had a long · 

time in which to act. It confirms the results reached above as to the great age 
of the chalcocite zone, and emphasizes the slow rate at which oxidation bas 

proceeded. 
SURFACE ZONE. 

The veins rarely show typical gossan or Iron cap with ·an abundance of 

limonite and rich, oxidized ores. The~r croppings are either entirely barren or 
contain only a moderate amount of copper, but much richer ore is ordinarily 

found just above the chalcocite zone. A brief review will indicate the conditions 

prevailing in different veins. 

At l\!Ietcalf (Pl. .XIX) the wide and strong King lode carries malachite, 
brochantite, and cbrysocolla in very siliceous gangue from the croppings to a 
depth of 200 feet. The ore is of medium or low grade.' No chalcocite has thus 

far been met. In the Jameson vein. lower down on the slope toward King· 

Gulch, the zone of oxidized ores is shallow and chalcocite was found a short di8tance 
below the surface. In the stockwork of seams in the Metcalf mines (Pl. XXII), 

situated on ~ high and narrow ridge between Chase Creek and King Gulch, the 

upper 30 or ~w feet are poor or barren, consisting of siliceous and sericitic 

porphyry; below this is a great mass of low-grade ore with malachite, cbrysocolla, 
brochantite, cuprite, native copper, and in places a little chalcocite. At a distance 

of 170 feet below the surface cuprite and chalcocite prevail, while a short distance 
below this the pyritic zone seems to have been reached. 

In the sericitized porphyry dikes of the Shannon mine the oxidized ores 

sometimes reach the surface, but more commonly the surface is poor and the 
chalcocite begins some 50 feet below it. 

At the Copper King mine, on the mountain of the same name, carbonate 

ores were found at the surface and descended in pJaces to a depth of 200 feet. 
Chalcocite was found only near the 'surface, where the rock was exceptionally 

hard. Somewhat below the 300-foot level chalcocite is reported to be replaced by 
pyritic ore. 

At l\!Iorenci the Joy and Montezuma veins in limestone and shale show barren 

and ill-defined croppings. About 100 feet below the croppings cuprite and mala
chite appear, and at a depth of 200 to 250 feet the richest bodies of chalcocite, 
partly oxidized to cuprite, are found (figs. 10 and 11). In the Arizona Central and 
Williams veins the croppings contained malachite and azurite, forming payable ore. 
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Lower down chalcocite appeared, but it is partly oxidized down to the greatest 

depth attained, 300 fe.et, and ther_e is no sharply defined line between the two zones 
(fig. 18). 

The Fairplay vein also contained some payable oxidized ore near the surface, 

but at a depth of 100 feet changed into chalcocite. Croppings of poor chrysocolla 
ore mark the north-south vein at the Liverpool tunnel on the north side of Copper 

Mountain1 and these, 180 feet lower, are replaced by a vein of massive chalcocite 1 
or 2 feet wide. 

The Copper Mountain system, consisting of the 'V ellington, Ryerson, Hum
boldt, and W est Yankie veins, have barren and almost unrecognizable croppings in 

porphyry, but develop copper carbonate where cutting through ~imestone. , The 
surface croppings show very small amounts of limonite and the pyrite is wholly 
oxidized. A short distance below the surface, however, pyrite appears, seamed and 

surrounded by rusty limonite and e:ffiorescences. Veinlets of blue copper sulphate 

are very common. At a depth from the surface of 100 to 200 feet (the latter below 
the summit of Copper Mountain) chalcocite begins to appear and the limonite ceases 
altogether. 

The chalcocite seems to be ' almost wholly transformed to soluble sulphate, as 
does also the pyrite. There is practically_ no pa,yable ore containing malachite, 

chrysocolla, brochantite, etc. 

From the preceding it seems clear that the surface zone is not due to direct 
oxidation of the primary vein, but rather entirely to the oxidation of the chalcocite 

zone. This confirms results reached elsewhere as to the great age and gradual 
erosion of the latter zone. 

RELATION OF VEINS TO FAULTING. 

The great faults of Morenci are certainly of more recent origin than the 

veins~ for they dislocate them in many instances; but it is not easy to determine 
the lateral or vertical throw from the position of tho veins, on account of the 

difficulty of identifying the several seams and slips. In the Copper Mountain, 
Humboldt, and Arizona Central mines the faults cut across the chalcocite zone, 
but their relation to the pyrite zone can not be seen: In several places rich 
disseminated chalcocite ore is separated by the fault from barren porphyry, which 

bears clear evidence of surface leaching. In the Copper Mountain mine on the 
main-adit level this occurs in the Arizona Centra] vein, and the leached ·part is 
on the eastern or downthrown side of the Copper Mountain fault, as would have 

been the case if the faulting were later than the formation of the chalcocite. 
But the evidence does not in . this particular case show a greater depth of the 

chalcocite ore on the eastern side, as would be expected. In the Humboldt mine 



RELATION OF VEINS TO FAULTING. 209 

(fig. 17) brecciated zones are encountered, which are parallel and in all proba

bility contemporaneous with the great faults, and these inclose fragments of 
chalcocite ore, showing that they succeeded the chalcocitization. On the whole, 
the evidence is fairly conclusive that the faulting took place after part at least 
of the chalcocite had been formed; the latter process may have and probably 
did continue after the faulting, and the decisive evidence which the chalcocite 

zone might .have given in regard to such a movement would thereby have been 
blotted out. Without expressing too positive an opinion it may be pointed out 

t?at east of the Copper Mountain fault, the vertical throw of which is about 
.200 feet, chalcocite ore is found on a much lower level than it has been shown 

to occupy on the west side. 

There seems to be no reason to divide the faulting movement into two or 

several epochs. As, moreover. the faulting antedates the great volcanic flows, 
and must be of rather early Tertiary age, there is gTeat probability that the 

oxidation of the veins had begun already at that date and at least a considerable 
part of the chalc0cite zone had been formed. 

On page 99 the conclusion has been reached that the oxidation of the contact

metamorphosed limestone had not begun at the · time when the Copper Mounta.in 
fault was broken open. These two conclusions are not necessarily contradictory, 

for the veins would be much more easily accessible to surface waters than the 
hard altered rocks could be. 

None of the veins connected with porphyry follow the great faults, but 
instead occupy an independent and older system of fissures. But as the faults 
furnjshed easy paths for circulating and oxidizing solutions, it is not surprising 

that bunches of oxidized ore are found in places on these fault planes. The ore 

in this case is usually cuprite. Thus smaller masses of oxidized ore have been 

found at several places along the Copper Mountain fault, as, for instance, at a 
depth of over 300 feet, and at several places above, in the Manganese Blue and 
Copper Mountain mines. On the Apache fault cuprite ore is found where it 
crosses the Lone Star tunnel and has been stoped above this level. In the 
Longfellow mine bunches of cuprite ore occurred on the minor fault, which here 
dislocates the strata. In the East Yankie disseminated chalcocite ores have 
recently been found accompanying the great quartzite fault. 

VEINS CONNECTED \YITH DIABASE. 

These are but few in number and the opportunity for their study has not 
been so good as in the case of the other deposits. Among the smaller veins 
near Garfield Gulch, the Garfield, Trinidad, and Brunswick are mentioned in 
the chapters of detailed descriptions. The Brunswick is a small vein in granite, 

16859-No. 43-05-14 
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following a narrow d~abase dike, but has shipped a considerable amount of ore. 
Above the lower tunnel, which is situated but little higher than the bottom of 
Chase Creek, the ore consists of about -25 per cent chalcocite and 75 per cent 
oxidized material, mainly malachite. A winze, below tunnel level, is said to 
have exposed good chalcocite ore, intergrown with pyrite. 

The most important deposit of thi~ class is the Coronado lode, which follows 
an important fault fissure, with the probable vertical throw of 1,200 feet, between 
quartzite and gq:mite. A _diabase dike follows this fissure in places and shows a 
width varying from a few feet up to 70 feet. The disturbed zone of. the fault 
is usually wide, often reaching 60 feet. At the Horse Shoe shaft the lode is 
fully 200 feet wide, consisting of altered - granite and contact breccia (fig. 19). 

It is traceable; for- nearly 2 miles from the east side of the ridge down to the 
Eagle Creek footl;lills, where it disappears underneath the basalt. 

The ores of th~ Coronado mine do not occur as filling in open fissures. A 
sericitic alteration accompanied by quartz cementation has taken place in the 
friction breccia, diabase, and crushed material along this great fault; malachite 
and chrysocolla, the latter especially abundant, occur in this as seams, usually 
replacing the rock, associated with quartz -and kaolin as the last product of 
oxidizing action. In the main workings this oxidized ore is underlain by chal
cocite ore of secondary origin, which occupies a vertical distance of 200 or 300 

feet, the upper limit being about · 300 feet below the surface. In places, 
however, the chalcocite reached the surface. - Below this, pyritic ores will 
probably prevail, though along a fiSS!-Ire of this size it would not be surprising 
to find that the chalcocite in some places had descended still farther. Thorough _ 
exploration in the last two years has proved chalcocite ore bodies of prom1smg 
extent on the deepest level underneath the western slope and about 500 feet 
below the top of the ridge. 

In ores and character of mineralization the Coronado lode is thus very 
similar -to the veins connected with porphyry, but the fact of its occupying one 
of _ the fault fissures, which elsewhere are later · than the mineral veins, points to 
a more recent vein-forming period, most likely genetically connected with the 
intrusion of the diabase dikes. 

OTHER VEINS. 

Finally mention should be made ·of a number of deposits which differ more 
or less from the types already described. Among these is the Mammoth vein in 
Garfield Gulch, situated on a contact fissure between limestone and porphyry and 
carrying chrysocolla only in kaolin gangue. No sulphides have been found. No 
ore is reported to have been found below tunnel level, and it is possible that no 
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primary vein ever existed here, but that the chrysocolla has been formed hy 

descending copper solutions migrating from elsewhere during the epoch of oxidation 

and precipitated by adsorption of the kaolin. 
The Black lode on J\1arkeen and Copper King mountains is another peculiar 

type of fissure vein which for 2 miles follows dikes of granite porphyry and 

diabase, evidently occupying the same dike fissure. The ore is low grade and 
has not thus far been found to be payable; it consists of pyrite, chalcopyrite, 
epidote, and magnetite, a most unusual combination in a fissure vein. Little 

opportunity was afforded for its study. Native copper appears near the surface, 

hut so do also the minerals mentioned above. 

AURIFEROUS VEINS. 

Gold and silver are practically absent in the Morenci ores. The bessemei· 
copper, in which these metals would naturally appear greatly concentrated, con
tains only a few ounces of silver and · a small fraction of an ounce of gold per 

ton, not enough to pay for separation. A number of samples of pyrite ores and 
chalcocite ores from veins at :Morenei as ·well as contact-metamorphic sulphide 

ores from the same place were assayed for gold and silver. Traces of both were 
uniformly found, but in only one. case was there obtained a weighable amount of 

gold (80 cents per ton). No concentration of gold or silver has taken place during 

chalcocitization or oxidation. T e Metcalf ores are reported to contain slightly 
more gold than those at Morenei, and in the outlying districts deposits of the 
same general character and age eontain less copper and more gold. 

Among these are first to be mentioned the Gold Guleh veins, which have 

been worked intermittently and on a small scale for many years. Little opportunity 
was afi'orded for their study; th~~y form generally narrow and irregular oxidized 

veins which probably belong to the same age as the-veins of Morenci. · In the 
oxidized ore the gold is free and the surface ores have been worked in many 
old arrastres. Lower down, if the veins remain payable, the gold will probably 
not be free. 

Several minor ore deposits of a character very different from those at the 

principal mines occur on the Hmestone ridge extending southeasterly between 

Chase Creek and Morenci Canyon. l\1.any of these small prospects are irregular 
bunches, apparently replacements in limestone containing comb quartz, limonite, 
calcite, galena, .lead carbonates, a little copper, and native gold. On the trail 
along the Chase Creek slope from Longfellow incline to the Horrneyer mine, 

about halfway between these two points, the Cambrian quartzite is faulted by a 
fi:;sure plane striking northwesterly, and the northeastern block has dropped 

about 150 feet. A sill of porphyry overhes the quartzite, separating ~it from the 



212 COPPER DEPOSITS OF CLIFTON-MORENCI DISTRICT, ARIZONA. 

limestone. Prospects have been opened along this fault both at the horizon of 

the porphyry and below it. The ore is rusty and decomposed, showing some 
partly decomposed pyrite. 

The Hormeyer mine is the most important of these deposits. It is located 
in the limestone overlying the. quartzite 1 mile east-southeast from the Detroit 

Copper Company's store at Morenci. It ha8 been worked at intervals during the 

last few years, and the developments consist chiefly of two levels or tunnels. 

The total _ product is believed to have been $30,000, chiefly in gold. The crop
pings are situated at an elevation of 4, 760 feet, the top of the Coronado quartzite 

appearing 100 feet below, on the Chase Creek ~lope. The deposit is a fissure 
vein following a porphyry dike, this dike being an offshoot from the main sill 

of porphyry which so persistently follows the contact of quartzite and limestone 
in this vicinity. The strike of the vein is northeasterly. The croppings consist 

of cellular quartz stained yellow by lead oxide. The ore contains a little copper, 

a great amount of lead carbonate, and native gold. The lowest tunnel, located 

at an elevation of 4,.500 feet·, is run along a porphyry dike 6 feet wide, w~ich 

probably i~ a continuation of the one noted at the upper tunnel. No ore has tt us 
far been found in the lower level. 

The ores of Copper King mine contain from $1 to $4 per ton in g 1ld. 
Northeast of Copper Mountain the same vein system continues in granite, usually 

following porphyry dikes, but here carries less copper and con~iderably mere 
gold. · The croppings yield light gold in the pan, and, in tunnels 50 to 100 ~eet 

below, sulphide ore is found in many places, consisting of auriferous pyr,te, 
-chalcopyrite, zinc blende, and galena. The value of these veins is as yet prob-
-lematical. 

GOLD-BEARING GRAVELS. 

The gravels lying in front of the hills of older rocks at Morenci and Clif on 
are auriferous in places. · Placers of some value were worked in Gold Gu ch, 
but are now exhausted. An unsuccessful attempt was made some years ago to 

mine, by the hydraulic method, the. bench gravels of San Francisco River, which 
doubtless derived their gold from the veins northeast of Copper Mountain. The 

Gila co~glomerate south of Morenci contains a little fine gold, which Is concen
trated in shallow gullies. Payable placers have not been found. 

CONDITIONS OF GROUND 'VATER. 

Permanent water has ~ot thus far been encountered in any of the mmes in 

the whole district with which this report deals. 
Morenci is situated on hills from 800 to 1,500 ' feet above the principal 

streams-Chase Creek and Eagle Creek -and the deepest workings In no place 
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reach farther than 600 feet below the surface. ~ little seepage from the sur
face takes place in case of heavy rains or from the local water supply, and 
some drifts and crosscuts underneath the town are somewhat damp, especially 

in the Manganese Blue and Arizona Central mines. 
The mines at Metcalf are situated on the high Shannon Mountain from 500 

to 1,200 feet above Chase Creek, and here, too, the workings are dry, except in 
.lime place in the Shirley tunnel (p. 318), where a winze struck some standing 

water. The few shafts ~nd prospects sunk in the bottom of Chase Creek are 

the only places containing permanent water. The Copper King mine, situated a 

. few hundred feet below the summit of the mountain of the same name, has a 
shaft 600 feet deep. In this some crevices with water were found, but soon 

drained out and no more has come in. 

The present stand of the water level, except along the creeks, is practically 
unknown. It will probably rise as a slightly curved surface from the creek 
levels in toward the high hi lls. The total amount of water stored below this 
water level is probably small. 

DEPTH OF OXIDIZED ZONE. 

The presence of products of direct or indirect oxidation shows the depth to 
which the oxidizing waters or the sulphate solutions have penetrated. In dis

cussing this subjeet it is necessary to separate the porphyry and the metamor
phosed limestones, as they act very differently. In that part of Copper Mountain 

which has been explored, the average depth of the lower limit of the chalcocite 

zone is 400 feet, but it increases in places to 500 or even 600 feet. To this 
depth from the surface the oxidizing solutions descended, and along important 
fissures they have gone somewhat deeper. But the solutions not only followed 

fissures but penetrated the porous sericitized porphyry with considerable ease. 
On the other hand the altered limestones and shales are very compact, non

porous, and impervious. \\7 here eirculation was facilitated hy fissures, as in the 
lVIanganese Blue and fT oy mines, the rocks may be partly oxidized to a depth 

of 400 feet, but this is generally a maximum. There is no well-defined plane 
expressing the depth of oxidation, which on the contrary proceeds extremely 
capriciously, entirely fresh sulphides being frequently found very close to the 
surface. 

:FLUID INCLUSIONS. 

Fluid inclusions have been observed in the quartz grains of the granite, the 
quartzite, the porphyry, and the vein quartz occurring in this district. There it: 
nothing uncommon in this; it is indeed the ordinary condition of affairs. As 

these fluid inclusions beyond doubt contain aqueous solutions, it may be regarded 
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as certain that such fluid~ were present when the quartz grains in question were 
formed. Attention may . he called, however, to certain phenomena in these 

inclusions which have not been described previously, and which are believed to 
be of_ mo~·e frequent occurrence than has been suspected. 

INCLUSIONS IN GRANITE. 

I-nclumuns "filled with a fluid and a bubbl€ uf sume gas occur abundantly m 
the quartz grains of all of the granites examined. They are rare, thowgh not 
unknown, in the feldspars. The form is round or elliptical, or may be that of 
a negative quartz crystal with prism and pyramid. The size averages about 
0.02 mm. The relation of volume between fluid and bubble varies considerably 
among inclusions in the same grain. In the smaller inclusions the bubble fre
quently is in active motion. Heated to 40° or 50° C. there is no perceptible 
change in volume of liquid or bubble~ and consequently it may be . considered 

- certain that the fluid is not liquid carbon dioxide, which has sometimes been 
observed in the granites, but chiefly water. In some, but by no means all, of 
the inclusions there is also · a solid body contained in the fluid; in some cases 

this is a transparent cube, in others and more commonly it is an irregular grain 
or a rod of similar material. Thi& also has occasionally been observed and 
described in granites from other districts. 

INCLUSIONS IN QUARTZITE. 

The grains of the Coronado quartzites being derived from the pre-Cambrian 
granites, it is only natural that similar inclusions should be found in them. The 
grains in the quartzite from the East Yankie mine at Morenci show them beau
tifully, many containing grains or imperfect cubes of a transparent material. 
Entirely similar inclusions are contained in the quartzite from the foot of the 
Longfellow incline. Though this quartzite carries secondary pyrite, it is very 
evident that the inclusions have nothing to do with this later introduction. 

INCLUSIONS IN METAMORPHIC LIMESTONES. 

The metamorphism of the limestone to garnet, epidote, diopside, quartz, · and 
other minerals took place under conditions of high temperature and pressure, and · 
almost certainly in the presence of aqueous solutions in fluid or gaseous form. It is 
a curious fact that these minerals only very exceptionally contain fiuid inclusions. 
The quartz grains formed seem entirel:r homogeneous and free from these interposi
tions. Only one or two' very small inclusions with moving bubble were noted. The 
same applies to the garnet and other heavy minerals. The calcite would hardly be 
expected to preserve any such inclusions on account of its perfect cleavage. 
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CLUSIONf IN PORPHYRY. 

The. inclusions in the orphyry are again practically confined to the quartz 

grains contained in it. T ey occur Jhiefly in the phenocrysts, but also in the 

quartz of the groundmass, where they are usually very small. Naturally the 

diorite-porphyries are poo in inclus~~ns, but they appear abundantly in the 

granite-porphyries and th quartz-mbnzonite-porphyries, with which the ore 

deposits are chiefly connect;d. They re found throughout the Metcalf granite

porphyry, which is charact rized by arge bipyramidal qua. rtz phenocrysts, and 

they are almost equally co nmon in he smaller quartz crystals of the Copper 

Mountain porphyry of Morenci. The sericitization of the porphyry affects them 

but little, for the quartz i rains of he porphyries are very rarely altered by 

this process. In specimens taken fro the oxidized zone near the surface many 

of the inclusions are emp'y, probabl~' due to the cracking of the grains and 

attending expulsion of the highly comlpressed fluid. 

The peculiar feature ofl these fluid inclusions is that they contain as a rule, 

besides the gas pubble, fn extrem~ly sharply defined cube . of transparent 
material and a smaller opa ue partie e. The very frequent recurrence of this 

association is a proof that th~se bod es are not accidental inclusions, hut were 

present, dissolved in the flu[' d, at the time the quartz crystallized and imprisoned 

the drop of solution. I 
The in elusions are ellintical, · irre~ularly rounded, or show the form of their 

host-that is, a hexagonal pyramid lTith short prism. Their size ranges from 
those barely . visible up to 0.@2 mm. in diameter; this is about the maximum. 

A frequently recurring siz is 0.012 mm. Their distribution in the phenocrysts 

is irregular; 'they are not ranged albng any given plane or surface. Moving 
bubbles are often noted in the smalle~ inclusions. Heating to 40° and up to 80° 

does not noticeably affect t e relation 1f flu. id cube and gas; they do not therefore 
consist of carbon dioxide, but of s me aqueous solution. The proportion of 

volume between bubble a d inclusio is not constant; many of them contain 

l~rge gas bubbles and ot ers quite . mall ones. To some extent this may be 

explained by leaking, but comparisof. of a great number in very fresh . rocks 

makes it certain that thele is consi~erable variation in this proportion. The 

fluid is colorless. [ 

_ The cube of transpare1t salt is very sharply defined and well developed. In 

polarized light it appears sotropic. Its size varies but is usually of about the 
same volume as the bubble ftnd occupies from 4 per cent to 15 per cent of the 

volume of the inclusion. Such cubes have been sometimes observed before, 
especially in inclusions cont~ined in quartz crystals, and ·in a few cases have been 
proved to consist of soditltm chloride. They have also been noted in quartz 
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phenocrysts of certain Corni8h granite-porphyries. a In the present case the small 
size of the inclusions, and especially the degree of alteration and oxidation to 
which most of the specimens have been subjected, render experimental deter
mination of the salt impracticable, at least with the material in hand at present. 
It" may he said, however, tpat in all probability the substance is sodium chloride. 
Several inclusion~ were measured to determine the degree of 'saturation when the 
substance was dissolved in the fluid, assuming that it is NaCI and that the liquid . 
is a saturated solution of the same salt at ordinary temperature. Results indicate 
that this was ordinarily from 5 to 20 per cent above the amount contained in 
water under normal condition:-:;. In one case it was found that the water must 
haye contained 45 per cent salt. Most of the inclusions also contain a small 
opaque particle, generally measuring only a fraction of the volume of the bubble 
or the cube. It has no distinct form; occasionally rod-shaped outlines may be 
observ~d, but ordinarily it is so small that it only appears as a black speck. One 
unusually large particle seemed decidedly black in reflected light, while another 
inclusion, contained also in a Copper Mountain porphyry, seemed distinctly reddish 
in transmitted light. 

These inclusions are certainly a characteristic feature of the ·granite-porphy
ries of Morenci and Metcalf. They prove, I think conclusively, that the acidic 
porphyry magma was accompanied by notable quantities of aqueous solutions 
containing a large quantity of a salt which probably was NaCl, and also a smaller 
amount of some compound containing one or several of the heavy metals. From 
what follows it is extremely probable that this compound was largely ferric 
oxide. It may well have contained copper also, although direct evidence of this 
can not be furnished. 

• 
These observations gain in interest when we consider that the porphyry has 

caused a strong metamorphism of adjoining limestone, the principal feature of 
which is an acquisition of eilica and iron, which in aU probability were given 
off by the porphyry. It is now shown that the magma contained heavy metals 
in aqueous solution. Very likely. these solutions also contained much silica, but 
it should be remembered that this material would most likely have been depos
ited upon the walls of the inclusion when the rock cooled, and in such a case 
it would naturally have the crystallographic· orientation of the host, from which 
the new substance could not readily be distinguished. 

It is perhaps a significant fact that these inclusions are absent in the diorite
porphyries, which as a rule have no connection with the copper deposits. 

As to the quantitative importance of the inclusions, it may be estimated that 
in some specimen~ they make up a very perceptible percentage of the rock 
volume. 

aRosenbusch, H., Mikrosk<;>pische Physiographie, etc., 3d ed., Stuttgart, 1902, p. 59. 
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INCLUSIONS IN VEIN QUARTZ. 

The results of the examinations of the porphyries ericou raged search in the 

vein quartz. In a greatly altered porphyry from the Butler and London 
tunnel at Morenci, the groundmass is silicified and contains irregular replacement 

veinlets of quartz. These were found to contain inclusions with cube and opaque 
body entirely similar to those in the porphyritic quartz. In some cabes three 

small opaque masses were found in one inclusion. 
At Metcalf the granite close to the porphyry is greatly shattered and cemented 

by veinlets of quartz with scattered and minute foils of specularite and occasionally 
some pyrite. The quartz of t.he granite has the usual fluid inclusions mentioned 

above. The cementing veinlets of granular quartz are full of remarkably beautiful 
and fairly large (up to 0.02 mm.) inclusions of the usual rounded or pyramidal

prismatic form. :Most of these contain bubble, cube, and opaque body. The 
bubble varies as usual in its relative size; the cube is sharply defined and of the 

size described under the inclusions in porphyry. In a few of the inclusions the 
dark body is unusually large and has a rounded fiat form; they are here tran~

lucent with reddish color, and there can be little he 'itation in identifying them 

as ferric oxide or specularite. In some inclusions small grains or crystal::s, beside 
the cube, are also found; also occasionally transparent matter adhering to the wall. 
All this shows that the same or very similar solutions that formed a part of the 

magma deposited quartz in the immediately surrounding rock or in the solidified 
porphyry itself. It is clear that these solutions must have been very hot and 

probably also under great pressure, since they held dissolved not only much 

larger quantitie::s of salt than can be taken up by water at ordinary temperature, 
hut also a substance that is probably ferric oxide, which is entirely insoluble 

under ordinary conditions. This directly connects the solutions contained in the 

magma with those that deposited quartz shortly after the intrusion, and shows 
that the general quartz cementation which closely followed the consolidation of 

the magma was probably not due to atmospheric waters, but to eruptive after

effects. 
The specimens described above are not taken from any one of the regular 

veins of the district, though it was not believed that the irregular seams per
meating the altered porphyry had a -different origin from the quartz in the 

normal fissure veins. From careful examination of thi~ vein quartz, which 

occurs sparingly with much pyrite in the normal lodes cutting across porphyry 
and sediments at Morenci, it appears, however, that the two kinds of quartz 
filling are not characterized by exactly the same kind of inclusions. 

Specimens from the Montezuma vein from different places showed typical 
coarsely crystalline vein quartz full of fluid inclusions, either irregularly 
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arranged or in places following certain planes in the grains. The quartz grains 
often show crystallographic outlines, and are occasionaJly speared by smaller 
quartz prisms. There are also a few large irregular grains of pyrite. Though 
some ~f the inclusions are irregular the majority have rounded outlines, more 
seldom bipyramidal. The size ranges up to 0.012 mm. The relation of bubble 
and cavity is not constant; many inclusions are einpty, no doubt due to leaking, 
for the quartz is considerably crushed. No change is apparent upon heating the 
slide to 40° , and even to 80° . The inclusion almost always contains solid bodies. 
Cubes, so abundant in the porphyries, are of rare occurrence and ~eldom well 
developed. Most frequent are transparent adhesions to the wall, rod-like masses, 
pyramidal crystals, or irregu~ar grains. None seem to act on polarized light, 
possiblr on account of their minute size. In most cases the inclusions also 
contain one or two minute opaque bodies, which can not be further determined. 
ln a few inclusions the solid material is so abundant as to cause the bubble to 
assume a long-drawn form. 

Entirely similar inclusions are found in the quartz of the Humboldt vein, 
occurring as branching veinlets in porphyry. 

The granite along Chase Creek, half a mile above the foot of the Longfellow 
incline, contains many quartz veins with pyrite, chalcocite, and molybdenite. 
The quartz contains fluid inclusions, though many of the cavities are empty. 
:Most of the inclusions contain some solid material; a few of these are imperfect 
cubes; most common are transparent adhesions to the walls, while many also 
contain opaque bodies. 

These obsenrations in~icate that the quartz in 'the fissure veins was formed 
in the presence of aqueous solutions of probably several saltR. The cubes, so 
prominent in the inclusions of the quartz phenocryst in porphyry and in sorn.e 
of the veinlets occurring throughout the altered area in the same rock, appear 
to be less uniformly pre3ent in the quartz of the regular fissure veins. The 
solutions depositing quartz must have been very hot, for they contained a ·much 
larger quantity of salts than can be dissolved at ordinary temperature. The 
opaque bodies indicate that heavy metals in some combination were also present 
in the waters. 

The quartz veinlets connected with the processes of formation of chalcocite 
and of copper carbonates contain only few and small inclusions, in which thus 
far nothing but the fluid and the bubble have been observed. 

GENESIS OF THE COPPER DEPOSITS. 

Though the conclusions in regard to the origin of the copper deposits are 
either clearly stated or implied in preceding chapters, it may be advisable to 
again present these results in compact form. 
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It has been shown that the intrusions of stocks and dikes of granite-por

phyry and quartz-monzonite-porphyry, which took place in late Cretaceous or 
early Tertiary time, produced an important contact metamorphism in the Paleo

zoic shales and limestones that happened to adtoin them. This metamorphism 
resulted in metasomatic development of garnet, epidote, diopside, and other 

silicates, accompanied by pyrite, magnetite, chalcopyrit , and zinc blende. The 

sulphides are not later introductions, but contemporane<Dus with the other contact 

minerals. 

The }ontact zone received very substantial addition. of oxides of iron, silica, 
sulphur, opper, and zinc, enough to form good-sized deposits of pure magnetitB 
and low-_. rade deposits of chalcopyrite and zinc blende, all of which are entirely 

unknown in the sedimentary series away from the poqphyry. 
In v·ew of the evidence, I consider it impossible t~at circulating atmospheric 

waters sh uld have effected these changes. The occurrences of metamorphosed rock:::: 
are mani old and found under many varying conditions; there is only one common 

factor an that is the presence of the porphyry. It is shown that the porphyry 
magma ontained much water which held dissolved various salts, among them 

some of he heavy metals. Sodic chloride and ferric oxide probably predominated. 

I believe that the magma contained all of the substances mentioned above, and 
that larg quantities of this g·aseous solution (for the critical temperature must 

have beef exceeded) dissolved in the magma were suddenly released by diminu
tion of Iiressure as the magma reached higher levels and forced through the 

adjoining ! sedimentary beds, the purest and most granular limestones suffering the 
most far-reaching alteration and receiving the greatest additions of substance. It 

is thus [I Jd that a direct transfer of material from cooling magma to adjacent 
sediment took place. The formation of garnet indicates large gains of ferric 

oxide an silica. If the magmatic waters carried iron only as ferric oxide ·some of 
it must hlave been reduced to magnetite during the metamorphism, for the latter 
mineral ·s much more common than the specularite. These contact-metamorphic 

deposits ometimes occur at the immediate contact of the main porphyry stock 

and the imestones. But more commonly they seem to be connected with dikes 

of the s me porphyry close to the principal mass, these dikes being probably 
more big ly charged with magmatic waters. 

It is shown that fissures and extensive shattering developed both in porphyry 

and alter d sediments after the congealing of the magma a;-1d that these fissures 

and seam were cemented by quartz, pyrite, chalcopyrite, and zinc blende, form
ing nor al veins largely of the type of replacement veins. The amount of 
copper contained in these is usually small, though in places possit>ly_ large 
enough to form pay ore. The bulk of the veins consists of pyrite. Two classes 

/ 
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of veins may be distinguished. The usual type is practically always connected 
with the granite-porphyry or quartz-monzonite-porphyry; it occurs in these rocks 
or along dikes of the Rame. The smaller division consists of veins connected in 
their occurrence with diabase dikes. The genesis of the former type will first be 
discussed. 

As far as the metallic minerals are concerned, there is a striking similarity 

between the veins connected with porphyry and the contact-metamorphic deposits, 
the only difference being in the magnetite, which does not occur in the veins 
proper and ·only subordinately in certain of the altered wall rocks. A relation
ship is also clear]y seen in the remarkable action of . the vein solutions on the 
adjoining wall rock wherever this is limestone, tremolite and diopside being formed · 
in it by metasomatic action. On the whole, iron and silica are the main sub
stances added during contact metamorphism as well as during the vein formation. 

·A study of the fluid inclusions in the vein quartz proves conclusively that the 
veins were formed in the presence of aqueous so~utions and that these solutions 
were at a high temperature, for they contained various salts-in part those of heavy 
metals, probably iron, which were separated during- the cooling of the crystal
lized quartz. This entirely eliminates the possibility of deposition by cold surface 
waters ~nd points to two or three eventualities: Deposition by atmospheric waters 
heated by contact with the cooling porphyry, or deposition by ascending mag
matic waters, or, finally; deposition by a mixture of both. In any case the 
metals must be derived from ~he porphyry or from deep-seated sources below 
the porphyry, for, as stated above, the presence of porphyry is the only common 
factor in all occurrences. It is clear that a positive solution of these questions 
must be most difficult, but here again the fluid inclusions offer the only direct 
evidence. In the quartz seams penetrating the granite near the porphyry contact 
at Metcalf inclusions were found which are indistinguishable from those charac
teristic of the quartz phenocrysts in the porphyry, and it must be concluded that 
the same highly heated and highly charged so]utions were active in both cases. 
This directly connects some of the quartz cementing fractures in porphyry with 
magmatic water and would appear to be evidence of considerable importance. 
The vein quartz of Morenci contains inclusions which, in some cases, are identical 
with those in . the porphyry and in other cases slightly different from them,' but 

always indicate highly heated solutions. The metasomatic action of .the waters 
proves them to have been rich in silica an~ various salts, among which were 

some of the heavy metals, but entirely deficient in carbon dioxide. Considering 
this evidence, together with the similarity of the products of these processes with 
those of contact metamorphism, I think it certain that part of the mineral solu
tions were directly derived from and formed part of the porphyry magma, and 
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1 believe it is probable that they were entirely derived from this source. It 
seems likely that the fissuring, which took place after the cooling, opened vents 

of escape for magmatic waters under heavy pressure at lower levels, and that 

they ascended on these fissures, depositing the heavy metals and the silica and 
acquiring at the same time carbon dioxide from the sediments which they 

traversed. 
As to the depth at which deposition took place no positive evidence is available 

on account of lack of data as to the extent of erosion. But from stratigraphic 

considerations it is not likely that the depth from the surface was more than 2,000 

Dr 3,000 feet. The cause of the deposition was no doubt decrease in tempera

ture, just as ~e see the deposits formed in the cooled fluid inclusions. I think 

it likely that in mo~t cases the solutions were present as liquids, for, assuming 
that the waters communicated with the surface, neither pressure nor tempera

ture could have been high enough to reach the critical point. Probably this 

does not matter much, for the properties of water appear to be very similar for 

some distance on both sides of this point. Copper, iron, and zinc are practi

cally the only important metals present in the main deposits close to the main 

porphyry stock; but it is interesting and suggestive to note that gold bAgins to 
appear in veins which are located some distance away from the central · porphyry. 

The veins connected with diabase dikes are few in number and opportunity 

for their study has ?een limited. It seems, therefore, risky to express a defi

nite opinion on their genesis, except that the copper and iron sulphide were in 
all probability derived from the diabase itself, either by means of magmatic 
or heated atmospheric waters. 

The deposits thus far described are in general of low grade, only rarely con

taining enough copper to be classed as economically important. Those in shale 

or limestone consisted of disseminated sulphides, in places irregularly concen
trated or accumulated along certain strata, according to the well-defined tendency 

of contact metamorphism. Those in porphyry consisted of heavy veins of pyrite 

and a small amount of other sulphides, surrounded by zones of dissemination of 
the same sulphides. 

It remained for the surfaee waters, as erosion gradually exposed the depos
its, to alter and enrich them in manifold forms. 

From evidence presented above, it must be concluded that some of the 
deposits, especially the fissure veins, were laid bare by erosion and attacked by 

surface waters at an early date, probably before the princi1;al faulting movement 
and certainly before the eruption of the Tertiary basalts and rhyolites. Oxida
tion has thus acted on them for a very long period. 

The irregular and tabular deposits of oxidized ore in limestone and shale 
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have been formed partly by direct oxidation of sulphides and partly by the 
influence of sulphate solutions derived from the widely disseminated chalcopyrite 
due to contact metamorphism; a great enrichment has taken place, due to decrease 
of volume and addition of copper from the eirculating sulphate solutions. Sorne 
of the oxidized deposits in shale may, however, be wholly due to adsorption 
ex-jrted by the kaolin in the shale on these sulphate. solutions. 

In the veins, especially in those which traverse the porphyry stock or follow 
porphyry dikes, the history is more complicated. It has been shown· that oxida
tion dates back to Tertiary time and that the water level then was considerably 
higher than it is at the present time. By the action of descending sulphate solu

tions on pyrite, chalCocite wa8 deposited very extensively and very likely the great 
vertical extent of the chalcocite zone, ordinarily from 200 to 500 feet, is due to 
slow and gradual changes in the water level. Disintegration and erosion removed 
the iron cap (the products of direct oxidation Qf the primary vein) and began to 
oxidize the exposed chalcocite zone. In practically all of the veins the surf~tee 

zone of poor ore is due to the direct oxidation of chalcocite. The solutions from 
this part descend and add richness to the upper part of the remaini,ng chalcocite 
zone. But at the present low stand of the water level and in the exceedingly dry 
climate the lower limit of the ~halcocite zone is probably stationary. Considering 
that the surface zone has been formed by ·oxidation of chalcocite, the total depth 
of the chalcocite zone was about 100 feet greater than indicated above, and even 
this is a minimum, beeause a certain amount has been removed by erosion. 

The copper deposits of Clifton and Morenci are thus believed to have been 
formed primarily by mineral-laden magmatic waters, partly acting as gas and 
partly as liquids, and in both cases derived from a magma of granite-porphyry. 
These solutions were evidently directlY.. released from the magma without a pre
liminary concentration in pegmatitic or aplitic dikes, which indeed do not occur 
in this district in association with the porphyry. It is perhaps superfluous. to 

. emphasize that these conclusions are meant to apply only to this district, and 
that the mode of origin deduced for the Clifton-lVIorenci deposits is not neces
E'arily that of all other ore bodies. 

The earlier processes of magmatic origin produced low-grade deposits of pyritic 
ores, and the final concentration to payable ore bodies has chiefly been effected 
by descending and oxidizing surface waters of atmospheric origin. 

The following scheme of genetic classification of the deposits is presented: 

I. First epoch: Formed during the consolidation of porphyry by ascending and. laterally moving 
water gas. 

(a) Contact-metamorphic deposits.-Irregular or tabular disseminations in shale or lime
stone, sometimes following stratification planes or dike contacts. The ores consist of 
pyrite, . chalcopyrite, zinc blende, and magnetite, and are generally not payable. 
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II. Second epoch: Formed shortly after the c(j)nsolidation of the porphyry by ascending hot mag

matic waters; contained in porphyry, in granite, or in mort31 or less contact-metamor

phosed sedimentary rocks. 

(a) Fissure veins.-Lode systems or si:ogle veins. Central seam of pyrite, chalcopyrite, 

and zinc blende, accompanied i porphyry by wide zo~es of sericitization and 

pyritization, and generally not payable. 

(b ) Stockwerks and irregular disseminatipns.-Same occurrence an character of mineraliza

tion; not payable. 

III. Third epoch: Fissure veins formeO- by ascending waters shortly after the intrusion of diabase. 

IV. Fourth epoch: Formed by descending atmospheric waters acting on Classes I, II, and III. 

(a) Concentrations by di1·ect oxidation and secondary chalcocite ·depo fition in Type I; payable. 

(b ) Concentrations by direct oxiClation and secondary chalcocite deposition in Type II, a; payable. 

(c) Concentrations by direct oxidation and secondary chalcocite deposittn in Type II, b; payable. 

(d) Deposits ca·n8ed by s·ulphate waters ctlong otherwise barren 1ault planes; occasionally 

payable. 

(e) Deposits caused by 8ulphate waters (!long shale beds; partly pajyable. 

FUTUSE OF THE DISTRICT. 

During past years the rich ores from the oxidized dl posits in limestone 

and shale furnished the mainstay of the Clifton-Morenci II opper district. At 
present the very large bodies of low-grade chalcocite ores, requiring concentra

tion, are those responsible for the rapid increase of produ tion. The question 

as to the extent of these masses is clearly a vital one. Sp aking broadly, very 
large reserves are available both- at Morenci and lVletcalf, ~o that the present 

production will doubtless be maintained for a number of yjears. But even the 
largest reserves diminish rapidly under exploitation on th scale prevailing in 

these districts and the problem of new reserves is ~bound. to come to the front. 
As shown above, deep mining has not proved satis actory, opce the pyritic zone 

has been reached. Lateral exploration within the chalcocite zone is more to be 

recommended, and a vigorous p<;>licy to this effect qas been a~opted by the three 
largest companies. As shown on Copper Mountaih, the outcrops may fail alto

gether to indicate the value of the ground underpeath, and with this in view 

development work is proceeding1 actively north and northeasp of Morenci. The 
quartzite fault and, on the wh(i)le, the country between Mbrenci and Metcalf, 

underneath the high porphyry ~ills, deserve more lcarefu. l p11ospecting. In some 
places, as in the East Y ankie mine, thi policy has already orne fruit, and it is 

likely to prolong the _life of the mines many years. U nde present conditions 

and methods it does not seem. likely that ores of mbch lower I grade than the low
est now mined can be profitably worked, the present minimum being 2.5 per ~cent 
of copper. I 



CHAPTER VI. 

THE MINES - OF MORENCI. 

TOPOGRAPHY. 

A special map (Pl. XVII) has been prepared on the scale of 1 to 12,000 for the 
purpose of showing in more detail the important features of the geology at the town 
of Morenci, where the principal mines of the district are located. The map shows a 
rectangular area nearly It miles from east to west and 1 mile from north to south. 
The topographical and geological discussion of the Morenci district can not conven
iently be limited to this sm'all area, but must include some features of the surround
ing country south of a line drawn from Gold Gulch on the west to Concentrator 
Canyon, emptying into Chase Creek, on the east. This comprises the southern end 
of the mountain lands of pre -Tertiary rocks between Chase Creek and Eagle Creek. 
It forms a belt 5 miles wide, gradually tapering southward, and is bordered by the 
plateaus of the Gila conglomerate, here reaching elevations of about 4,500 feet. 

The central point of the region, topographically, is the high porphyry ridge 
immediately overlooking Morenci and attaining elevations of 5,500 feet. Toward 
the west and east its slopes descend to Gold Gulch ~nd Concentrator Canyon. South 
of this point the drainage is toward San Francisco River, in a southeast or south
southeast direction, and all of the gulches are more or less completely determined by 
fault lines. From near Copper Mountain four divides branch out as long, mostly 
:fiat-topped ridges, with elevations of from 4,000 to 4,500 feet, dropping off toward 
the gravel plains of the Gila conglomerate rather suddenly at their terminations. 
Steep descents toward the east and more gradual slopes toward the west are the 
results of the dips of the fault blocks. 

/ 

The eastern limit of the area under discussion follows Chase Creek Canyon, 
an abrupt V -shaped trench sunk 1,000 to 1,400 feet below the ridges at Morenci, 
its slopes in places broken by almost perpendicular bluffs of · Coronado quartzite 

or Longfellow limestone. 
The only important tributary is Concentrator Canyon, which joins Chase 

Creek a short distance above the foot of the Longfellow incline. The south branch 
of this canyon, the lower part of which is excessively precipitous and the grade 
broken by several abrupt falls, head 1 t miles westward in the high porphyry 

224 



U. S. GEOLOGICAL SURVEY 

A;·izorw Central Mine Porphyry 
Copper Mounta/n 

Metamo'rph/c rocks 

A 

W Yonk/e f/o/st 
YavClpa/ !foi st 

B 

Metamorph;c rocks 
Modoc Mourda/n 
Smelting works 

CrClr?/te /n backgrot/ncl 
Metamorphtc rocKs 

Ma rkeen and Copper Kiny Mts. 
L on9rel/ow Min~ 

Montezuma Mine 

PANORAMIC VIEWS OF MORENCI 

PROFESSIONAL PAPER NO. 43 PL. XVI 

Unaltered Limestone 

Metamorphic rock:S 

ModocMt. 





·~ 
Exposed 

fault fissure 

2J --
ConC'ealeu 

1'au1t .flSSUI'f' 
(eove,...d l'zy 

younger d~naitsj 

~~ I 1!: I 
Shafts 

T~J 
Tunnels 

~ 
Prospect pits 

G 
Bench rr<aiks 

U. S. GEOLOGICAL SURVEY 

ws· zz' 5:/ 

f.% 

E.M . Doug las , geographer in charge 
Triangulation and topoSraphy 

by Jeremiah Ahern 
Surveyed in 1901. 

G-EOLOGIC ~L\ND TOPOGRAPHIC MAP OF THE 
VICINITY OF MORENCI, .ARIZONA. 

1000 

= 

S c ale 12ooo 
0 J.OOO 

Con t our interval 2 0 f'e et. 

1904 
.Ma g netic va.riat ion,J9()2 ,J2·M E . 

2o oo f'eet.. 

For sections along lln.e :s A -.E and C :IJ see f i g's 3 and 4. 

PROFESSIONAL PAPER NO . 43 PL.XVII 

33" 
05' 

33" 
o4 
:.JO' 

Geology by J . M. Boutwell . 
Surveyed in 1902. 

LEGEND 
>- SEDIMENTARY ROCKS 

~ { , . Qa· ~ - "I 
'< . 
~ .Al1uvwJ sands an.d graYels 

::I 

~ 
t.l 

~ 
VI { 
~ (sltalea and aa.n.dstonu, 
t.1 part!;Y metanwrphosed) 

11)1 ~ ::I ; . _.,: -.-.----.·. 0 ···.. -·~-

~ 1-'fod~~ c f~~;:~tion 
z (h.ea">'Y·luuid#Jd limt!stona 
0 an.d dolmni"Y.s) 
(ll 

a: 
< u 

~ l Nodoc tonnatlon 
0 

(coral.Vl-rou.oZU.nesto.u, 
....1 lnwtMt ntel'n.berj 

z 
~ 
z 
0 

~ 
a 

~ ( 

&!Mt!_:s:a~ .. i 

Morenci formation 
(~<pper .~1urles J 

~;cj 
Morenci formation 

lm¥t!!r a'!Jillact!Ous linustonej 

~ I 

g ) Longfellow formation 

~ l t=:;o;:,!:n;:!%~~ 

~ { [~~~~=? ~ Coro::tlo-q~a:rtzit.e 
METAMORPHIC ROCKS 

r
. I s I 
Conta ct m etamorphic limestone 
and shale ofPal eozoic age 

~ I 
0 
N 
0 

~ I ContactmetamorpJtic limt' -
< stone now gamet. epido-te. 

a. f~~o~~~ormaii-<~11-) 

cr ~ {'- Metamorphic quartzite 

~ ~ IGNEOUS ROCKS 
i5 ~ 
::! ~ r-;;: 
~~ l L~--
~ ~ Qurutz-monzonile:porpl!YJ'Y 
01U 





TOPOGRAPHY 01!' MORENCI. 225 

ridges north of Copper Mountain, while the . north branch continues for about the 

same distance northwesterly toward the Coronado quartzite ridge. In the upper 

parts of the branches the slopes are not excessively steep, though very rocky; a 
more abrupt bluff sometimes marks the descent of the last 50 feet to the bottom 
of the canyon. The two concentrators of the district discharge their tailings into 
this watercourse. 

South of Copper Mountain is the head of Morenci Canyon, whose valley 
opens out like an amphitheater; the town of Morenci is situated on the slopes of 
these hills. Immediately below the town the canyon becomes narrow, though 

not particularly deep; a little farther down it is bordered by abrupt walls of 
limestone and quartzite, 200 to 300 feet high, and after a course of 1 mile enters 

the open plain of the detrital terrace which occupies so m.uch space on the north 

side of Gila River. Five miles farther south it discharges directly into San 
Francisco River. 

A high limestone ridge, in part flat topped and sloping west, forms the divide 
between Morenci Canyon and Chase Creek. The principal points are Modoc 

:Mountain (elevation 5,227 feet) and a sharp peak which, 1,500 .feet to the south
west, attains an almost equal elevation. Modoc Mountain is separated from 

Copper Mountain by a gap (elevation 4,492 feet) connecting the main part of 
Morenci with the Y ankie and Longfellow mines on the east side. A very steep 

slope, the lower part of which is practically inaccessible, leads down from the 

limestone ridge to the level of Chase Creek, a total distance of 1,200 feet~ The 
brown cliffs of Coronado quartzite, 200 feet high, and the gray capping slopes of 
Longfellow limestone form very prominent topographic features (Pl. V, B), 
which mark the margin of the mountain region for nearly 3 miles southwest of 
the mouth of Morenci Canyon and overlook the long smooth ridges of Gila con

glomerate stretching far to the southward (Pl. IV, A). The ridge west of Morenci 
Canyon is similar tp that forming its eastern wall. 

Apache Canyon beads a short distance south of Morenci and pursues an almost 

straight course of 2 miles down to the plains, following the_ direction of a fault 
plane. It is well graded and its walls for a long distance form precipitous bluffs 

up to 500 feet high. The ridge on its west side is remarkably even, its top being· 
formed of gently westward-dipping limestone. 

The fourth canyon . is that of Silver Basin Creek; it heads in the flat, wide 

basin which extends, covered by shales and porphyry, about 2 miles southwest of 
Morenci, contracting near its mouth to a short but almost impassable gorge. 

The divide between Gold Gulch and the gulches draining southward con
tinues for 2t miles southwest from .Morenci as an irregular ridge· surmounted 

16859-No. 43-05-15 



226 COPPER DEPOSITS OF CLIE'TON·MORENC:t DISTRICT, .ARIZONA. 

by .sharp knobs, the elevations ranging from 5,000 to 5,500. This ridge then 

swings around to the southward and near the southern edge of the mountain 
area forms conspicuous dome-shaped, light-colored porphyry hills, on the highest 

point of which bench mark 5,175 is located. 

The general aspect of the country is that of barren rocky ridges and hills, . 
of a color ranging from the light b~·ownish yellow of the porphyry to the ·bluish 
gray of the limestone or the dark brown of the quartzite cliffs. 

A very · scanty vegetation . imperfectly covers the gro'und. There are no trees 

wi~hin the area, except a few cottonwoods in the bottom of Chase Creek Canyon, 
but small desert bushes, yuccas~ maguey plants, and small cactus are fairly abun
dant, especially on the higher points. 

Chase Creek contains a small stream of water, largely derived from the con
centrators at 1\tlorenci. with this exception none of the watercourses within 

this area carries permanent water, nor are any springs known. The workings of 

the mines are all dry. As a consequence of this the water necessary for the 
town and the mines must· be pumped from a considerable distance. A part of 

it is supplied ~rom San Francisco River, the Arizona Copper Company having 
one pipe line from Clifton, and the Detroit Copper Company another, which 
takes its water from San Francisco River several miles below Clifton. The 

drinking water is furnished by a pipe line from Eagle Creek. This water, 

although somewhat hard~ is much better than that of San Francisco River, 

which is contaminated in many ways. The pumps in Eagle Creek !aise the 
water against a bead of 1,500 feet. 

A wagon road connects Morenci with Clifton, following the course of Morenci 
Canyon. Anothel' road, which, however, is in poor condition, connects Morenci 

with the P,Ump station of Eagle Creek. It crosses the dividing ridge at the gap 
immediately south of the town. 

The Morenci Southern Railroad, which connects the town with Guthrie station, 
on the Arizona and New Mexico line, at Gila River, follows l\tlorenci Canyon, and 

in order to gain th~ elevation of the town make.s four complete loops within a 
distance of 1 mile. A very extensive system of narrow-gage roads connects the 
mines, the smelter, and the .concentrators. The main line of communication begins 
near the Arizona Central on the south of Copper Mountain, and continues 

northeasterly at an elevation 'of about 4,870 feet. Side tracks connect this level 

with the Detroit Copper Company's smelter, located at the place where the canyon 

opens up into the amphitheater of Morenci. . A tunnel. pierces the ridge between 
Copper Mountain and Modoc Peak, and the tracks extend from there, at the 
same elevation, north of the Detroit Copper Company's concentrator, and also 

follow the contour of the hill to the concentrator of the Arizona Co~per Company 
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(elevation 4,900 feet). Still another tunnel penetrates Longfellow Ridge. Through 

this tracks connect with the head of the Longfellow incline (elevation 4, 780 feet), 

which descends the steep ~lope to Chase Creek (elevation 4,000 feet), where ore 

bins are located and the transfer of ore is effected to the cars of the Coronado 

Railroad, which follows Chase Creek from Clifton to Metcalf. 

The town of Morenci spreads out irregularly on the slopes of the amphi

theater at the head of Morenci Canyon. As a consequence of the topographical 

features, it has been found impracticable to lay out regular roads or streets. The 

houses are situated in ter,races, one row above another, and are connected by 

trails. Transportation above or below the railroad tracks is effected by means of 

the always present and useful burro. The total number of the inhabitants may be 

estimated as 4,000 or 5,000. 

GEOLOGY. 

The sedimentary formations occupy the larger southeasterly part of the area 

shown on the Morenci special map (Pl. XVII), while the high ridges of the 

northwestern area consist of porphyry of intrusive origin. The contact line 

between the two terranes runs in the main northeasterly, but exhibits the 

greatest irregularity in detail, masses of sediments being included in the porphyry 

and dikes of the latter rock that penetrate the water-laid formations. 

The strata .consist of chiefly Paleozoic limestones and shales dipping· 5° to 25° 

westward. In the southeastern. part of the area the rocks .are unaltered and 

succession and structure are easily ascertained. ·Two northwesterly trending 

faults divide the sedimentary area into three blocks, with downthrow on the 

east side; the Copper Mountain fault follows Morenci Gulch and the Apache 

fault courses just west of the town. The sediments are much metamorphosed 

all along the contact with the porphyry, and the width of this altered zone 

averages 1,500 feet. Within this belt it is sometimes difficult to ascertain suc

cession :;tnd structure of the beds, as great complication results not only from 

alteration but from dislocation by the intrusion of porphyry ~nd by the later 

period of faulting. 

The principal copper deposits occur either in this altered zone of sediments 
or in the porphyry close to the contact. A · few smaller dep()sits lie in the 

porphyry far away from the contact line. 

For purpose·s of a preliminary orientation th~ rocks and structure of the 

Morenci hills are described in this paragraph in briefest outlines. Subsequently, 

the detailed geology of tbe vicinity of Morenci will be taken up, as the important 

mineral deposits are all contain~d within a small area. 
The basal pre-Cambrian granite is expm~ed only in the deep trench of Chase 

Creek and along the edge of the southeastern foothills for a distance of 3 miles 
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southwest of Morenci Canyon. Of the sedimentary series resting on granite, the 

Coronado quartzite and the Longfellow limestone cover much of the eastern part 

of the area. The Coronado (Cambrian) quartzite forms almost perpendicular 

brown bluffs, up to 200 feet high, which follow the west side of Chase Creek 

Canyon, descending to the bottom at the foot of the Longfellow incline (eleva

tion 4,000 feet), and thence, gradually rising, overlook the Gila conglomerate at 

the mouth of Morenci Canyon. Capping the granite the Coronado formation 

sw 
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FIG. 3.-Geologica l section along line A-B of a rea shown on Morenci special map. Kp., Pinkard formation (Creta
ceous) ; Cm. , Modoc formation (Carboniferous); Dm., Morenci shale and argillaceous limestone (Devonian'() ; 01., 
Longfellow formation (Ordovician) ; Cc. , Coronado quartzites (Cambrian?); Gr., granite (pre-Cambrian) ; qp., quartz 
monzonite-porphyry and diorite-porphyry (Cretaceous or Tertiary) ; g., contact-metamorphosed limestone and shale. 

continues as a prominent 'scarp· for 3 miles along the foothills until replaced by 

the covering limestones. 

The Longfellow (Ordovician) forn1ation, with its 300 to 400 feet of cherty 

and partly _dolomitic limestones and lime shales, covm:..s all of the principal ridges 

south and east of Morenci. 

The rocks of Devonian age, consisting of the Morenci shales and associated 

limestones, with a total . thickness of 175 feet, are exposed fairly extensively east 

5000 feet 
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FIG. 4:-Geological section along line C-D of area shown on Morenci special map. 

and south of the town. A strip of the limestone is also exposed along the 

east side of Silver Basin. 

The lower Carboniferous Is represented by the Modoc limestones up to 160 

feet thick. This foi·mation is best seen ~n the hills adjacent to the east side of 

Morenci; ~lsewhere it is not extensively developed. This whole conformable 

series dips west at angles of from 10° . to 20° . 
On J\Iodoc Mountain near rMorenci and . on the ridge southwest of that town 

a series oi beds are exposed which consist of shales and sandstones, partly altered 

at this locality, and, though having the s.ame dip as· the und~rlying Carbonifer-
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ous, separated from it by an unconformity due to erosion. While no fossils have 

been found in them at Morenci, they are referred to the Cretaceous with consid

erable confidence, for similar beds containing Cretaceous fossils are exposed on a 

large scale south of Gold Creek, and surround the prominent porphyry hills 2-i 

miles south-southwest of Morenci. In the problems of mineral deposition · these 

Cretaceous sediments are of little importance. 

Intrusions of porphyry occupy large areas and ar~ of paramount importance 

for the study of the niineral deposits. These rocks did not, as far as we know, 

reach the surface during the time of their eruption, but consolidated far below, 

and have been exposed by later erosion. The main mass of porphyry, the great

est in the Clifton quadrangle, is that extending between the Eagle Creek foot

hills near Gold Gulch on the southwei t up toward .Metcalf on the northeast. To 

this stock belong the high ridges· of Copper Mountain~ its southern boundary 

line runs in a northeasterly direction along the divide separating Gold GulCh and 
I 

Silver Basin. Crossing the ridges into the head of Morenci Canyon, it continues 

along the foot of Copper M?untain and finally reaches Chase Creek 1 mile below 

Metcalf. The high yellowish-gray ridges connecting with Copper Mountain con

sist entirely of this porphyry. At .Morenci the stock is a mile wide and is bordered 

on the north by granite and quartzite. The contact lines are extremely irregular 

i~ detail, bearing constant evidence of the intrusive origin of the porphyry, and 

the Paleozoic sediments adjoining are greatly . disturbed and contain many dikes, 

best exposed in the vicinity of LongfeUow mine and lVIodoc Mountain. Very few 

dikes are, how~ver, found in the limestones at a greater distance from the con

tact. The great l\1orenci stock connects with an elliptical area 1 by 2 miles, 

which occupies the porphyry hills 3 miles southwest of Morenci. This would 

seem to be a laccolithic intrusion in the gently inclined Cretaceous strata. The 

beds on the east side appear to dip under it, and it :::;eems to have been covered 

by those on the west side. Several 8maller rounded laccolithic masses and also 

some dikes are found in the Cretaceous shales of Silver Basin Creek. Of similar 

nature is probably the mass which caps the hill of Cretaceous strata 1 mile south 

of Copper Mountain. The tendency of the porphyry to form laccolithic masses or 

sills is further illustrated in the remarkably persistent sheet which, intruded 

between the quartzite and the covering limestone, follows along the Chase Creek 

slope from a point near Modoc Peak to the mouth of Morenci Canyon, and is 

usually about 50 feet thick. 

The sill and the laccolithic masses, as a rule, consist of diorite-porphyry, with 

comparatively little quartz in the groundmass. The light-colored rock carries 

small crystals of labradorite, hornblen
11

de, and biotite in a microcrystalline ground

mass. The great stock, on the other~ hand, and most of the dikes qear Morenci 
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cons1st of a much more quartzose rock of an intermediate type, corresponding 

well to granodiorite-porphyry. The small phenocrysts eonsist of andesine or 
labradorite, together with some quartz and a little biotite. The light-colored 

~1icrocrystalline groundmas~ consists of quartz and unstriated feldspar. 
The structural features of most interest are the faults; which subdivide the 

area into several blocks. Jointing is pronounced· in the porphyry, but in none 

of the . rocks has schistose structure been developed. . . . 

One set of faults assumes a northwest or north-northwest direction. There 

are -three or four of these which are of importance and several subordinate ones. 
The Copper Mountain fault follows the course of Morenci Canyon from its 

mouth to the summit of Copper Mountain, but has not been traced farther into 
the porphyry. The east side of this fault shows a drop of about 200 feet, the 

dip of the fault plane being steeply to the northeast. Apache Gulch is followed 
by a double fault with the direction of north 30° west. The east side of this 

ha~ dropped about · 800 feet, the throw probably diminishing northward, where it 

crosses the extreme western head of Morenci Gule~. Parallel to this fault and 

half a mile distant to the west is the fault along the east side of Silver Basin, which 
shows a downthrow on the west side of about 200 feet. A shorter fault, follow

ing the lower part of the canyon of Silver Basin Creek, has a probable throw· on 

the same western side of about 400 . feet. The southern part of . the mo~ntain area 
of older rocks is thus divided into four or five long blocks, the most westerly of 

. which is the largest. This last block may he further faul~ed, though no definite 
evidence of this ha,s been obtained. 

A great number of smaller faults with diverse displacements running in 
easterly, northeasterly, or southeaste'rly direction~ divide these blocks, but do not 
seem to he· continuous across the greater north-!lorthwest fault lines. 

More important than these are these east-west disloeations by which the 

whole southern part of the mountain area has successively dropped to the level 
which the strata attain near Morenci and south of it. -This group may be called 
the Coronado fault system. 

.. The first of these dislocations is the Soto fault, probably continued eastward 
along the contact of- porphyry and granite to below bench-mark point 6,370. 
The south block has dropped from 200 to nearly 800 feet. The second disloca
tion is the Concentrator fault, by which quartzite and granite have been brought 

. to a level on the bluff overlooking Chase Creek at the Arizona Copper Com
pany's . concentrator. · The last is the. Longfellow fault, near the mine of the 

same name. The Longfellow limestone on the south side has here dropped 200 
or 300 feet. Neither of these two last faults has been traced through the por
phyry westvyard, but their equivalent is prominently shown on the ridge east of 
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Chase Creek, where the Cambrian quatrtzite now rests at the foot of Markeen 

Mountain, indicating a total displaceme't of at least 1,500 feet. 
Wherever the fault blocks consist of stratified rocks they are fairly uniformly 

tilted westward, with dips ranging from1 10° to 30° . The relative ~ge of Copper 
. I 

Mountain and the Coronado fault systems is not definitely known, but the two 

are believed to be about contemporaneous. The faulting as a whole involves a 

step-like settling of the area toward the . south with a simultaneous development 

of northwesterly dislocations along which diverse displacements have occurred. 

LODE ]SYSTEM. 

The veins of Morenci form a rather complicated system, partly cutting the 

porphyry, and partly the limestone and shale a few hundred feet southeast of 

the contact. In character the veins are usually simple-that is, they consist of a 

single sheet of pyrite or. cha.lcocite lying close to a plane of dislocation-but they 

are, as a rule, SUrrounded by wide Z<i>nes in which metasomatic formation of 

sulphides has taken place. This zone, ~ogether with the central vein, is referred 

to as a lode. These lodes dip stee.ply northwest or southeast, or stand vertical 

and have a strike averaging due northeast. Their outcrops are rarely traceable 

and they frequently branch or lose themselves, l;mt on the whole form two 

distinct systems of linked veins. Two miles cover the entire length and the 

most important part is confined within less than 1 mile. 

The first system lies in the porphyry and the veins generally dip north

westerly. The first two . members are the Fairplay and Wellington veins 

(Pl. XVIII). The Fairplay is traceable for 2,000 feet, continues across the 

Butler tunnel, and probably breaks up in several stringers farther westward, as 

shown in the Lone Star tunnel. Half a . mile farther southwest a vein, possibly 

identical with the Fairplay, crosses the Eagle Creek road. The Fairplay vein is 

more easily traceable on the surface by copper-stained croppings than any of 

the others. A few hundred . feet to 
1

the southeast the strong Humboldt lode 

appears, forming a curve with the conl ex side toward the contact, and eventually 

crossing the Wellington lode. Its foot wall is one of the most persistent features 

of the system. The Ryerson vein is II a link connecting the Humboldt and the 

Wellington. 

The second system begins near the Humboldt lode· on the northeast and 

forms a long curved array of branchi''ng and linked veins not traceable on the 

surface. It begins in the Montezuma and continues through the Joy. After an 

interruption, the system appears again in the Willia1ns and Hudson veins, the 

former continuing up to the Apache f
1

ault. 
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UNDERGROUND W .ATERS. 

It has already been mentioned that Eagle Creek and Chase Creek are the 

only pe~·maneq.t streams near Morenci. Of these Eagle Creek has a comparatively 
_ large watershed and ' carries a stream which even in the driest seasons is said to 

amount to 100 miner's inches. The underflow in the sandy bed probably amounts 

to much more than this. Chase Creek, on the other hand, contained originally only 
a very small quantity of water, which may not have reached much below the foot 
of the Longfellow incline. Now, however, a large quantity of water is added at 

the mouth of Concentrator Canyon from the ore-dressing plants at Morenci, this 

being derived by pumping from San Francisco River. As a consequence of this, 
Chase Creek contains about 100 miner's inches of water heavily charged with 

tailings, and this artificial stream continues down to its junction with San Francisco 
River at Clifton. 

Non~ of the canyons in the vicinity of Morenci contains running water except 
immediately after very heavy rains. The town is ·situated about 800 feet above 
Chase Creek and 1,200 feet above Eagle Creek. 

Ground water has thus fa~· not been found in a~y of the workings of the mines 
at Morenci, the deepest levels of which in the Manganese Blue and Arizona Central 
mines are at elevations of approximately 4,500 feet, or 500 feet above the stream 
in Chase Creek. The spring ·nearest to Morenci is situated in Gold Gulch at an 
elevation of 4,800 feet. Lately water has also been struck in a winze at the Cayuga 
mine below the level of Pinkard Gulch and at about the same elevation as the 
spring. In the Manganese Blue mine a little moisture is met in places, an'd the 
same applies to certain drifts of the Arizona Central; · but this beyond doubt per
colates from the hundreds of dwellings of the town situated immediately above, 
the water used for domestic purposes being pumped from Eagle Creek. 

Though the mine workings are generally dry, the coatings of soluble sul
phates which are so frequently found on the walls of drifts from 100 to 200 feet 
below the surface prove that a certain amo~nt of moisture finds its way down to 
at least the upper levels after the annual rains. 

The present conditions of underground waters may differ greatly from those . 
of past time. Considering that during the early Pleistocene the Gila conglomerate 
filled Gila Valley up to a marginal level of 4,500 feet (present elevation), Eagle 
Creek and Chase Creek must at that time have had beds 600 or 700 feet higher 
than at present and have flowed in broad gravel-filled valleys. The climate during 
this epoch, corresponding to that of the general North American glaciation, was 
perhaps moister than at present. This leads to the belief that the surface of the 
ground water must then have stood several hundred feet-possibly 700 feet
higher than now, which would mean that it would not have been far below the 
surface at Morenci. This theory has a certain bearin'g on secondary changes in 
the ore deposits, and has been referred to on page 206. 
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DETAILS OF MINES.' 

THE LONGFELLOW MINE. 

Production and development. -The Longfellow mine is situated on the nar

row ridge dividing Chase Creek from Concentrator Canyon, and the croppings 
have an elevation of 4,900 feet. It was one of the very earliest discoveries in 
the district, and for many years furnished an immense amount of riel~ oxide 

ore to the Lezinsky Brothers, and later to the Arizona Copper Company. The 

total amount of copper produced from this property can J?-Ot be determined from 
the data at hand, but it certainly has amounted in value to several million dol

lars. At the present time-in 1902-about 750 tons per month of 7 per cent 

ore are extracted from various points in the old workings, but the ore bodies 

are practically exhausted. 
In a general way the deposit consists of an irregularly funnel-shaped inass 

of oxidized ore, the outline of which . is partly determined by three almost 
parallel porphyry dikes, the lowest level having . practically reached the bottom 

of the deposit. The croppings were found high up on the hill, about 150 feet 

above the present railroad level, at the hP-ad of the Longfellow · incline. This 
corresponds to an · elevation of 4, 900 feet. The ore bodies under these crop pings 

were partly worked by open pits. partly by stoping, and the whole surface has 

now caved, forming three . large irregular depressions, causing also a settling of . 
this whole part of the hill. The old workings above the railroad level (eleva

tion 4, 760 feet) . are inaccessible and caved. The developments, as far as the 
present workings are concerned, consist in tunnels on four· levels, the first one 

being on the railroad level, and the fourth 200 feet below it. Besides there is an 
inCline starting at an elevation of 4, 784 feet and · reaehing down to the fourth 
level. ·The fourth level is opened by a long tunnel, starting on the steep slope 

below the railroad track and extending about 950 feet W. 14t0 S. to a point 

immediately below the old workings. While the larger part of the deposit lies 
within the Longfellow claim and belongs to the ·Arizona Copper Company, a 
small part of it falls within the East Yankie claim of the Detroit Copper 

Company. This part of it is developed by four levels from the East Y ankie 
shaft, the lowest having an elevation of 4:,630 feet. 

Geology.-The surface geology of the Longfellow mine is greatly obscured 
by reason of the great caves and open pits which are located on the ridge, which 
render the tracing of the strata and dikes very difficult. Figs. 5 and 6 show 

the general structure of the sedimentary series. On account of the difficulties 
created by cavings and old, ·inaccessible, and unknown stopes, they are only 

approximately correct. The Coronado quartzite crops 12 feet below the lowest 

... 
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tunnel and its beds dip slightly westward. A boye this lie the limestones and shaly 
limestones of the Longfellow formation, partly dolomitic. The thickness of this 
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series is 350 feet. The Longfellow limesto~e is again covered by the Morenci 
formation, consisting of a lower member 60 feet. thick, of very fine-grained lime-
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stone, and an upper division of clay shales somewhat over 100 feet thick. The 
Morenci shales form the upper part of the ridge and the gap west of the Longfellow 
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incline. The sediments are broken by at least two faults which have a general 

east-west direction. The northerly one (Pl. XVIII) is outside of the ore bodies 
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and falls a short distance beyond the limi~ of the area shown on the special map. 

The throw amounts . to several hundred feet, for it brings up the Coronado 
quartzite on the north side to the level of the Morenci shales. The southerly fault, 
striking N. 65° W. (fig. 5), which has been observed oniy in the mine, brings the 

Coronado quartzite on the south side up to the level of the Longfellow limestone; 
its throw is probably 80 to 100 feet. 

Several porphyry dikes with an east-northeast trend cut the strata. The 

north dike is nearly vertical; its thickne!?S is only 20 feet on the surface, but on 
the second levei of the .East Y ankie this increases up to 70 feet. The middle 

dike is traceable for only a short distance on the surface, but is found on several 

levels in the mine. It scarcely . averages 20 feet in thickness, but has a tendency 
to send out ·sheets or sills between the strata. Such a local widening is seen i~1 

fig . . 5 near the incline shaft. The miners refer to it as the "sheet-porphyry 
dike." · The south dike is 25 to 30 feet .wide and, like the middle one, dips to 

the north at an angle of about 60 degrees. On the fourth ·lev:el a crosscut to 
the north, 90 feet long, is entirely in porphyry, and from this it seems probable 
that th'is dike, like the middle one, sends otit horizontal sheets in the lower part 
of the limestone. 

The Longfellow . porphyry is rarely found in perfectly fresh condition, as it 
generally_ contains much sericite, and usua1ly a.lso pyrite. On the three and one

half level the porphyry of the middle dike is of a reddish-gray. color and con

tains as phenocrysts closely massed . triclinic feldspar, largely, as far as· can be 

determined, of andesine. There are no large quartz crystals, but there are a few 
small partly chloritized biotites and hornblende. The groundmass contains much 

· quartz in microcrystalline intergrowth with unstriated feldspars and a few small 

p:risms of plagioclase. Apatite and magnetite iron ores are accessories. This 
rock contains no pyrite and comparatively little sericite. The porphyry from the 

fourth level in the north crosscut is very altered, only showing a hard, greenish 
groundmass with closely massed small and whitish feldspar crystals. Pyrite in 

small crystals · is .sprinkled through the rock. This rock is completely sericitized, 

the forms of the feldspars being pseudomorphs of sericite and a little quartz. 
Rock alteration.-The Morenci shale " shows only a very slight alteration, 

chiefly consisting in a hardening · of the rock and in the introduction of 

epidote. The upper · few feet of the underlying Morenci limestone is largely 

' fresh, probably on account of its very dense and compact structure. !~regular 

masses and seams of garnet, chalcopyrite, and ,zinc blende occur, however, in 
it, and also disseminated needles of tremolite. The Longfellow limestone, which 
is the main ore-b~aring horizon, is ·extensively but irregularly altered. At the 
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.sharp contact with the middle dike on the fourth level without slip or fault 

the limestone is greenish and mottled with specks and thin seams of pyrite 

and chalcopyrite. Under the microse<;>pe a great development of small prisms 

of pyroxene is noted, as well as magnetite intergrown with pyrite· (Pl. VII, B). 
On the rest of the fourth level the limestone does not seem very much altered, 
but contains seams of pyrite, some of which follow the stratification, while 

others are perpendicular to it. This pyrite is said to contain a little gold. 
On the railroad level, near the office of the ...._1\..rizona Copper Company, the lime

stone near the dikes seenis very slightly altered. In the East Y ankie mine 

near the north dike the alteration is strongly pronounced. On the surface of the 
western' slope masses of epidote are seen, and on the second and third levels 

magnetite and garnet occur near the _porphyry. Most of these localities are 
outside of the ore body proper; within it surface oxidation has obscured the 

earlier metamorphism; garnet has been decomposed to quartz and limonite, and 
large quantities of pure kaolin have been developed. That the porphyry is 

quite generally sericitized and in places contains small pyrite crystals has already 
been noted. Further oxidation results in kaolin and limonite. Seams of cuprif

erous pyrite intergrown with quartz and defined by slips with kaolin and a 
little chalcocite occur on the fourth level in the porphyry. The maximum 

width of these is 2 inches, and in places they contain a considerable amount 
of copper, but none of this porphyry is payable ore. 

Ore bodit:8.-The main ore body occurred in the Longfellow limestone between 
the north and middle dikes; another mass was found between the latter and the 

south dike. In their widest part they occupied a space of about 300 or 400 feet, 
but narrowed as depth was attained, and on the lowest level only a small ore 

chamber worth stoping was ·found. The ore was replaced by fresher limestone 
which had not been exposed to oxidation. Ore bodies were also encountered from 

the surface down on the north side of the north dike. These, too, gradually 
contracted and the hard limestone came in below. 

The principal stopes between the north and middle dikes consisted almost 
entirely of red oxide or cuprite with a small amount of manganese dioxide. 

On the south side of the middle dike carbonates of copper prevailed with much 
black manganese. No considerable amount of chalcocite' ore was found in the 

mine. The porphyry dikes were somewhat mineralized, in places enough to be 

extracted as second-cliss ore, but on the whole no important amount came from 

this source. As stated above, a small chamber of oxidized ore was stoped on the 
fourth level, this forming practically the bottom of the ore body. A winze sunk 
in early days from the surface, happened, curiously enough, to strike the deepest 
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neck of the ore body, a fact which naturally raised greater expectations as to its 
size than were to be fulfilled. On the north side of this stope on the fourth 
level a small body of red oxide and carbonates was .found lying on the quartzite 

wall of the fault mentioned above. 
The ,gangue consisted of the decomposition products of limestone and 

porphyry. Among these are kaolin, Jimonite, and oxides of manganese, together 
with a variable amount of quartz, not enough, howe\-Ter, to give the ores a siliceous 

character. 
Kaolin, in part very pure, occurs extensively in' the .Longfellow mine. On 

the first level all transitions may be seen between softened and pyritic porphyty 
and almost pure kaolin. It would probably be incorrect, however, to say" that all 
of the kaolin is derived from this rock. On the second level of the East Y ankie 
there are large kaolin stopes adjoined by large masses of limonite. No evidence 

of porphyry was found hm:e and the mineral seem~ to be derived from shale or 
shaly limestone. The kaolin is extracted for use as converter lining. 

All of the gangue minerals thus far enumerated are clearly deeomposition 
products due to the oxidizing effect of surface waters. The available evidence 
points to the conclusion that ·the primary substance consisted of the same altered 
limestones which are now found on the outskirts of the ore body, and that its 
composition included calcite, garnet, epidote, pyroxene, and amphibole, with 
magnetite, pyrite, chalcopyrite, and zinc blende as ore minerals, the ]~tter three 
disseminated or as . small seams. Zinc blende is reported to have occurred in 
places · on the lower levels. It is certain that the adits contain e:ffl.oresc~nces of 
the sulphates of zinc and magnesia. 

The ore body resulted from the surface oxidation, and attendant concentration 
of copper, of rocks like the altered limestone described from -the fourth level at 
the contact with the porphyry; this limestone probably contains from one-half per 
cent to 1 per cent of copper. As it has been shown that oxidation has penetrated 
to the fourth level, the possibility of finding other bodies may be conceded. The 
exploration should be directed either northward toward the great quartzite fault 
or southward by ·crosscutting the two · porphyry dikes yet to be encountered 
beyond the south dike. To judge from the developments in. the East Yankie 
mine, bodies of chalcocite ore may well occur along the quartzite fault. a 

The fault exposed on the fourth ,and third levels in part forms the limit of the 
ore, and probably is to some extent responsible for the outlines of the ore body 
by facilitating the descent of oxidizing solutions. The ores also show a distinct 
tendency to follow the porphyry contacts. This may be partly due to the more 

a Since the above was written I have been informed that good bodies of chalcocite ore have been found in the 
vicinity .of the quartzite fault by crosscutting north from the first and second levels~of the Longfellow incline. 
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abundant presence of oxidizing solutions in the porous porphyry, but also points 

to a greater percentage of chalcopyrite in the limestone adjoining the porphyry, 

a fact abundantly proved at many other places near Morenci. 

The general character of the Longfellow ores is shown by the following 

analyses. A sample taken in 1880 by Wendt from one of the big stopes gav:e: 

Analysis of copper ore from Longfellow mine ( 1880). 

. Per cent. 
Copper ............ _-·- __________ .. ___ . ____ .. ____ .. ____ .. __ 38. 80 

Silica. ___ . . __ ..... __ .. ________ .. _____ .. _________ . __ . _ _ _ _ _ _ 11. 15 

Ferric oxide .. __ . _____ . _____ .. __ . __ . __ . __ . ____ .. ___ . __ . _ _ _ _ 11. 56 

An average sample from over 1,000 tons of ore, taken at the same time, gave: 

Analysis of average sample of copper ore from Longfellow mine (i880). 

Per cent. 
Copper _______ .. _ .. ___ . _____ . . __ ~ ___ .... __ . ___ .. __ .. ______ 17. 17 

Silica ..... _ .. __ . _ . . _ .. ____ . _ ......... · .. _ . _ ... ____ .. ______ . 26. 80 

Ferric oxide ... _. _ .... __ . __ ... _. __ ~ __ . __ ..... _______ • __ ... 15. 29 

Map.ganese oxide ........ _ ..................... , .. _ .. _ . ___ . 7. 49 

The character of . the ore taken out at present is shown by the following 

analysis: 
Analysis of copper ore from Longfellow mine (1902). 

Per cent. 
Insoluble ... _ ........................ _ . . . . . . . . . . . . . . . . . . . . 43. 17 

Iron ................................................... _ .. 18. 08 
Copper ............................................. ~ . . . . . 5. 10 

:Manganese ..... _ . _ . _ . _ ..... _ _. ........ _ . . . . . . . . . . . . . . . . . . . . 93 

Lilne _ .. _. __ .......... _ ..... _ ....... _ .......... __ ·_.. . . . . . . 1. 68 

A techni~al analysis of the porphyry from one of the dikes at the Long

fellow mine indicates that it corresponds in general with the other masses of 

porphyry at Morenci. The analysis shows, besides, a small percentage . of pyrite 

and very little chalcocite. The analysis runs as follows: 

Analysis of pmphyry from dikes at Longfellow mine. 
Per cent. 

Silica ... __ .... _- ·-_._ .... _ .. _ .............. _·_ .... _. _______ . 72. 56 
Ferric oxide .. ____ . __ . _ . _ .. _ ... _ .. __ . ___ · _ .. _ .. ____________ . 2. 23 

Alumina _. __ ............. _. _______ . ___ . ___ .. _ ...... _ ~ ____ 14. 80 

Lime_ ..... _ .. _____ .: •. _ . _ .. ____ .. ___ ..... __ .. ____ .. __ .. _ _ _ trace. 

Magnesia ... __ . _ . _ · ___ ... ___ .... _ .. __ . ___ ... __ .... ______ . __ . trace. 

Pyrite_ .... ___ .~ ___ ...... _____ ...... _ ... __ .... .. _ .. _. _. ___ . _ 2. 51 

Chalcocite ____ .. ___ .... _ .. ____ .. ___ . ____ . ___ .. . . . . . . . . . . . . . 15 

Alkalies .. __ .. _. _________ . ____ · __ ...... _ .. _____ ............ 4. 24 
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WEST ·SLOPE OF MODOC MOUNTAIN. 

The area of altered limestone west of the Longfellow mine, between it and 

the Yavapai hoist, shows a n_umber of surface pits with larg~ amounts of epidote 
rock. From these much oxidized ore was extracted in the early days of the 

camp, but hard and nonoxidized rock carrying pyrite and ch3Jcopyrite was 

found at . no great depth. The Montezuma workings, partly open cuts, adjoin 
the Yavapai on the south and contain both fissure veins and beds of sh~le, with 
disseminated oxidized ores. Both of these mines will be described later. High 

up on the north slope of Modoc limestone are the Modoc open cuts. A ·fair 

amount of oxidized eopper ores. has been extracted at this place, but no work is 
carried on at present. The principal ore miner~l was blue chrysocolla, associated 

with copper-pitch ores and contained as irregular bodies and seams in a garnet 
rock partly decomposed to limonite and quartzose cellular masses. 

Several smaller prospects and open cuts are noted along and just below the 
garnet rock on the north side of Modoc Mountain, but there are no ore bodies 
of importance. 

Fifteen hundred feet southwest of the summit, in the little gully running 

down to the smelter, the Detroit ore body outcropped below overhanging dark
brown cliffs of garnet rock, and 800 feet farther southwest the Manganese Blue 

mine is reached. Both of these deserve· more detailed description. Briefly, each 
of them contain several tabular deposits of oxidized copper ores in nearly hori
zontal strata of more or less altered limestone and shale. Both of them are 

confined between two dykes of acidic porphyry, 500 feet apart, coursing north
easterly in the direction of the summit of Modoc Mountain. But they are 

separated by the great Copper Mountain fault, so that the ores ·in the Detroit 
are . contained in the strata of Carboniferous and Devonian age, while those of 
the Manganese Blue are contained in the Ordovician limestones. 

DETROIT MINE. 

P~·oduction and development.-The Detroit mine, belonging to the Arizona 
Copper 9ompany, is one of those rich deposits of carbonates and cuprite in 
limestone which lie a short distance south · of the m~in contact of the porphyry 

at Morenci. In contrast to the Longfellow mine, it consists mainly of .several 
ore-bearing horizons in limestone, separated by barren material. 

The deposit was discovered in 18.84 and yielded for some years at the rate 

of several thousand tons per month. For nine years following the first period 
of great production about 500 tons per month were extracted from the mine, 

and. for many years this and the Longfellow mine formed the two mainstays 
of -the producti_on of the Arizona Copper Company. At the present time the 
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from a scientific standpoint, for its structure can be ascertained with accuracy. 
The ore bodies are ' opened by means of the Detroit shaft, which is 224 feet deep, 
and has 4 levels (elevation of collar, 4,884 feet); the workings connect with the 
upper levels of the Joy shaft, situated 400 feet to the northeast from this point. 
The collar of the Joy shaft has an elevation of 4,889 feet. The second level, the 
elevation of which is 4,655 feet, connects with the bottom level of the Detroit 
shaft. The Humming Bird stopes, a short distance east of the Detroit shaft, 
open directly on the little gulch which joins Morenci Canyon ·at the smelter. 
The shaft and adits are connected by a maze of irregular stopes and workings 
forming the old ore bodies. The worked ground occupies a space of about 300 
by 400 feet and lies between two porphyry .dikes 400 feet distant from each 
other. The so-called South shaft (elevation of collar 4,894 feet) was sunk some 
years ago to a depth of 400 feet by the Detroit Copper Company to explore 
the western portion of this block close to the Copper Mountain fault. It is 
just outside -the west line of the Detroit claim and inaccessihle at the present 

time. 
Geology.-The block of ground in which the Detroit mine is situated lies on 

the east side of the great Copper JVIountain fault, as far as exposed by mine work
ings. It consists of the normal Paleozoic series from the CarbonHerous to the 
upper part of the Silurian. The beds dip gently westward, in places turning more 
southwesterly, at angles of up to 20°. The average dip is probably not more 
than 10°. The upper 100 feet consist of the horizon of Modoc limestone (Car
boniferous), which occupies the whole southwestern slope of Modoc Peak. Its 
larger and upper part, however, is here entirely metamorphosed to a heavy sheet 
of dark-brown garnet rock, the lower part of which contains copper ores. As 
elsewhere, limonite and s~condary quartz occur as products of decomposition of 
garnet. Below this follow 25 feet o{ less-altered limestone, of the same horizon, 
in part shaly, which again is underlain by 75 to 100 feet of dark.,gray Morenci 
shales (Devonian?). These are hardened and have undergone considerable meta
morphism by the appearance of amphibole and epidote, but their bedding is easily 
recognized. A hard, dense, and comparatively little-altered argillaceous limestone, 
the lower member of the Morenci formation, underlies the shale. Mr. Gordon 
McLean states that very fresh limestone was fo~nd near the bottom of the South 
shaft which contained much zinc blende and a little copper (as chalcopyrite). This 
material also contained 2 ounces of silver per ton. This block of sediments 
continues northward toward the main porphyry contact, at least to the Blue shaft, 
without much disturbance. About 100 feet below the collar of the latter the 
Morenci shales are again encountered in their proper position. 
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Two porphyry dikes of great importance cut the strata of this block and 
limit the ore on the northwestern and southeastern sides. They are from 400 to 
500 feet apart. Their outcrops are difficult to trace continuously on the surface, 
but the workings give abundant evidence of their position. The northwesterly 
dike, which may be called the Joy dike, comes from the irregular masses of 
porphyry near the schoolhouse and continues to the Blue shaft, partly hidden under 
dumps, etc., and thence northeasterly to the Joy mine, here forming the foot wall of 
the Joy vein. From here it continues to near the summit of Modoc Peak and, 
crossing it, descends with the same direction on the steep easterly slopes of this 
point. The second dike, which may be called the Humming Bird dike, shows 
:first at the post-office near the Detroit Company's office, where it is surrounded 
by a considerable mass of epidote and garnet and continues along the southeast 
side of the main stopes of the Detroit mine up along the little gulch emptying 
at the smelter. Both dip northwest at angles of about 60° to 70°. The Copper 
Mountain fau~.t dislocates both dikes~ the east side of the fault showing a south
easterly horizontal throw of 50 or 70 feet. 

Ore bodies.-The cap rock of garnet, 75 to 100 feet thick, contains copper 
stains in places, but rarely payable ore. The main ore body is situated imme
diately below this heavy garnet rock and averages 25 feet thick. Underneath 
this lie 25 feet of lime shales. The second ore body, about 5 feet thick, under
lies this stratum and is again succeeded by 75 feet of barren clay shale. Below 
this is a third horizon of ore bodies, which, however, have proved. unsatisfactory 
in grade and extent. Extensive prospecting operation~ by aid of diamond drill 
have failed to show further ore bodies below this. Drill holes from the bottom 
of the Detroit shaft have penetrated into the porphyry of the Humming Bird 
dike and revealed the fact that this porphyry widens considerably in depth. 
The greatest depth reached by the drill is 300 feet vertically below the bottom 
of the shaft. 

The Humming Bird stopes on the upper ore body open to daylight in the 
little Smelter Gulch, just below the overhanging garnet rock. The thiekness of 
this ore body varies from 1 to 40 feet, averaging 25 feet. A long the east side 
of the Humming Bird dike for a distance of 400 feet it is thickest, and the :first 
and second ore bodies here practically join. There is no sharp line separating 
the first ore body from the garnet rock; smaller masses of this mineral, in 
places crystallized, were found in the gangue, which besides consisted of quartz, 
hematite, and kaolin. The ore is entirely oxidized and chiefly contains malachite 
and azurite, in places associated with black, earthy manganese ore and copper
pitch ores. Chalcocite and cuprite occur rarely. The general character of the 
ore is not strongly hematitic as in the Shannon mine; neither does silica prevail. 

/ 
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At one place !l small mass of unaltered limestone dipping 15° SW. was found 
below the garnet cap. 

The second ore body' is much thinner, but contains about 5 feet of clean ore 

.accompanied by a gangue of yellowish altered rock. The rooi is well defined 
from the ore and consists of gray limestone, usually looking comparatively 

unaltered and sometimes peculiarly pitted a_s if b3r the action of corrosive 
solutions. Dips of 15° SW. were observed in this limestone. Hematite is not 

present in great quantities. The brownish or yellowish gangue is porous and of 

light weight. Samples contained 17 per cent water and chiefly consisted of a 

silicate of ferric iron, lime, and magnesia, with only small quantities of alumina. 
Thin sections show that decomposing epidote and amphibole, the latter in fine

felted form, are the principal gangue minerals; garnets were noted in a few 
places. The rock is clearly a metamorphosed clay shale. The ores consist again 

of azurite in bunches of crystals, replacing shale, and microcrystalline malachite. 

Chloritic and serpentinoid .products form from the gangue, and kaolin also certainly 
_ develops in the shale, usually ·assuming the form of semitransparent nodules, 

generally surrounded by impure limonite. The kaolin and ehloritic products are 

doubtless due to oxidizing action. 
The extreme western ends of the first and second ore bodies were found in 

the South shaft on the grou~d of the Detroit Copper Company. 
The main body of shale below the second ore body is a hard greenish gray 

rock, breaking in sharp fragments; vertical, narrow pyrite seams are often 

observed in it. Under the microscope it shows considerable alteration and con
sists, like part of the gangue in the ore body, of a felt of amphibole needles. 
This metamorphosed shale contains, as a rule, no ore except occasional films of 

cuprite. 
The third ore level, below the main mass of shale, is of little value. No 

ore occurs on this level along the Humming Bird dike. Bunches and pockets of 
ore are found between the shale anrl the underlying dense Devonian limestone, 

which appears little altered. The small ore bodies often occur at fracture lines 
which connect with the overlying second ore body. The ores consist of mala
chite associated with black manganese ore, hut no sulphides were found. 

The porphyry dikes, as a rule, contain no ore, but are sometimes cut by 

vertical seams of pyrite. 
Summing up the characteristics of . this deposit, we first note the t~ndency of 

the ore bodies to develop along the bedding plane, both 'in limestone and shale, 

though not in the main mass of the clay shale. Oxidation has been very active, 
and the only sulphides now present consist of a small amount of pyrite in the 

porphyry and shale in perpendicular seams. The copper carbonates are probably 
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due ~o the decomposition of chalcopyrite. The presence of zinc in oxidized 
form and as sulphide in the deepest part of the South shaft · makes it likely that 

here, as elsewhere, it entered as zinc blende, together with pyrite and chalcopy

rite in the primary ore, and that its removal was due to surface oxidation. 
Kaolin, quartz, and limonite are also products of oxidation. 

While the evidence at this place does not show conclusively that the sul
phides were deposited during the time of the metamorphism of the rocks_:_that is, 

contemporaneously with the formation of the garnet, epidote, and amphibolite 

from the limestones and shales-it seems extremely probable that such was the 
case. As usual in the district, the metamorphism has not a.fl'ected the beds 

e'lually; for while the Modoc limestone is thoroughly garnetized and while the 

shale is unusuall:y altered, the Devonian lime:::;tone seems in places at least 
remarkably fresh. The presence of a strong vein on the foot wall of the Joy 

dike and the occurrence of stringers of pyrite in the limestone show that much 
mineralization has taken place since the consolidation of the porphyry, and yet 

these phenomena do not appear, as 'far as the evidence goes, to be at all causally 
connected with the metamorphism. The solutions circulating on these fissures 

would scarcely seem sufficient cause for the great amount of metamorphic action 
in the sediments. The ore bodies are more closely connected with the Humming 

Bird dike than with the Joy porphyry and fissure vein, for, while lying up 

closely against the for~1er, they generally do not quite t each the latter. 

MANGANESE BLUE MINE. 

Production and development.-The mine known under this name belongs to 

the Detroit Copper Company and is situated in the center lof the town of Morenci. 
It is confined within the limits of the Copper Mountain claim. The ore bodies 

were most actively exploited from ten to :fifteen years a*·o and furnished a large 
amount of high-grade carbonate ore. Before the discovery of the great masses 

of chalcocite ores below Copper Mountain the :Nlanganese Blue was for many 
years the main support of the Detroit Copper Company, just as the Longfellow 

and Detroit mines were of the Arizona Copper Company. At the present time 
the deposits are practically exhausted, though a little ore is yet extracted. The 

old working~ are not aecessible now, and the description of the principal ore 
bodies has been obtained from Mr. Gordon McLean, the superintendent of · the 

company. 

The property is developed by the Old Blue shaft, now abandoned, 400 feet 
deep and located in the eenter of the produeing area. The present workings lie 
a little northward and are open~d hy the Blue shaft, situated 500 feet northeast 
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and stopes on the several levels; two long exploratory drifts extend up toward 
the northwestern end of Copper :Mountain claim on the second level (elevation, 

· 4,680 feet). 

The ores occur in the limestone and shale as five more or less regular beds. 

To the northwest of the Blue shaft, closer to the porphyry of Copper Mountain, 
are a number of smaller irregular deposits, chiefly in limestone. 

Geology.-The sedimentary rocks near the :Manganese Blue mine are well 

within the metamorphic zone, and the exact identification of the strata is difficult. 
The Copper Mountain fault, frequently referred to above, runs along the center 
line of the Copper Mountain claim and divides the sedimentary beds into two 

parts. The fault crosses the hill between the smelter and the Detroit Copper 

Company's store in a north-northwesterly direction; its exact position on the 
surface is known with certainty only for a few hundred feet northwest of the 
smelter and at the Copper Mountain adit, but the underground workings locate 

it with exactness in several places and on several levels. The dip of the fault 
plane is about 63° NE. or NNE. The vertical throw i'3 about 225 feet, and the 
horizontal movement of the northeast block is about 70 to 90 feet east-southeast, 

as shown by the dislocation of the porphyry dikes in the mine on the first, 
second, and fourth levels. The rocks are greatly crushed near the fault, and 

often there are two or three parallel planes within a few feet. 
Near the smelter the surface stratum of the northeast fault block consists of 

the heavy garnet into which the Modoc limestone is altered. But higher up on 
the bill and on the north slope, at the bunk house, and in the rear of the supply 

depot, the principal rocks exposed are dark-green, hard, metamorphic shales of 
uncertain horizon. Possibly there is another dislocation along the contact of the 
main garnetized area. 

The rocks exposed on the surface on the southwest side of the Copper 
Mountain fault are different. On the summit of the hill and along the upper
most railroad track to the smelter crystalline limestone is exposed, sometimes 

greenish from admixed serpentine. At the Detroit Copper Company's office a 
large amount of garnet and epidote adjoins both sides of a porphyry dike, and 

a little more garnet is exposed 200 feet farther north on the same tr::ek. 
According to Mr. McLean the rocks exposed in the Old Blue shaft are ,as 

follows, beginning from the top of the hill: 60 feet limestone, 60 feet garnet 

rock, 50 feet limestone, and 25 feet ·quartzite. Below this last is fresh-looking lime

stone. It is probable that the upper part of this section corresponds to the top 
of the Longfellow formation , ·and that the bottom of the Old Blue shaft is very 
near the top -of the Coronado quartzite. The long drifts on the second level 
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up toward the northwestern end of the Copper lYiountain claim chiefly cut shaly 

limestone, with some quartzite, probably about the middle part of the Longfel

low formation. These rocks are grayish or brownish and are cut by numerous 

seams of pyrite and magnetite. Thin sections show that these rocks are much 

more altere¢! than their appearance indicates and contain disseminated tremolite 

needles as well as grains of pyrite and chalcopyrite; with which magnetite is 
· fi·equently intergrown. · 

On the surface near the rnouth of the Copper. Mountain adit, the limestone~.' are 

greatly altered and contain much epidote ai1d magnetite. , Large masses of :rpag· 

netite, partly oxidized to hematite and limonite, occur on the east side of the fault 

on both sides of the Joy pqrphyry dike. This iron ore has been extensiv'ely 

stoped and used as flux; it contains a small amount of oxidized copper ores. 

These iron ores ·occur in general as horizontal beds of a maximum thickne~s of 20 

feet. Above them garnet prevails, intergrown with magnetite and oxidized by 

copper carbonates and limonite, and below lies a cupriferous, pa.rtly metamorphosed 

clay shale. Similar iron stopes occur to the west of the great fault, extending 

along it northward of the Blue shaft, chiefly at a horizon of 40 feet below the 

collar of the shaft. The beds southwest of the fault are nearly horizon.tal, while 

on the northeast side they have a slight southwest dip. 

The main ore bodies of the mine are contained between the same two porphyry 

dikes which limit those of the Detroit claim. On the northwest side is the Joy 

dike, continuous from the Joy mine. Seen on the first level of the Manganese Blue 

mine is a soft, very much dec~mposed porphyry, 40 to 70 feet wide, often containing 

vertical seams of pyrite. It 'shows on the surface 100 feet southeast from the Blue 
shaft~ The Humming Bird

1
jdike . lies on the southeast side and is exposed on the 

surface near the Detroit Copper Company's office. The workings below were not 

accessible, but the position of the dike was indicated by Mr. McLean. The 

exploratory drifts on the seeond level have struck the main mass of porphyry 

about 600 feet west-northwest of the Blue shaft. One or two smaller dikes without 

ore bodies were encountered in the lime shales between this mass and the Joy . 

dike. The main porphyry on the second level is a whitish, rather bard rock con

sisting chiefly of sericite, quartz, and pyrite, the Jatter both disseminated and 1n 

vein lets. 

Ore bodies .. - The ores in the Manganese Blue mme occurred on four prin<;i

pal horizons and were confined within a horizontal space of 400 by 300 feet. On 

the northeast they were all squarely cut off by the Copper Mountain fault, and 

gradually thinned out with;in 300 feet. . On the other side they were limited by 

the two porphyry dikes and often abutted against them. Vertically they were · 

contained within a distance of 225 feet. Below 60 feet of crystalline limestone 
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extended _the first ore horizon, forming a solid sheet of high-grade azurite and 

malachite ore stained by manganese; this had a thickness of 2 to 10 feet. The 

second body of carbonates was situated 60 feet lower down under a heavy mass 

·of garnet rock; it was from 6 to 25 feet thick, and like the others was cut off 

by the fault. The third ore body occurred below 50 feet of limestone in a stra

tum of sbale; the ore consisted of cuprite disseminated in this shale. The fourth 

ore body was found below 25 feet of sandstone or quartzite and consisted of 10 

to 20 feet of shale impregnated with cuprite. Some ore also occurred on- the 

fault near this ore body and was followed down for 100 feet to the fourth and 

lowest level. It was a narrow pipe-shaped shoot and ran out for some distance 

in the hanging of the fault on this level. There ·was only a small amount of 

this ore, which, near the South shaft, changed into very fresh limestone with 

much zinc blende and some copper (probably chalcopyrite). The Old Blue shaft 

was sunk about 100 feet below the lowest ore body, in fresh -hard limestone 

without ore. 

Very little ore was found east of the fault. The South shaft struck the 

westerly end .of the Detroit ore horizons. Just northwest of the ~Toy dike at the 

Blue shaft a little ore is mined at the present time, consisting of cuprite and 

malachite with much gypsum disseminated in shales, lying 20 feet below the iron 

stopes. 

The second level extended northwesterly from the Joy dike on the fault; it 

encountered no values except at a point 120 feet from the shaft, where a s~all 

amount of oxidized ores was extracted from the foot-wall side. From here on to the 

main por-phyry contact practically no ore was found. The shaly limestones con

tained pyrite and chalcopyrite. Pockets and very irregular masses of malachite 

and azurite were, however, contained in the limestone 150 to 200 feet above this 

level, not far from the contact of the principal porphyry area, and they may 

well have resulted from the oxidation of these disseminated chalcopyrite ores. 

No payable ore occurred in the Humming Bird dike, but a little chalcocite ore 

was found in the .Toy dike to the west of the Blue shaft. There was, unfortu

nately, no opportunity to examine the gangue of these ore bodies, as they are 

worked out and the stopes inaccessible; hut th~ir occurrence is so similar to that 

of the Detroit horizons that it is probable that here too the gangue consisted of 

garnet, epidote, and tremolite, with thei~· products of oxidation. 

It is interesting to note the close relation of the ore bodies of the Detroit 

and Manganese Blue mines to the porphyry dikes and their apparent independ

ence of any fissures or faults. That the Copper Mountain fault is later than the 

development of the primary bodies of sulphide ore is certain, but the oxidation 
of these sulphides has taken place since the fault was formed. 
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Assuming that the relation of the ore bodies in . the Manganese Blue to the 
Copper Mountain fault has been correctly interpreted, it is cl~ar that their con-

. tinuation would be found in the eastern fault block 225 feet lower down :vertically. 
The uppermost horizon on the west side would be continued on the east side· 
about 260 feet below the surface. This is not greatly different from th~ position 
of the lowest ore body in the Detroit mine, allowing for a slight westerly dip~ 
Exploration by diamond drill below that horizon disclosed very little ore and 
comparatively fresh limestone; also that the Humming Bird porphyry dike widens 
considerably in depth and perhaps sends off horizontal sills. The South shaft is 
reported not to have struck anything of value below the two ore bodies of the 
Detroit mine. The space of from 200 to 300 feet between the Detroit side line and 
the fault does not seem to have been explored very carefully, though it is clear 

that fresh sulphides, including zinc 
blende, were found in depth on the 
east side of the fault. 

Altogether it is probable that the 
continuation of the ore bodies on the 
east side consists of fresh sulphide 
ore, and that on account of their 
unoxidized character they are too poor 
for profitable working. 

EAST Y ANKlE MINE. 

Location and development. -The 
southeastern corner of the Yankie 
claim contains a part of the Long

fellow ore body and has alre~dy been described. For 100 to 200 feet west of 
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FIG. 9.-Vertical section through the East Yankie mine. 

this little ore has been encountered in the deep wqrkings, though some carbonate 
ore was found in several places on the surface. But about halfway between the 
Detroit concentrator and the Longfellow incline, a little east of the center of the 
Yankie claim, several ore bodies have been opened which merit special descrip
tion. The place is known as the East Y ankie mine and is situated in the little 
gulc.h descending toward Concentrator Canyon from Longfellow Gap. The sur
·face elevation is from 4, 700 to 4,800 feet. The mine is developed by the so-called 
Bucket-shaft, the collar of which has an elevation of 4,750 feet and which is sunk 
to a depth of 225 feet, four levels' being turned from it as follows: Second level, 
4,703; third level, 4,630; fourth level, 4,570; fifth level, 4,505. 

The total developments amount to at least 4,000 feet. In late years much 
concentrating ore and some smelting ore have been extracted from the East 
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Yankie mine, and recently good-sized bodies of concentrating ore have been 
developed. The amount thus far mined is small compared to that from the 
Ryerson mine, but the developments are promising. 

Geology.-The locality is one of great complication near the place where the 
quartzite fault cuts across the main porphyry contact. On the south lies the north 
dike of the Longfellow mine. For 250 feet north of this follows a belt of impure 
limestone and lime shale, partly altered to epidote and magnetite, as shown both 
on the surface and below. A wider dike of porphyry adjoins this on the north, 
containing inclusions of large irregular masses of quartzite. Finally from 300 to 
400 feet northward from the north dike an extensive mass of hard quartzite is 
encountered, whieh evidently borders against the other formations along a fault 
plane. As the quartzite undoubtedly represents the Coronado formation, and as 
the strata at Longfellow Gap are about on the horizon of the Morenci shales, 
the fault is clearly one of great magnitude, and the vertical throw is at least 500 
feet. The main mass of quartzite is well exposed in the bold bluff just north of 
Longfellow Gap, and extends as far north as the concentrator of the Arizona 
Copper Company. It is cut by several irregular dikes of porphyry which is very 
similar to that described from the Longfellow mine. A few minor faults with a 
northerly trend are shown on the third and fifth levels about 300 feet east of the 
Bucket shaft; these seem to be later than the quartzite fault and cut across it. 

Ore bodies. -On the surface, near the mouth of the adit on the second level 
(elevation 4, 703), there is an open pit located near the contact of shale and por
phyry. A considerable amount of carbonate ore occurred here from the surface 
down to the second level. This level shows the effects of leaching, the walls of 
the tunnel being frequently covered with efflorescences of sulphate of copper; in 
places this leaehing also shows on the third level. Below the second level for 
about 40 feet there was evidently a poor zone, but on the third level chalcocite 
ore began to appear in the porphyry that here prevails. The stopes about the 
Bucket shaft on the third level are about 80 feet long, but do not extend high 
above this leveL 

The ore is a soft, whitish to yellowish porphyry eut by many seams of quartz 
and chalcocite. In places it is very rich. Ore is almost eontinuous northward 
for 180 feet until a prominent east-west wall of. quartzite is reached that 
seems to cut it off; a large part of it, however, is of low grade. About 200 
feet east of the ore body at the shaft another irregular mass of similar ore 
was found, also in porphyry. Two hundred feet farther east-northeast quartz
ite was encountered, which in part forms good concentrating ore. A short dis
tance north of this point a well-defined wall of barren quartzite was met which 
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has an east-west dfrection and no doubt represents the continuation of the quartz
ite fault north of the Bucket shaft. On the thirJ and fourth levels the coarse 
quartzite near the shaft widens greatly, becomes soft, and contain.s irregular and 
generally low-grade bodies of ore, consisting of disseminated chalcocite, generally 
appearing as a coating on pyrite crystals. Early in 1902 the north drift on 
the fifth level bad penetrated the quartzite and was in porphyry with some ore 
which appeared partly oxidized. AcQording to reports, this drift bas since been 
continued to about 225 feet from the, shaft in a doubtful, soft, and partly oxi
dized rock, with seams of chrysocolla. The wall of the quartzite fault found on 
the third level, ~ 70 feet north of the shaft, has not been recognized, but the 
character of the oxidation leaves little room for doubt that the drift has some
where in this vicinity crossed an important dislocation. Exploratory drifts east
ward along the direction of the quartzite fault have disclosed considerable masses. 
of second-class chalcocite ore in quartzite and some of higher grade. 

On the whole the rocks in this vicinity contain much disseminated pyrite. 
The ore bodies are due to a partial ' replacement of this pyrite by chalcocite. 
f'hey se~m to occur entirely irregularly and do not have a well-defined shape, 
but gradually fade out into barren rock. Two lines may be distinguished, bow
ever, converging eastward, along which the payable ore is concentrated. The 
first extends about due east from the shaft; the other follows approximately 
the line of the quartzite . fault, the ore occurring in quartzite and porphyry 
chiefly on the south side of it. Exceptionally, and near one of the northward
trending faults which cross the quartzite fault, ore bas been found on the north 
side of the latter. Surface oxidation bas evidently in places penetrated as far as · 
the fifth level along the line of the quartzite fault, and this encourages the 
belief that chalcocite may be found in quantity below the fifth level. 

Referring to the shoot at the Bucket shaft it will be noted that the carbon
ate ore extended about 30 feet down from the surface; further, that this was 
underlain by a poor zone perhaps 50 feet in depth. The richest chalcocite ore 

was found 120 fee~ below the !SUrface, and the same ore continued in porphyry 
and quartzite for at least 130 .feet to the present bottom of the mine. All of the. 
pyritic so-called barren quartzite and porphyry contains a little copper, probably 
averaging one- half per cent. It is believed that the decomposition of this would 
yield enough copper sulphate to account for the chalcocite enrichment on lower 
levels. The mine is situated in a gulch where erosion is somewhat active, a 
thickness of 150 feet of the croppings having evidently beeri removed at a. 
relatively recent date. This may account for the fact that the chalcocite ore is. 
here nearer to the surface than it is qnder Copper Mountain. 
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MONTEZUMA MINE. 

I 

Location·, production, and develo]Jment.-The Montezuma mine, which belongs 
to the Detroit Copper Company, is contained within the limits of an ordinar.y 

claim, located south of the Yavapai, on the north slope of the gap
1 

between 
Copper and Modoc mountains, and at the northern portal of the Montezuma 
railroad tunnel. 

Although not one of the largest mines of the company, a large ~mount ~f 
ore has been extracted from the Montezuma, partly from flat depo~its in lime
stone or shale, partly from fissure veins in sedimentary rocks or porphyry. 

Much of the ore has been of 
high grade. The mine does NW 

not possess those large bodies 

t 
Probable cropptnt7s ' . ~ 

S£ 

of low-grade chalcocite ores 
found on the Ryerson, Copper 
Mountain, and other claims to 

~ soooreet 
/~,--_ 'Ca-p~~ ro;§K,:.' :, - abot-'dt sea level 
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the north and west. In 1902 

a small amount of cuprite ore 
was extracted from the stopes 
in shale along the Yavapai 
line, and very rich cupl'ite 
and chalcocite ore was mined 

in the southwestern corner 
from the vein, which farther 

to the southwest is known as 

the Joy vein. 
The developments consist 
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of an adit level at an . eleva- FIG. 10.-Diagrammatic vertical cross section of Montezuma vein. 

tion of 4,904 feet, 45 feet above the railroad; 90 feet below this is the so-called 
Waters shaft level, which chiefly explores the ground underneath the railroad 

tunnel; the first level of the Ryerson (elevation 4, 7 ±8) is also extensively opened 
in this claim. The lowest level is the second of the Ryerson mine (elevation 4,()88), 

which, however, is confined to a small space below the stopes on the Montezuma
yavapai line. The total developments are approximately a mile in length. 

Geology.-Sedimentary but much-metamorphosed rocks occupy almost the 

whole area of the claim. The highest horizon is that of the Modoc (Carboniferous) 

limestones, which crop along the southern boundary of the claim; the rocks are 
entirely altered to heavy masses of garnet and epidote. Below this are extensive 

outcrops of ~1orenci clay shales; they are seen all along the slopes from the gap 
down to the railroad level, and are also exposed in typical development on the 
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Waters shaft level and even below this. This suggests that the northeasterly 
faults which dislocate the quartzite on the slope toward Chase Creek ?ontinue 
toward Montezuma, and that the clay shale has been raised on the south so that 
the thickness is exaggerated. On the first level, below the clay shale, lie greenish 
rocks, which contain epidote and pyroxene, and which 'evidently are metamor
phosed equivalents of the Morenci limestones that underlie the shales. Still 
lower down, on the second level, are the heavy masses of garnet, magnetite; and 
epidote, which are so extensively developed on the Yavapai claim and which 
probably represent the upper part of the Longfellow limestone. This horizon 
also contains chalcopyrite and zinc blende, intergrown with the garnet and mag
netite. Disseminated pyrite, as well as horizontal and vertical seams of this 
mineral, are also . very abundant in the shales. Beyond· this the clay shales are, 
however, comparatively little affected by metamorphism, and contain only some 
secondary epidote. 

The stratification, well preserved in the shales, is horizontal or dipping gently 
westward. In the metamorphosed limestones all trace of it is usually lost. A 
number of narrow porphyry dikes of the usual Morenci type cut across the sedi
ments~ but neither on the surface nor in the workings are they easily traced or 
connected. At the northern portal _ of the Longfellow railroad tunnel a dike with 
east-northeast direction is exposed; it is found again on the Waters shaft level, 
but is here considerably smaller than on the surface. A second dike with similar 
direction cuts across the shales on the same level 150 feet farther east, and also 
on the surface, but can not be found in the workings to the northeast of this 
point. A third and parallel dike, which is followed with· considerable dislocation 
by the l\Iontezuma vein, is only from 5 to 25 feet wide; it probably continues 
north-northeast and is exposed in the adit level and on the :first level below the 
railroad tracks near the gas plant. A fourth and very narrow dike with an east
west direction is exposed on the second level near the thick pyrite vein about 
80 feet from the Yavapai line. 

Ore bodies.-As at many other mines in the vicinity, the ore bodies either 
follow :fissure veins or form flat and irregular masses in shale or limestone. 

Beginning with the latter class, many small masses of ore have been exposed 
below and in the uppermost stratum of garnet rock, equivalent to the Modoc 
limestone, but nothing of much importance has been developed. This horizon 
woulP, correspond to the upper ore body of the Detroit mine. In the northern 
central part of the claim are several open cuts and extensive horizontal stopes 
in shale 20 to 40 feet below the railroad track ·at the gas plant; these, which 
were exhausted long ago, occupied an area of about 125 by 400 feet. To the 
north of these, and mostly below them, are the great Montezuma-Yavapai stopes; 
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which occupy a space of 500 by 200 feet, and lie at elevations of from 40 feet 

above the \Vaters shaft level to 40 feet below the first Ryerson level, and from 

50 to 100 feet below the surface. These stopes also extend across the Yavapai 

line, nearly up to the shaft of the same name, and here lie about the firs£ level 

of that shaft. In 1902 stoping was in progress below the north portal of the 

railroad tunnel. The thickness of the ore there is at most 12 feet. The ore is 

contained in a brownish, somewhat shaly, and partly oxidized rock; immediately 

above lies clay shale, and below the ore is hard, partly metamorphosed limestone. 

The horizon is thus probably in the uppermost Devonian limestone, just below 

the Morenci shale. The rock in which the ore is contained proves to consist 

of epidote and pyroxene, and is evidently an altered limestone. Narrow porphyry 

dikes occur at three different places in the stopes. 

This ore body does not connect with the stopes noted above as lying to the 

south at a somewhat higher level, but ends rather abruptly on the southeast side. 

A persistent vein of pyrites, however, follows that side and probably connects 

toward the southwest with the Joy vein. The principal ore 'is cuprite, occurring 

as seams and coatings on cracks; along with it is some malachite and brochantite 

associated with gypsum and limonite, and occasionally also a little chalcocite. 

E:ffiorescences of zinc and magnesium sulphates are common. In spite of its 

oxidized condition the rock in the ore body contains many small, vertical seams 

of pyrite. The ore now stoped contains from 4 to 10 per cent of copper. 

The western part of the claim contains a system of veins and seams of 

pyrite and copper ores which merit more detailed description. On the \Vaters 
shaft level, below the northern portal of the railroad tunnel and about -100 feet 

below the surface, three narrow seams of almost solid chalcocite have been found, 

cutting through the practically barren shale with a north-northeast direction. 

The most westerly seam is partly in porphyry and appears to run out into the 

oxide stopes mentioned above. There are also a few narrow seams cutting across 

with a west-northwest direction. One of these t raverses a porphyry dike; 30 feet 

wide, between the railroad tunnel and the Joy vein, and the ore along it has been 
stoped both in the shale and in the porphyry; it extends about two sets above the level. 

The main Montezuma vein, which is probably identical with the Joy vein, 
courses with an average direction of north 40° east and dips about 80° to the 

northwest. Its croppmgs are not well defined, but should appear in the hard 
garnet cap rock in the southwestern corner of the claim. Three hundred and 
sixty feet northeast from the southwest claim corner it splits into three branches, 
the most westerly of which is developed as a thick pyritic vein near the Yavapai 
line. 

On the level of the Montezuma adit (elevation 4,904 fee~) the east branch of 
this vein is struck 160 feet from the portal and continues southwest as a narrow 
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and poor streak of pyrite in shale accompanied by efflorescences of chalcantbite; 

250 feet southwest of the adit crosscut it strike8 a sheet of porphyry, soon turn

ing into a dike, and immediately widens to 24 feet of good chalcocite ore, which, 

however, does not extend far above the level. Less than 100 feet farther on the 

porphyry becomes very much crushed and the 'ore becomes poorer and partly 

oxidized to malachite; this is 120 feet below the surface. 
\ . 

On the "raters shaft level, 90 feet below the adit, the vein was first struck 

by a crosscut from the northwest, but at the point encountered proved to be 

barren. It has been followed 320 feet to the southwest corner of the claim; for 

the first hundred feet it is in shale widening all along; one set above the level 

the ore is 30 feet wide. For the rest of the distance to the claim line the vein 

·is partly in porphyry, generally widening in that rock and partly in shale. 

The greatest width attained is 40 feet. In general the vein may be said to be in 

porphyry between shale walls, but the porphyry runs very irregularly, is faulted 

and crushed, , and sometimes sends out horizontal sheets in the shales. The ore 

along this level and above it is chiefly cuprite, sometimes beautifully crystallized. 

But there is also much chalcocite, and the derivation of the cuprite from the 

· chalcocite is very clearly indicated. The ore does not reach the adit level. 

Above the cuprite, malachite and brochantite are found, but the vein becomes 

almost barren a ~hort distance above ,where the cuprite ore ceases. The change 

from cuprite to · chalcocite takes place along the Waters shaft level. Sixty-five 

feet below the \\T aters shaft level and about 280 feet from the surface the 

vein has been opened by the first Ryerson level. It is here very well defined 

and shows 1 to 4 feet of almost solid iron pyrites in ilense gray limestone with 

specks and seams of magnetite, pyrite, and zinc blende. The pyrite in the vein 

contains only about one-half per cent of copper. Chalcocite begins to appear 20 

feet above this level and the change to payable ore takes place within a few feet

about 20 feet above the level. At the lowest workable stope the pyrite looks · 

rusty and partly decomposed, and coatings of chalcocite begin to appear. 

As stated above· the vein branches northeast of the main chalcocite stopes; 

on the Waters shaft level one fork turns northerly and has been followed for 

·about 300 feet, in which distance it shows 4 to 6 inches of good ehalcocite in 

shale. The continuation of the same vein, turning again north-northeast, is shown 

on the first level, where it appears · as · a narrow pyrite vein in dark-green meta

morphic rock. On the second level, about 190 feet below the surface, the same 

vein has been found, but is here up to 5 feet thick, consisting of almost solid 

granular pyrite, with' a little quartz, the pyrit~ containing one-half per cent of 

copper. The vein is well defined with distinct walls and dips 80° NW.; several 

st~ingers 1 to 2 inches wide li~. in the foot wall and 20 feet away from the 
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vein in the hanging wall is a brahch vein up to 2 feet wide. The country 

rock on the foot-wall side is a gr~l enish dolomitic limestone containing a few 
grains of zinc blende; close to the pyrite seams this changes to a softer rock 
containing much pyroxene and magn tite. No magnetite was detected in the vein. 

On the hanging-wall side the metamorphism increases; from this vein across 
l ' 

the Yavapai claim to the West Yankie workings the prevailing rock is very hard 

and consists of magnetite, garnet, pyroxene, and pyrite, . with a little chalcopyrite, 
all intimately intergrown. This rock shows no dependence upon the pyritic vein, 

but extends several hundred feet north of it. , 
The most interesting feature of the Montezuma deposits is the vein with the 

cuprite stopes. The occurrence of so much cuprite above the chalcocite zone is 
unusual; the cause may be due to the presence of carbonaceous elay shale in the 
casing of tlie vein. The different ore zones are represented diagrammatically in 

fig. 10. The pyrite vein, which probably ·represents the primary mineralization, 
extends to within 250 feet of the surface; above, this changes to chalcocite. which 

maintains itself tor 50 feet and then is replaced by cuprite without native copper; 
the cuprite zone is not of great extent; at its upper limit some malachite 

is found, but for about 100 feet below the surface the yein is practically barren; 
this means, of course, that the carbon dioxide was lacking and that the copper 
has been carried away as soluble salt under the influence of solutions containing 
sulphuric acid. 

JOY MINE. 

Location, pro(/;uction, a,nd, development.-The Joy claim, which is one of the 

properties of- the Arizona Copper Company, is situated between the Manganese 

Blue and the Montezuma mines, at a short distance southeast ?f the Humboldt 
shaft. The principal deposit is contained in a strong fissure vein, which probably 
is the southwestern continuation of the Montezuma yein. The mine has produced 

a considerable amount of smelting ore from the upper· levels. At the present time 
cU:priferous pyrite is mined from the large stopes on the lower levels, and is used 

for the manufacture of sulphuric acid at the Clifton plant. The developments, 
which may aggregate 3,000 feet, consist of drifts on four levels almoRt 100 feet 
apart, the greatest depth below the surface being 440 feet. The mine is opened 

by the Joy shaft and connects eastward with the Detroit mine on the two upper 

levels. A~ present it is worked from the Humboldt shaft, from which crosscuts 
are extend~d to the several levels. 

Geology.-The surface along the croppings of the Joy vein is covered by 
compact garnet-epidote rocks, partly decomposed to limonite and quartz. Along 
the porphyry dike near the Catholic Church are ex.ceptionally heavy masses of 

16859-No. 43-05-17 
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greenish-yellow epidote. Below this, on the first and second levels, lie the lVIorenci 

shales, contin~ous from the exposures in the Detroit uiine, and dipping gently 
southwestward. In the two deeper levels the sediments probably belong to the 

Longfellow ljmestone. Toward the Detroit mine these li~estones are fairly 
normal, but near the dike they contain very il~regular but large masses of epidote, 

alternating with comparatively unaltered limestone. 
There is one porphyry dike, the Joy dike already mentioned in· the descrip

tion of the Detroit mine. It is 70 feet wide on the first level and nearly the same 
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FIG. 11.-Vertical cross section of Joy vein. 
limonite; on all of the four 

level~ the vein is excellently exposed; . it has a course of N. 10° to 30° E., and 
dips toward the west at angles of from 85° to 70° . The walls are well defined 

and the deposit is a normal tis:;ure vein, having a width of up to 50 feet. On 
the first level the Yein lies on the northwest side of the porphyry dike and for 
some distance at least follows the contact between that rock and the Morenci 

shale. On the second level the porphyry contact cuts across the south dl'ift, 
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and north of the shaft on this and deeper levels, the vem IS eontained in shale 

or limestone. The stopes on the fourth level reach the line of the Copper 

Mountain claim, and in the Manganese Blue mine a heavy pyritic vein, which 

may be the Joy vein, was found on the fourth level east of the fault and on 

the southeast side of the dike. 

South of the .Joy shaft an excellent ore body was found on the Joy veii1 
which extended from the first level ·or from 130 feet below the ::;urface to a point 

50 feet below the second level. The ore had a width of up to 50 feet, the ::;hoot 

being 200 feet long, and consisted of chalcocite with riative copper and some 

cuprite. Below the level indicated it turned into cupriferous pyrite. On the 

fourth level south ~he vein is i~ery thick and con~ists in places of a mass of almost 

solid granular pyrite, 50 feet wide, with very little quartz. The wall rock is 

here a serlcitized porphyry containing a little pyrite, magnetite, and zinc blende 

as tiecondary minerals. On the same level, at the 100-foot crosscut to the Joy 

:::;haft, the vein is a few feet wide and shows several thick seams of pyrite in 

partly altered limestone. About 50 feet from the vein is a considerable mass 

of epidote; then follows almost unaltered limestone again, which contains several 

narrow seams of pyrite, up to 2 inches wide, each surrounded by fi zone of altered 

greenish limestone a few inches wide. Analyses have been made of fresh rock 10 

inches from one of these seams, and of the altered zone adjoining the veinlet 

(see p. 172). These analyses show that the alteration is due to replacemept of 

limestone by tremolite, pyrite, and zinc blende: At the .Joy shaft the limestone 

is again replaced by massive granular epidote. This poiut is probably not far 

from the porphyry. In the crosscut on the third level the porphyry begins 

close to the shaft and is adjoined by epidote rock, which farther out towat;d the 

vein changes into less-altered limestone; the line between epidote and limestone 

seems fairly sharp (fig. 11). 

Surface oxidation extends in places, chiefly along the walls of the vein, down 

to the fourth level, but the vein as a whole is not much oxidized below the third 

level. 

The most interesting features of the Joy vein consist in the succession· of the 

ores. For 130 feet from the surface the vein is almost barren; below this follows 

a 150-foot zone of cuprite, native copper, and chalcoc.ite, which again, 280 feet 

from the surface, gives place to cupriferous pyrite as a strong primary vein. 

The vein is partly in porphyry, partly in limestone, and offers excellent opportu

nities to study the character of vein alteration in the latter rock. 

Much epidote appears ·near the porphyry dike. The formation of this mineral 

:::;hows no connection with the vein-forming agencies, which it seems to antedate. 
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RYERSON MINE. 

L_ocation and production.-This mine is one of the most important of the 
group belonging to the Detroit Copper Company. It is situated about 2,500 ·feet 

north of the center of the town of Morenci, on the northeast slopes of Copper 
Mountain, descending toward Concentrator Canyon. The surface elevation at the 
shaft is about 4,900 feet. Smaller ore bodies near the surface have been known 

for a long time, but the great resources of chalcocite ore below Copper Moun
tain which ai·e opened by this mine were not known until ·some ten years ago. 

Since then the exploitation has proeeeded actively and the largest production of 

the company is now from this source. The mine probably averages over 200 
tons per day of concentrating ore; besides a considerable . quantity of highe~-grade 

I 
I 
I 

YAVAPAI MINE 

50 tOO 

Scale 
200 300 400 feet 

~~~----~--~----~ 

-------
Fra. 12.-Plan showing workings, veins, and probable outlines of bodies of altered sedimentary rocks embedded in 

porphyry on the third level of the Ryerson mine. 

smelting ore. The ores are entirely of the chalcocite type, containing few metallic 
minerals other than chalcocite and pyrite. The very large ore reserves indicate 
that it will remain an important producer for many years. 

Developrnent.-The mine is developed by a very extensive system of drifts 
and erosscuts on several levels, and the total length of the workings probably 

aggregates from 10,000 to 15,000 feet. From the north access is obtained by the 
Ryerson upper and lower adits (elevations 4,989 and 4,877 feet) as well as by the 
adit of the first Ryerson hwel (elevation 4, 749). Each of these connects with 

extensive drifts on the lodes. The eastern part of the mine is opened by the 
Ryerson and West Yankie shafts; the latter, just over the east line of the 

Morenci claim, is the main hoisting shaft, and its collar has an elevation of 
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4,881 feet. Three levels are turned from this shaft, called the first (elevation 

4,749), second (elevation 4,693), and third (elevation 4,633). On the upper levels 

connection is made westward with the Humboldt mine of the Arizona Copper 

Company. On the lower levels connections are established eastward with the 

East Y ankie and Longfellow mines. From the West Y ankie shaft the ore is sent 

directly to the concentrator, which is situated close by. The workings occupy a 

space of about 1;500 feet from northeast to southwest, and 800 feet in the opposite 

direction. 

Geology.-The geological relations are very complicated. The mine is situated 

on the contact of the main porphyry ,stock of ·Copper Mountain with the sedi

mentary area. The porphyry contains a great number of inclusions of altered 

sediments, and the limestones and shales contain many porphyry dikes, mainly 

with an east-northeast trend. Both inclusions and dikes are apt to be very 

irregular, and it is often very puzzling to connect the areas from the exposure~ 
on the different levels. The relations are illustrated in Pl. XVIII and on the 

sections, figs. 12, 13, and 14. 

The sedimentary rocks consist of quartzite, limestone, lime shale, and clay 

shale. Most of the exposures of quarzite are found on lower levels and nearest 

to the main porphyry mass. The best-defined horizon is that on the third level 

north of Ryerson shaft, where the stratification is well preserved, the dip being 14° 

south or southwest. The top of the Coronado quartzite is doubtless present here, 

and the elevation corresponds well with that of the quartzite in the Longfellow 

mine (figs. 5 and 6). But the quartzite is also found farther west in the mine; for 

instance, on the first level below the Ryerson adit, where it is about 100 feet 

higher. The rock is usually very hard and solid~ near important veins it frequently 

contains disseminated pyrite with chalcopyrite, and within the chalcocite zone the 

pyrite crystals are coated with chalcocite. 

The ·horizon of the shale and limestone exposed between the porphyry dikes 

can rarely be determined and the planes of stratification are usually indistinct, 

but fronf the data already given it is probable that nearly the whole of these 

rocks belong to the Longfellow (Ordovician) limestone. Probably the least-altered 

rock is that exposed near the Ryerson shaft, where it contains smaller, local, sheet

like bodies of carbonate ore (azurite and malachite). Along the Yavapai line the 

altered dolomitic limestones are greenish-gray, compact rocks, containing, besides 

remaining calcite and dolomite, much pyroxene, magnetite, pyrite, zinc blende, 

and chalcopyrite. Similar rocks are exposed 30 feet below the first level in the 

Red winze north of the Ryerson shaft, and at many other places. Epidote appears 

frequently, especially in the shaly rocks. Near the lodes the rocks are often 

crushed and shaly by pressure; some difficulty may be experienced in their proper 
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classification. On the Ryerson lower adit, between the Ryerson and the Humboldt 
veins~ a great amount of garnet rock is found, rarely encountered elsewhere in 
this mine. This is a very hard, mottled, greenish and brownish rock, consisting 

of an intimate intergrowth of epidote, garnet, and chalcopyrite. 

On the surface as well as underground porphyry is the prevailing rock, but 

throughout the area it is very difficult to find fresh specimens~ As far as can be 
determined all of the intrusive rock is of one kind and may be defined as standing 

between granite-porphyry and quartz-monzonite-porphyry. The freshest rocks of 
the kind were obtained from a dike in the northwest crosscut to the Wellington 

vein from the Humboldt vein. on . the first , level (specimen 211). This is a hard, 
greenish-gray porphyritic rock with abundant small white feldspar crystals ·and

a few small partly bleached biotite foils in a gray, :flinty groundmass. The latter 
is a microcrystalline mass of unstriated feldspar and quartz, while among the 

feldspars orthoclase, albite, and oligoclase were recognized. For analysis and 

discussion of this rock, see pages -81-82. A beginning of sericitic alteration is 

observed in the . feldspars and a partial conversion of the biotite into muscovite and 
chlorite has also taken place. 

As a rule the porphyry of this mine is very much altered; the feldspars are 

generally . completely converted into sericite, a variety of muscovite, while the 
quartz remains unaltered. Secondary quartz is introduced in places . as micro

crystalline aggregates and as little seams with pyrite. The structure of the 

porphyry is frequently retained, but also often entirely obliterated. The final 
result is a whitish rock, ordinarily soft and chalky, but occasionally, when con

taining very much quartz, hard and compact; it is composed of finely felted 
sericite and quartz, together with a large amount of fine-grained quartz. Pyrite 

is also present in varying quantities and occurs both as disseminated grains and 
crystals and in thin seams and veinlets. For more detailed study -of these rocks 
see page 81. 

On the surface the porphyry forms light-colored blocky outcrops. The 

slopes of Copper :Mountain are largely covered by debris, but near the top the 
outcrops are conspicuous and in many places show a distinct jointing, the direc
tion of the joints being north-northeast. The main area of th~ porphyry begins 
along an irregular northeast line passing close by the northwest corner of the 
Detroit concentrator. South of . this, between the concentrator and the West 

Y ankie shaft, appear two prominent dikes 150 feet or less wide and in . general 
paralJel to the main contact; west of the ·Yavapai shaft these join the main 

area of porphyry; they are separated by two long and narrow, slab-like areas of 
altered limestone. Both of these pass underneath the concentrator and the outer 
one is adjoined by a narrow strip of quartzite. A few hundred feet west of 
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-these several very irregular sedimentary m!),sses are inclosed in porphyry, and 
consist of partly altered limestones, shales, and some very fine-grained quartzite. 

Two hundred feet west of the Ryerson shaft is a small area of almost unaltered 

limestone with horizontal stratification. Some of these limestone masses, notably 
the most westerly one, are flat bodies of no great depth, so that drifts below 

them are entirely in porphyry. On the several_ levels below these general rela

tions of porphyry and sediments are preserved, but with great local irregular
ities, giving evidence of shattering and injection of magma. The relations on 
~he third and ~eepest level are shown jn fig. 12. 

Oopper rninerals in the rocks.-Most of the porphyry, except perhaps that 
occurring near the surface, shows a small percentage of copper, either as chalcocite 
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or as chalcopyrite, the latter occurrence being chiefly confined to the lower levels. 
A very large proportion of the porphyry in the underground workings contains 

from one-half to 2t per cent of copper; this is not payable ore. The altered 

t:lediments, and especially the limestone partly converted to pyroxene, epidote, and 

garnet, quite generally contain magnetite, chalcopyrite, and zinc blende, even above 
the level of oxidation as applied to the porphyry, for, owing to their more compact 
nature, these rocks are less easily attacked by surface oxidation than the porous 
porphyry. Such limestone with chalcopyrite and zinc blende is exposed on all 
of the levels, and large masses of it probably contain up to 2 per cent of copper. 
With thorough oxidation it is likely that such masses would result in more con
centrated payable masses of carbonate ore. Smaller sheets of such ores occur, 
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indeed, at the mouth of the Ryerson shaft and at the first level of the lower 
Ryerson adit. In this mine they are, however, of little economic. importance. 

Veins.-The exploration has proved that an important vein system courses 
below the barren outcrops of Copper ~ountain. There are four principal lodes
the Wellington, Ryerson, Humboldt, and vV est Y ankie. Their direction varies from 
east-northeast to north-northeast, and their dip is usually at steep angles toward 
the north. They are undoubtedly fissure veins of the replacement type, for they 
are charaCterized by one or more narrow seams of high-grade ore following. fault 
planes and surrounded in places by large bodies of altered porphyry with dis
seminated ore; the latter masses rarely show distinct walls, their limit being 

· indicated by the assay value of payable ore. The veins occur in porphyry, 
shale, limestone, and quartzite and may be productive in either of these forma-

48?7 

Scale 
o'-'--__ •oo..__ _ _::.i.._ _ ____:;)0()_._:__ __ 4.:._9o_~500feet 

F{G. 14.-Vertical section along the Ryerson lower adit. 

tions; but by far the greater part of the ore occurs in porphyry, and the veins 
generally become barren on entering the sedimentary areas. Perhaps this is to 
be expected from what has been said · about the greater resistance to oxidation 
of the metamorphosed cupriferous limestones. 

The first lode cut by the upper and lower adits is the Wellington. On the 
upper tunnel level this is oxidized and practically barren, but on the lower adit 
it lies in porphyry on the north side of a mass of lime shale; the latter contains 
a strong, nearly vertical vein of pyrite; the former contains a large mass of 
chalcocite ore, the stopes being 50 foot or less wide and, in places, of high grade. 
Toward the southwest the Wellington vein enters the Humboldt mine of the 
Arizona Copper Company, but toward the northeast it has been followed for 
several hundred feet on the first level below the lower adit; it is here chiefly in 
porphyry and contains good ore at intervals. Below the rich stopes on the lower 
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adit the first level struck quartzite with chalcocite ore, which, however, is of 

lower grade. 
The next lode encountered by the upper adit is the Ryerson, which here 

appears as a very sharply defined rich streak of pyrite a:nd chalcocite, 4 to 18 
inches wide, surrounded by several feet of lower-grade chalcocite ore; the dip is 
70° NW., the course east-northeast. This . streak has not yet been followed 
southwest into the Humboldt mine'; in the opposite direction it soon runs into 
shale and becomes poor, turning into a mere pyrite seam. On the lower adit the 
Ryerson lode is pinched and poor, the ore chiefly consisting of pyrite in altered 
limestone. As wide stopes of concentrating ore were found in the Humboldt 
mme along the line of the Ryerson lode, 120 feet west of the lower adit, explora
tions were recently made in that direction. They disclosed a larg·e, mass of 
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FIG. 15.-Vertical section following line of the Yavapai tunnel across the Yavapai and Ryerson mines. 

concentrating ore iri porphyry, widening toward the line of the Arizona Copper 
Company and narrowing to a wedge at the line of the crosscut of the lower adit. 

The rich seam of the Ryerson on the upper adit continues down to the lower 
adit, but at a short distance below that level encounters a mass of shale and i~ 

replaced by another seam between the lower adit and the first level, which dips 
steeply in the opposite southeast direction. Drifting east-northeast from the 
main crosscut the Ryerson vein was found again, and has devel~ped a mass of 
ore 300 feet long and 50 feet or less wide, which has been stoped halfway up to 
the upper adit, and which also extends down to the first level, though in reduced 
size. At a short distance northeast of this the level runs into the zone of sur
face oxidation. The Ryerson has been followed on the first, second, and third 
levels for a distance of about 700 feet to a point 100 feet northwest of the 'V' est 
Y ankie shaft (see Pl. XVIII). 
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Near the northwest corner of the Yavapai elaim large stopes have been 
developed on the first, and smaller ones on the 1:1econd and third levels. The 

lode crosses 100 feet southeast of the Ryerson shaft, where it shows on the :first 
level as a persistent, well-defined vein of about 1 foot of first-class ore, sur
rounded by 40 feet or less of concentrating ore. On the second and third levels 

the vein is equally well defined as to strike and dip, but contains more pyrite. 

The Humboldt lode is the most important one in the mine. The upper adit 
developed it near the line of the Humboldt vein and exposed an enormou~ mass 

of concentrating · chalcocite ore, 200 feet or less wide and 300 feet .long, which 
reaches as far as 70 feet above the level where it encounters the oxidized zone. 

The rock is a thoroughly altered porphyry containing a few horses of shaly 

limestone. The Humboldt vein, properly speaking, i~ formed by a well-defined 
streak of rich chalcocite ore from 1 to 4 feet wide, coursing east-northeast and 
dipping-70° to 80° NNW. The foot wall is generally a well-defined plane. On 

the north side, 200 feet from this fissure, is another also containing rich chal

cocite ore, but dipping in the opposite direction. The great mass of concen
trating ore is confined between these two rich streaks. On the lower adit this 

mass has contracted considerably, but still contains a large amount of concentrating 

ore, especially on the southeast side. The northwest vein is here poorer. This 
chalcocite ore extends down to within 30 feet of the first level, but here the · rich 

stre~k of the Humboldt lode cha:nges within a few feet to a strong vein of massive 

low-grade pyrite and chalcopyrite with some zinc blende, in places several feet 

wide, with well-defined walls of greatly altered porphyry. Occasionally bunches 
of chalcocite ore are found along it. As shown by the northeast drift on the :first 

level the Humboldt vein continues beyond the big stopes, but swings more north
northeasterly. After a barren interval it has been exposed Qn the lower adit, first, 

.second, and third levels, near the northwest corner of the Yavapai claim, where 
it appears to cross the Ryerson vein. The stopes extend for 500 feet with a width 

of 40 feet ·or less. They are richest on the :first level up to a point 60 feet above 
it, where surface oxidation begin:;;, but they are also continuous and rich on the 
second level along the so-called Black stopes. The vein continues down to the 

third level with . good foot wall and stopes 10 feet wide of fair, and in places 
high-grade, chalcocite ore. Up to a point near the northwest corner of Yavapai 

claim the vein on this level follows a porphyry dike, but here it breaks across 
an area of shale with porphyry dikes and becomes impoverished. The vein has 

heen followed on the second level to a point 300 feet nor}hwest of the Ryerson 
shaft. Beyond this point the surface descends and the drifts approach the 

oxidized zone. 
'The fourth lode is the West Y ankie.. It follows the important po'rphyry 
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dike , which courses east-northeast about 100 feet south of the concentrator, and 

which may he traced across the Yavapai ground. This lode is, in fact, rather a 

porphyry dike impregnated with chalcocite and pyrite than a well-defined fissure, 

although it contains several fairly well-defined streaks of high-grade ore. The 

concentrating ore is 60 feet wide on the second level and about as much is 

exposed on the third level. The stopes extend several sets above the second 

level. This lode continues productive into Yavapai ground. 

Dl~8location8.-Evidences of movement along the walls of the fissures in the 

way of 1"3triation and slickensides are not uncommon, and the crushed condition of 

the material near the Yeins and in the great ore bodies indicates the great stress 

which caused the shattering. The dislocations along the veins do not, however, 

seem to have been extensive, and the principal dynamic action seems to have 
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FIG. 16.-Longitudinal ;;eetion o f a part of the Humboldt lode, showing relations of mineral zones. 

taken place before the primary ore deposits were formed. In a few places 

movements have taken place since the deposition of the chalcocite, but they are 

slight and show no dislocations of importance. 

Ure8 and their distrt:btttio,n.-The ores worked at present in the Ryerson mme 

contain chiefly pyrite and chalcocite. In part these minerals occur along well

defined fissures with at least one excellent wall, :;ometimes ::::;bowing slickensides. 

This wall is usually in the foot of the ore. In part they occur in disseminated 

form or in irregular veinlets in the sericitized and bleached porphyry. The 

former class is often of very high-grade, sometimes indeed massive, chalcocite; 

the latter may exceptionally be of high-grade, but ordinarily forms low-grade, 

concentrating ore. The pyrite is granular and very rarely crystallized. In some 

parts of ~be mine the vein consists almost entirely of this granular pyrite, with 
which is intergrown some chalcopyrite and zinc blende. Very littl-e quartz occurs 
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with it, the onlJ other gangue consisting of little streaks of porphyry altered to 
sericite and quartz. This type ~f vein indicates very clearly its origin by replace
ment along almost closed fissures. · Comb and ribbon structures are absent. As 
mentioned above, the veins are most strongly developed in the softer · porphyry 
and are apt to pinch in shale and limestone. 

The chalcocite is deep black, dull or earthy as to appearance, gives a shin
ing streak, and even when purest usually shows grains and remaining masses of 
pyrite. It is secondary throughout and is deposited by replacement of pyrite 
according to the processes outlined on page -. Every grade of chalcocite ore may 
be found, from varieties in which pyrite entirely predominates ·and the chalcocite 
simply appears as thin films coating the yellow grains, through richer ores, in 
which the ch~ll'.ocite appears as a network pervading and replacing the iron disul
phides, to almost solid, dull-black masses which contain only occasional gr.ains of 
pyrite scattered through it. For illustrations of these occurrences see Pl. XIV. 

The norm!1l richer concentrating ore consists of a soft chalky porphyry with 
occasional lHtle narrow seams of chalcocite running irregularly through the mass, 
more rarely parallel to the wall of the vein. In the poorer grades both pyrite 
and chalcocite are visible. 

Three zones may be distinguished, in which the occurrence of the ores differs 
very materially, and these zones are within certain limits dependent upon the 
surface configuration. 

The uppermost division, reaching down to 100 or at most 200 feet below the 
surface, may be called the zone of oxidation. In porphyry th·e immediate surface is 
usually practically barren-that is, it contains less than one-half per cent of copper. 
The rock consists of a brownish hard porphyry made up of sericite and quartz. 
A cellular or cavernous structure is not common, nor is there any unmmal amount 
of limonite. The outcrops of the veins can very rarely be traced over the rough 
surface of Copper Mountain; this is largely due to the lack of any consider
able . amount of gangue minerals in the veins. When the veins are contained 
in shale copper carbonates, limonite, and cellular quartz may occur. At a very . 
short distance below the surface pyrite appears, however, and continues dowrt 
to the lower level of the zone; it is rusty and partly decomposed, but much of 
it remains intact. Drifts in this zone soon become covered by efflorescences 
and incrustations of chalcanthite (CuS0!+5H20), and seams of this mineral may 
appear in the rock. The quartz seams, less apparent in the rock at lower levels, 
become more prominent in this zone. Little seams of malachite and brochantite 
occur in places, but as a rule the carbonates and basic sulphate are lacking, as are 
cuprite and native copper. Within this zone the assay values run from nothing 
up to 2 or 3 per cent of copper. 
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Below this zone of surface oxidation comes the zone of the chalcocite; the 
depth of this is not fully ascertained. In the Humboldt vein in the western part 
of the mine it is about 250 feet, while near the northwest corner of the Yavapai 
claim it is considerably more and certainly exceeds 300 feet. 

In the West Y ankie mine the limit is fairly well defined, the chalcocite ore 
ceasing about 30 feet above the first level, the line seemingly being about parallel 
to the surface. In the eastern part of the Ryerson vein the line of oxidation 
descends, as does the ~urface. But the lower level of the chalcocite zone here 
shows considerable in:egularities. As shown in fig. 16, which is a longitudinal 
projection of the Humboldt vein on a vertical plane, the chalcocite ceases on 
the first, second, and third levels along a nearly vertical line, the change from 
chalcocitic to pyritic ore . being on all three levels effected within a distance of 
two or three sets. At a short distance east of this point the chalcocite ore 
descends below the third level. The richest ore is generally found at a short 
distance below the line of oxidation; in the lower levels of the chalcocite zone 
there is decidedly more pyrite than in the upper parts. In only one place, in 
the so-called Black stopes on the second level of the Humboldt lode, was chalco
pyrite found associated with chalcocite. As this ore body was worked out at the 
time of the examination no definite information is available as to the relation of 
the two minerals. In shale or lime and between the ore shoots in the porphyry 
almos_t pure pyritic ore may be found within the chalcocite zone. Very quartz
ose alteration of the porphyry, as, for im~tance, that o-btaining in eertain parts 
of the Ryerson vein near the shaft of the same name, has an unfavorable influ
ence on the conversion of pyrite into chalcocite. 

This process, by means of which the cuprous sulphide was. formea, is accom
. panied by a slight deposition of quartz or chalcedony and kaolin. As far as 

known no sericite is formed, this . process belonging exclusively to the. primary 
alteration of the porphyry by the vein-forming solutions. 

In the third and lowest zone the ore minerals consist of pyrite with some 
chalcopyrite and brown zinc blende, partly in almost solid veins, partly dissem
inated through the bleached porphyry. This ore is of comparatively low grade, 
though payable ore shoots of chalcopyrite might well be encountered in this 
zo~e of primary mineralization. The ore in the deepest zone shows no evidence 
of secondary changes, but as its exploration is still very limited, it is difficult 
to speak of it with as much confidence as of the chalcocite zone. 

YAVAPAI MINE. 

Locat1~on, production, and development._:._ The Yavapai mine, which belongs to 
the Arizona Copper Company, occupies a triangular area equal to half a claim, 
and is on all sides inclosed by the properties of the Detroit Company. It is 
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situated on the railroad line between Morenci and the D-etroit Company's concen

trator, near the east portal of the railroad tunnel. In spite of its small size it 

has yielded large quantities of ore, and is far from. exhausted at the present 

time. It has produced about 40,000 tons of first-clas$ ore and 80,000 tons of 

concentrating grade, thus showing an unusually large percentage of smelting ore. 

In 1903 the mine averaged 898 tons of first-class and 1,670 tons of second-class 

ore per month. 

The mine is developed by about 3, 000 feet of drifts and winzes. · The surface 

elevations westward on the slopeR of Copper Mountain attain 5,000 feet, and the 

main Yavapai shaft, 180 feet deep, has an elevation of 4,863 feet. . The two main 

levels are turned at 118 and 183 feet below the collar, and extend in all prineipal 

directionH. In 1903 the shaft was sunk to a depth of 283 feet. The western 

part of the claim is explored by the Yavapai tunnel, 18 feet above the shaft 

.level, as well as by a drift on the first level following the Ryerson boundary line. 

Geology.-The rock:::; consist principally of greatly metamorphosed sediments. 

The east part, as far as the Yavapai shaft, is occupied by hard, dark-green 

metamorphosed limestones, now chiefly consisting of epidote, garnet, pyroxene, 

magnetite, pyrite; and cha1oopyrite in intimate intergrowth, a little calcite 

remaining between the· grains. These are exposed on the surface, though there 

greatly oxidized. Large outcrops of epidote are :::;een in the eastern part of the 

claim. On the bottom level , 100 feet below the surface, the rocks are extremely 

fresh and hard. In the western part, as far as explored, the limestones are not 

so much altered, though pyroxene, magnetite, pyrite, zin·c blende, and chalco

pyrite are generally disseminated through them. The color· is greenish g-ray and 

they generally effervesce freely with cold acids. The stratification can rarely be 

ascertained satisfactorily and the exact horizon is in doubt, though the rockti 

proba.bly represent the Longfellow limestone. 

In the western part of the claim, which is near the main mass of Copper 

Mountain porphyry, there is great complication on account of branching por

phyry dikes, which include between them irregular masses of altered limestone. 

Considerable difficulty is experienced in connecting the bodies exposed on the 

various levels. Most of the porphyry is altered to sericite and quartz and con

tains disseminated pyrite. The fresh rock is doubtless of the normal · Morenci 

type, frequently described above. Three hundred feet northwest of the Yavapai 

shaft are outcrops of two dikes, which are 20 to 30 feet wide and probably 

represent the continuation of the north dike of the Longfellow mine. Under

gTound, on the second level, in the eastern part of the elaim, however, these 

dikes could not be found, and are probably locally pinched. Rut. 200 feet north 

of this point is a larger dike, referred to a::; tht> W e8t Yankie dike. This is 
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150 feet wide and passes by the Detroit Copper Company's concentrator; at a 

short distance north of the Yavapai shaft the North and West Yankie dike~ 

appear to join and continue as one toward the southwestern corner of the Yavapai 

claim. The shale and limestone to the northwest are cut by a number of nar

rower dikes with a general east-northeast direction. On the surface, however, 

much more porphyry is exposed than underground on the tunnel level and on 

the first level, so that it must be assumed that the relations are somewhat as 

shown on fig. 15. 
Ore bodies.-The ores of the ,Yavapai claim consist chiefly of softened and 

sericitized porphyry with disseminated pyrite, in which the latter is partly or 

wholly replaced by chalcocite. The best ore bodies have formed 1UO to 200 feet 

northwest of the shaft, at the point where the two dikes meet, and the ricbetit 

ore occurred 100 to 150 feet below the surface. The stopes begin along the line of 

the Yavapai and the vV est Yankie mines, and extend, though not entirely unbroken, 

a distance of 350 feet toward the southwest. The width is from 10 to 50 feet, 

sometimes even 100 feet, corresponding to the width of the West Yankie dike, 

and the ore is as a rule confined to the porphyry. Seams of chalcocite and pyrite 

eontaining very little quartz are common in the dikes and are usually parallel to 

their direction; sometimes they form brecciated zones. The altered limestone also 

contains many vertical seams of pyrite which u~ually do not contain any copper. 

In the extTeme western part of the claim, on the first level, 200 feet below the 

surface, the porphyry dike was found to contain a ~trong 10-inch seam of pyrite 

and chalcopyrite, which a few sets above widened to 10 feet of exc~Hent chalco

cite ore. 

On the second level the same kind of ore is found, but as a rule contains 

more pyrite. Along the West Y ankie line good ore has been stoped by the 

Detroit Copper Company on the third level, or 60 feet below the second level of 

· the Yavapai, and it is probable that on this part of the Yavapai claim the chal

cocite ore . will attain at least the ·same depth. The distance to the surface is 

here less than in the western part of the claim. 

In the extreme northwestern corner, on the tunnel level, the stopes of the 

Humboldt lode fall partly within this claim, hut on the lower levels the dip of 

this ore body will probably carry it outside of the lines. 

The Yavapai mine thus• contains bodies of chalcocite ore of considerable width, 

chiefly occurring in the many porphyry dikes which traverse the claim. There 

is less indication of well-defined fissures than in the Ryerson, though fractured 

zones are found in places. The porphyry dikes contained disseminated pyrite, 
which descending- sulphate solutions have replaced by chalcocite. 
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HUMBOLDT MINE. 

Location, production, and development.-The Humboldt mine, which is the 
principal source of production of the Arizona Copper Company in Morenci, is 
located in the center of the town at the southeastern foot of Copper Mouu'tain, 
below the crest of which the principal workings are located. The ·large bodies of 
chalcocite ore below the , barren croppings on Copper Mountain were discovered 
about ten years ago, and have been worked continuously since that time. They 
contain, it is stated, many millions of tons, as far as shown by present develop
ments. Up to May, 1902, the Humboldt mine is reported to have produced 77,000 
short tons of first-class ore and 620,500 tons of second-class ore. The output in 
1902 was approximately 800 tons of second-class ore per day; this includes the 
Fairplay and Humboldt mines. 
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FIG. 17.-Vertical cross section of Humboldt mine. 
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The ore is d!v~ded into first class, containing down to 4 . per cent copper; 
second class, ranging from 4 to 3 per cent or even to 2! per cent; third class, from 
2! to 2 per cent, the latter taken out only when found in development work or 
·when oc~urring with higher-grade ore under conditions necessitating its removal. 

The main workings are. c·ontained within the horizontal space of an equilateral 
triangle with a side of 1,000 feet. On the south and east the mine is adjoined 
by the Ryerson and Copper Mountain mines, and on the north by other property 
of the Arizona Copper Company · ~hat extends for a lorig distance outside of the 
m~in productive area. The developments aggregate several miles in length. 
The uppermost level is the Liverpool tunnel (elevation 5,076 feet), starting from 
the northwest side of Copper Mountain and developing the lodes between the 
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Fairplay and the Ryerson mines. The Humboldt tunnel (elevation 4,898 feet) 
enters from the southeast side of Copper Mountain, 182 feet below the Liverpool 
level, and opens the same territory with a straight crosscut tunnel, 1,650 feet long, 
having a trend of N. 60° W. Between the two is an intermediate stope level 
(elevation 4,962 feet). Near the portal of the Humboldt tunnel is t~e shaft of the 
same name, 400 feet deep, the lower levels opening the Joy vein. The :first level 
(elevation 4, 799 feet) opens the Humboldt mine by a crosscut 1,300 feet long 40 
feet south of the Humboldt tunnel and parallel to it. This was the lowest level 
of the Humboldt mine in 1902, but in 1903 a winze was sunk 100 feet below it, 
in the center of the ore body. 

Geology.-The ore bodies of the mine are located in the main porphyry area 
only a few hundred feet northwest of the contact with the altered sediments. 
The porphyry contains, however, many small detached masses of metamorphosed 
limestone and shale. The prevailing rock in the Humboldt mine is a bleached and 
pyritic quartz-monzonite-porphyry. Fresh rock occurs very rarely, and a large 
part is completely altered to sericite, quartz, and pyrite, chalcocite being usually 
associated with the latter mineral. On the southeast side of Copper Mountain 
an irregular .mass of metamorphosed sediments separates a dike-like porphyry 
area (corresponding to the ''Arizona Central dike" in the descriptions of Copper 
Mountain mine) from the principal stock of porphyry. The lower part of this 
sedimentary mass consists of shaly limestone with epidote, magnetite, and other 
metamorphic minerals, while the upper part is a peculiar hard, fine-grained 
quartzite of light color, sometimes very difficult to separate from the -silicified 
porphyry. Along the Humboldt level appears much greenish shale, probably 
corresponding to the shale member of the Morenci formation. The smaller areas 
near the lodes consist of lime shale and harder limestone, and are sometimes 
blocks bounded by faults. Southeast of the Humboldt shaft, on the :first level, 
the rocks consist of irregular masses of garnet and hematite in lime shale; 
on the two lowest levels in the same direction there is much epidote, together 
with less altered lime shale. On the whole, intense but irregular metamorphism 
characterizes the sediments between the Arizona ·central and the Joy dikes, the 
latter coui~sing- a few hundred feet southeast of the Humboldt shaft. 

In the south west part of the mine porphyry prevails, while in the opposite 
direction, near the line of the Ryerson mine, irregular masses of partly metamor
phosed limestones with pyroxene, magnetite, and epidote, but rarely garnet, appear. 
Quartzite was noted in two or three places on the lowest level. While it is not 
possible to establish the 'stratigraphic relations, it is probable that .all of the 
metamorphosed strata belong to the Morenci and Longfellow formations. The 
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age of the fine-grained quartzitic rock on the southeast slope of Copper .lVIonntain 
is in doubt. 

The porphyry ·of Copper Mountain contains, as stated, throughout its mass, 
pyrite in disseminated form and as veinlets, but this pyrite has been entirely 
oxidized at the surface and even the resulting brown iron ore has been largely 
carried away. Below the surface and down to a depth of 100 to 200 feet the rock 
contains abundant seams of limonite, together with partly 'decomposed pyrite. 
Below the depth mentioned the limonite becomes much less conspicuous, thoug·h 
in places partly oxidized pyrite may be found on the lowest level. The oxidation 
of the · metamorphic rocks proceeds very irregularly, almost fresh rocks being 
somet~mes found close to the surface, while again smaller masses of reddish-brown 
oxidized sediments may occur on the lowest level. · Seams of pyrite, chalcopyrite, 
and zinc blende in disseminated form are also common in these rocks . 

.Lodes and thevr ore bodies.-Broadly speaking, two lodes meet in the ~um
boldt mine. Neither ·of them has well-defined croppings .or gossan, the outcrops 
consisting of yellowish porphyry with irregular quartz seams and very little 
limonite. This rock is entirely sericitized, hut is hard by reason of the great 
amount of quartz in it. ·The first is the Wellington lode, which has a direction 

of N. 25° E. and an almost vertical dip; the second is the Humboldt lode, with 
a well-defined foot wall, especially on th~ upper levels, an east-northeast strike 
and a steep north-northwest dip. At the place where these lodes meet very large 
masses of ore, in some cases over 200 feet wide, are formed. To the southwest 
of the junction the Wellington lode continues into the Copper Mountain mine, 
while the Humboldt lode continues as a less diAtinct system of stringers until it 
joins the Fairplay vein. Stopes are almost continuous all along the lodes from 
the line of the Ryerson mine to the point where the lodes meet. The larger bnt 
isolated mass of ore in the Eagle stopes on the Humboldt level is not clearly · 
connected with any of the known fissure systems. . The fissures cut through the 
metamorphic rocks as well as the porphyry, but in the former they are rarely 
productive, the· softened porphyry being evidently the most favorable ground for 
the ore. Most persistent is the Humboldt foot wall, traceable for 2,000 feet 
through the Ryerson and Humboldt mines. The veins usually consist of one or 
several central seams of high-grad~ ore, surrounded by large masses of low-grade 
ore. The rich seams consist of pyrite, containing more or less chalcocite, but 
very little quartz: Frequently they are bounded by well-defined planes, with 
evidence of movement, and may also be traversed by slips parallei to the walls. 
The · wall rock immediately adjoining the rich seams is . in some cases converted to 
almost pure k~olin. On both sides of these seams extends a mass of sericitized 
porphyry, of varying width, containing little seams and grains of chalcocite. To 
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this ore there are no well-defined walls, but they gradually fade out into material 

too lean to constitute ore. Could 2 per cent ore be made payable, the width of 

the ore bodies would be very much increased. In places the porphyry contains 
1 

a 

large amount of chalcocite. On the Humboldt level a mass of ore was found which 

eontained 25 per cent of copper, and had a width ·of 20 feet and a length of 50 

feet. The Wellington and Humboldt veins have proved to be of about the ~arne 

richness. The best ore is probably found on the Humboldt level. Though rich 

ore and wide stopes are found on the first level, the ore is more pyritic in character. 

In this mine, as elsewhere, the chalcocite gives clear evidence of its secondary 

character. It 'is deposited on the pyrite, beginning as slight black fil.ms and 

gradually replacing the mineral entirely. Scarcely any ore minerals other than 

pyrite and chalcocite are known from this mine. In the upper levels of the 

chalcocite zone green films of malaehite and probably also brochantite are commonly 

found, but in no place do they form important ore minerals. 

Faulting. - The Copper Mountain fault cuts across the southwestern part of 

the Humboldt mine, but seems to break up into several .forks with the same general 

northwest direction and northeast dip of 50° to 70° . These fault planes show 

evidenee of dislocating the seams and ore bodies, but definite evidence as to the 

direction and extent of the movement is not obtainable. There are also, in this 

mine, several strongly marked zones of brecciated porphyry, which are parallel to 

and belong to the same class of disturbances as the Copper Mountain fault .. 

Included fragments of chaleocite ore show that the faulting movement took place 

after the chalcocite was formed. This evidence is in harmony with that fr~:m1 

the Copper Mountain mine. 

On the Liverpool level the well-defined chalcocite seam of the Wellington lode 

runs up against the fault 100 feet southwest of the main crosscut, but the 

exposures give no ·clue to the amount of the throw ; co;1tinuing the drift in the 

same direction, another seam begins 50 to 60 feet west of the fault. As in 

the Copper Mountain mine, the fault separates good milling ore on the west 

from barren porphyry on the east, though a low-grade ore again appears on the 

same level, 100 feet farther east. On the stope le,Tel a fault with northwest 

direction and northeast dip of 70° is well marked and lies between stopes 9 and 

± in the general direction of the Copper Mountain fault. The fault planes 

strike N. 50° W. and dip 66° to 70° NE. An included mass of quartzite here 

forms the foot wall, while porphyry is in the hanging wall. Several small 

horses of lime shale have been dragged in on the fault. The · faulted zone is 

about 15 feet wide. Minor planes, close by, with the same northwest direction, 

repeatedly fault a small seam of chaleocite, 2 inches- wide. On the Humboldt 

level occurs a strong fracture approximately in the trend of the fault. Adjacent 
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to the Eagle stope and beyond to the northwest is a strong brecciated zone. 
The ·development on the lowest level has not extended far enough west to 
determine the continuation of the fault at this depth. 

LOWER LIVERPOOL TUNNEL. 

On the slope from the Liverpool adit down to the main branch of Concentrator 
Canyon much chrysoeolla is noted as coatings and seams in porphyry, and a well
defined line of prospects extends down to the gulch, a distance of 900 feet from the 
Liverpool adit. A lower tunnel has been started 180 feet below the upper adit, on 
the same level as the Humboldt tunnel. Driving due south this tunnel has exposed 
a well-defined vein of rich chalcoc!te ore up to 18 inches wide, dipping 70° W. 
First appearing 100 feet from the portal, this vein follows the tunnel for 400 feet 
and then becomes less distinct. It is the intention to ext.end this tunnel level in a 
northerly direction, starting from the opposite side of the gulch, and explore the 
country underneath the Clay group of claims, on which some encouraging surface 
indications have been found. 

CARASCO GROUP. 

Going up Concentrator Gulch westward from the mouth of the Liverpool 
tunnel a persistent system of joints may be noted in the porphyry, striking north
east and dipping 45° NW. On some of them a little ore has been found. At 
Carasco mine a shaft 180 feet long on the incline has been sunk at an angle of 20° , 
following the dip of the joint planes; stopes are extended northeast and southwest 
from the incline, and the ore consists of di.sseminated chalcocite in porphyry. In 
other shallow workings close by to the south the ore follows another set of joint 
p~anes dipping due west. The medium-grade chalcocite ore found at this locality 
almost reaches the surface, an unusual occurrence in this vicinity. 

COPPER MOUNTAIN MINE. 

Situation, produ,ction, and development.-The mine is situated in the center 
of the town, the principal outlet being t.he lower tunnel, which enters on the 
railroad level immediately back of the Detroit Copper Company's store, at a mine 
elevation of 5,115 feet, corresponding to a true elevation of 4,874 feet. Extending 
in a northwesterly direction for 1,000 feet the tunnel runs almost 500 feet below 
the western crest of Copper Mountain. . By means of this tunnel several irregular 
carbonate deposits in limestone and the Arizona Central vein have been opened. 
These are described, the former under the heading of the Manganese Blue, the 
latter under that of the Arizona Central mine. In the northwestern part of the 
Arizona Central claim the Copper Mountain tunnel has opened a large mass of 
chalcocite ore in porphyry, and it is this occurrence which is described below. 
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As shown on fig. 8, there are above the Copper "Niountain adit three levels
stope .Jevel, upper adit, and Kimball tunnel, the latter 250 feet above the main 
tunnel. The stope level is not directly connected with the surface. The production 
of concentrating chalcocite ore from the great stopes in the Copper Mountain 
mine amounted to about 65 tons per day in 1902. The ore reservp,s are very 

considerable. 
Geology.-A distance of about 700 feet separates the Arizona Central vein 

on the lower adit ievel from the main ore bodies below Copper Mountain. 
Within this distance are several areas of bard metamorphic limestone, and, next 
to the main bo<_ly of porphyry, some quartzite. These evidently are irregular 
large included masses which separate the Arizona Central dike from the main 
mass. The stratification and g·eological horizon of these metamorphic rocks are 
~ot easily dedphered, but they probably belong to the lowest part of the Long
fellow formation. The metamorphic rocks between the two porphyry dikes of the 
Manganese Blue mine without doubt belong in the upper part of the same forma
tion; hence an upturning disturbanc~ has probably tak~n place next to the main 
porphyry mass. The metamorphic rocks and the porphyry between the two ore 
bodies on the tunnel are largely hard and fresh, bu.l the porphyry contains pyrite 

and is sericitized in places, while the metamorphic limestone, besides epidote and 
pyroxene, contains disseminated pyrite, magnetite, chalcopyrite, and zinc blende~ 
which, as a rule, show no oxidation. The lower limit of oxidation in the meta
morphic rocks runs very irregularly, often ceasing 50 feet below the surface; 
occasionally it descends far deeper. Thus, near the boundary between the Copper 
Mountain and the Humboldt mines, on the stope level, 350 feet below the surface,. 
a bunch of cuprite and copper carbonates occurred associated with a small mass 
of limestone em bedded in porphyry. 

Ore bodies.-Near the end of the tunnel a good-sized_ body of sericitized 
porphyry with disseminated pyrite coated with chalcocite was found. This 
expanded greatly on the stope level above, the stopes reaching 100 feet in width. 
On the upper adit_ the ore is almost as wide, and on the Kimball tunnel the 
chalcocite bearing soft porphyry is almost 200 feet wide, the ore, however, not 
extending high above that level. From the surface down for 100 feet and for 
200 .feet immediately below the crest of the mountain the ground is leached, 
containing partly oxidized pyrite 'with a little limonite, malachite, and brochan
tite. The immediate surface consists of hard light- brownish porphyry with 
quartz seams and a very small amount of limonite. 

This great body of ore is richest on the three upper levels and grows gradu
ally more pyritic near the main adit; on this level the stopes are only 20 to 30 
feet wide, but increase to 100 feet a short distance above. Though the porphyry 
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is abundantly seamed with chalcocite and pyrite, there are few central veins or 

seams such as are normally found in the great ore bodies of Copper Mountain. 

The lode has been followed with nartowing width of concentrating ore on the 

stope level nearly to the side line of the · claim, and here-to the south of the 

main adit- a well-defined rich chalcocite seam 14 inches wide appears; it strikes 

N. 15° E. and dips 70° E. 

The ore body is usually considered to be a part of the Humboldt lode, but 

it is more probable that this ore forms the extension of the Wellington vein, 

which crosses the Humboldt vein 300 feet northeast of the Copper Mountain 
stopes. 

As in rriost of the porphyry lodes, we notice here two zones--first, that of 

surface leaching, 100 to 200 feet deep; second, that of the chalcocite ore, here 

about 300 feet deep. Its lower limit has not yet been reached, but probably does 

not lie far below the levet of the Copper Mountain tunnel. 

FAIRPLAY 1 VEINS. 

The Fairplay veins, which belong to the Arizona Copper Company, are located 

on the west side of Copper Mountain, not far below the summit. Thc,y: have 
been developed by about 3,000 feet of drifts from the Fairplay tunnel (elevation , 

5,096 feet, or 20 feet above the ~iverpool level) and the Humboldt level (eleva
tion, 4,890 feet), 200 fe~t lower. On the no·rthwestern vein three stopes of concen

trating ore up to 40 feet wide have been opened on the Humboldt level, and a 

considerable amount remains to be taken out. The mine was not worked exten

s ively in 1902 . 

. Practically all of the workings are in porphyry, which is bleached, cemented 

by silica, and contains disseminated pyrite with chalcocite coating. 

The principal Fairplay vein, best exposed on the Humboldt level by ·the 

long Humboldt-Fairplay tunnel, strikes .N. 20° E. and dips about 70° NNvr. 
It bas been followed for 700 feet, and lies about 300 feet north of the 'Vel
lington lode, with which it is strictly parallel; it is the most northwesterly 

of the great Copper Mountain system of lodes. The ;Fairplay vein is deter
lnined by a strong fissure, which is followed by one or several seam~ of 
chalcocite and pyrite associated with an unusually large amount of quartz 
and having a ·thickness of up to 8 inches. In · places the vein is surrounded 
by soft · porphyry containing veinlets. of chalcocite, forming second-class ore. 
The depth below the surface on this level is about 350 feet. Stringers branch 
at both ends of the vein in a northeast direction. East of the main vein, at 
a distance of 150 feet, lies another chalcocite seam surrounded by milling ore. 
Four large stopes are opened on chalcocite ore along the Fairplay vein, the 
largest being 100 feet long, 35 feet wide, and at present 160 feet high. 
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Two hundred feet above this level the same vein is exposed by the Liver
pool tunnel; it carries chalcoCite here also, but appears to contain less ore than 
below. The main vein extends up to a northwesterly trending dislocation (a 

branching part of the Copper Mountain fault) on this level, but can not be 

traced across the Liverpool tunnel. On this level are noted two strong east

northeast fissures with 16 inches or less of chalcocite, dipping f_rom 52° to 68° 
NNW., which form the connection of the Fairplay vein with the Humboldt lode. 

LONE STAR TUNNEL. 

The ground below the high porphyry ridge in the western part of :Morenci 

district has been explored by means of the Lone Star tunnel, which open~ prop
erties of the Detroit Copper Company. The east portal of the tunnel is situated 

in the west branch of ~lorenci Canyon, and is 800 feet west-southwest of the 
Arizona Central shaft. The general direction of the tunnel is west-northwest, 

though its eastern end makes a strong bend to the south; its length is about 

2,700 feet, and it pierces the ridge entirely, emerging at the head of Gold Gulch 
on the west side. The elevation is 4,949 feet above sea level (Pl. XVIII and 

fig. 18). 
The eastern portal is in partly altered lime shale, which, at about 50 feet in. 

changes into decomposed porphyry. At a distance of 235 feet from the portal 
hard and massive quartzite is encountered, the contact being marked by an 

important dislocation striking nearly northwest and dipping 70° NE. A cow

parison with the surface geology shows that this dislocation ii:i identical · with 

the important Apache fault, along which farther south a vertical movement of 

several hundred feet has occurred. The amount of the faulting movement can 
not readily be determined at this point, but the relation of the areas on the sur

face would rather indicate a lesser displacement. The foot wall of quartzite is 

well exposed from the surface down to 100 feet below the tunnel level. Contact 
breccia of porphyry and. quartzite several feet in thickness is occasionally found 
on the tunnel level along the fault, which is also marked by a strong clay seam. 

Bunches of cuprite ore occur all along this fault plaue from the surface down, 
and fair, though not very wide, bodies of payable ore have been found in a drift 

southwest of the tunnel. This is one of the few instances at Morenci of copper 
ores occurring .on one of the principal faults. 

Quartzite continues for 290 feet west of this fault, and considerable quantities 

of it have been stoped for the purposes of converter lining. ·At the distance 
mentioned the quartzite is replaced by porphyry, containing many quartz seams 
and disseminated pyrite. This porphyry continues through the tunnel to the 
western portal. 
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Eight hundred · feet from the mouth a well-defined vein is crossed striking 
north-northeast and dipping 80° ESE. This vein is also exposed on the surface 
300 feet above the· tunnel level. It contains a sharply defined seam of dull
black chalcocite, in places surrounded by. a fair amount of second-class ore. 

A bout 1,200 feet from t~e portal are encountered a series of stringers and 
small veins, which continue for 500 feet, or to a distance of 1, 700 feet from the 
mouth . . Up to this point the porphyry is soft and partly seridtized, with many 
little stringers of quartz and pyrite and stains of sulphates. Beyond thit-i point 
it is ·much fresher, and shows little evidence of mineralization. These veins ·no . 
doubt represent the western extension of the Fairplay and Butler fissures, but 
the amount of payable ore thus far encountered is small. There are five or six 
of them within a distance of 500 feet; they course north-northea~t to northeast 
and dip n<;>rthwest at steep angles. The tunnel cuts them 300 to 400 feet below 
the surface. At least three of them show several inches of rich chalcocite ore, 
and in one 5 feet of payable ore is exposed. 

Among these veins is one so entirely different from the ordinar3! type of 
Morenci deposits as to necessitate special mention. It is a vertical veinlet 4 
inches thick, consisting of a quartz-filled :fissure with comb structure and drusy 
cavities coated with crystals. The associated minerals are p:yrite, zinc blende, 
and chalcopyrite, the two first-named minerals also occurring as crystals in the 
druses and vugs. 

BUTLER TUNNEL. 

The main porphyry ridge west of Copper Mountain is opened by the Butler 
and London tunnel, both claims being the property of the Detroit Copper Com
pany. The south portal is situated on the north side of the gulch, opposite the 
Lone Star tunnel and 700 feet west of the Arizona Central shaft. It pierces 
the ridge entirely and its north portal is found near the head of the main west 
branch of Concentrator Canyon, almost · due north of the southern entrance. The 
total length of the tunnel is 3,200 feet; it does not run straight, but makes a 
sharp bend to the west. The elevation of the tunnel is 4, 949 feet, or 62 feet 
higher than the collar of Arizona Central shaft. The Butler and London veins, 
each carrying smaller ore bodies, have been exposed by this tunnel. 

The tunnel enters into an area of quartzite of irregular outline, bordering 
on the north against porphyry; the contact is irregular and e:vidently intrusive. 
~his ·hard massive quartzite, which contains several porphyry dikes, continues 
for 320 feet from the portal. On the second level of the Arizona Central, which 
also has been pushed forward in this direction 200 feet below the tunnel level 
to a point a short distance north of the Butler vein, this con.tact is met about 
150 feet farther south, showing that the porphyry dips below the quarzite. 
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Porphyry thus begins 320 feet from the south portal and continues the whole 

distance to the north portal. To a point 800 feet from the south portal the 

porphyry is sericitized throughout, also containing pyrite seams and copper stains. 

For the next 900 feet, about the main bend in the tunnel and about 40_0 feet 
below the surface, the porphyry is fresh without quartz seams and pyrite. In 

part it is blocky and hard, with well-developed joints dipping steeply southwest
an unusual direction of jointing for this region. In part it seems somewhat dis

integrated, showing a tendency to form rounded blocks; this t.ype of porphyry 

corresponds well with that on the surface above, described on page 80. It is ~ 
light-gray rock, with white, closely massed feldspar crystals and scattered green

ish foils of biotite. The groundmass is coarsely microcrystalline, consisting of 

orthoclase and quartz; the porphyritic feldspar crystals consist of orthoclase, 
albite, and oligoclase. The rock may be classed as a granite-porphyry or a 

quartz-monzonite-porphyry. Some 1,200 ·feet from the north portal sericitization 
and veinlets of pyrite and quartz begin again and continue to the mouth. 

The Butler vein, which evidently forms the continuation of the system of 

northeast fissures on the Fairplay claim adjoining on the east, and which is here 
the only representative of the great Copper Mountain vein system, is met at a 

distance of 540 feet from the south portal. No croppings are seen corresponding 

to it on the surface. It shows in the tunnel as two narrow fissures, about 10 feet 
apart, dipping 40° to 60° NW. The principal and southerly one shows 6 inches of 

pyrite and chalcocite. It has been developed by an incline reaching down to the 
. extended second level of the Arizona Central, 200 feet below tunnel level, and shows 

here a good foot wall with striation and gouge. The vein itself is about 1 foot 
wide, and consists of massive pyrite with quartz and a little chalcocite. There is 
prac.tically no ore outside of the vein proper. The dip is 50° NW. This point 

is about 380 feet below the surface. 

Two hundred feet from the northe~·n portal the London vein is cut; it shows 
a well-defined wall striking northeast and dipping 30° NW., along which lies a 

streak of pyrite with chalcocite, in places rich in copper and 5 feet or less wide. 

The London vein belongs to the Carasco system of joints and veins, which is so 

extensively developed at the head of the western branch of Concentrator Canyon. 
In the last 15 feet of the tunnel surface decomposition has yielded much limonite. 

ARIZONA CENTRAL MINE. 

Location, prodnctwn, and development.-The Arizona Central, which is one 
of the important producers of the Detroit Copper Company, is situated in the 
western branch of Morenci Canyon, on the outskirts of the town. The , steep 
hill slopes rise above the shaft ~mmewhat like an amphitheater, the sum~its of the 
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ridges being 400 to 500 feet higher than the mine. The depositl:l, which are 

chiefly in the nature of fissure veins, have been worked for fifteen years, and have 

furnished a large amount of chalcocite ore, much of it of high grade. The 

average daily output in 1902 was 93 tons of concentrating ore. The veins crop 

ori the surface in part, and have been worked to a depth of 300 feet. The prin

cipal workings are confined to a space of 1,000 by 3oo feet, extending in an east

northeast direction, but long crosscuts extend on the second level northwest to 

the Butler vein and southeast to the Hudson. ·On the first level the workings 

eonnect with . the ad it level of Copper Mountain mine by means of a winze. The 

total developments amount to about 2 miles of workings. The mine is opened 

by the Arizona Central shaft, the collar of which has an elevation of 4,887 feet. 

Thi·ee levels are turned, the first 91 feet, the second 143, and the third 242 feet 

below the collar. The principal developments follow the vVilliams lode southwest 

from · the shaft, but on the first and second levels the drifts also extendnortheast 

in the Arizona Central vein, connecting, as stated above, with the Copper 

:Mountain workings . 

. Geology.-The principal feature near the Arizona Central mine is the long 

dike-like mass of porphyry from 200 to 500 feet wide, which extends in a north

westerly dii·ection. It connects in two places with the main . porphyry mass of 

Copper Mountain, but . is separated from it by long areas of altered limestone, 

shale, and quartzite, several hundred feet wide. The porphyry of this dike is of 

the norri1al Morenci type, approaching granite porp~yry in composition; it is 

light colored and generally altered by disseminated pyrite, sericite, and quart~ 
seams. On the northeast this diK.e-like mass extends 800 feet beyond the Copper 

:Mountain fault; on the southwest it reacl;1es 1,800 feet from this fault, halfway 

up the divide toward Gold Gulch, where it is suddenly cut off by the Apache 

fault and separated from the main porphyry by two smaller irregular areas of 

quartzite. 

On the southeast side of this dike, near the Arizona Central shaft, the sedi

mentary rock consists of a ·hard dark-green shale, breaking in sharp fragments, 

with . seams of pyrite, streaks of epidote, and frequent green copper stains. This 

shale in places shows a stratification dipping gently westward, and should in all 

probability be referred to the Morenci formation. . 

An offshoot of the main dike crosses the railroad track 300 feet east-southeast 

of the shaft. This dike is ore bearing, and good stopes have been developed ' 

on it from near the surface t<> the second level. About the same distance to the 
southeast crops a smaller dike with an east-northeast strike. Though only partly 

"exposed. on the surface, this seems to correspond to the W i1liams vein, a dislo

cation following a narrow dike on which ·large stopes have been opened on the 
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first, second, and third levels. Toward the west this dike probably joins the 

main porphyry mass. 
The long crosscuts on the second level have developed moderately altered 

shale on the northwest side of the Arizona Central porphyry dike, dipping 30° 
south. The southeastern crosscut to the Hudson vein has also shown the presence 

of a large mass of hard black shale on the southeast sid~ of that dike. This shale 

does not seem much altered and dips south regularly at 15°. 
On the south side of the gulch, opposite the shaft, the sedimentary rocks 

con:;ist of lighter-colored shales and very fine-grained quartzites of uncertain 

horizon, and the contact b_ecomes very jagged and broken. On the northwest 
side the porphyry is adjoined along a regular contact by an area of lime shale 

and limestone. This is in part altered to epidote; magnetite, and pyritic minerals, 
but in places only contains abundantly disseminated magnetite, pyrite, and chal

copyrite. This should probably be identified with the Longfellow formation; 
for it appears to rest conformably with moderate southern dip on thick massive 

quartzite, which no doubt represents the Coronado formation. This quartzite, 
a few hundred feet wide and 800 feet long, is adjoined on the northwest by 

the main porphyry area of Copper Mountain, which borders against it with 

intrusive contact. 
The Apache fault crosses the Arizona Central dike 1,050 feet west-southwest 

of the shaft of the mine; its course fs N. 40° to 50° \V.; its dip 60° to 70° 
~I<~.; it is crossed by the Lone Btar tunnel, and its northerly end has been 
described under that headipg·. On the surface· it shows porphyry in the hanging 

wall and quartz_ite in the foot wall~ -.Jut crossing the southerly contact of the 

Arizona Central dike it enters an area of much-altered shale, and then continues 
through the gap near the Eagle Creek water tanks down into Apache Canyon. 

Southeast of this gap the disl~:>eation is great, for it brings the Cretaceous shales 
on the east side against the Longfellow limestone on the west, whi9h indicates a 
drop of the northeast block of about 800 feet. What the amount is at the mine 

can not be determined, for the horizons of the sediments near this place are 
uncertain and the intrusion of the porphyry has disturbed the strata greatly. 
The vertical dislocation is probably less than farther south. The horizontal dis

location must be small, for the contact lines of sediments and porphyry are 
almost unaffected by it. The northeast block here, too, represents the down

thrown mass. T.tie quartzite area which forms the foot wall is of small extent 
and evidently is an included mass in porphyry. A parallel dislocation indicating 

a tendency to step faulting is noted on the surface 300 feet northeast of the 
main fault. This tendency is still mor~ emphasized in the mine levels. Twelve 
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hundred feet west-southwest of the shaft a peculiar dislocation occurs, starting 
from the hanging wall of the Apache fault and continuing for a few hundred 

' ~ 
~ 

~ 
~ 
~ 
-() 
~ 

~ t g g ~ 
3 ~ ii) U) -t 

~ 
~ 
'II 

~ 
to 

~ ~ 
~ ~ ~ 

+' 
Cl) 

~ 
0 
0 
10 

0 
0 
Ill 

0 
0 
T 

~ 
tllO uo 

(J)M 

8 
(lj 

~ . 

0 

~ 

'a 
~ 
<l) 

..c:l 
0 
ol c. 
~ 
<l) 

-E 
.8 
"' <l) 

;a 
0 

,Q 

f: 
0 
<l) 

-E 
'0 
"' .:: 
0 

~ 
'i ,_. 
<l) 

.s 
btl 
.:: 
·~ 
0 
.;! 

'8 
ol 

.s 
<l) 

~ 

s 
.;s 
s 
~ 
bLI 
~ 

·~ 
0 

~ 
~ 
.9 
t 
~ 
-; 
.~ 
t: 
<l) 

;> 
I 
~ 
ci 
~ 

feet N. 80° W.; it shows a narrow shattered zone of shale between two walls, 
outside of which on both sides is porphyry. 
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From the Arizona Central shaft to the Copper Mountain fault a dislocation 

follows the southeast contact of the big dike, and the course indicated is that of 

the Arizona Central vein. It apparently antedates the Copper Mountain fault, 
for the latter throws the contact 70 feet to the south horizontally, and the vein 

is also cut off by it. 
Croppings consisting of copper carbonates in shaly rocks occurred along bo~h 

contacts of the Arizona Central dike for 500 feet northwest from the shaft. Ore 

was found both in porphyry and lime shale. 

Croppings of the Williams vein are noted in shale and porphyry 200 to 300 

feet east of the shaft. They consist of copper carbonates contained as seams in , 

the rocks . 
.Arizona Central lode.-As stated above, this lode follows the nearly vertical 

fault slip on the southeast contact of sedimentary rocks and porphyry from near 
the Arizona Central shaft, where it seems to join a branch of the Williams lode, 

to the Copper Mountain fault, a distance of nearly 1,200 feet. The lode is not 
known with certainty east of the Copper Mountain fault. Some poor chalcocite 
ore occurs, however, on the first level of the Humboldt mine 500 feet farther 

northeast along the same contact. This may possibly represent the extension of 

the lode. 
The surface along the line of the lode rises rather rapidly about 130 feet 

northeast of the main shaft and then runs off about horizontal to the fault. 

The lode is opened in the Copper Mountain mine by the first adit, which starts on 
the railroad level just back of the Detroit Copper Company's store (elevation 4,870 

feet), cuts across altered limestone, and reaches the well-defined slip separating 
this limestone from the porphyry about 130 feet from the portal and 100 feet 

below the surface. Stopes of chalcocite ore in_ porphyry, 30 feet wide, have 
been developed here, but do not reach far above the level. Drifting northeast 

the ore continues, though poorer, for 100 feet to the two great clay-covered 
nortlieast-dipping slips~ which here represent the Copper Mountain fault. Imme
diately beyond the fault a \1ery important change appears; the porphyry becomes 

barren, stained with limonite, and has the appearance usually observed near the 

surface. Taken in connection with the known downthrow on the northeast side, 
which farther southeast along the fault amounts to 225 feet vertical measure

ment, this would seem to indicate that · the fault occurred subseq~ently to the 
formation of the chalcocite zone. As from other reasons it seems probable that 

the fault occurred before the eruption of the Tertiary lavas, that zone would seem 
to have a very considerable age. Explorations by drifts on the Copper Mountain 
fault on the first and second levels of the Manganese Blue mine (mine elevations 
4, 7 41 and 4,684 feet), have thus far failed to find the northeastern continuation 
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of the vem. Assuming a horizontal dislocation along the fault line (shown by 
the position of the contact line o~ each side of the fault) of 70 or 90 feet, and 
a vertical throw of 225 feet, the continuation of the lode as it appears on the 
first adit should he found 35 feet b.elow the second level at a place along that 
level 300 feet distant from the northwest boundary line of Copper Mountain 

claim. 
The Arizona Central lode has also been encountered on the fi:rst level of the 

Manganese Blue mine 133 feet below the first adit of Copper Mountain. 
The contact slip is developed as abov~ and stands nearly vertical, but there is 

only a small amount of ore along it. The vein follows the contact continuously and 
consists chiefly of a streak of pyrite up to 1 foot thick which contains a little 
chalcocite. A littl~ to the east of the first adit level a considerable amount of 

· copper carbonates. were found in the lime shale adjoining the slip; irregular 
masses of azurite, malachite, as well as partly oxidized magnetite, occur frequently 
in the altered lime shale and limestone within 100 feet of the contact slip. The 
vein has been crosscut on the second level of the Manganese Blue mine 190 feet 
below the first adit and 270 feet southwest of it, but while this has disclosed the 

contact and the ·dike in .the proper position, t~e porphyry is fresh, hard, and 
pyritic, and the slip on the contact is not well defined. The sedimentary 1 rock 
adjoining the dike is here brownish limestone with seams of pyrite and zinc 
blende. It is partly replaced by tremolite, se.rpentine~ pyrite, and quartz. 

Between this point and the Arizona Central shaft the contact slip has been 
found in man3r places on the first and second levels of that mine. Its strike is due 
northeast, its dip being from 70° N\\.,.. to nearly vertical'. The sedimentary rock 
is apt to be very bard and greatly altered, now consisting chiefly of magnetite, 
garnet, pyrite, chalcopyrite, and zinc blende. Streaks and veinlets of pyrite and 
chalcocite parallel to the contact slip occur in the porphyry, and Jarge amounts of 
concentrating ore have been developed in places, especially on the first level, which 
is from 100 to 200 feet below the surface. The second level, 170 to 250 feet below 

the surface, contains good ore in places and several rich · chalcocite seams in por
phyry, but the ore is on the whole more pyritic than on the upper level. The 
stopes are in places 60 feet wide and almost entirely confined to the porphyry. 

Williams lode.-The principal stopes of the Arizona Central mine occur along 
the Williams lode, which is situated 200 to 300 feet south of the s.haft, and which 
has been opened on the first and second levels for a distance of about 1,000 feet. 
Between the shaft and the ·' vVilliams lode a spur of the latter was encountered 
which seems .to follow a porphyry dike in shale. Stopes extend on this almost 
to the surface. On the third level neither vein nor dike is visible in the hard 
contact-metamorphic rock here prevailing. 
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On the firs level much shale lwas encountered below where porphyry of the 
main dike appet red on the surface. The vV illiams lode was cut 220 f~et south of 
the shaft and ras been followed 1 5oo feet west-southwest; the eastern part is 
mainly in shal, , though a little ~orphyry appears. in places, the ore consisting 
chiefly of dissep1inated chalcocite I with a considerable amount of native copper. 
Near the faults bf the western part of the mine the vein enters the main porphyry 

dike. In plac+ the stopes are 70 feet wide, though usually less; they do not 

extend to the s~uface, though thef s~~etimes reach 50 feet above this level. . 
On the sefond level the lod~ widens greatly and much more · porphyry Is 

present than o the first level. tTound the shaft the porphyry appears leac~ed 
and contains no ore. A crosscut to the south, mainly through shale, encountered 
the \V illiams lo e 300 feet south <i>f the shaft, where it has been opened for ±00 
feet in an east northeast direction) to a point below the railroad track. The ore 
is here up to '4 feet wide, shaleJappearing in both walls, and porphyry coming 
in here and thr re. The vein m tter seems to be crushed shale and porp~yry, 
the ore consisting of cuprite, native copper, and chalcocite; there is very little 
azurite and m1lachite. On the intermediate level, about 50 feet lower, similar 

conditions obtJa· n; there is evidenc~ of strong shearing, the rocks being chiefly 
shale with a na -row streak of porphyry along the vein. The stopes on this level 
are small. To ai·d the west this main branch of Williams lode has been followed 

for 400 feet u1 to the faulted zone, bending .slightly more to the west-southw~st. 
Stopes up to 2 feet wide have been worked on it in places. The rock is chiefly 
shale. About 75 feet north of this streak another line of parallel stopes has 
been opened, lhich contjnues up to the faulted zone. This contains both shale 
and porphyry rnd seems to lie on the south contact of the main porphyry dike. 
Toward the faulted zone porphyry prevails. In a way this may be considered 
as the wester}~- extension of the spur mentioned above, or of the Arizona Central 

lode. The sto*eR are in places 100 feet wide and the ore is of the same character 
as above statea.. A third drift parallel to the others has been opened in the 
porphyry abou 75 feet farther north and some chalcocite ore developed a1ong- it. 

On an int rmediate level, 60 feet below the second level, drifts along the 
'-"-..illiams lode how shale with narrow streaks of porphyry in places along the 

I 
vein. Evidenc s of strong sheeting and shearing are plentiful. 

Going wes the porphyry widens, and near the fault the stopes are 100 feet 
wide and con ain soft white porphyry with disseminated chalcocite and some 
native copper. Seventy-five feet back froin the fi:r;st fault, at the contact with 
the metamorp ic rock, which here contains much magnetite, stopes of cuprite ore 
were found, s me of the cuprite coating the cotroded magnetite in fine crystals 
a:nd being ass ciated with limonite. Similar cuprite stopes were found on the 
lowest leyel. 
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Near the south side of the ore on this level a vein of native copper is 

encountered. lt occurs as a massive, almost vertical seam, striking N. 60° 

.E., and in places contains 8 inches of massive copper. A little chalcocite and 

cuprit@ are associated with it, as well as some fine-grained quartz. Some 20 

tons of native copper had been extracted from this vein at the time of my visit. 

Later on the vein was found on the third level, 40 feet below, though in less 

massive form. To the west this seam, as well as the ore in general, is cut off 

by the faults described more in detail below. 

On the third level conditions are materially difi'erent. Driving southward in 
porphyry hard metamorphic rock is encountered 100 feet from the shaft and con

tinues to a point below Wi1liams lode, which thus far has not been found on 
this level. This rock consists of an intimately intergrown granular mass of garnet, 

epidote, magnetite, chalcopyrite, zinc blende, and pyrite, in places also associated 

with pyroxene. A prominent slip, striking northeast and dipping 45° NW., 
was . observed below the Williams lode. In the hanging wall a hard rock was 

found, consisting of alternating streaks of epidote, tremolite, and pyrite, wh.ile a 

softer shale occupie.d the foot wall. Near this point the drift contained much 
magnetite, in placeR intergrown with quartz. Drifting due west at an angle of 

30° with the Wi1liams lode disclosed the presence of a large body of almost pure 

granular magnetite which has been stoped for a distance of 150 feet and a width 

of 40 feet, the material being- used as flux in the smelter. Thfs body of almost 
solid magnetite, lying at ari angle of 30° with the Williams vein, reaches up to 

the intermediate level, 50 feet above, with decreasing width; below, a winze sunk 

in the center of the stopes struck shale in 30 fe~t. . 
The magnet~te has no distinct walls, but gradually changes into normal meta.:. 

morphic rock on both sides. In places it contains a little chalcopyrite. In a 
distance of 200 feet west from the place where the magnetite . was first met the 

drift following it gradually enters into a shaly rock, which conti~:mes, cut by two 

dikes of fresh porphyry, to the first fault of the Apache fault zone. Following 

this the drift turns south and runs into mineralized porphyry with a few narrow 

streaks of chalcocite and disseminated native copper. At 120 feet from this bend 

the seam of native copper mentioned under the description of the intermediate 

level was struck, but was somewhat )ess massive than· it was above. On the west 
side of the fault the porphyry is barren, but drifts to the east in the direction 
of Williams lode developed good chalcocite ore in altered porphyry, which 30 to 
60 feet east of the fault changes to rich cuprite ore on the contact of shale and 

. porphyry and largely in the shales. Still farther east, near the big magnetite 
stopes, the metamorphic rocks become barren. A winze sunk 77 feet in this red 
cuprite ore entered altered limestone with some chalcopyrite at a short distance 
below the level. 
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Faulted zone.-About 500 f.iet lwest-southwest of the shaft the drifts -following 

the ~Villiams lode encountered a ftrong faulted zone (fi~. 18). On the surface, 
as indicated and described above cour~Ses the Apache fault, along which it is 

known that a considerable downthfow has taken place on~he east side. The line 
of drifts as extended cu.· ts this fallt at an angle of about · 63°. , and thus the pro
jection of the fault on the sectiol is somewhat flatter th n the actual dip of the 
plane. The Apache fault ·has been cut underground in tlhe Lone Star tunnel, as 

described above, and is projected I on the section. In thJ Arizona Central mine 

it has probably not been cut a£ yeJ. The first level enco9nters quartzite, as indi
cated, and nearly in the proper p 1 sition for the Apache ]ault, but no dislocation 

separates the two. The fault shoJid be found about 30 fbet west of the contact. 

Two or three parallel faults lle in front of the mai1l one and are probably 
step faults belonging to the same I system. No indication . of the total amount of 

the vertical dislocation has been found. In a smaller fauU associated with No. 3 

fault, on the second level cutting Iacross a quartzite-shal, contact, a d?wnthrow 

of the east side of 1 foot was ~ct1al1y measured. The twro principal front faults 
have been found on all levels; . s a rule they carry ltttle ore, though small 
quantities of cuprite and chalcoci 

1

e may be found on th~m. As to the Apache 

fault, it contains some good ore on the surface and in th~ Lone Star tunnel, and 

may well be found productive in [depth also. The faults J dip to the east and do 
not differ much in strike from th~ Apache dislocation. On the first and second 

levels there is also a strong fault, jappearing as a rolling blip, the strike of whicli 
is parallel to the drift (N. 73u " ' .); no ore appears on this. On the first level 

drifts west of fault No. 1 and 9orth of . the plane of Jhe section encountered 
blocks of quartzite dipping 30° ~outheast and . bol;lnded by dislocations. This 

quartzite contains small bunches 1 of chalcopyrite. On the intermediate level 

metamorphic shale and magnetite~kith chalcopyrite have II een encountered on the 
east side of fault No. 1 and north of the section. Some of this has been stoped 
as it contained 5 per cent of cop er. 

On the first level chalcocite lre continues across fault No. 1 up to No. 3, 

though the payable material is nit eqtmlly distributed. fhe porphyry is white, 
soft, and sericitic, c_ontaining irregular seams of chalcocitle and pyrite. This ore 
continues down in places, but on the second level the space between the faults is 
divided by a smaller dislocation (Nb. 2) into two parts, the bart between Nos. 1 and 

2 being barren, while concentratin~ ore appears between Nos. 2 and 3. On the first 

level the rock west of fault No. 3 contrasts remarkably with that to the east, 
the porphyry being somewhat dis'ntegrated, with limonite and little pyrite seams 
surrounded by quartz zones, but no chalcocite, and appearing in general as if 

16859-No. 43-05-19 



290 COPPER DEI>OSITS 01!' CLIFTON-MORENCI DISTRICT, .ARIZON.A. 

having been subjected to surface oxidation. This would indicate that the block 
between the Apache fault and No. 3 ha.d subsided relatively to that between 

faults Nos. 2 and 3; this would, however, contradict the evidence of settling on 
the east Ride alluded to above and confirmed by the known general downthrow of 
that side. 

Further explorations of the block next to the Apache fault on the deepest 
level will probably elucidate these questions. 

Hudson vein.-This is exposed -on the second level of the Arizona Central by 

a long crosscut southeast from the Williams lode; black shale dipping 15° B. or 
SW. intervenes between the two, the distance being 430 feet. The Hudson 
vein, which has beeri drifted on for 200 feet in a southwest direction, coun;es 
N. 40° E. and dips 60° NW. It is a well-defined fissure breaking through black 
shale, a dike of fresh. porphyry 50 feet wide lying a short distance away in 

the foot wall. The vein is up to 6 feet wide, and contains bunches of quartz, 
crystallized pyrite, zinc blende, and some cuprite in the crushed shale. Between 
the Williams and Hudson veins the shale contains flakes of cuprite and one 
narrow but well-defined vein striking north-northeas~ and dipping 50° SE.; the 
ore is .similar to that of the Hudson vein, both being different in character from 
the ordinary type at Morenci. 

Oonclusions.-The relations of structure, composition of rocks, and distri
·bution of ore at the Arizona Central mine are very complicated, and to be 

adequately described would require much more space than is here available. 
The difficulties are increased by the inaccessibility of the ex~ensive old stopes 
and workings. Contact~ of porphyry and sedimentary rocks run extremely 
irregularly and, in the lowest level, masses of hard metamorphic rock, with much 

magnetite and some pyrite and chalcopyrite, project into the porphyry. A line 
of dislocation cut off by fault No. 1 no doubt extends along Williams lode and 
conditions the occurrence of the main ore bodies, which, however, by secondary 
formation of chalcocite are apt to spread far beyond this line, especially in ·the 

porphyry. Toward the east-northeast the lode runs into the prevailing shale and 
the ore bodies are narrower. · On the lowest level the fissure has evidently not 

been able to maintain itself in the hard metamorphic rock, though the ore appears 
again in the porphyry near fap_lt No. 1. There is no reason to believe that the 
great mass of magnetite and the scattered chalcopyrite in the metamoi·phic rock 
are at all due to the vein-forming agencies. They are doubtless due to the general 
contact metamorphism. 

Though the large ore bodies chiefly occur in porphyry, payable ore is also 
contained in the shale; cuprite is very apt to appear in these stopes. The 
Hudson vein is a good example of fissures accompanied by ore occurring directly 
in the shale. 
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The ores of the Williams lode nearly reach the surface in the east part of 
the mine, and on the whole the line of surface oxidation lies higher than in 

Copper Mountain. A very interesting feature is also the universal occurrence of 

native copper~ sometimes also cuprite, with chalcocite, down to a depth of over 
300 feet below the surface, far below the line where the direct influence of 
surface oxidation is noticeable. Unless bodies of hard metamorphic limestone 

are again found below the bottom level in the west part of the mine, a continu

ation of the chalcocite zone is to be looked for at a depth perhaps 100 or 200 

feet greater. There is little doubt that eventually pyrite will replace the 
chalcocite. Another interesting feature is that in some places the metamorphic 

rock has contained enough chalcopyrite to constitute payable ore. The develop
ments should at any rate be pushed to the Apache fault, and it is not impossible 

that payable ore may be found west of it along the general direction of the 

Williams lode. 



CHAPTER VII. 

GOLD CREEK BASIN. 

TOPOGRAPHY. 

In connection with the Gold Creek basin may be described the slopes toward 

Eagle Creek from the divide near Morenci, which _ embrace the drainage basin 
of Gold Creek as well as a few shorter gulches north and south of it. 

Heading at the porphyry ridge northwest of Morenci, which has an elevation 

of from 5,000 to 5,500 feet, Gold Creek runs southwesterly, and after a course 
of 4 miles empties into Eagle Creek Canyon at an elevation of about 3,600 feet. 

Its watershed contains 5 or 6 square miles. The descents near its head are 
steep but by no means inaccessible; lower down the topography becomes less 

pronounced; somewhat irregular ridges, up to 500 feet high, are separated by 
little ,gulches with rapidly sloping sides, the whole forming a moderately hilly 

and extremely barren landscape. On the north side the trend of the ridges is 
northerly, while on the south side it is prevailingly southwesterly. 

A mile and a half from· its head Gold Creek is joined by Pinkard Gulch, 
which heads in Coronado Ridge, 2 miles northward. Still farther down it is 
joined by Silver Creek, a small tributary from the south. Near the point of 

juncture the small but abrupt canyon opens as the watercourse emerges from the 

older rocks into the open lava-filled valley of Eagle Creek; nearing the latter 
trunk stream, however, a canyon of different type, narrow and with nearly 

perpendicular walls, begins, and the junction takes place in a picturesque gorge, 
500 feet deep, excavated in the rhyolite tuffs which filled the basaltic Tertiary 

valley of Eagle Creek._ Similar descriptions apply to the short gulcheR north 
and south of Gold Creek. 

GEOLOGY. 

ROCKS. 

Granite.-Granite is exposed only in the upper part of Pinkard Gulch, north 
of the Cayuga fault, and at the head of Gold Gulch southwest of the bench

mark 6,370 at the southern end of the Coronado Ridge. A small area is also 
exposed by faulting lt miles northwest of the point where Gold Creek emerges 
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into the lava-filled valley. It is of the usual coarse-grained · reddish type, con

sisting chiefly of quartz, orthoclase, and perthite. Near the head of Pinkard 

Gulch, three-fourths of a mile below Las Trajas prospects, it contains locally an 

UH.usual dioritie modification. 

Sedimentary series.-The Coronado quartzite (Cambrian) is exposed in several 

detached areas near the head of Gold Creek, usually surrounded by porphyry. 

Heavy beds of the same formation are brought up on the north side of the Cayuga 

fault and connect with the great quartzite block of the Coronado Ridge, which 

dips west at angles of from 10° to 17° . The thickness of the formation at this 

point seems to be at least 300 feet. 

The Longfellow limestones (Ordovician) are extensively exposed between Pink

ard G-ulch and the lavas of Eagle Creek, the dip being generally southwesterly 

from 20° to 30° . The rocks form heavy benches of light-gray or brown, massive, 

more or less cherty limestones, a d in several places contain characteristic flat 

gasteropods. 
The Morenci shales and associ ted limestones have been observed at only one 

place in the foothills of Eagle reek Valley, 1 mile northwest of Gold Gulch, 

where they are underlain by the Silurian limestone on the north and adjoined 

by porphyry on the south. At ~he same place there is a small amount of the 

lowest limestone bed of the Mtdoc formation (Mississippian). Many of the 

isolated limestone areas surrounred by porphyry are difficult to place, but 

probably chiefly belong to the Lorgfellow formation. 

North and south of the lowe~ part of Gold Gulch is a series of alternating 

sandstones and shales, forming i ·regular areas almost entirely surrounded by 

porphyry. With some confidence these strata are referred to the Cretaceous as 

belonging to the same formation so extensively exposed a few miles southwest 

of Morenci. Along the foothills of Eagle Creek the two areas in fact connect. 

The dip i:::; variable and frequent! shows gTeat disturbances, but is chiefly to the 

south and west at angles up to 2 °. Frequent dikes of porphyry are contained 

in it. 

Porphyry.-Porphyry of the fiorenci types occupies nearly the whole of the 
upper valley of Gold Gulch, an is also intimately mingled with sedimentary 

rocks as stocks, sheets, and dik s on the lower slopes toward Eagle Creek. 

Unlike the porphyry between Mo enci and Metcalf, the rock does not form pre

cipitous outcrops, but crumbles . rasily to fragments, forming a sandy soil, and 

giving the area a light yellowish-,-ray color. At the head of Gold Gulch, toward 

the Morenci divide, the rock is 1Jsty and shows indications of mineralization by 

quartz cementation and pyritic d ssemination. Otherwise it is not much altered 

though greatly disintegrated. 
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The larger part of the porphyry is of the Morenci type. It contains small 
and closely massed white andesine crystals, small and not very abundant quartz 
phenocrysts, and scant foils of black mica, all of which are embedded in a grayish 
groundmass cf microerystalline struct:ue, consisting chiefly of quartz and 
orthoclase. 

As products of static hydro-metamorphism, epidote, chlorite, and some sericite 
have developed in varying amounts. In the foothills toward Eagle Creek and 
on the ridg·es south of Gold Gulch · a type of diorite-porphyry without quartz 

phenocrysts and with increasing amounts of hornblende and biotite is more 
common. By increasing ferromagnesian silicates, this, in a few places, forms 
transitions into dark-green fine-grained porphyries. This diorite-porphyry forms 
the southern end . of the great stock of Morenci and Metcalf. It connects south
ward, by a dike breaking across the ridge of Cretaceous rocks, with the laccolithic 
mass appearing 3 miles south-southwest of Morenci. On the southwest side, in 
the Gold Gulch basin, it borders against Cretaceous quartzite and shale, as well 
as Cambrian quartzite and Silurian limestone, with extremely complicated contact, 
and contains a great number of detached sedimentary fragments. The complica
tion reaches its maximum along the lower part of Pinkard Gulch. A detached 
and also very irregular area of diorite-porphyry adjoins the basaltic foothills of 
Eagle Creek and also contains a great number of sedimentary areas of irregular 
or slab-like form. 

Diabase.-A single smaller mass of this rock was found in Pinkard Gulch 
half a mile above its mouth. It probably occurs as a dike in the prevailing 
porphyry. 

Contact metamorphism.-The Morenci porphyry produces a distinct alteration 
wherever it comes into contact with the shales and limestones, but in the Gold 
Gulch drainage this alteration or contact metamorphism i~ less marked than at 
Morenci. The Cretaceous shales and sandstones on the ridge south of Gold Gulch, 
as well as in the area crossing the lower part of that watercourse, are, as a rule, 
not highly altered, the changes consisting in a hardening or baking of the shales 
to compact black aphanitic rocks. This is sometimes, as on the high ridge 
southwest of Morenci, attended with a considerable development of epidote 
and magnetite. Garnet is not known to occur. The Silurian limestone, where 
bordering against the main area of Morenci porphyry, is always affected to some 
degree, though there may be considerable variation in the intensity of ·the altera~ 
tion. This change rarely extends very far from the contact, and the interior of 
the large areas of Longfellow limestone is entirely ·unaltered. An isolated area 
of limestone on Gold Gulch, just above the mouth of Pinkard Gulch, is very 
largely altered into epidote and magnetite with copper stains and pyrite; garnet 
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also occurs in lesser amount. In Pinkard Gulch the limestone 1s locally altered 

to garnet near porphyry contacts. At the Soto tunnel, driven on the same gulch 
1 mile above the mouth, a porphyry dike has induced contact metamorphism in 
the same ' limestone, with development of garnet and epidote. 

As at :Morenci, the diorite-porphyry induces very little alteration, which ra.ther 

seems to be proportional to the amount of quartz contained in the intrusive rock. 

The slabs of limestone embedded in the diorite-porphyry along the Eagle Creek 
foothills north of Gold Gulch show no contact-metamorphic action. 

STRUCTURE. 

The sedimentary rocks in the lower Gold Gulch basin dip to the southwest, 

more rarely to the west or south, at ang-les· varying from 10° to 30° , and this 
dip holds with surprising reg-ularity even where the rocks are greatly torn by 

porphyritic intrusions. The porphyry is irregularly jointed, but shows no schis
tosity or sheeting. While the relation of the porphyry to the sedimentary rocks 
look very complicated, it is clear that the principal intrusions have taken place 
parallel to the planes of sedimentation, and that the porphyry largely consists of 
sills and laccoliths dipping westward like the strata. This relation is perhaps 
what a great stock breaking up through granite and encountering a thick sedi
mentary series would be expected to produce; under sufficient pressure the magma 
would naturally be pressed into the more easily opening joints of the planes of 

stratification. 
The ~rregularity of structure in the Gold Gulch basin is therefore more the 

result of intrusive action than of faulting. There is, however, some evidence of 
the main epoch of faulting, which succeeded those of intrusion and mineraliza

tion. An important fault with a downthrow on the south side of several hundred 
feet crosses Pinkard Gulch at the Soto tunnel, which in fact is driven on the 
contact of granite and limestone, between the great fault block of Coronado 

ridge and that of Gold Gulch. This fault is traceable with deereasing throw for 
about a mile westward. On the east it is in line with the fault-separating granite 
and quartzite above the Longfellow ineline, but is not traceable across the inter_ 

vening area of porphyry. It may be more likely that jt bends slightly northward 

and crosses the head of North Fork of Gold Gulch at the Producer copper 
prospect, where porphyry is separated from granite by several well-marked 
fissures dipping 45° S. 

There is probably another line o£ disturbance crossing Pinkard Gulch one
half mile above its mouth, for here the Cretaceous strata are brought to the 

level of the Ordovician limestones; but no direct evidence of this has ~een 

found, and this disloeation may be contemporaneous with the intrusion instead of 
belonging to the epoeh of subsequent faulting. 
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MINERAL D E P OSI TS. 

G E N E R AL S T ATEMENT. 

Gold Gulch basin really contains no mineral deposits of proved value and 

extent, but has a great number of prospects. Few of these occur in the upper 

part of, the basin in the great porphyry a~ea, but the majority are concentrated 

along lower Gold Gulch and on both sides of Pinkard Siulch, always, as a 

general statement, preferring the contact of porphyry and sediments for their 

appearance. While a number of. copp~r prospects occur, most of the deposits 

have been located on account of their gold values. The lower Gold Gulch con

~ained placer gold and was profitably worked for this at an early day. Its bed 

contains gold down to the junction with ~agle Creek, and even now a little 

money is made by panning along it. There are at least three old arrastres in 

Gold Gulch :md the foothills to the north of it, erected by prospectors who 

discovered the distriet about 1880. But although · po kets of good value have 

been found in many places, the deposits thus far op~ned have seemed to lack 
· regularity and permanence. The gold occurs in free form on narrow little 

fissures, sometimes between porphyry and limestone or in quartzite or shale, but 

always in the vicinity 'of porphyry. The strike is usually northeasterly or east

erly. Very little work was being done in 1902, and there was little opportunity 

of .Htudying the deposits. The fissures usually contain some limonite, and the gold 

is associated with this. From this it may be surmised that the gold will be com

bined with sulphides m ·depth, and that conditions will be less favorable than 

on the surface. 

DETAILED DESCRIPTIONS. 

The road from Morenci to Eagle Creek first descends to the head of Silver 

Creek after having crossed the divide separatjng the drainage of San Francisco 

River from that of Eagle Creek. About 1,500 feet west of the road and at an 

elevation of 4,800 feet on the southern slopes of Silver Creek are two well

defined fissure planes, the more southerly of which is traceable for at least one

fourth mile. They separate porphyry from Cretaceous sandstone and shale, apd 

by friction .b1;eccias give evidence of faulting. Both of theRe have been pl:os

p~cted to some extent, the vein rpatter consisting of limonite and quartz without 

copper stain. 

A little farther down on the low divide separating Silver Creek from Gold 

Gulch is a prospect marked by a horse whim. A small mass of magnetite con

taining copper stains is here inclosed in porphJrry and should probably be 

con.sidered as an inclusion of contact-metamorphosed limestone. 
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In the lower part of Gold Gulch and Pinkard Gulch lie a num b~r of claims, 

located on veins with an east-northeast strike, most of them lying between 

porphyry and sediments. ·For 800 feet above the mouth of Pinkard Gulch 

epidotized limestone with _a considerable amount of copper stains i~ exposed in 

Gold Gulch and several prospects have been opened without finding any notable 

amount of copper qres. The Isabella is a narrow vein which crosses Pinkard 

Gulch 2,000 feet above its mouth. It is developed by several smaller tunnels. 

Good gold values have been found in spots along it, contained in the limonite 

along the vein, which seems to follow the epidotized contact of a porphyry dike 

in limestone. 

''The Buzzard's Shadow" is the picturesque name of another fissure vein 

located at the bead of a small gulch draining directly into Eagle Creek; it is at 

an elevation of 4,800 feet one-half mile ' northwest of the mouth of Pinkard 

Gulch. This is a well-defined vein between limestone in the hanging wall and 

porphyry in the foot wall. The developments are of small extent. -The vein 

consists of a zone 12 inches wide of crushed limestone stained by manganese 

and said to contain a long shoot with values of $4 in gold and 20 ounces silver 

per ton. 

On- a point of sandstone and shale, partly baked by contact metamorphism, 

2,000 feet northeast of the mouth of Pinkard Gulch, is a prospect with copper 

stains along a porphyry dike 20 feet wide . . From this it is reported that a small 

amount of ore rich in gold has been extracted. 

Old arrastres are located in . the gulches draining directly into Eagle Creek; 

the first is 1 mile west of the mouth of Pinkard Gulch; the other lt miles west

northwest of the same place; near both places small veins of ferruginous quartz 
containing gold have been found. 

A copper prospect has been developed by the Home Copper Company on the 

high hill (elevation 4, 700 feet) overlooking Eagle Creek Valley, 1 mile south of 

the junction of Pinkard and Gold gulches. Carbonate ore occurs on the contact 

of the porphyry and the Cretaceous sandstone and shale. 

One mile up from the mouth of Pinkard Gulch are the Soto and Cayuga 

claims. The former is developed by a tunnel driven on the fault fissure between 

limestone and granite, but on this nothing of importance has been found, though 

some oxidized ore had previously been encountered in the limestone; this is 

probably due to contact metamorphism along a porphyry dike in this limestone. 

On the ridge east of the Soto claim are several small ore bodies in limestone. 

The Cayuga showed a good body of carbonate and silicate ore along a vein with 
an east-west strike and southerly dip of 55c_:,, which has a foot wall of quartzite and 
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a hanging wall of limestone. This fissure is not unlikely the direct continuation of 

the Soto fault. The structure in this vicinity is complicated. In general, the 

porphyry has a tendency to form intrusive sheets between the sediments. 
Half a mile farther east-northeast the Producer vein, which is, very likely, 

the continuation of the Soto fault, crosses the north branch of Gold Gulch. 

Going up the slope toward the main divide, between Eagle Creek and Chase 
Creek, the outcrops of this vein are strongly marked by sheeted ferruginous 
rock, copper stained in places. The fissure which seems to mark the contact of 

porphyry and granite dips 45° SSE. 



CHAPTER VIII. 

CHASE CREEK VALLEY BETWEEN MORENCI AND ~1:ETCALF. 

The area described in the following paragraphs lies between the great 
Morenci fault on the south, Corqnado Gulch and ;King Ridge on the north, 
Markeen lVlountain on the east, and the quartzite block south of Coronado Moun

tain on the west. It embraces many prospects and small mines, but contains no 
large producers. 

GEOLOGY. 

ROCKS. 

Granite, porphyry, and quartzite are the only rocks present in the area. 
Granite occupies the whole of Markeen Mountain and the upper part of the 

western slopes of Chase Creek. In the central part of Markeen Mountain it is of 

the normal type, reddish, coarse grained, usually disintegrating and crumbling on 

gentler slopes, and consisting of quartz, orthoclase, and perthite, the scant ferro
magnesian silicates usually decomposing to chloritic products. For a varying 

distance-up to a mile-from the contacts with the porphyr_y the granite is greatly 
modified by fracturing, sheeting, extensive quartz cementation, and pyritic drs

semination. On the surface the pyrite is decomposed to limonite. The rock is 
yellowish red, of a different tinge from the normal granite, and along the canyon 

of Chase Creek it weathers into fantastic forms by reason of its alternating hard 
and soft texture. Vertical cliffs and sharp-pinnacled ridges form the salients, 

and cave-like recesses are often excavated in the steep declivities: Dark-green 

copper stains cover large areas on the precipices. Granite of this kind is well 

exposed in the canyon between the Longfellow incline and a point 1 mile south 
of Metcalf, also on the upper western slopes between the porphyry stock and 

the quartzite capping the main ridge. At many places the rock is recog
nizable only with difficulty. 

The contacts with the porphyry run extremely irregularly and are in places 
very difficult to trace. Included fragments of granite or breccias of granite and 

porphyry are common near the contacts. 
The quartzite is best exposed in Chase Creek Canyon a short distance above 

the Longfellow incline, but a]so occurs at several places as smaller masses 
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included in porJ?hyry. It is light gray or reddish, and should perhaps rather be 
called a quartzitic sandstone, for the individual quartz grains are often easily 
recognizable. It weathers dark brown as a rule. The exposures in this area 

rarely show plain stratifieation. Near the great faults crossing Chase Creek 
above the LongfP-llow incline pyrite appears disseminated in quartzite. 

The porphyry forms a continuous belt from Morenci to Metcalf, a little less 

than 1 mile wide in its narrowest part and near Metcalf broadening to nearly 2 

miles. The rock weathers to yellowish-brown or. reddish outcrops, very roughly 

and irregularly eroded. On fresh fracture it is yellowish or gray and shows closely 
massed small phenocrysts of albite or orthoclase, also bipyramidal quartz crystals 

several millimeters in diameter. The original biotite waR sparingly present, and 
is generally converted into chlorite. The _gToundmass is microcrystalline and 

consists of quartz and unstriated fieldspar. This acid rock is most closely allied 

to the granite porphyries. 
Fresh rock is hardly obtainable in this area. Everywhere the porphyry 

shows more or less extensive alteration, consisting in chloritization of biotite, 

sericitization of feldspars, cementation by quartz in veinlets, ·and frequently also 

disseminations of pyrite which, to judge from the e:filorescence of cupric sulphate 
on dumps of tunnels, and from the "green paint" (p. 121) covering many outcrops, 

always contain some copper. 
The porphyry forms an intrusive stock in granite bordering against the rock 

with most irregular and brecciated contacts. A great number of small dikes and 

irregular masses of porphyry are contained in the granite near the contact. 

STRUCTURE. · 

Complicated and detailed faulting has doubtless taken place, but ·in the 
absence of the sedimentary series it can not easily be traced. The area certainly 

forms a part of the first great fault block south of the Coronado -massif, and is 

adjoined southward by a series of similar blocks dropping southward en echelon. 

Its southern limit is formed by the fault which crosses Chase Creek at the 
quartzite-granite contact above .the Longfellow incline ·and continues imperfectly 

traceable across the porphyry to the southern slopes of the peak, marked bench 
mar~ 6370. The downthrow on the south side would appear to be over 1,000 
feet at Chase Creek, while it diminishes westward to -something like 800 feet, as 

indicated by the relations of quartzite and granite southwest of bench mark 6370. 
In several places along Chase Creek Canyon the granite is cut by distinct and 

closely massed joint systems, most of the joints having a northeasterly direction . 

• Toint systems and fissures with a north-northeast to north trend also cut the 

porphyry and most of them contain copper or.es. 
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MINERAL DEPOSITS. 

GENERAL STATEMENT. 

The porphyry contains a few well-defined fissure veins, among which may 

be noted the Fairbanks and Las Terrazas. The wh<I>le mass of the porphyry 

and much of the adjoining granite js doubtless cupriferous, the ore occurring 

as dissemination.' of pyrite with chalco~yrite; which accolnpany the extensive quartz 

cementation which the rocks have unlergone. As a result of this, green copper 
stains are extremely common, and in -any tunnel dritren it is common to find 

efflorescences of cupric sulphate. T~i., has led to extensive prospecting, which, 

however, in most cases~ has been fruitless of important results. Among the 

oxidized copper minerals chrysocolla, J rochantite, and maJachite are most common, 

though azurite also occurs. It is quite possible that un~erneath the more promis

ing oxidized ores of this kind payablb chalcocite ores may be found. But here, 

as elsewhere, this mineral is secondarr and will at a varying depth change into 

the primary pyritic ores. As an eridence of this the prospect tunn.els along 

Chase Creek Canyon almost invariabl; e-ncounter ores consisting of quartz, pyrite, 
and quartz in places with a little inc blende or molybdenite. The deposits 

which have been most productive are those situated on the high ridges, like the 

Copper Queen mine, between Morenci and lVIetcalf. It is expected by many that 

exploration of this region by tunnels ft moderate depth wi1l lead to the discovery 

of great low-grade bodies of chalcocite ore in porphyry like those of Copper 

Mountain. 

From the Carasco claim, which still may be considered to belong to the 

Morenci group, the trail to Metcalf, by way of the Copper Queen mine~ passes 

a number of prospects, some of which are worthy of note. 

DETAILED DESCRIPTIONS. 

Fairbanks claim.-On the secon<ll ridge northeast from Carasco a clearly 

defined vein appears, developed by several short tunnels. The principal develop

ments are on the Fairbanks claim, b~t the vein extends into the adjoining Lan

caster and El Capitan claims, all bdlonging to the Detroit Copper Company. 

The elevation is approximately 5,200 ~eet. The country , rock is chiefly porphyry, 

although the granite von tact, which :runs very h:regularly, is not far distant to 

the east. The deposit is a well-define~ fissure vein, striking N. U~0 E. and stand

ing nearly vertical. The vein materir l consists largely of crushed porphyry, in 
which appear stringers and smaller masses of malachite, chrysocolla, and broch

antite. Good bodies of low-grade or, are said to have been developed along this 
fissure, but only small amounts have thus far been extracted. Along the con-
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tact of granite and porphyry are several small prospects, most of them contained 

in a breccia of the two rocks and containing chrysocolla as the principal mineral. 
In the last gulch crossed by the trail, just below Copper Queen mine, is a pros

pect, probably on the claim called Copper King. A short tunnel shows a bunch 
of azurite, partly well erystallized and contained in decomposed porphyry. 

Copper Queen deposits.-The Copper Queen deposits outcrop on the summit of 

the ridge overlooking Chase Creek at an elevation of 5,000 feet. The working 
tunnels were driven from the Chase Creek slope~ 200 or 300 feet below the summit 
of the ridge, and were connected with the railroad at the bottom of Chase Creek 

by means of an incline with a vertical descent of about 500 feet. The claims, 

which belong to the Arizona Copper Company, were worked rather extensively a 
few years ago, producing oxidized ore of moderate grade. During the last few 
years, however, work has been abandoned. A tunnel has been begun near the 
bottom of the incline, probably intended to tap the deposit at greater depth. 
The croppings show several veins. Forty feet below the summit on the southwest 

side is a prospect on a fault slip in porphyry, striking east and west, and dipping 
48° north. The system of Copper Queen claims is evidently laid out parallel to 

this fissure. On the summit of the ridge many other prospect holes have been 
sunk, showing three strong fissure planes within a distance of 100 feet. The most 
southerly strikes N. 30° _E., the next one N. 50° E., and, finally, a large and 

prominent fault plane, which strikes north and south. At a short distance north 
of this point several other fault planes are exposed, striking N~ 24° E. and <lipping 

60° N., all the others being nearly verticaL A considerable mas.s of quartz 
appears on the fault plane farthest north; otherwise on all of them the vein 
material consists of crushed porphyry containing seams of oxidized ores, chiefly 
chrysocolla and brochantite. More rarely azurite and malachite are noted. The 
most prominent system of fissuring in this place, as well as at many other points 

in the vicinity of Metcalf, is doubtless the one with a northeasterly strike. 
Mexican claim.-From the Copper Queen the trail continues in a northerly 

direction along the summit , of the ridge to the Mexican claim, which is about 
1,500 feet distant. The Me_xican deposit is situated at an elevation of 5,300 
feet, near the top of the big bluff overlooking Chase Creek. The principal 

rock is a quartz-porphyry, in which, on top of the ridge, a small area of 
quartzite oyerlies or is included. The Mexican shows a strong fissure, the 
porphyry striking N. 12° E. and dipping 70° W. One hundred feet north of this 
is another strong fissure striking N. 57° W., and having a steep dip to the 
southwest. The developments consist of ·two tunnels of moderate length. Some 
very good _ore, mainly oxidized, is said to have been found on the ~Iexican claims. 
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From the gap near the lVIexican mine overlooking Coronado Creek and 

Metcalf, and having an elevation of 5,300 feet, a trail descends to the bottom 

of the gulch. The porphyry is altered and contains seams of quartz. 

Las Terrazas.-At an elevation of 5,200 feet the first croppings of this well

defined vein are located. They eontinu~ down to Coronado Guleh and have been 

opened by several tunnels. On the ~ower part of the slope the outerops are 

much obscured by sliding masses of porphyry. The claim belongs to the Ari

zona Copper Company. The strike of the vein is N. 12° VV. ~ and the dip 73° E. 

The ore, which occurs as seams in the m·ushed porphyry, eonsists chiefly of 

chrysocolla, azurite, and malachite. and some good-sized bodies are reported to 

have been exposed. 

Standard mine.-The Standard mine is located about 1 mile southeast of Met

calf at an elevation of 4,900 feet, on the southeast side of Standard Gulch, a 

short dry rav1ne running north of Markeen Mountain and entering Chase Creek 

1 mile below Metcalf. This property has been producing on a small scale, off 

and on, for the last few years. During 1802, according to reports, $10,000 net 

were obtained from ore shipments. One shipment of 112 tons averaged nearly 

18 per eent of copper. A smaller shipment of first-class ore, averaging 40 per 

cent, was made during the same month. The ore must be packed on burros 

down to the level of the railroad in Chase Creek, a distance of one-half mile. 

The developments consist of two tunnels, and a winze sunk from the lower one. 

The country rock is porphyry throughout, the granite contact being about one

fourth mile distant to the southeast. On the surface no well-defined vein is 

visible, though the rocks in the vieinity are much stained by limonite. The deposit 

is, however, probably of a fissure vein, along which irregular ore bodies extend 

into the porphyry. Near the surface the ore consists largely of limonite and 

malachite. In the lower tunnel and in the winze a considerable body of pure 

chalcocite ore mixed with some malruchite was encountered, and from this the 

larger part of the ore shipments were derived. 

Prospects.-From the Longfellow incline to the porphyry contact, 1 mile 

below Metcalf, a great number of prospect tunnels have been driven in the altered 

and silicified granite. A few hundred feet below the main granite and quartzite 

contact the Arizona Copper Company has driven a large tunnel westward into the 

quartzite with the object of using the rock as converter lining. It contains abun

dantly disseminated pyrite and probably also chalcopyrite; for it carries one-half 

per cent copper. 

At the second railroad tunnel above the Longfellow incline the prevailing 

rock is an altered and bleached granite with veinlets ?f quartz containing pyrite, 

all containing about one-half per cent of copper. On a northeast fissure system 
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the pyrite is coated with chalcocit~, and a body 3 feet wide of 5 per cent ore is 
said to be exposed. 

Half a mile above the incline is the Kingbolt tunnel, driven along a narrow 
dike of porphyry striking east-west and dipping south. The ore is contained 
in an indefinite zone of crushed and pyritic granite, the pyrite being blackened 
by chalcocite. 

Fifteen hundred feet below the main granite-porphyry contact a small shaft 
in the bottom of the creek shows a little cuprite, brochantite, and chalcocite in 

. granite. A few hundred feet above is altered granite with disseminated pyrite 
and on the west side of the canyon a tunnel driven on a porphyry dike. Seven 
hundred feet below the contact on the east side, probably on the Bon Ton claim, 
which extends northeasterly, is a small tunnel on a narrow porphyry dike in highly 
silicified granite. The dump shows an unusual amount of quartz, with pyrite 
coated with chalcoeite, and much molybdenite. 



CHAPTER IX. 

METCALF DISTRICT. 

'I'OPOGRAPHY. 

A special map on the scale of 1 to 12,000, or about 4 inches to the mile, has 
been prepared in order to show the more important mines in the vicinity of Metcalf 

(Pl. XIX). This map covers an area of about 6,000 feet by 5,000 feet. The 
principal drainage line is Chase Creek, which flows from north to south through the 

western portion of the area. · This is joined from the west by Coronado ~iulch and 
from the east by King Gulch, all these streams flowing in deeply incised canyons, as 
a rule of V -shaped form. The lower part of Coronado Gulch has, however, a broad 

bottom, deeply covered with bowlders brought down by cloudbursts from above. 
Narrow· bottom lands extend along Chase Cr_eek from the junction of Coronado 
Gulch southward. The grade · of Chase Creek is approximately 180 feet per mHe, 

while King Gulch descends at the rate of 100 feet in 1,000. Coronado Gulch, King 

Gulch, and the upper part of Chase Creek are dry, containing water only after 
heavy rains, but from Metcalf down· Chase Creek contains a small stream of water, 

partly fed by springs and partly the result of the drain water from Metcalf. The 
town is supplied by a pipe line from springs in Chase Creek 1 mile above the mines 
and also from wells in the creek bottom. 

Steep bluffs, 200 to 400 feet high, line the course of Chase Creek above Metcalf. 

From the elevation of these bluffs slightly gentler slopes, broken by sharp salients, 
continue up to the heights of the divides, which lie from 1,000 to 1,500 feet above 
the creek. At the junction of Chas~ Creek and King Gulch the ridge between these 

watercourses rises in rocky crags 500 feet above the watercourse. Northeast of this 
extends a more gently sloping ridge, l}iing 600 feet above the valley, on which are 

situated the mines of Metcalf, belonging to the Arizona Copper Company. Above 
this steeper slopes, dotted by tunnels and open cuts, lead up to the dark summit of 

Shannon Mountain (elevation 5,628 feet). The immediate summit forms ·a small, 
comparatively level area of dark, rough rock (Pls. XX to XXIII). 

One thousand feet north of Shannon Mountain the ridge between King Gulch 
and Chase Creek narrows to a saddle with an elevation of 5,500 feet, but soon 
rises again to a broa<ler backbone, which has an elevation of 5, 700 feet, and 
continues for a mile northward up to the head of Garfield Gulch. 
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Below Metcalf long, steep slopes, broken by craggy outcrops and precipices, 

extend on both sides of Chase Creek to a hei~ht of 1,200 feet above the creek 

and culminate in sharp ridges. To the west of Chase Creek this high ridge 

divides the waters of that stream from the headwaters of Concentrator Canyon, 

emptying into Chase Greek near the Longfellow incline, while the southern 

part of the map · is occupied hy the long and prominent King Ridge, which 

contains the Jameson and King mines, and which divides King Gulch from 

Standard Canyon. 

The rocky character of the slopes makes travel on horReback difficult or 

impossible except over the established trails. . The only wagon road leads from 

Metcalf up Chase Creek, communication with the mines being established by the 

railroad which extends along Chase Creek up to the foot of the Shannon incline, 

one-half mile above t~~ .town. The ore is transported from the 'mines to the 

railroad by means of tramways and inclines laid out on the slopes of Shannon 

Mountain and King Ridge. 

GEOLOGY. 

GENERAL FEATURES. 

:More than two-thirds of the area shown on the special map is covered by 

granite-porphyry, which forms the most northerly extension of the great central 

stock occupying several square miles between Morenci and Metcalf. This .por

phyry is the most recent rock of the area, and borders against the older rocks in 

the northern corne1: with characteristically intrusive contact, forming cont~ct 

breccias with the granite and sending long dikes with-a general north-northeast

erly trend into the sedimentary rocks. As at Morenci, the granite is the oldest 

rock, forming the :floor on whjch the Paleozoic sediments were laid down. These 

sediments _have a .tllaximum thickness of 700 feet; they consist of a basal quartzite 

covered by several hundred feet of shale and limestone, well exposed on Shannon 

Mountain. The total area covered by the sedimentary rocks is about 100 acres. 

The limestones and shales are greatly altered by contact metamorphism exerted 

by the porphyry magma. The older roeks have been displaced by the force of 

the intruding molten, rock~ a:nd all of them have been affected by extensive dislo · 

cations which have taken place subsequently to the cooling of the porphyry. 

The copper ores chiefly occur on ·.the ridge between Chase Creek and King 

Gulch. Most of them form irregular boclies, often extended in a general nor.th

easterly direction, following · the trend of the porphyry dikes. They occur both 

m porphyry and in the sedimentary series; very rarely they are found in granite. 

. { 
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ROCKS. 

Granite.-This rock occupies two distinct areas in the Metcalf district, one 
extending across Chase Creek along the north western margin of the district, the 

other following King Gulch about halfway down toward its mouth. Both of 

th.ese larger areas connect w~th larger ma.sses outside of the district-the first 
w1th the great mass of Cor(j>nado Moun tam and upper Chase Creek, the second · 

with that of Copper King Mbuntain. They join in one place just outside of the 
Metcalf district, 2,000 feet north of Shannon Mountain. As the sedimentary rocks 

were deposited on a granite basement, this rock doubtless also extends under the 
limestones of Shannon Mountain, at an elevation of less than 5,000 feet. 

The granite is normally a coarse, granular, reddish rock consisting of ortho
clase, perthite, and quartz, the feldspars being of dark reddiRh-brown color and 

the quartz grayish and transparent. Very rarely is any biotite or hornblende seen, 
nor does the rock contain any muscovite. The ferromagnesian silicates were 

doubtle.ss originally present in small quantity, but have suffered ,alteration to 
chloritic products. Comparatively fresh granite is exposed on the ridge 2,000 

feet north of Shann.on Mountain and in the extreme western corner of the Metcalf 

district, on King Ridge. But in King Gulch, in Chase Creek, and at the head of the 
Shannon incline the rock is very much altered and weathers into gray, hard, and 
rough bluffs, the gentler slopes below being covered by angular debris. In places, 

indeed, its character is recognizable only with difficulty. Weathered surfaces often 

show the true character of the rock better than fresh fractures, which may look 
very much like a quartzite. The changed appearance is due to a very extensive 

shattering and subsequent cementation by white vein quartz, penetrating the 

rock like a network. The reddish color of the feldspars is somewhat bleached,. 
but otherwise the minerals of the granite have not suffered great alteration. 
The quartz in places contains a little pyrite and specularite as well as abundant 

fluid inclusions (see p. 213). Except along some porphyry dikes the granite rarely 

contains any copper ores. At two places-one 800 feet south of the head of the 
Shannon incline, the other in King Gulch near the edge of the mapped area

granite distinctly underlies quartzite and limestone. The contacts of granite and 

porphyry run very irregularly, as may be expected from the intrusive character 
of the latter. Sometimes they are sharp, but on the west side of Chase Creek 
they are followed by zones of moderate width of a friction breccia of granite and 

porphyry, often very much cemented by quartz and sometimes containing bright. 
metallic foils of specularite; this latter mineral is clearly of primary character 
and its formation probably contemporaneous with the cementation by silica. The 
contacts on the east side of King Gulch are indistinct, complicated by extensive 
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injection of porphyry in granite, by quartz cementatio.n of both, and by debris 
slopes. The areas of granite on King Ridge near the incline appear to be large 

fragments torn· loose by the movement of the porphyry magma and w4olly inclosed 

in it. Vertical sheetings, or shear zones, in the granite, ranging in direction from 
northeast to north-northeast, are noted in a few places on Chase Creek and on 
the slopes from Coronado Mount~in outside of the area shown on the special map. 

Sedimentary series.-The waterlaid rocks exposed on Shannon Nlountain form 

a roughly triangular area containing approximately 100 acres, bordered ~n the 
east and the west by granite and on the south by porphyry. . On the whole 

the beds ~re horizontal or dipping at most 20° W. No separation in detail · 
has been attempted on the map, for over large parts of the area the contact 

metamorphism has been intense enough to obliterate stratification and original 
characteristics. The apparent thickness of the complex amounts to 730 feet, or 

200 feet less than that of the typical section as described from near Morenci 
(Pis. XIX, XXV). It is ·possible that this amount has here been reduced by 

faulting, which in some places might be difficult to detect in the altered rocks, 
but it appears more probable that the strata are actually less thick than at 

Morenci, especially as · such variations have been observed elsewhere i~ the 

Clifton quadrangle. The metamorphism and shattering is most intense on the 
south side, bordering against the main mass of poi·phyry; the "least-altered part 

is situated on the steep slope toward King Gulch. 
The basal part of the strata consists of heavy-bedded quartzite, clearly cor

responding to the Coronado formation of other parts of the Clifton quadrangle; 
it is presumably of Cambrian age. The rock is light gray and hard, petro
graphically similar to the Coronado quartzite as exposed elsewhere. The quartz 

grains are distinct, well rounded, . and separated by fine-grained sericitic- cement~ 

so that the appellation qri.artzitic sandstone might be more appropriate. The 
only alteration which can ·be observed consists in the introduction of a little 

pyrite. A thickness of 100 feet is exposed about 100 feet above King Gulch near 
the northeastern margin of the Metcalf district, 630 feet of limestone and shale rest

ing on top of it. The quartzite lies on granite without basal conglomerate but in 
places porphyry is intruded . between these rocks, probably as a sill or sheet; 
dikes of porphyry also cut the same rocks and penetrate the overlying limestones. 

On the western slope of Shannon Mountain and at nearly the same elevation, 

approximately 5,000 feet, a belt of the same quartzite is exposed; it is 1,000 feet 

long, 100 feet in thickness, and is cut by two large porphyry dikes. Presumably 
the same quartzite has been found at an elevation of 4,978 feet in the so-called 

quartzite tunnel of ~he Metcalf mines. A small fragment of this formation lies at 

an elevation of 5,100 feet on a spur overlooking King Gulch, 1,500 feet south of 
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Shannon :Mountain. Granite underlies it in the canyon and lime shale covers it, 

while porphyry adjoins it on both sides. Another fragment of the Coronado 
quartzite is ·exposed in King Gulch at the bridge connecting with the King 

intline. It is 500 feet long, 100 feet thick, and rests on the granite exposed in 

the bottom of the gulch; porphyry, and i? one place a little lime shale, covers 
it. On the east side of King Gulch, at a somewhat higher elevation, is another 

mass of quartzite with an apparent thickness of 200 feet. These two masse~ were 

evidently once connected and represent a down-thrown block dipping northward at 

a moderate angle. The fault plane along which it dropped down shows plainly on 

the west side, separating granite and porphyry. 
King Ridge contains four small · irregular quartzite areas em bedded in por

phyry; to some of these masses of granite ar~ still attached, and they must be 

regarded as fragments torn loose and floating in the porphyry magma during the 

intrusion. 
On the east side of Shannon Mountain, where the sedimentary complex is best 

preserved, there rest above the quartzite 200 to 250 feet of limestone, at :first 

shaly and sandy, then mqre massive. This part evidently corresponds to the 
Longfellow limestone (Ordovician) at · :Morenci, but is at least 100 feet less in 

thickness. This might be explained by local faulting were it not for the fact 

that the basal quartzite is fairly well exposed at intervals around Shannon Moun
tain at elevations of about 5,000 to 5,100 ·feet. ln the mine workings the Long

fellow limestone is well exposed at the Shannon, Wiseman, and Black Hawk No. 3 
tunnels. The limestone as a rule contains much silica and many strata are dolo

mitic in composition. 

Above the Longfellow limestone there are about 100 feet of clay shales, man
ifestly corresponding to the Morenci shales (Devonian 'q. This horizon is well 

defined and fairly easily recognizable on account of the relatively slight alteration 
to which it has been subjected. The upper limit of the shale, which is of gray 

color and :fissile, is found below the central ore body at about the level of the 
floor of the Brown tunnel (elevation 5,507 feet). 

South of the central ore body the shale rises to so mew hat higher leyel and 
dips 20° \V. It is well exposed all about the northern slope of Shannon . Moun

tain. It crops prominently at the level of the gap near the Shannon boarding 

house, where the top stratum again reaches 5,500 feet in elevation. The exposures 
continue on the western slope of the mountain along the road from the boarding 

house to the Boulder tunnel, and extend from 70 feet above to at least 30 feet below 
this adit. At this point the top stratum is about 30 feet lower than on the east 
slope of the mountain, indicating a slight westerly dip. The Morenci shale is also 
exposed on the southern slope of the mountain, though the metamorphism has been 
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more intense, rendering it~ appearance less characteristic. The Morenci shale is 

excellently exposed in the Boulder and Shannon tunnels, and here contains large 

bodie~ .of low -grade ore. 

The summit of Shannon Mountain is occupied by about 130 feet of sediments, 

which correspond to the Modoc limestone (Mississippian). At Morenci the total 

thickness of this formation is 160 feet; very likely the difference is accounted for 

by erosion ·which may have removed the uppermost part of the series. As at 

Morenci the Modoc formation is characterized by a most extraordinary suscepti

bility to contact metamorphism, p·ractically the whole of it being thoroughly 

altered. The least-altered exposures are found on the narrow backbone leading 

up to Shannon Mountain from the gap. About 40 feet south of the lowest point 

of the gap, which is occupied by clay shale, rests a stratum of somewhat altered 

limestone, probably corresponding to· the coralliferous limestone of Morenci. 

Above thi8 lies 15 or. 20 feet of quartzite . which again is covei·ed by coarsely 

crystalline limestone, which, as at Morenci, is distinguished by great purity. The · 

dolomitic strata of Morenci appear to be absent. North of the gap the shale is 

covered by 100 , feet of highly altered limestone, usually referred to as the ''cap 

rock." 

Metamorphism of tlw sediments.-The sediments have been subjected to a meta

morphism which sometimes has progressed so far as to obliterate their original 

character. The degree of metamorphism varies first according to the character 

of the strata. The basal quartzite is not affected; the lower 200 feet of lime

stone and sbaly limestone (Longfellow limestone), which generally contains much 

silica, is greatly but not excessively altered; the shales of the Morenci formation 

offer much resistance to metamorphism, and are in most cases easily recognizable. 

The uppermost limestones, corresponding to the Modoc formation (Mississippian), 

are in most places within this area excessively metamorphosed. 

In the second place, the alteration varies according to the distance from the 

porphyry, The whole southern part of the area is very much more metamor

phosed than the northern baH, and the rocks close to the dikes more altered 

than those more distant from them. Practically all of the metamorphosed rocks 

contain copper in the form of chalcopyrite, malachite, azurite, brochantite,·· or 

chrysocolla, and altogether may possibly average one-half of 1 per cent. 

The detached areas in porphyry on the south side of Shannon Mountain 

generally fo1·m rough black outcrops, which consist of silica mixed with oxides 

of ·iron. In some places, as in the surface quarries of the Metcalf mines, there 

may be some doubt a~ to the origin of these masses of iron rock, but ordinarily 

their derivation from limestone or lime shale may be easily demonstrated. 

The small area of indistinctly stratified lime shale on quartzite exposed a few 
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A. VIEW UP TOWARD THE METCALF M I NES FROM METCALF. 

Shannon Mountain to the left. Gran ite-porphyry. 

B. VIEW UP TOWARD SHANNON MOUNTAIN FROM MET CALF . 

M etcalf incl in es and open cuts to the right. Sh'l.nnon tunne l in center background. Foregrou nd occupied by granite-porphyry. Darker 
background contact-metamorphosed limestones and shales. 
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hundred feet southwest of the bridge connecting with the King incline is of 
greenish-gray color; in places it is siliceous and also contains small quartz veins. 

Along the west contact with porphyry, which possibly represents a fault, · are a 

number of small prospects; the shale here contains epidote and magnetite with 
which are intergrown azurite and malachite. The long area beginning 500 feet 
northwest of King Bridge consists in its southern eng chiefly of "iron rock," or 

an intimate mixture of fine-grained quartz, magnetite, limonite, and hematite, 

_while in its wider northern part there is much shaly limestone only partly altered. 

A few hundred feet north of this _is a similar area, also embedded in porphyry and 
reaching up to the main southern shoulder of Shannon Mountain. It consists of 
"iron rock" and its northern part also contains garnet. Similar also is the irreg
ular slab or fragment which extends 1,200 feet north from the quartzite tunnel 

of the JYietcalf mines. The most westerly of these detached areas is that of the 

Shirley or Little Giant tunnel, which is roughly rectangular in form and is pene
trated by several small porphyry dikes. The prevailing rock is a fine granular 
mixture of hematite and quartz, but there js also some soft dark-colored lime 

shale containing well-exposed magnetite in the Shirley tunnel. This area shows 

copper stains throughout and harbors several bodies of rich oxidized ore. 

The main limestone area of Shannon :Mountain is best entered by the old 
road which crosses the southeastern porphyry spur at an elevation of 5,2~0 

feet. The formation is here the Longfellow limestone. The contact is crossed 

250 feet from the point where the road rounds the spur. .For one hundred 
feet northward from the contact black "'iron-rock" is exposed, changing £'radu

ally into a partly altered gray limestone, with much copper stain and fisfured 

by veinlets of quartz, calcite, and hematite. At 500 feet north from the contact 
a porphyry dike 30 feet wide is crossed, which cuts shaly limestone so heavily 

copper stained as to constitute oTe. At 250 feet farther noTth the main so-called 
Wiseman dike is crossed, 50 feet wide, and adjoined on both sides by zones 

of limestone partly converted into epidote. A short distance farther north. at the 
northeastern margin of the Metcalf district, this dike meets another which con
tinues uphill on the contact of limestone and granite; in the angle between these 

dikes the limestone is converted to a granular mass of epidote, magnetite, and 
garnet. Along the contact dike this metamorphosed zone continues, 150 feet 

wide, for a couple of hundred feet uphill as far as the level of the Morenci 

shales, wbich, as usual, are but little altered. The contact dike and the mam 
eastern contact of granite and limestone fall outside of the district, but have 

nevertheless been indicated on the special map. 
In these surface exposures oxidation has more or less obscured the true 

character of the rocks. Specimens from the levels of No. 3 Black Hawk and 



312 COPPER DEPOSITS OF CLIFTON-MORENCI DISTRICT, ARIZONA. 

Boulder ttJnnels, Shannon mine, l:lhow that the alteration of the Longfellow 

formation is produced by the development of epidote, garnet, pyroxene, mag

netite, actin~lite, specularite, chalcopyrite, and pyrit~ by metasomatic processes 

in the limestone replacing the carbonate of lime. The replacement is rarely 

complete, as much calcite remains in the altered rock; much of the limestone is 

only slightly altered and appears as a greenish-gray fine-grained roek with small 

crystals of magnetite, traversed by veinlets of pyrite .and chalcopyrite. Micro

scopical examination shows, however, that pyroxene and actinolite have also 

developed in the rock, sometimes along little veinlets of calcite; magnetite, and 

chalcopyrite. 

The clay shales of the Morenci formation, which are well exposed on the east 

and west sides of Shannon Mountain, their top stratum having an elevation of 

from 5,430 to 5,000 feet, are comparatively little altered, except in the immediate 

vicinity of porphyry dikes, where they often contain bodies of malachite and 

azurite. Epidote is often developed in the shale, as well as minute seams of 

pyrite and chalcopyrite. The latter mineral is especially common in the shale 

op3ned by the Boulder tunnel; large masses of this shale are said to average 2 

b 3 per een t of copper. 

As at Morenci the pure. limestones of the Modoc formation occupying the 

summit of Shannon Mountain exhibit an extraordinary tendency to metamorphism, 

garnet and magnetite being the two principal minerals formed. At the extreme 

northern end of the 'Jedimentary area, where it borders against granite, porphyry 

dikes cut the rocks; above the top of the Morenci shale rest 100 feet of Modoc 

limestone which now consists entirely of the minerals just mentioned. The nar

row ridge leading southward to the summit of Shannon Mountain from Shannon 

Gap shows the limestone · directly overlying the shales; this is partly converted 

to light-yellow garnet and pyroxene, admirably showing the replacing character 

of the. process. Above this point partly altered limestone coptinues for some 

distance along the narrow backbone to an elevation about · 60 feet above the gap, 

where a body of soft, almost unaltered, though very coarsely crystalline limestone 

remains; at present this is used as flux for smelting purposes by the Shannon 

Company. Immediately above it lies the black, hard mixture of partly decomposed 

garnet and magnetite, to which the name "cap rof:k" is given. Near the irreg

ular contact with the remaining mass of coarsely crystalline limestone the latter 

contains streaks and masses of yellowish-gray garnet and iron ore, largely mag

netite, though now partly oxidized and hydrated. These masses are from a few 
. . 

inches to a few feet in thickness and run out into thin streaks, but have no great 

regularity as to form. The garnet and magnetite are sometimes separated in 

larger mas$es, while at other places they are intimately intergrown. This zone 
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of irregular inclusions of garnet in limestone is perhaps 10 feet wide vertically. 
There are few gradual transitions to be observed from garnet to limestone. The 

conversion seems to be effected by sudden and almost complete metasomatism, 

but the garnet and magnetite have certainly developed in the limestone. 

This cap rock forms the whole summit of Shannon Mountain and has a thickness 

of about 130 feet. It is chiefly a heavy dark-brown or brownish-yellow garnet 

rock mixed with fine-grained quartz, magnetite, and some residual calcite. The 
garnet is an andradite or iron-lime garnet; the process by which a pure limeRtone 

has undergone such a remarkable transformation is discussed in more detail on 

page 135. The cap rock contains copper stains throughout and considerable quan

tities of azurite and malachite are shown in many of the prospect holes near the 
summit, though the amount is scarcely sufficient to constitute payable ore. The 

"cap rock" is more or less oxidized, both the magnetite and the garnet decomposing 
to limon_itic products rich in zinc, probably as silicate, and in manganese as peroxide. 

The following analyses made by the chemists of the Shannon Copper Com

pany show the composition of the limestones. Although of great purity the 

quarry limestone contains more magnesia than the corresponding stratum at 
:Morenci. 

Analyses II and III represent the Longfellow limestone; both are partly 
altered by the introduction of . garnet and pyroxene, as indicated by the high 

percentage of iron and alumina. They are also rich in· magnesia and decidedly 

dolomitic, but as it is known that the limestones of this horizon vary greatly in 
their percentage of that substance, it is scarcely to be inferred that the analyses 
indicate normal or average composition. 

Analyses of limestones from Shannon mine . 

. L. II I . III. 
Mam hme- Black Hawk Shann?n 
st~~;~t~~~Y' limestone. 1 tun~~~~l~~e-

--~---------1---- 1---- -----

Si02 . -------- - -------- 1. 34 27.0 5.0 

Fe203 
. ~:::::::::::::: } { 8.3 } Al2C'3 

1. 60 8.9 
3.0 

Oa003 --------------- 82.50 39.2 59.1 
Mg003 ....•••...••• __ 9.33 22. \-1 27.6 

A s-Jries of technical analyses of this "iron cap" are available by the courtesy 
of the Shannon Copper Company and are herewith appended; they are supposed to 
represent the average composition of the" iron cap," which evidently consists largely 
of impure limonite, mixed with magnetite, silica, and some aluminous silicate, 
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probably kaolin. Except in those samples which contain very much iron the 

alumina is rather high--not as high as in the porphyry ores, but decidedly higher 
than in the ores of the red and central ore bodies. A very notable concentra

tion of manganese and zinc, the latter probably as silicate, Beems to have taken 

place in some of the iron ores. Copper is present throughout, probably larg·ely as 
chrysocolla and partly as malachite. The original metamorphic rock probably con

sisted of garnet, magnetite, pyrite, chalcopyrite, and zinc blende. The complete 

elimination of lime in the oxidized iron cap, evidently derived by metamorphism 
of limestone, is very remarkable; the sulphides formerly present have been com

pletely oxidized. 

Analyses of iron cap from- various points near the top of Shannon Mountain. 

I. II. III. IV. v. VI. 
Above Above Above Above Above Cave near 
lime lime lime Brown Brown Mitchell 

quarry. quarry. quarry. tunnel. tunnel. tunnel. 

Cu ..... ·--------········--------- 1.9 6.5 1.7 ].2 2.88 1. 20 

Si02 ~ - - - - - - - - - - .. - - - - .. - --- ... -- - ---· 5.2 28.4 20.4 9.3 5.02 21.30 
Fe._ ..... __ . _ .. _. ____ . ____ . ___ ___ 43.2 17.4 25.9 50.9 49.46 37.30 

Al20 3 - .. - ....... - - -- .... --- -- .. ---- ... -- - 21. 8 ·17. 7 10.8 4.5 1. 68 11.50 

CaO Trace. Trace. · Trace. Trace. ---------- 2.65 

:!o_:-:: --::-::::---:::-::::::::I None. None. None. None. ---------- ........................ 

7.6 1. 2.9 1. 2.92 ----------
Zn. . - .. - --- - .. - - --------- -- ... - .... ---- 14.5 20.4 17.8 2.2 ----------- 2.60 

s --·------------- ·· ·-·------------ None. None. None. None. None. None. 

~~'ilion::::::::::::::::::::::::: :I 6.8 13.1 io. 7 8. 1 20. 5. 10 
None. Present. None. None. ------- "'• -·- -- ... w- .. ----

Granite-porphyry.-As stated above, the porphyry which covers the southern 
and larger part of the area shown on the Metcalf speeial map is the northern 

end of the great stock intruded between Morenci and Metcalf and occupying a 
total space of several squq,re miles. It borders against the granite with irregular 
outlines and at many places sends out dikes and apophyses into it, most of these 

having a . northeasterly direction. The sedimentary formations of Shannon Moun
tain are even more shattered than the granite, especially near the southern 
contact, and are penetrated by three prominent dikes with northeasterly trend, 

which may be referred to as the Black Hawk, Central, and Wiseman dikes, 
enumerating them from west to east. Toward the south · these dikes widen and 

join as shown oh the map, including between them isolated fragments of altered 
limestone. The eontact metamorphism which the magma of the main mass and 
of these dikes has effected in the sediments has already been described. 
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The Metcalf porphyry is rarely seen in fresh condition. One of the best 

localities for this purpose is in a railroad cut near the mouth of King Gulch. 

On fracture thi:::; rock is of grayish-green color and contains as phenocrysts m.any 

quartz crystals bipyramidal in form and up to 8 mm. long; also abundant 

smaller, square feldspar crystals, usual1y soft and sericitic; these chiefly consist 

of orthoclase and albite. There are also many biotite foils, largely, however, 

converted to chlorite. The groundmass probably originally consisted of orthoclase 

and quartz in microcrystalline 8tructure, but now chiefly contains sericite and 

quartz, as shown on page 79. The rock is a sodic granite-porphyry. 

This type of rock, usually more altRred, however, prevails throug-hout the 

northern and central area of the stock, but differs somewhat from the Morenci 

type of monzonite-porphyry, exposed on Copper Mountain, in containing larger 

and more abundant quartz phenocrysts. The diorite-porphyry exposed a£ several 

places west of Morenci is lacking at Metcalf. 

The outcrops which are well exposed throughout the area are very rough and 

of a yellowish or brownish-yellow color; the quartz crystals stand out prominently, 

while the smaller feldspar phenocrysts are apt to be weathered out, producing a 

peculiar pitted appearance. The ·bluffs on both sides of Coronado Gulch up to 

elevations of 300 feet above Chase Creek consist of a soft, white porphyry breccia, 

sometimes with fragments of quartzite. In this rock no eopper prospects are 

found. Higher up on the same spur the normal massive porphyry begins, but 

is greatly altered and cemented by veinlets of quartz. The eastern slopes along 

Chase Creek, south of King Gulch,. are less altered, but higher up toward the 

summit of King Ridge the quartz cementation becomes very prominent. Prac

tically all of the porphyry on Shannon Mountain is very soft and chalky, the 

color as exposed in the tunnels arid open working-s being brilliantly white. The 

steep bluff between Chase Creek and King Gulch consists of a normal yellowish

brown quartz porphyry, with many rusty small quartz seams. Weathered out

crops of porphyry often show large stains of "green paint," an efflorescence of 

dark-green mammillary crusts which have been shown to consist of a mixture of 

silica, oxychloride, and nitrate of copper (se~ p. 121). 

The hydrothermal alteration of the ~ietcalf porphyry chiefly consists in a 

sericitization by which all of ~he feldspathic constituents, both phenocrysts and 

groundmass, become converted into a fine-g-rained sericite felt, while the quartz 

remains unaffected. In many places, as in the Metcalf mines and in many of the 

dikes of Shannon Mountain, pyrite and chalcocite have been introduced, the former 

in small crystals contemporaneousl}r with the sericitization, the latter added at a 

later date. Finally, the porphyry is nearly everywhere extensively fractured and 

cemented by quartz veinlets running in all directions, but chiefly northeasterly, 
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which seems the dominating structural direction of this district. The veinlets nf 
quartz sometimes also carry pyrite, though on the surface this mineral is every, 

where decomposed. Most of the coppel' is indeed also leached from the porphyry 
at the surface, though sometimes malachite stains or small stringers of chalcocite 

are seen. Northeasterly sheeting, or shear zones, may be noted in several places. 

DISLOCATIONS. 

Here, as elsewhere in the Clifton quadrangle, there is no evidence of dislo
cations of the rocks previous to the irruption of the porphyry. This event, -by 

which a stock of intrusive magma 4 miles long and up to ' 1 mile wide, was 

introduoed into the crust . of granite and covering sediments, clearly involved a 
violent dislocation. Along the contacts and especially in the less compact sedi

mentary series great complications occur. Apophyses and dikes of porphyry 
extend. from the main mass, chiefly in a northeasterly direction; frequent contact 

breccias illustrate the violent nature of the intrusion; torn fragments of sediments 
and granite float in the porphyry, as well illustrated on the map. After the 

cooling of the porphyry the same forces which had opened a space for the stock 

along a northeasterly line persisted with less intensity. Northeasterly fissures like 
the King and · Jameson veins were produced, probably by compressive stress; a 

northeasterly jointing or sheeting of the porphyry--sometimes also of the sur

rounding granite-took place, but the conditions were rarely such as to lead to 
the formation · of open fissures. Occasional fractures, trending northwest, crossed 

this sheeting. The intrusion of the porphyry occurred in the Cretaceous period 
or immediately after it. The main epoch of dislocation by which the whole 

region was divided into blocks, along which very extensive faulting took place, 
occurred after the eonsolidation of the porphyry and after the formation of the 
jointing and fissure veins, but before the great Tertiary lava flows. On a 

smaller scale this faulting has probably continued to the present day. The 
special map and the section (Pis. · XIX, XXV) represent at least one of these 

faults which separates the whole northern and western side of the · sedimentary 
series from the granite. The norm.al position of the granite is everywhere below 
the Cambrian quartzite, but along the contact indicated the former rock borders 

first against the Silurian limestones, then, on the west side of Shannon Mountain, 
against the Devonian shales, and finally, on the ridge north of the gap, against 
the lower Carboniferous limestone. Descending on the east side this sequence 

of contact is reversed, and a little above ~he level of King Gulch the Cambrian 
quartzite is again adjoined by granite; along the lower part of this contact line 

a porphyry dike lies on the junction. Porphyry dikes contained in the sediments 
stop on reaching- the granite. Althoug·h the fault plane itself is not indicated 



U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER NO. 43 PL. XXI 

A. KING GULCH, NEAR METCALF, LOOKING DOWN TOWARD CHASE CREEK. B. OPEN CUT ON Fl RST LEVEL OF METCALF MINES. 

Porphyry occup1es the foreground and most of th e ndges 1n th e background . Country rock , granite-porphyry. 
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by friction breccia or slickensides, really good exposures being nowhere obtain
able, it seems evident that these conditions can not be explained except on the 

assumption that the granite contact marks a sharply defined fault plane dipping 

~outheast at a moderate angle. Similar phenomena were .observed elsewhere in 

the Clifton quadrangle. 
No evidence of faulting was observed along Chase Creek above Metcalf, and 

it seems more likely that the main fault plane referred to above takes a more 
southerly trend westward from the Matte tunnel and is hidden below the mass 

of debris. In no place is there any indication of workable bodies of copper ores 
along this · fault. The dislocation is easily measured by the- position of the 

quartzite. North of the Shannon Gap, a short distance beyond the margin of the 
Metcalf district, this rock rests on granite at an elevation of 5,700 feet, while in 

King Gulch the same contact is found at 5,000 feet, 700 feet being probably a 
close approximation of the vertical component. The quartzite rests on Coronado 

Mountain at an elevation of 7,000 feet, 2! miles west of Metcalf. A fault of 

the first magnitude, with a noi'th-northeast strike, is evidently located at the foot 

of the granite bluffs 1 mile west of Metcalf. 
Several minor faults probably traverse the altered sediments, but they are 

difficult to trace with certainty. One slight dislocation may follow the east con

tact of the central dike. Other minor faults are those on both sides of the 

quartzite at the foot of the King incline, throwing a block of this rock 300 

feet lower down, or to an elevation of 4, 700. 
The altered porphyry of the Metcalf mines contains many smaller slips and 

fissures, but many of these are of recent origin. 

As elsewhere in the quadrangle, the sedimentary blocks have often a slight 
dip of up to 20° W. This is noted at several places in the workings of the 

Shannon mine; but, as the quartzite on the east and west side of the mountain 

lies at approximately the same level, step faulting has probably taken place. 

GROUND WATER. 

As stated above, Chase Creek, below Metcalf, contains a small perennial stream 
of water, largely fed by springs in the bottom of 'the creek. At a short distance 

above Metcalf it is dry for some di~tance until, about a mile above town, fairly 
strong springs again appear. These alternating conditions are repeated farther 

up. Small springs of good water break out in the lower part of Garfield Gulch, 
2 miles above Metcalf. Two or 3 miles farther up the bed contains a small but 
perma.nent stream of water. 

Coronado Gulch is dry, as is King Gulch, up to a point near the northeastern 
edge of the mapped area, from which point up pools of water of poor quality, 



318 COPPER DEPOSITS OF CLIFTON·MO~ENUI DISTRICT, ARIZONA. 

containing iron and sulphates, remain at intervals in the creek bed, some of them 
persisting through the summer. Shafts and wells sunk below the· bottom of 

Chase Creek · always yield water. The general groundwater surface may be 

assumed to lie at the level of Chase Creek, rising gently east and west of this 
line. 

Nearly all of the wor~ings on Shannon .Mountain and King Ridge are per_-
. fectly dry, the only exceptions being found in the Shirley tunnel of the Metcalf 

mines, 325 feet above Chase Creek. Throughout the inner part of this tunnel 

there is a small amount of standing water, and in a 60-foot winze sunk on 
the north ore body on this level, water stands 20 feet deep and came in fast 
when sinking was in prog1~ess. In the King tunnel, on the same level, a small 

clay seam in the shale carries a little water. If the condition in the Shirley 

winze indicates the normal state of affairs, the groundwater surface would have 

risen 285 feet in 1,500 fr~m the level of the creek. This is a far more rapid 
rise than would be expected, and it is more probable that the water has accu
mulated in a local water pocket. 

ORE DEPOSITS. 

GENERAL FEATURES. 

It has already been pointed out that widespread alteration has taken place 

in the porphyry and in the sedimentary series, and that copper in varying amounts 
as chalcopyrite and as oxidized ·salts is widely distributed through these rocks. 

It remains now to describe in detail the bodies which contain a sufficient amount 
of this metal to be classed as workable ore. With .the present cost of mining 

and extraction in southeastern Arizona, 2t or 3 per cent of copper may be con
sidered as a limit below which profits of mining cease. 

The copper ores at Metcalf occur as indefinite bodies in porphyry; as more 
regular bodies by replacement of narrower porphyry dikes; as sheets and irreg

ular masses in limestot e and shale at porphyry contacts; as flat bodies replacing 

certain strata in the sedimentary series; and, fi~ally, as distinct fissure veins, gen
erally in the nature of compqsi.te veins or lodes. 

DEPOSITS WEST OF CHASE CREEK. 

Of the deposits west of Chase Creek, but few fall within the limits of the 
area shown on the map. The lowest tunnel of the Terrazas mine, on a fissure 

vein in porphyry, is located at the southwest margin. South of Coronado _Gulch 

and on the same point are several insignificant prospects showing copper stains 
on joint planes of the porphyry. North of Coronado Gulch there is Ol,l the 

Triangle claim, at an elevation of 4, 700 feet, a well-defined fissure in porphyry 
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striking N. 48° \V. and dipping 45° NE. It is develope.d by a small incline 
shaft; the ore is a copper-stained porphyry with little seams of quartz with 

pyrite. On the same salient is the Ida, located on a small fissure at an elevation 

of 5,000 feet, between porphyry and a small granite mass inclosed in it. Still 
farther up-outside of the area of the special map-are other small fissures 

carrying a little copper-stained porphyry and striking north, northwest, or 
northeast. The predominating direction of the joint planes is northeasterly, 

but another less prominent set of fractures crosses these with a northerly or 

north westerly trend. 
DEPOSITS SOUTH OF KING GULCH. 

Very few prospects are found among the rough outcrops of porphyry on 

King Ridge, which, with a northeasterly trend, divides King . Gulch from Stand

ard Gulch. Near or on its summit there are, however, the two most prominent 
fissure veins of the area, on which are the King and the Jameson mines, both 

the property of the Arizona Copper Company. 
The King lode ·outcrops on the summit of the ridge, at an elevation of 5,560 

feet, as a very strong and well-defined fissure vein. The deposit is connected, hy 
an incline and a long tunnel through Shannon Hill, with the Metcalf system of · 

mmes. A large amount of fair oxidized ore has been shipped from this mine, 

and work was in active progress in 1902. The deposit is opened by two levels, 
60 and 120 feet below the · croppings, both about 1,400 feet long. The upper 

one of these tunnels penetrates the ridge, and its southeast portal overlooks 
Standard Gulch. A winze has been sunk 60 feet helow the lowest level. The 

country rock is porphyry, greatly bleached by sericitization and extensively 

cemented by quartz veinlets. The croppings, which are exposed for a distance 
of 1,500 feet, are well shown by a number of deep pits. The vein consists of a 

number of very sharply defined fissure planes striking north-northeasterly, dip

ping 70° NW., and in places occupying a width of more than 25 feet. Between 
these planes lies altered and crm;hed porphyry containing seams of chrysocolla, 

malachite, and brochantite. The workings disclose several wide, irregular bodies of 
low-grade ore, most of which appears between the first and second levels. Good 

ore is also reported to have been encountered in the winze below the lower level. 

Copper glance is of rare occurrence, and no p.yrite was observed. Much ore 

was evidently extracted from the croppings, showing that extensive leaching of 
the surface had not taken place at this locality. The prospects seem good for a 

zone of chalcocite ore below the second level. 
The ,Jameson vein, a little farther down on the slope of the ridge toward 

King Gulch, is developed by two tunnels, the lower one at an elevation of 5,040 
feet, while the croppings have an elevation of 5,350 feet. Much chalcocite ore 
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of good grade has been shipped from this mine by way of the King incline. 

Active stoping was carried on in 1902. The main working tunnel is a crosscut, 

which in a short distance strikes a well-defined vein having a northeasterly course 

and a moderate northwesterly dip. On this level the vein soon opens to an ote 

body having a width of up to 50 feet. Forty feet above the tunnel level the 

width is 20 feet. The ore, which occurs in softened white porphyry of the usual 

Metcalf type, consists of disseminated pyrite coated with chalcocite, the ore body 

extending on both sides f.~om a central seam of glance and pyrite. The Jameson 

vein is joined by another, striking· a little west of north and dipping 60° NE. 

Where these two veins meet a large ore body results. The drift farther northeast 

on the vein on this level shows much pure pyrite disseminated in porphyry, and 

the ore is of poor grade. The richest bodies of chalcocite ore were found about 

200 feet above this level. Small amounts of oxidized ores occurred near the surface. 

METCALF MINES. 

The Metealf mines belonging to the Arizona Copper Company are situated on 

the so_uthern slope of Shannon Mountain up to an elevation of about 5,200 feet, 

or 800 feet above Chase Creek. Owing to the prominent outcrops the mine was 

one of the earliest locations, and active work on a large scale bad already been 

begun in 1879, when the railroad between Clifton and Metca1f was built,_ and has 

been carried on without any interruption since that date. The total production 

is difficult to ascertain, as the ore is smelted with the Longfellow ores. During 

the last few years the Metcalf mines may have produced, roughly, 5,000,000 pounds 

of copper per annum, and a total of 20,000 tons is probably a conservative figure. 

All of the workings of the Metcalf mines are situated on the south shoulder 

of Shannon Mountain between the elevations of 4, 700 and 5,100 feet. Most of 

the ore has been taken from a series of open cuts or quarries on top of the 

ridge, at elevations between 5,000 and 5,100 feet, oecupying a triangular area 

cor:taining _about 10 acres. A considerable amount has also been stoped from 

several levels by the square-set- method. The levels are as follows: 

Ln·els of the Metcalf rnines. 

Level. 
Elevation 
abovL ·>ea, 

in feet. 
--------------~---- ------

Quartzite tunnel and first level. ______ . __ .___ 4, 978 
Second leveL _____________________ . _ _ _ _ _ _ _ _ 4, 933 

Wilson leveL ____________ ..... _____ .. ____ • . 4, 836 

King and Little Giant levels. ____ . ___ .. ____ . 4, 740 

- --·-··----·--------------- ---------------'------' 
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Modoc Mt . Morc>J?c/ Metca./1' 

VIEW DOWN OVER METCALF AND THE LOWER CHASE CREEK CANYON FROM SHANNON MOUNTAIN. 

Open cuts of Metcalf mines in the foreground. King ridge in left background. Dark outcrops of metamorphic limestone in left foreground. Otherwise all granite-porphyry. 
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There are no tunnels below the King level. A shaft was sunk some years 
ago in the creek bottom at the upper end of the town, hut nlthough some senms 
with n little chnlcocite were found the workings are said to have failed to dis

close any ore bodies of value. 
The prevailing rock is a soft, white, sericitic porphyry, grently shattered 

nnd cemented by quartz seams. The deposits lie practically entirely in tbis por
phyry close to the point where the mnin stock brenks up into a mnze of dikes 
and enters the sedimentary nrea. From the name of the principal claim this 
mass of porphyry is sometimes spoken of ns the "Little Annie dike," although 
it really only forms a pnrt of the main stock. 

In the northern part of the main ore-benring area the porphyry contains 
irregular masses of "iron rock," which is chiefly a mixture of limonite and quartz 

· and ns to origin mainly n metamorphosed limestone. Most of the underground 
workings nlso disclose bodies of shale or metamorphic limestone which nppear to 
be contnined ns inclusions in the porphyry. The surfnce to n depth of 30 or 40' 

feet is leached nnd contains only H, smnll percentage of copper' the porphyry 
being stained by numerous senms of limonite. The ore lies below this and con
sists of a white, soft porphyry with irregulnr seams of malachite, chrysocolla, 
brochantite, more rarely azurite, cuprite, native copper, nnd chalcocite, the latter 
three minerals occurring in irregular bunches, chiefly in the stopes above the 
Wilson level. Some very fine specimens of intergrown n~tive copper and cuprite 
have been found, covered with malachite, azurite, brochantite, and chrysocolla as 
green and blue crusts. No chalcopyrite has been noted; pyrite occurs fairly 
abundantly in seams on the Wilson level. The ores have generally been deposited 
by replacement in the mass of the porphyry; quartz and sericite, together with 
a little kaolin and chalcedony' are the only important accompanying minerals. 

The general trend of this copper-bearing zone is north-northeast, bU1G its 
limits are indefinite, gradually shading off into nonpayable, though mostly altered 
porphyry. The whole ore body may average 2 or 2t per cent, which, by sort
ing, is carried up to 3t per cent. A large amount of h1gher-grade ore, · however, 
has been stoped on the Wilson level. Minor slips and faults are very plentiful, 
but they run in all directions and do not form a well-de~ned shear zone or :joint 
system. Slips with an easterly or northeasterly direction are perhaps most 
prominent. The whole ore body extends in a general north-northeast direetion 
and the underground stopes also ha,ve this trend. 

The first level, which is 45 feet above the top of the longer incline, runs 
near the surface, conn~cting a labyrinth of surface cuts and open quarries. 

The so-called quartzite tunnel on this level, 600 feet north-northeast of the 
top of the big incline, penetrates the hill for 300 feet in a nearly easterly direc
tion. It is driven in the lime shale, which. adjoins the so-called L~ttle Annie 

16859-No. 43-05-21 
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porphyry dike on the northwest and struck the Coronado quartzite at its farthest 
point. No ore bodies of importance are ·opened by it. 

The second level opens the main body of porphyry, and in . many places 
stopes extend to within 30 feet of the surface from it. It is intended to open 
the whole deposit as a vast quarry from this l~vel and to employ steam shovels 
in the · mining. The main stopes are situated about 600 feet northeast of the 
mouth of the tunnel near the top of the larger incline. The porphyry on this 
level contains many streaks of iron rock, most of which represent thoroughly 
altered fragments of shale . and limestone. At only one place, near the north 
end of the level and not far from the quartzite tunnel, was clearly recognizable 
shale noted. At this point a body of 7 per cent ore several sets wide was 
extracted. 

The Wilson level, 100 feet below the second level, is for the first 360 feet 
a crosscut in rather fresh and compact porphyry, containing many small seams of 
pyrite. At the end of this crosscut · the ground below the surface stopes is sys
tematically prospected by a quadrangle of drifts, the farthest point of the workings 
being 600 feet east of the tunnel portal. In this level the porphyry contains 
many slips, chiefly running east and west, and some small wedge-like masses of 
clearly recognizable shale. Pyrite seams are abundant, containing a little chal
cocite, but no great amount of ore was found up to about 30 feet above the level. 
Here a long line of stopes have been opened and are mined up toward the second 
level. They are approximately 450 feet east of the portal, and extend for over 
200 feet in a general north-northeast~rly direction up to 50 and even 70 feet 
wide. At. the west side .lies a wall of shale not clearly exposed in the second 
level. The stopes contain in places very rich ore with much cuprite, native 
copper, and chalcocite in a bleached porphyry. There is also a smaller amount 
of brochantite and malachite. 

On the lowest level, 100 feet below the Wilson, the ridge has been pierced 
in an east-southeast direction by the King tunnel, 1, 700 feet long, constructed as a 
convenient outlet for the ore from the King and the Jameson mines. Its central part 
is below the most northerly surface cut and stopes on the second level, but no 
important ore bodies -have been opened by it. The first 550 feet are in porphyry 
covered with efflorescence of chalcanthite; 350 feet from the mouth the rock 
becomes harder and contains some pyrite; at 450 feet a well-defined seam with 
some copper ore crosses and has been opened for some distance east and west, but 
in the latter direction becomes indistinct upon reaching hard porphyry. A belt 
of lime shale 200 feet wide begins 550 feet . from the portal; it contains seams of 
pyrite and calcite, but very little copper ore. Near the west contact of this 
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shale a distinct vein crosses with 10 feet of breecia and some chalcocite. _Beyond 

this follows a belt of hard pyritic porphyry 80 feet wide. Shale then begins 
again with well-welded contact and continues for over 400 feet. Only one small 

seam, dipping north, cuts across it. At 400 feet from the east portal hard 

porphyry begins, but soon becomes softer, and like the rock at the west portal 

is coated with efflorescence of copper sulphate. At the east portal a slip strik
ing N. 20° E. and dipping 50° W . separates pyritic porphyry on the west from 
quartzite on the east. 

Two belts of lime shale occur on the surface above the tunnel, but are much 
narrower and do not correspond in position with those crossed by the adit. 

The universal distribution o~ py rite through hard rocks in the center of the 
ridge and the efflorescence of sulphate near the portals in the decomposed rocks 
should be noted. J · 

On the same level and not far distant- is the Shirlev or Little Giant tunnel, 

which opens a deposit different f~·om those just described and more similar to the 
Shannon ore bodies. The tunnel r uns f?r 300 feet northeasterly through iron 
rock and less altered lime shale. It then bends eastward and in this part ::5everal 

short crosscuts have reached pdrphyry corresponding to the open cuts of this 
rock mined above. Two main ore bodies are contained in the lime shale; the 

first. lies 100 feet west of the ad~t, evidently following the course of the narrow 
porphyry dike which shows above on the surface. These stopes have a north
easterly direction and are 120 f~et long and up to 18 feet wide; the ore, which 

is rich, consists of chalcocite a~d copper carbonates. A slip dipping 45° NW. 
borders the ore body on the northwest side. The second ore body is in the main 

tunnel and has more the form of Ia shoot or pipe. _Both extend to the surface, anli · 
also below tunnel level, as showr by two winzes 90 and 60 feet deep. 

SHANNON MINE. 

DEVELOPMENT. 

This property, owned by th~ Shannon Copper Company, consists of some 20 
claims ' located contiguously and covering the summit and upper slopes of Shan

non Mountain, but extending· in Jone place on the west side down to Chase Creek. 
Originally the property consisted only of the Shannon claim, one of the earliest 

locations in the district, which cr ntains most of the important ore bodies, but in 
1900 a number of surrounding claims were purchased from the Arizona Copper 
Company and actiye development of the property began. Smaller quantities of 

rich .smelting ore had been shiJped previous to that date from the croppings of 
what are now known as the central and the Black Hawk ore bodies. Since 1900 
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the property has been developed by several thousand feet of workings, chiefly 
crosscuts and drifts. The principal tunnels are as follows (Pls. XIX, XXIV): 

Tunnels of the Shannon mine. 

Elevation Elevation 
in feet. in feet. 

-----

Smoky, Brown, and Kelly tunnels (116 Black Hawk tunnel No. 2 ... _ ........ 5,298 
feet below the summit) ___ .... __ . _. 5,506 Harrison tunnel ....... _ ...... _ ... __ . 5,270 

Mexican tunnel ..... ____ . _ . __ . _______ 5,467 Wiseman tunnel. ................. __ . 5,179 
Young tunneL _ ... ____ .. __ . ___ .. _____ 5,422 Black Hawk tunnel No.3--------~--- 5,176 
Climo tunnel __ .. __________ .. _ ... ___ . 5,413 Matte tunnel .. _ . ___ . ___ ... ____ .. __ . _ 5,000 
Boulder, Shannon, and Maas tunnels .. 5,339 

Several shafts and winzes connect these tunnels; Green shaft, at the mine 

office (elevation of collar 5,530 feet), extends to Black Hawk No. 2 level; Young 
shaft from the surface to Young tunnel. The developments are very extensive, 
consisting of several miles of drifts and tunnels. 

The Boulder tunnel is used as the main outlet for the p-resent. It connects 
by a short tramway with the prominent point, 1,000 feet west of Shannon Moun

tain, ·from which a very steep slope descends directly to Chase Creek. On this 
slope the incline has been laid out. This incline is 1,200 feet long and has an 

average descent of 35 degrees. ~ It is provided with double tracks, and extensive 
ore bins, from which the ore is directly loaded into the cars which convey it down 

to Clifton., where the Shannon smelter is situated. The incline is of course 
operated by gravity and is controlled by brakes operated by comp_ressed air. 

GEOLOGICAL FEATURES. 

As described above in the paragraphs devoted to the general geology, Shannon 
Mountain is occupied by horizontal or gently inclined Paleozoic limestones which 

seem to comprise the• whole series _ from the 'base of the Ordovician to the lower 

part of the Mississippian, a total thickness of 530 feet. This body of sedimentary 
rocks forms a somewhat irregular, equilateral-triangular area with a side of about 

-2,000 feet. On the south it is adjoined by a very large area of porphyry which 
near the limestones breaks up into a number of dikes irregularly penetrating the 

sedimentary rocks. On the north and northwest side the limestones are adjoined 
by granite and are undoubtedly separated from them by a prominent fault. The 

sedimentary series is greatly broken bJ- the effect of the intrusion as well as by 
subsequent faulting, and , the horizons are sometimes difficult to identify. At the 

base lies 100 feet of quartzite resting in places on granite and in places on 

porphyry, which also breaks through it. 
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BQ,dder.tunne/ !lead of' Shannon tnckne 

A. SHANNON MINE, LOOKING SOUTH, SHOWING HEAD OF INCLINE AND PRINCIPAL TUNNELS, 

Foreground and ri g ht middle background, granite; left bac kg round, contact-metamorph ic lime stone and shale with porphyry dikes. 

B. VIEW UP SHANNON INCLINE FROM BOTTOM OF CHASE CREEK , ONE- HALF MILE ABOVE METCALF. 

Country rock, granite . 
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The limestones are affected by very extensive mineralization and contact 

metamorphism. The top of the mountain consists of a solid mass of garnet, 
magnetite, and limonite, and most of the limestone on the west side is very 

greatly altered to magnetite and garnet, these constituents being again decomposed 
into silica and brown oxide of iron. On the east side, below the cap rock of 

garnet, the limestones appear somewhat less altered and their stratification and 

dip can be more clearly ascertained. 
The porphyry and sediment,s of the Shannon claims contain throughout a 

varying amount of copper, which in places is so high that the rocks may be 

considered as copper ores. 

ORE BODIES. 

The developments have disclosed a number of large ore ' bodies, usually sepa
rated indefinitely and irregularly from the surrounding rocks. They consist in 

part of altered porphyry dikes with disseminated copper minerals, but some of 

the largest and most important were evidently originally calcareous sediments 
which have been subjected to. contact metamorphism and subsequent oxidation 

by atmospheric waters. 

Cornet claim.-This covers Shannon Gap and part of the rising ridge north
ward from it. Shale is exposed at the gap, but is soon covered by heavy garnet
magnetite rock, which continues to the main contact with the granite, 900 feet 

north of the gap. This garnet rock, representing part of the Modoc formation 
(:Mississippian), is cut by two dikes. Shale continues at about the level of the 

gap along the east slope, ~bile on the west slope there is a gentle declivity 

which is deeply covered by granitic debris, below which granite outcrops. 
Quartzite was noted in a small outcrop in th{s area 200 feet north of the Shan

non boarding house. The dike which runs on the east side of the boarding 
house soon bends westward and continues in shale down to the granite contact, 
beyond which it can not be traced. Its maximum width is 100 feet. 

The Comet claim contains indications of ore at several places and may well 

yield good results upon more thorough prospecting. 

Black Hawk ore bod'l:es.··-The Black Hawk porphyry dike cuts through the 
Morenci shales at the gap; near this place it is from 25 to 50 feet wide, soft 
and decomposed, sometimes sheeted, striking south-southwest and dipping 65° to 

70° WNW'. The first workings of importance are near the Climo tunnel (eleva

tion 5,430 feet), whieh near the portal cuts this dike. Th_e ores consist of 
much azurite and some malachite, together with limonite and blaek-manganese 
minerals; they oecur in the shale on both sides of the porphyry, partly also in 
the latter, and have been taken out to a width of 20 feet. At 600 feet southwest of 
the Climo tunnel the Boulder tunnel cuts the same dike and exposes 8 feet of 
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cuprite and chalcocite ore on its west side; the ore is largely derived from shale, 
but is also found of lo~er grade in the porphyry dike, which as usual is soft 
and. altered. The clay shale adjoining the porphyry on the east contains pyrite, 
chalcopyrite, and chalcocite in small seams, and for a distance of 300 feet, up to 
the Office or Central dike, carries· from 1 to 3 per cent of copper. Several small 
masses of porphyry occur in it and these are usually richer, containing much 
disseminated chalcocite. A short distance south and north of the Boulder tunnel, 
at slightly higher levels, the Black Hawk stopes follow the dike of the same 
name, each of them being 120 feet long, up to 50 feet wide, and extending to 
the surface, a distance of 75 feet. Much rich azurite ore. has been extracted 
from these stopes and considerable of lower grade remains. 

Black Hawk No. 2 tunnel, 200 feet south of the Bop_lder tunnel, at an elevation 
of 5,298 feet, running northeasterly, develops the same ore. Weathered shale 
begins at the mouth and continues for several hundred feet.. In the northwest 
drift the same porphyry dike is met, here dipping 45° NW.; it contains pay
able ore, and copper carbonates are found in the shale along the contacts. 
The northeast drift is in clay shale to the end; it dips slightly northeast and 
contains a little pyrite and chalcopyrite. The part exposed near the roof of the 
tunnel appears leached, while that . near the bottom looks better and is said to 
contain up to 3 or 4 per cent of copper. 

The same ground is exposed by the Black Hawk No. 3 at an elevation of 
5,176 feet. .The first hundred feet penetrate limestone and shale with some por·
phyry, all ~ery leached and rusty, with only a trace of copper; 400 feet from 
the mouth hard limestone begins. The porphyry dike is found 500 feet from 
the mouth, for which distance the · tunnel maintains its northeasterly direction. 
It contains no payable ore. The compact, bluish-gray, partly dolomitic limestone 
contains some pyroxene and garnet as well as seams of pyrite and chalcopyrite, 
and is said to carry up to 3 per cent of copper. In one place the limestone 
contains a streak of long fibrous asbestos. 

R ed ore body.-Good ore outcrops on the surface on the western side of the 
mountain along the road from the Shannon gap to the office of the company at 
the 5,542-foot bench mark. These outcrops extend for about 500 feet, with a 
considerable width, chiefly along the eastern side of the porphyry dike designated 
as the ''Central" or '" Office" dike. Along the road a few hundred feet north 
of the office fine azurite and malachite ore with limonite and black-manganese 
minerals was e~posed, the ores conta~ned in greatly altered limestone, some of it 

.still remaining in fairly fresh condition. A little southeast of the office is the 
Green · shaft. At this place the ore is partly contained in the porphyry dike 
and consists of nearly pure brochantite. The surfac·e extent of this ore body, 
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which is vertically above the main mass of the red ore body on the Shannon 
level, is given by Prof. John A. Church, in his report on the Shannon mine, as 

500 feet by 250 feet. Below this outcrop is poorer ore, while on the Mexican 
level, 80 feet below the surface, a body of gray ore (probably altered porphyry) 

62 feet wide has been exposed. This again gives out in depth, but a little lower 
down its place is taken by the great red ore body on the Boulder-Shannon level 

(elevation 5,339 feet). . Vertically below the office this tunnel cuts the porphyry 
dike, here only 17 feet thick. Immediately east of this hegins the red ore body, 

one of the largest thus far found, which is said to avera,g·e between 4 and 5 per 
cent of cop~er. The wjdth along the Boulder tunnel is 135 feet; its length, as 

exposed by the two north crm-;scuts, is 330 feet. 
The dark-red soft ore coNsists of azurite, malachite, . and brochantite, with 

much limonite, but there is little doubt that it originally consisted throughout of 
contact-metamorphic limestone. Residual bowlders of limestone occur in it and are 

usually coated by a layer of coppe~· carbonah~s. Positive confirmation of this trans
formation was obtained by specimens from the north end in the second west cross
cut, which in a mixture of magnetite, fine granular quartz, and partly decomposed 

garnet contain some remaining grains of chalcopyrite. The specimens are traversed 
by seams of calcite, limonite, fibrous chrysocolla, and malachite~ West of the 

dike the same level cuts through cupriferou'3 Morenci shales, as described above, 

so that it seems possible that there may be a slight displacement along the office 
dike, the eastern block having been relatively raised aboulj 50 feet. In the second 

and third west crosscuts, near the end, barren shale wa,s, however, met, which 
seems to dip below the ore body. The exact stratigraphic relations are not quite 
clear. Through the center of the ore body a narrow and greatly altered por

phyry dike passes. East of the1 red ore body the Boulder tunnel and the second 
north drift pass through hard dolomitic limestone, clearly of a Devonian or 

Ordovician horizon; though easily recognizable, this is considerably altered. A 
specimen from the breast of the 8econd north drift, below the southern end of 

the Big stope, is a greenish-gray finR-grained rock with disseminated pyrite and 
chalcopyrite. Part of the · lime_-magnesia carbonate is irregularly replaced by 

epodite, pyroxene, and garnet, intergrown with the sulphides mentioned. . . 
The vertical extent of the red ore body is not exactly known; it shows 

great variations in its tenor and perhaps will not retain its whole areal extent 
as shown ·on the Boulder level very far above or below it. On the whole, the 
ore evidently follows the east contact of the central dike, 'widening laterally 

wherev-er the rocks were favorabl e to the mineralizing aetion, a feature also very 
common in the contact-metamorphic deposits of Morenci. On Black Hawk No. 3 

level (elevation 5,176 feet) the 9ffice dike is barren and oontains no pyrite, while 
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the hard, partly metamorphosed, dolomitic limestones on the east contain frequent 

seams and disseminations of pyrite and chalcopyrite associated with pyroxene, 
amphibolite, and magnetite. 

At 100 feet south of the Green shaft the first west crosscut, Shannon tunnel, 
passes through a porphyry dike 30 feet wide; south of this is shale, which 
really immediately adjoins the red ore body on the south. This shale continues 

for 150 feet southward. It is rusty, contains seams of pyrite and chalcopyrite 
similar to the shale between the Black Hawk and office dikes of the Boulder 

tunnel, and for~s a large but low-grade ore body the extent of which is not 
fully known. 

Southern ore bodies.-The several porphyry dikes traversing iron rock 500 
feet south of the summit of Shannon ~lountain converge eastward and run into 
the strong Wiseman dike, which extends down the southern slope of Shannon 

Mountain. The surface rock is generally leached, but at a depth of 100 feet 

becomes productive and contains . disseminated. chalcocite. The Young tunnel, 
trending northeast and having .an elevation of 5,422 feet, traverses 200 feet of 
leached porphyry and then exposes a mass of porphyry 200 feet wide, well 

impregnated with pyrite and chalcocite, forming an ore of very good grade. 
Similarly, the first few hundred feet of the Shannon tunnel (elevation 5,339 

feet), 180 feet east of the Young tunnel, are in low-grade leached porphyry. 
But the fir~t e·ast drift and the Maas tunnel on the same level exposed the same 
body of porphyry with disseminated pyrite and chalcocite, forming a body of 
concentrating ore of excellent grade, said to be up to 200 feet wide. The shale 
adjoining this dike contains values for a few feet from the contact, but farther 
away is mostly barren. 

The Wiseman tunnel cuts the same dike aho~t 400 feet farther northeast 
and 160 feet lower (elevation 5,179 feet), penetrating first 500 feet of limestone 

and lime shale, the latter, in places, containing a little cuprite. The dike is here 
over 100 feet wide and contains chalcocite and pyrite. The ore is said to be of 
a good concentrating grade. It is believed that much low-grade ore is avail 

able between this level and the Young tunnel, 250 feet higher. 
Central ore body.-It remains to describe the highest ore body of the hill 

directly underlying the iron rock of the Shannon Summit. This ore, usually 
referred to as the central ore body, was discovered at an early date and some 

rich ore stoped before the organization of the present company. Access to it 
is obtained· from the Smoky and Brown tunnels on the east side of the hill 

and from the Kelly tunnel near the Green shaft; these are at a level. of 5,506 
feet, but the ore body in places extends 45 feet above this elevation, and also 
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the same distance below, down to the level of the Mexican tunnel, started on 
the east side of the hill 200 feet south from the portal of the Brown tunnel. 

Old stopes are found at the mouth of the Brown tunnel: where the heavy iron 

cap forms a bluff above the shale; the stopes are cut 20 to 30 feet high in the 
lower part of the iron rock, which, as indicated above, is a replacement of lime

stone by garnet, magnetite, and copper ores. The so-called Big stopes, which 

are 30 feet high and from which ore was extracted several years ago, are 

situated on the level of the Smoky tunnel, 200 feet west of the mouth of the 
Brown tunnel. South of these the drifts on the Smoky level have disclosed a 

larger body of ore, 200 by 300 feet in horizontal section, containing 30 to 45 
.per cent of iron and from 6 to 8 per cent ·of copper, as malachite, azurite, and 

brochantite; there is also much pyrolusite, and the mass of the ore consists of 
hematite and limonite. The primary character of this large mass of oxidized 

material is not clearly perceived at once, but on the outskirts of the body garnet 

and magnetite are apt to be found, indicating its original composition. Chal

copyrite is in all probability the mineral from which the oxidized copper has 
been derived. As stated, the ore extends in places down to the Mexican level 

in the shale, where chalcocite is _occasionally found. The so-called sulphide winze 
extends from the Mexican down to the Boulder tunnel, near the southern end 
of the central ore body. Here the central ore body extends down to within 18 

feet of the Boulder level along a seam dipping 70° W . . The ore, which is only 
a few feet wide, but very rich, contains chalcocite, cuprite, and metallic copper; 
a porphyry dike lies on the east side and shale on the west, the ore making 

between the two. South of this point the drifts on the Smoky tunnel run into 

barren shale dipping 20° W. 
On the whole the central ore lies as an irregular horizontal body in the 

lower part of the Modoc (Mississippian) limestone, only in places reaching down 

into the shale; it should be considered as the product of surface oxidation acting 

on a rock consisting of magnetite, garnet, and chalcopyrite, itself a replacement 
product of limestone, by contact metamorphism. The ore is often loose and cel
lular, indicating a reduction of volume; cavities with roofs of reniform limonite 

are sometimes found in it. 
Analyses of ores.-The following technical analyses have been kindly put at 

my disposal by the officers of the Shannon mine. They are not meant to repre

sent the average of the ores as to percentages of copper, but simply to give a 
general idea of their composition. 
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Analyses of oxidized and sulphide orPs from Shannon rnine. 

Shannon tunnel. 

Smoky tunnel, central ore body. I I s 1 
Westore , No.1 ph~de 

body. crosscut. ! drift. 

I I ------
r. I II . III. lV. V. VI. I VII. VIII. IX. X. XI. 

--1-~---------1-
Cn ____ . _....... 34. 2 \ 11. 7 10. 7 4. 4 1. 6 6. 3 I 4. 8 7. 8 10. 4 1 2. 62 

1 
fi. 14 

Si02 .. -- ·.--.-... 5. 2 27. 8 6. 2 45 20 24 67. 5 24.9 47 ' 36. 06 I 16. 94 

Fe ............ _ 18. 7 28 47 26. 9 49. 4 39. 1 12. 3 30. 5 9. 1 19. 52 \ 1. 58 

A1203.---- .. ---- 2. 5 7 4. 5 5. 8 5. 2 9. 7 3. 6 9. 1 13 14. 12 I 22. 41 

CaO ... _ .... ~ ... ; None. None. None. Trace. None. Trace. None. 1. 9 None. · ....... I ..... . 

:!0.~~~~~~~~~~~ ~:::: ~:::: Non.e~ Trac.e~ Non.e~ ~:~:: ::::: ~:::: No~e~ :::::: J ~~~~~ 
Zn ......... . ... Trace. None. . 9 None. Trace. 1 . 9 a 1. 6 1. 8 __ . __ . _! ..... . 

S .............. Trace. . 2 . . . . . . . 3. 1 7. 76 1. 52 None. None. None. None. None. 

803 • • • • • • • • • • • • Trace. 

C02+ H 20 -·-··- 19 

None. 

11. 1 

None. 

7.6 

None. None. None. 

5. 1 . 2. 2 6 

a Up to 9 per cent Zn. 

. __ ........... None. 

5. 6 I 8.6 5. 3 11. 10 4.20 

Analyses I-VIII represent the central ore body; the red ore body is in gen
eral of similar composition. The ores consist of limonite, malachite or azurite, 
and silica. But in several of the analyses, after subtracting a sufficient amount 
of carbon dioxide from the '' ignition " to form copper carbonates, there is not 

· enough water left to account for all of the iron as limonite and much of it must 
be present as hematite or even as magnetite. There is probably also some imper
fectly decomposed garnet in most of the samples to which the alumina and some 
of the silica belong. The absence of lime and magnesia is very striking. Zine 
and manganese are present in nearly all cases, though they are not concentrated 
as in the iron rock covering the ore body (see p. 314). The total oxidation of the 
sulphides is noteworthy, as is also the absence of basic sulphates so prominent in 
some of the oxidized porphyry ores. No. VIII is an .exceptionally siliceous ore, 
such as may occur in small bunches in the ore body. 

Analyses IX, X, and XI represent the porphyry ores containing chalcocite and 
pyrite, which as a rule are mucli richer in silica and alumina in form of sericite 
and kaolin; in X pyrite predominates over chalcocite. 

DARK HORSE ORE BODY. 

At the upper Dark Horse tunnel overlooking King Gulch, 1,100 feet south
east of Shannon Mountain, a small body o~ rich ore occurs. The elevation is 

. 5,100 feet. The ore was contained in a small body of lime shale, evidently 
wholly embedded in porphyry. No. 2 tum1el was driven m 144 feet below this 
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ore for a distance of 300 feet entirely in highly altered quartz-cemented granite. 
In its farther end is w bite, soft ore of fair ,grade containing disseminated pyrite 

stained black by chalcocite. 
Somewhat similar to this is the small body of ore on the Keystone, belonging 

to the Arizona Copper Company, and located 2,000 feet north of Shannon Moun
tain. It contains carbonate ore in dark altered lime shale, wholly surrounded by 

porphyry. 
~IETASOl\'IA~I'IC AT,TERATION. 

In their present form the rocks and ore deposits of Metcalf district are the 

result of .several kinds of meta~wmatie action often superimposed on the same 

material. It is the purpose here to analyze and classify these processes, as far as 
possible, in order to give an insight into their relative characteristics and importance. 

CONTACT METAMORPHISM. 

No ev:idence has been found which would indicate that metalliferous deposits 

of any kind existed in this area previous to the irruption o: the porphyry. Neither 
the granite nor the sedimentary series is believed to have contained any ·valuable 

minerals. Even disseminations of pyrite, so common in many rocks, are absent 

except in the immediate vicinity of the porphyry. That the porphyry magma 
carried aqueous solutions of salts of both the heavier and the lighter metals has 

been shown from the character of the inclusions contained in it (p. 215). This 
granted, it is easily understood that by the intrusion of the rock into higher 

levels of the earth's crust and the attendant reduction of pressure, these aqueous 

solutions should have been released and, pressing outward, exercised an influence · 
upon the surrounding cooler rocks. The alteration produced by these substances, 

aided by the high temperature obtaining, is called contact metamorphism, and is a 

phenomenon extensively studied and fairly well understood. In the nature of things 
calcareous and shaly rocks would be more influenced than silicate rocks like 

granite or quartz rock like quartzite. The temperature for some distance from 
the contact of the molten rock would be very high, and the watery solutions 

would exist as true gases as far as the temperature would exceed +370° C. and 

the pressure 200 atmospheres. 
The conditions for the study of contact metam_orphism are less favorable on 

Shannon 1\lountain than at Morenci, on account of the small mass of sediments 

involved. But the resulting products in the various members of the series are 
entirely similar. The contact metamorphism caused a replacerpent of the limestone 
by the hme-iron garnet, diopside, tremolite, epidote, quartz, specularite, magnetite, 
pyrite, chalcopyrite, and zinc blende, more or less calcite usually remaining in the 
final product. This replacement was most remarkably complete in the uppm: and 
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very pure Modoc limestone, while the lower dolomitic and siliceous limestone was 
only partly altered. The clay shale was less extensively affected, but near the por

phyry epidote, magnetite, pyrite, and chalcopyrite were developed in it. The 
replacement usually took place throughout the mass and not along cracks and fissures. 

In the Modoc limestone the contact-metamorphic sulphides have been thoroughly 
oxidized, but we can infer from analogy and from occasionally preserved specimens 
that they consisted of chalcopyrite and zinc blende. But in the lower limestones 

the process of replacement is followed very ea:3ily .and indicates the simultaneous 

formation of garnet, epidote, and chalcopyrite. Cogent evidence that ·contact 
metamorphism took place while the magma was as yet fluid is perhaps more 

difficult to bring at this place than at Morenci. Most favorable to this view is the 
fact that in the shale and the lower limestone the development of contact minerals 

is greatest in a zone of varying widths on both sides of the dikes and rapidly 
diminil::!hes away from it; and, second, the fact that the isolated areas of shale and 

. limestone on the south side of Shannon Mountain have undergone a far more 
intense alteration than the larger mass of sediments traversed by only a few dikes. 

At the elose of this first epoch, which I would consider to have been completed 
·at the time of the solidification of the porphyry, the larger part of the outlying 

masses of sediments inclosed in porphyry and practically the whole thickness of 
the Modoc limestone must have been converted to garnet, magnetite, and sulphides. 

Similar conversion had taken place along the contacts of the shale and the lower 

(Longfellow) limestone with the porphyry dikes contained in them, probably also 
locally throug·hout these shales and limestones. Chalcopyrite and zinc blende 
were disseminated throughout the Modoc limestone, but most concentrated in the 
space now occupied by the ... central and red ore bodies. Chalcopyrite was also 
contained in varying amounts along the contact of the dikes in shale and lower 
limestone; but it is certain that all these ore bodies contained a smaller percentage 
of copper than at present. 

ERUPTIVE AFTER-EFFECTS. 

The typical contact metamorphism was followed by a second stage of most 
interesting phenomena, which are called eruptive after-effects, a word recently 
introduced by Professor Vogt. I hesitate to draw a strict line between these two 
processes, which rather seem to blend gradually. The porphyry had consolidated 
but was probably still very hot. Stresses similar to those which prepa:r;ed the 

way for the intrusion of the porphyry stock shattered the porphyry, and also in 
part the adjoining granite and sediments, producing northeasterly trending zones 
of joints in the former two rocks and irregular fractures in the third. Solutions 
soon ascended on these openings, and caused replacement in the granite and por
phyry by ,quartz, sericite, pyrite, chalcopyrite, and specularite. Over large areas 
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the massive bodies and the dikes of porous porphyry became filled with dissem

inated pyrite and chalcopyrite, the latter only in small quantities. In the lime

stones the solution deposited in addition cal~ite, epidote, and magnetite in the _ 
fissures and caused along the walls of the cracks, by metasomatic replacement, 
a development of pyroxene, amphibolite, and magnetite. In the shale pyrite, 

c_halcopyrite, and quartz were formed without extensive sericitization or pyroxenic 
alteration. That these solutions were hot is proved by the character of the liquid 

inclusions (seep. 216); that they were derived from the porphyry is almost con
clusively proved by the similarity of the inclusions in the quartz phenocryst of 

the porphyry and in the quartz in the veins. 
At the close of this epoch the porphyry had suffered extensive sericitization 

and cementation by quartz. It contained also in places much pyrite and a little 
chalcopyrite. This alteration was most intense along the King and tT ameson fis
sures, along the line of the present l\tletcalf mines, and in some of the dikes, 
notably the eastern or \Viseman dike. Lean ore bodies of disseminated chalcopy
rite had formed in the shales of the Shannon tunnel and in places through the 

whole mass of sediments except the already metamorphosed Modoc limestone, 
which was probably too compact to be extensively shattered. 

OXIDATION AND FORMATION OF SECONDARY SULPHIDES. 

The processes described above took place far below the surface. The account 
of general geology shows that at least several hundred feet of Cretaceous strata 

covered the Mississippian in .this region at the time of intrusion, and this thick-
- ness may have been much greater. Whether the porphyry ever reached the 

actual surface as it existed then is doubtful; it is more likely that it spread out 
as sheets and laccoliths in the strata instead of breaking through. After the 

completion of the deep-seated processes an active erosion removed the larger 
part of the covering strata, and thus exposed the ore deposits or brought them 

close to the surface. At this time oxidation of the pyritic minerals began, but 
was probably not continued long, for the whole cou.ntry during Tertiary time 
became flooded by lavas of various kinds. Again during the late Tertiary and 

early Quaternary erosion had full sway, and once more exposed the. ores to 
oxidizing waters. - From this time to the present day, it is believed, extended 
the most important period of surface alteration. 

During the early Quaternary the ground-water surface must have been sev
eral hundred feet higher than now. It is believed that the most important 
changes were effected during that epoch~ although in a. measure the decomposition 
has progressed to the present time. Most simple is perhap-s the oxidation of 
the ore bodies in contact-metamorphosed limestone. The oxidation of the mag
netite produced hematite and limonite, while the garnet yielded limonite and 
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silica~ the lime being carried away in soluble form. The zinc blende was In 
part 'directly converted into . hydrous sulphate, easily soluble and carried away 
by the percolating waters; in part into silicate and carbonate, which were more 
tenaciously held by the rock. The pyrite was oxidized into limonite and ferrous 
sulphate, the latter easily removable. Similarly the chalcopyrite yielded limonite. 
feiTous sulphate, and cupric sulphate; most of the latter was precipitated as 
malachite and azurite, and in part as broehantite, by reaction with solutions 
and rocks containing calcic. carbonate. This process was accompanied by . a 
reduction in volume and an enrichment of copper. 

Many of these ore bodies crop on the surface and the basic copper salts 
have stubbornly resisted further leaching. But wherever pyritic porphyry adjoins 
these ores there has taken place a metasomatic replacement of pyrite by chalcocite 
by the action of sulphate s·olutions or the former mineral. When waters with free 
oxygen reached this chalcocite it changed to cuprite, metallic copper, brochantite, 
malachite, ·azurite, and chrysocolla, the cuprite usually being formed first. The 
larger bodies of ore in porphyry are usually covered by a leached zone 30 to 
50 feet in depth. Below this brochantite, malachite, azurite, chrysocolla, and 
cuprite are found on seams in the rock; lower down there is an increasing 
amount of chalcocite, which at still greater depth is replaced by disseminated 
pyrite and chalcopyrite. On Shannon Mountain the lower limit of this chalcocite 
zone would seem to lie about 250 to 300 feet below the present surface. It is 
apparently entirely independent of the present water level, but the suggestion is 
offered that it may mark the approximate ground-water surface during the early 
Pleistocene or latest Tertiary. In other districts the occurrence of the secondary 

' chalcocite usually indicates the water level, and it has been found that the re-
placement of pyrite by chalcocite takes place only when oxygen is excluded or 
present in but s.mall quantities. Under present conditions the oxidizing waters . 
easily reach a considerable depth, and the chalcocite zone is being slowly converted 
into basic sulphate and carbonate. 

Many other less important reactions take place by means of oxidizing anq 
aeidic waters. Among these may be mentioned a concentration of manganese in 
the garnet-magnetite roek, and the leaching of aluminum from shale and also 
froin porphyry in the form of hydrous sulphate by the action of sulphuric acid. 
Once formed the sulphate is easily removed, as it is very soluble. 

SUl\1MARY OJ!~ METCALF DEPOSITS. 

DEPOSITS IN PORPHYRY. 

Deposits in porphyry n1ay occur as irregular masses, or as fissure veins, or 
as dike deposits-'-that is, of deposits consisting of the altered material of a por
phyry dike, following its strike and dip. Of the irregulal' deposits the Metcalf 
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mines form the most conspicuous example. N~ regular fissures can be detected; 
the seams in the porphyry run in all directions, but a certain elongation of 
the deposit in a northeast direetion is noted. Briefly, the uppermost 40 feet are 
practically barren, with evidenees of leaehing and deposition of limonite. The 
next 125 feet eontain ore bodies of great extent and low grade characterized by 
the mingling of chrysocolla, brochantite, azurite, , nnd malachite, with a little 
cuprite and chalcocite; in the lower part of this zone cuprite and chalcocite pre
vail, the chalcocite yielding cuprite· as a result <?f oxidation. Below this only 
very low-grade pyritic. ores disseminated in porphyry have thus far been found. 
The deposit lies . on the summit of the ridge between King Gulch and Chase 
Creek. Irregular masses of dark iron ores, mixtures of silica and limonite, occur 
at many places, as well as some remaining recognizable shale. 

As an explanation of the above conditions the following may be· advanced. 
The porphyry at this place contained many shattered fragments of sedimentary 
calcareou~ rocks, which, at the time of intrusion, suffered contact metamorphism 
with the formation of garnet, magnetite, chalcopyrite, and pyrite. The sur
rounding porphyry, like so much of this rock in the Metcalf district, after 
solidifying became impregnated with slightly cupriferous pyrite. Oxidation of 
this material converted the chalcopyrite in the limestone to soluble salts, which 
upon filtering down through the porous porphyry replaced the pyrite by chal
cocite. Long-continued erosion reduced the level of the ridge and simultaneous 
oxidation altered the chalcocite partly to sulphates, silicates, etc. The oxidation, 
most intense near the surface, leached almost completely the uppermost 30 or 40 
feet. The deposition of chalcocite is probably largely a thing of the past, and 
the only important process now active is that of the oxidation of this mineral 
and gradual carrying away of the product of oxidation. 

The fissure veins, like the King and the Jameson, offer similar though slightly 
differing phenomena. The former shows as a lode cropping on the high summit, 
500 feet above the Metcalf mines. Here a depth of only 200 feet below the 
croppings has been attained, and the ores consist only of chrysocolla, malachite, 
and brochantite. This deposit, it should be observed, has suffered less from deg
radation than that of the Metcalf mines, and has thus remained undisturbed a 

longer period, during which oxidation eould pursue its processes. "'' e may 
assume a primary deposition of low-grade pyrite, oxidized to a depth of several 
hundred feet below the surface. In striking contrast to the relations at Copper 
Mountain, Morenci, the oxidized payable ores here reach the surface. A zone 
of chalcocite ore should be expected about 400 feet below the croppings. 

At the .Jameson vein, the croppings of which are 200 feet lower down on 
the steep slope toward King Gulch, a considerable body of chalcoeite-p)rrite ore 
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was found, extending from near the surface to a depth of 300 feet, at which 
point the ore is becoming more pyritic. The upper parts of the croppings, with 
probably a large amount of green oxidized ores, have doubtless been carried 
away during the erosion of King Gulch. 

These relations to some extent confirm the belief that the chalcocite zone 
was formed during a previous epoch and under a different and higher level of 
ground water. Almost all of the· porphyry dikes on Shannon Mountain contain 
disseminated copper ores and important or~ bodies occur on the three largest 
ones. The surface is usually poor ore, but invariably contains some copper. 
The rock here is soft and crumbling, filled with seams of limonite, and chal
canthite effervesces on the walls of the tunnels. In other words, all or nearly all 
of the copper is in a soluble state and is being gradually carried away by 
atmospheric w.aters. This zone of leaching- extends to a depth of ahout 100 feet 
from the surface, when disseminated chalcocite appears and the porphyry assumes 
the character of an ore. At a varying and not yet fully determined depth the 
chalcocite disappears and somewhat cupriferous pyrite takes its place; this change 
is effected gradually within a distance of 200 or 300 feet. When the pyritic 
zone is reached we are evidently below the zone of alteration by surface waters. 
The rock is in the condition in which it was left at the close of the first mineral
ization. Whether payable ore will be found within this pyritic zone is doubtful. 
Judging from analogies none will be found. The chalcocite is without doubt 
deposited as a replacement leached from the decomposing cupriferous pyrite of 
the primary pyrite above by the action of descending copper ~solutions. On the 
whole, this course of alteration h; the same as at Morenci. 

The Black Hawk dike is leached on the surface, but contains smaller bodies 
of ore-cuprite and chalcocite-on the Boulder and Black Hawk No. 2 levels, 
while it is barren on the lowest level attained in the No. 3 tunnel. The central 
dike is generally poor in its eastern part, but at the Green shaft contains a rich 

body of brochantite almost at the surface. It is not payable on the Boulder and 
Black Hawk No. 3 levels; in fact, on the latter level it does not even contain 

pyrite. The largest ore body is found in the Wiseman dike. Here again the 
upper 100 feet are barren, or at most contain stains of broch~ntite 'or other copper 
salts. High-grade chalcocite ore, at least 100 feet wide, containing but little 
pyrite, is exposed on the Young level. On the ·Wiseman level, 250 feet below 
the Young, the . dike, here 100 feet wide, contains chalcocite mixed with pyrite. 

DEPOSITS IN LIMESTONE AND SliALE. 

There remain to be considered the copper ores contained in the altered lime
stone. These occur in three ways: As vertical, tabular, or pipe-like bodies following 
the contacts of porphyry dikes; as horizontal tabular bodies following the strati
fication planes; and, finally, as irregular masses in the shale or limestone. 
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To the first kind belong the Black Hawk ores and 1mme others lining the 

eastern part of the central dike; also thany other occurrences, as at the Shirley 

tunnel and in some places along the ~'iseman dike. To the second belong the 

central and to some extent also the red fre body. To the last division belong the 

disseminated chalcopyrite and chalcocitl in the shale of the Shannon tunnel and 

the disseminations of chalcopyrite on ~he Black Hawk No. 3 level. The latter 
rocks, which are very fresh, represe t the original condition of most of the 

ore bodies; they contain a not incon id~rable amount of chalcopyrite and in 

some places may fairly be considered a~ ore. But oxidation is necessary to con

centrate the copper to a higher percel tage by reduction of the bulk, and such 
oxidation bas produced the rich masse of malachite and azurite in the central, 

red, and Black Hawk ore bodies. Th zone of oxidation in the case of these 

ore bodies extends at most to a poi t 300 feet below the surface. Primary 

dissemination of chalcopyrite in greater abundance along certain suitable strata or 

along eruptive contacts was doubtless t e first requisite for the formation of the 

ore body. Oxidation easily doubled r quadrupled the original percentage of 

copper. Chalcocite occur::; very sparing~y in these ore bodies, the abundant earb. on 

dioxide converting all of the soluble 1opper salts to stable carbonates. Large 

amounts of oxides of iron and manganese accompany these ore bodies. Basic 

sulphate and chaleanthite are rarely formed. The altered limestones are not 

as pervious to waters as the porous porphyries; hence we find no such well

defined chalcocite zone as exists in the latter rocks. Neither is there such a 

prominent zone of leaching at the surface as in the porphyries. In many eases 

in the contact ores on the central and Black Hawk ore bodies the richest kind of 

azurite ore cropped practically on the surface. 

In shale, on the other hand, there is more evidence of surface leaching, as, 

for instance, in the first 100 feet of Boulder and Black Hawk No. 3 tunne13. 

The shale also eontain:S a little chalcocite and appears to preserve its primary 

chalcopyrite better than does the limestone. 

Nothing definite can be said about the age of these oxidized ore bodies in 

limestone. The fact that they have resisted leaching so vigorously emphasizes 

the slowness of processes of oxidation, and it would not be surprising if a large 

part of this oxidation had been effected in Tertiary time be_fore the eruption of 

the basalts and rhyolites. The oxidation is of course still in progress at the 

present time. 

16859-No. 43-05-22 
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CHAPTER X. 

CORONADO MOUNTAIN. 

GENEHAL STRUCTURE. 

On the south and east sides of the great granite "massif" of Coronado 

Mountain, 3 to 4 miles north-·northwest from lVlorenci, are located several mines 

and prospects, most prominent among which is the Coronado mine. 

One of the dominant topographic features is the quartzite ridge which begins 

1 mile north of Morenci and continues with elevations of from 6,000 to 6,300 

feet up to the Coronado mine. This forms the divide between Eagle Creek and 

Chase 0reek; the slopes toward the latter are more precipitous, broken by many 

salient~, while gentler declivities lead down to the sloping lava plateau filling the 

basin·7of Eagle Creek. Northward the great mass of Coronado Mountain forms 

the second topographic unit, rising.with dark-red, ba1:e or scantily forested slopes, 

its sides deeply sco1;ed by ravines, sometimes lined with nearly perpendicular 

bluffs. 

The geological features are simple in contrast to the confused . complication 

of the _ structure near the Morenci mines. The Coronado massif consists of coarse 

granular pre-Cambrian granite; · on the gentler slopes this is generally disintegrated 

to coarse sand or loosely coherent rock, in which red orthoclase and quartz are 

the only recognizable minerals. Thoroughly fresh granite is not-obtainable on the 

surface . . On the flat top rest 200 feet of Coronado quartzite, the basal member of 

which is a coarse conglomerate of quartz and quartzite. On the north, east, and 

south side this massif is limited by fault lines along which profound disloca

tions have taken place. It may be considered as a solid block, a remainder of a 

larger area, the peripheral parts of which haye been broken off and sunk down. 

On the south it is limited by the great Coronado fissure, with a downthrow of 

1,200 feet on the southern side. In evidence of this the ridge south of the fault 

is covered by the same quartzite which caps the top of the mountain and in the 

absence of any indication of fissuring in the granite between these quartzite 

areas it is probable that the whole of the dislocation has occurred on the 

known fault plane. The thrown block dips to the west, 'gently near the top of 

the ridge and more decidedly farther west in Horseshoe Gulch. On the Chase 
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Creek side granite is generally found at a short distance below the crest, while 

on the west side the quartzite covers the whole slope for 1i miles; finally near the 

point where the older formations disappear below the lavas of Eagle Creek the 

dip, increasing to 20° and 30°, brings in the Silurian and Devonian limestones, 

which overlie the quartzite . in the normal seetion. Thb great quartzite block is 

again cut by minor, chiefly northeasterly, faults (Pl. I), and south of Horseshoe 

Gulch has again sunk relative to a smaller triangular block of granite and 

quartzite, here bordering against the basalts of Eagle Creek. 

Southeast of Coronado Mountain the great fault runs out in granite and · 

can not be readily traced. But the oluffs and the sheeting of the rock indicate 

that it bends northeasterly and runs at a short distance west of the Metcalf stock 

of porphyry, which thus assumes the character of a deeply sunken block. East 

of the great mountain 'the presence of the l1mestone masses in Chase Creek near 

Garfield Gulch indicates the same or a closely related fault, the plane of which 

dips 45° E. ·and the throw of which is about 2,000 feet. 

OHB DEPOSITS. 

The majority of the deposits in this area are fi ssure veins containing oxidized 

copper ores in their upper levels. The exploration is rarely extensive enough to 

indicate their exact character in depth. Some of them, notably the Coronado vein, 

differ very much from _the prevailing types of Morenci and Metcalf deposits, 

first, in their position on fault planes, which usually , in this region, are barren, 

and second, in their association with diabase instead of with the normal Morenci 

or Metcalf porphyry. 
CORONADO VEIN. 

The great Coronado vem follows for 2 miles the fault dividing the granite of 

Coronado :Mountain from the quartzite block on the south. Its outcrop crosses 

the ridge at the contact of the two formations at an elevation of 6,100 feet. 

Eastward from this point it is traceable for only one-half mile, but westward 

follows for H- miles the trend of Horseshoe Gulch. 

This deposit was one of the firs t locations, as may well be inferred from 

its prominent position and copper-stained outcrops. The exploitation began at an 

early date and a large part of the present development work was done at the 

time when Wendt first described the mine in 1886. The production has proceeded 

somewhat intermitten'tly since 1881. A large amount of ore has been extracted 

above and below the tunnel level, from the workings near Horseshoe shaft, and 

from the open cut still farther down on the western s lope. In 1902 oxidized ore 

was extracted from the last two p laces. 
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Development.---Th.e vein is opened by a tunnel which pierces the ridge at an 

elevation of 5,750 feet, about 300 feet below the summit. It follows the vein 

from east to west and is about 1,500 feet long. Old stopes extend to the surface. 

Below the highest point of the surface a winze with several levels is sunk from 

the tunnel level to a depth of 300 feet. Another winze, 200 feet deep, is located 

on the same tunnel near the western portal. At the east portal a shaft is now 

being ~unk to facilitate the extraction of ore below the tunnel level. Farther 

west, about 3,500 feet from the summit of the ridge, the Horseshoe shaft is located; 

it is 200 feet deep and developed by several levels. About 1,500 feet farther 

west on the north side of the gulch is an open cut which was worked in 1902. 

A distance of 2,000 feet west from this point a small shaft has been sunk on 

outcrops, evidently belonging to the same vein. 

A branch railroad leads up Coronado Gulch from Metcalf to an incline, which 

rises 1,200 feet in a horizontal distance of 2,500 feet, up to a tramway which 

leads to the mine, three-fourths mile farther west. An aerial tramway crosses 

the ridge from the east portal and descends on the west side to a loading plat

form near Horseshoe shaft. The ore from the lowest open cut is packed on 

burros to this loading platform. Wendt states that up to 1883 $600,000 had 

been spent in improvements, and it is doubtful whether more than $1,000,000 in 

copper values have been extracted from . the mine up to 1902. 

Oou.niry 1'ock.-On the slopes leading up to the Coronado mine from the east 

are granite outcrops, cut by occasional dikes of porphyry. The same normal 

coarse-grained granite is found all alon~ the north side of the vein, both along 

the croppings and in several places in the main tunnel. . The quartzite that forms 

the summit of the ridge south of the fault is a hard rock, consisting nearly 

exclusively of quartz grains, the rounded outlines of which are usually clearly 

visible. On the east side at the level of the portal of the main tunnel · a thin 

quartzitic conglomerate is exposed at the base of the quartzite, resting on gran

ite. Going south from this point 8everal minor east-west faults dislocate this 

contact. On the w_est slope the beds of quartzite continue down, dipping at first 

very gently to the west. The dip increases gradually to 18° near Horseshoe shaft. 

: In Horse~hoe Gulch erosion has exposed a part of the underlying granite, 

which outcrops for a distance of 2,000 feet~ A small thickness of conglomerate 

here also· underlie~ the quartzite. A similar granite area partly bounded by dislo

cations is exposed in a lateral gulch south of the fissure. On the ridge between 

the two forks of Horseshoe Gulch the Silurian limestones cover the quartzite con

formably, with dips of 20° to 30° , and in West Fork, near the place where the 

vein disappears below the · lava, there is also a small area of Devonian limestone. 
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The vein is followed intermittently by a diabase dike of a width ranging 
from a few feet up to 70 feet. The rock is generally altered by development 
of sericite, often so as to render it almost unrecognizable. The freshest speci
mens were obtained from the surface along the main vein, 100 feet vertically 
above Horseshoe shaft, and from a Arnall lateral vein on the south side of the 
gulch, 200 feet vertically above the srume shaft. These specimens were · dull green, 
of medium grain, and contained small grains of pyrite. Under the microscope the 
rock is of typical structure, showing much pyroxene pressed in between lath
like labradorite crystals, and containing much ilmenite or magnetite. Chlorite 
r'esults from decomposition of the pyroxene, and the feldspars are well filled 
with sericite. The occur
rence of irregular masses 
of this diabase in the vein 
matter would seem to indi
cate that at least a ·part 
of the faulting took place 
later than the intrusion of 
the dike. 

Fissu-re.-The Coro
nado vein Is a clearly 
defined fissure, striking 
nearly due east and west 
in its western part, but 
soon turning east-north
east, which direction it 
maintains across the divid
ing · ridge. The dip is 70° 
to 80° S., and it mmally 

Fault 

··· · ·-·· ·;.:-::zone or p7 rt"tic ores 

Scale 
lies between well-defined 1?o 9 1?o 290 3po 490 spo 6?o 7po feet 

walls. In only one place, FIG. 19.-Diagrammatic vertical cross section of Coronado lode. 

NNW 

a short distance below Horseshoe shaft, was a dip of 85° N. observed. At 
the east portal of the tunnel a well-defined dike of highly altered diabase 12 
feet wide lies between quartzitic conglomerate and granite. From this point 
eastward the vein is not easily traced, though it is believed to continue one
fourth mile farther, and to cross the first ravine coming down from the north 
near its junction with the main gulch. At the summit of the ridge and at 
several places on both slopes the vein is marked by copper-stained croppings 
10 to 50 feet wide, which appear to consist of quartzite or quartzite breccia. 
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+he width of the broken zone varies very considerably. On the tunnel level 
is a crosscut extending 400 feet south and revealing 80 feet of vein matter between 
fresh granite on the north and fresh quartzite on the south. Most of this vein 
matter consists of the two rocks mentioned, more or -less crushed, but there may 
also be some diabase. The foot wall is sharply defined. On the 100-foot level 
in the winze granite and a large amount of diabase are exposed. On the second 
level 70 feet of diabase are e~posed; crosscuts in the foot wall soon run into 
granite. At the west portal the vein is 8 feet wide between well-defined walls of 
granite and quartzite. Here, again, part of the vein matter is probably altered 
diabase. For 1,500 feet west of this place, down into Horseshoe Gulch, the vein 
li~s between quartzite and granite, and is indicated by heavy masses of quartzite 
breccia; it then runs into granite and widens greatly. At Horseshoe shaft the 
lode is fully 200 feet wide, and consistl:i of altered granite and contact breccia, 

·often stained blue. by chryso<?olla. No distinct diabase is here visible, though it 
may be present i'n excessively altered form. One-fourth mile east of the shaft 
fairly fresh diabase, 70 feet wide, was noted, but it is soon cut off and seems rather 
to form irregular masses along the vein. From the shaft to the open cut, which is 
located near the b'ottom of the gulch, the vein again runs on the contact, forming 
a wide, shattered zone. For 700 feet west from the open cut the width of the 
lode is 50 feet and it is again accompanied by a dike of altered diabase. From 
the open cut westward the vein . crosses the 300- to 400-foot ridge separating the 
two forks, and probably strictly follows the sharp fault plane between the Silurian 
limestone and granite. At the top of the ridge are croppings of hematitic material 
15 feet wide. No development work has been done along this part of it, but 
near the bottom of the west fork, at the contact of granite and Devonian lime
stone, it is again exposed by a small shaft and the croppings are marked by 
·black -stained quartz. 

Ores.-The first information concerning the Coronado mine was given by 
Wendt; a and while his geology requires correction, it is of interest to read his 
conclusions concerning the ores . . He states that the Coronado mine presents an 
extreme case of rapid depreciation in depth. At the surface average samples 
gave from 6 to 45 per cent copper, and bodies of pure copper glance cropped at 
several places. In 1B84 he drove a tunnel on the Boulder claim which for the 
whole of its height and a distance of over 150 feet was run on a vein of solid 
glance, · 6 inches wide and averaging 46 per cent of copper. Wherever the 

:glance has been followed down, he says, it disappears 150 to 200 feet froli1 the 
surface, and the vein either becomes barren or is replaced b.Y yellow sulphides 
scattered through ~he gangue; these yellow sulphides, by which is evidently 

a Trans. Am. lnst. Min. Eng., vol.I5, 1887, pp. 28-52. 
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meant a mixture of pyrite and chalcocite, gave by concentration tests an 8 per 
cent ore, which in 1886 was valueless. Two average analyses show the grade 
of the ore then mined and its very siliceous character: 

Analyses of Co1·onado ores. 

[From Wendt.] 

I. II. 

Copper ___ ... _____ . ___ _ 
Silica _____ ... ________ _ 

Iron~ __ . __ .. _________ -I 

11.17 
67.00 
6.91 

21.95 

48.90 
9.41 

As indicated above, the ores of the vein consist partly of oxidized minerals, 
such as chrysocolla, malachite, and, more rarely, azurite, partly of · chalcocite or 
'"glance," and partly of pyrite and chalcopyrite. From the main tunnel the 
oxidized ores extended to the surface and have been stoped 5 to 15 feet wide; 
this shoot occurred below the summit of the 1:-idg·e. Below the tunnel level it 
was followed by a winze 300 feet deep. Although, as indicated by Wendt, some 
of the chalcocite occurred near the surface, it was only below the tunnel level 
that this mineral appeared in foree. On the first level of the winze chalcocite ore 
occurs, and stopes extend from this down to the 300-foot level. The best ore 
body was found around the winze, and its richest part probably occurred between 
the first and seeond level~::!, where it is 60 feet wide. On the second level the ore 
contains much pyrite. The third level was stated to show a smaller amount of 
ore. Another smaller ore body appears near the western portal. Chalcocite 
ore of good quality, 30 to 40 feet wide, was found below the tunnel level in a 
200-foot winze. 

At the third ore shoot, nenr Horseshoe shaft, the surface indications were 
very good, the ore consisting of brecciated rock, possibly a much altered diabase, 
with seams of chrysocolla and malachite, with a little chalcocite, but the develop
ments in depth are said to have been disappointing. However, good chrysocolla 
ore was met in a tunnel connecting with the shaft at the level of the loading 
platform., and this body, 20 feet wide, was actively mined in 1902. Finally, at the 
open cut, one-fourth mile farther west, a quarry was opened in 1902 on ore of 
very good grade. The rock along the fault is bleached, and its original character, 
whether quartzitic friction breccia or diabase, is not recognizable in the resulting 
mass of quartz and kaolin. It contains chrysocolla and malachite on seams 
replacing the substance of the rock. The most westerly croppings of the vein 
disclose no copper ore, but on 1the dump of the little shaft lie fragments of a 
peculiar lead-manganese ore, and the iron-stained quartz is said to contain some 
gold values. 
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From this review it will be seen that the Coronado ores do not consist of a 
filling of open fissures, but that a sericitic alteration accompanied by quartz cemen
tation has taken place in the friction breccia and crushed material along this great 
fault; that the malachite and chrysocolla, the latter specially abundant, occur in this 
material as seams, usually replacing the rock and associated with quartz and kaolin 
as the last product of oxidizing action; further, that this oxidized ore is underlain 
by chalcocite ore of secondar.v origin, . which in the main workings occupies a 
vertical distance of 200 or 300 feet, the upper limit at the highest point of the ridge 
being about 300 feet below the surface. Below this chalcocite it is likely that 
pyrite and chalcopyrite of the primary ore deposition will be fo~nd to make up the 
ores of the fissures. vVhether the latter will be payable or not I have no data for 
ascertaining. It will almost surely be of low grade. 

The statements of Wendt do not apply without modification to present condi
tions; for while at that time H to 5 per cent material would have been -rejected as 
waste, it is now considered as payable ore. The Coronado mine co.ntains good 
reserves of such ore, both above and below the tunnel level, and it is very possible 
that other bodies of chalcocite ore will be found. a 

The main features of primary deposition of pyrite and chalcopyrite, secondary 
sulphide deposition of chalcocite, and finally surface oxidation, producing malachite, 
chrysocolla, and limonite, are the same here as at Metcalf and Morenci. 

Age.-The Coronado lode lies along a fault fissure of great importance, with 
a probable vertical throw of 1,200 feet, and is followed by a diabase dike. The 
mineralization of this fissure took place subsequently to the intrusion of diabase, 
which probably followed the break producing the fault. The system of fault 
fissures to which the Coronado lode belongs seems to be somewhat later than the 
principal deposits at Metcalf and Morenci. The conclusion may thus be estab
lished with some confidence that the intrusi?n of diabase was later than that of the 
porphyries and that the veips dependent on diabase dikes were formed later than 
those connected with the porphyries. The examination of the unaltered part of 
the Coronado lode did not lead to definite conclusions as to its mode of formation, 
but there seems to bE reason to doubt that it is due to ascending waters. 

SMALLER VEINS. 

Several similar smaller veins lie to the south of the Coronado. One of these, 
owned by the Arizona Copper Company, is accompanied by a dike of fresh diabase 
and lies one-fourth mile southeast of Horseshoe shaft, partly in gTanite, partly 
in quartzite, and shows on the surface chrysocolla and azurite ore with indications 

aSiu 3e this was written extensive exploration on the third level has developed large bodies of concentrating ore, and 
a winze sunk to the 500-foot level on the west side of the ridge is also stated to have reached ore. The surface drops off 
rapidly toward the west. 
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of chalcocite below. Another also with chrysocolla ore lies one-fourth mile 

southeast of the open cut on the Coronado, on a small fault fissure between gra.nite 

on the south and quartzite on the north, and is known as the Keating vein. 

The Dewey and Copper Plate claims lie 1 mile south of the Coronado vein, 

near the foothills of the Eagle Creek plateau. The vein cuts, with a northeast 

strike and a dip of 80° SE., first granite, then quartzite conglomerate and 

quartzite; the ore consists of a dike of Metcalf porphyry, 3 feet wide, with 

disseminated malachite. It continues up in a northeasterly dire0tion to the next 

fault fissure, which brings the quartzite to the level of the Silurian limestone; 

here the dike is apparently cut off. 

The Las Trajas property, also 1 mile south of the Coronado vein and on 

the main ridge, is developed by a shaft 100 feet deep and by several surface 

cuts. The vein cuts through quartzite and seems to be located on a subordinate 

fault fissure. East of the shaft it is accompanied by a porph,yry dike up to 

200 feet wide, which, however, does not seem to follow the fissure. The ores 

consist of chrysocolla and malachite and have been stoped along surface cuts to 

a width of 3 feet. 

One-half mile northeast of Las Trajas, near the edge of the bluff breaking 

off toward Chase Creek, are several prospects, · said to contain promising ore, 

which belong to the recently organized Coronado 1\'lining Company. They are 

contained in the limestone which here covers the quartzite in a small fault block, 

as shown on Pl. I, separated from the main quartzite by a northwest fault, along 

which it has dropped some 200 feet. 

On the trail leading from the bottom of the incline up to Coronado mine the 

Emerald claim is located, having an elevation of 5,200 feet. A porphyry dike 

80 feet wide here crosses the narrow canyon cut in the prevailing granitic rock. 

The ore appears to form along the contact of porphyry and granite. Following 

the same contact also appears a dark, dense pyritic rock of doubtful origin. 
The ore consists of chalcocite and carbonate·. 

Exposures, probably belonging to the same vein, have been found close to 

the Coronado incline on the Pyramid claim, at an elevation of 5,200 feet. This 

deposit, which is developed by two small tunnels, contains a considerable amount 

of chalcocite ore, much of which has been shipped. The claim is the property of 

the Arizona Copper Company. A porphyry dike, which is probably identical with 

the one shown at the Emerald claim, wa.s also noted at the Pyramid. tunnels, 

near which place it appeared to join the main mass of ~Ietcalf porphyry. The 

vein strikes N. 72° E. and dips 65° S. 

Ascending Santa Rosa Canyon, which is mainly cut in normal granite · of 

Coronado Mountain, sever~l _ veins of smaller importance are encountered. The 
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first one appears in the upper part of the box canyon occupying the lower part 
of Santa Rosa Gulch, and is called ''Dad Wright." It is a strong fissure vein, 
striking east and west and dipping 80° N., and occurs at an elevation of 5,150 
feet. Its position indicates that it may be an extension of the important system 
of the Coronado fissures. The developments are of slight importance, and the · 
ore thus far encountered is of poor quality. Above this box canyon the gulch 

becomes more open, the grade, however, still remaining very steep. No porphyry 
dikes were noted, except a small one in a side canyon a quarter of a mile below 

the claims of the Santa Rosa Company. This . recently organized company con- · 
trois 15 claims in this vicinity, all of them contained in granite. The , principal 

claims are the Grant and the Flor del Miza The strike of the veins is chiefly 
northeast, and the dip 60° to the southeast. Three small tunnels have been 

driven on the 1\lliza claim and some 50 tons of ore shipped. The vein forms a 
quartz-filled streak in granite, accompanied by irregular masses of a fine-grained 

rock, looking very much like shale-possibly an inclusion of older pre-Cambrian 

sediments into intrusive granite. The ores along this fissure chiefly consist of 
chalcocite, and occur both in the granite along the vein and in the quartz accom

panying the deposit. Another set of fissures have a north-n,orthwest direction, 
and these also · contain some copper ores. At the surface and also in the veins 

is a little malachite and other oxidized ores, but unaltered pyrite is evidently 
not -far from the surface. On the east side of Santa Rosa Gulch appears another 
narrow but well-defined vein with a northeasterly strike, which is exposed in 

several places. The country rock is granite of a very hard character. The ores 
found along the narrow _fissure consist, of pyrite with a little chalcocite. One of 

the higher tunnels shows a considerable amount of glance ore scattered through 
the granite adjoining the vein: The croppings on top of the ridge show a fair 
amount of oxidized ore, mainly azurite, some of which has been packed down to 
Me.tcalf and shipped. Many smaller seams belonging to the north-northwest 

system cross this fissure. 
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CHAPfER XI. 

·GARFIELD ANir l{ING G-ULCI-IES. 

Garfield Gulch is a short tributary joining Chase Creek lt miles above 

Metcalf. A great number of prospec~s and small mines are located here; their 

description is best prefaced by a brie~ summary of the rather complicated geo

logical features shown in a somewhat generalized way in PL I. 
The rocks are very similar. to tho,~ of the dist ricts already described. The 

basal granite shows on Chase Creek t p to a point one-half mile above Garfield 

Gulch, and in the imposing c liffs leaCll ing up toward the summit of Coronado 

Mountain. It is also exposed . in t~e lower parts of Garfield and Trinidad 

gulches, and in King Gulch up to ·al ·point due east of the mouth of Garfield 

Gulch. In appearance it is the same r oarse, reddish orthoclase-quartz rock fre
quently described from other districts comparatively hard in the bottom of the 

gulches, but soft and disintegrating oJ the upper slopes. The extensive breccia

tion and cementation by quartz so conjmon near Metcalf is rarely observed. 

The Coronado quartzite covers a.J. small area on both sides of Chase Creek 

above Garfield Gulch; also the r idge. bletween the la. tter and Trinidad Gulc.h, and 
the whole summit between Chase C1eek and King Gulch from near Shannon 

mine · to near the gap at the head I f Garfield Gulch. It is a reddish, hard 

quartzitic sandstone, usually resting dir1ctly on granite; ~t only on·e· place in Chase 
Creek, 2,500 feet above the mouth of Garfield Gulch, 1s quartz1tic conglomerate 

exposed 20 feet thick. The rock is rou~hly bedded in heavy benches, the maximum 

thickness being about 200 feet. '11he qtrartzite is covered by the usual Ordovician 
I 

limestones (Longfellow formation), which may 'Be seen at several places, at the 

Mammoth mine, and on both sides ~f Chase Creek above Garfield Gulch. . On 

the top of these limestones rest 100 ~eet of ~1orenci shales (Devonian), exposed 

on Stevens Hill west of Chase Creek and as a narrow faulted block on the ridge 

between Garfield and Trinidad gnlchesJ About 100 feet of light~gray Mississip

pian limestone (Modoc formation) ovmjlie the shales at the two places just men

tioned, and it is also exposed from the Mammoth mine along the road up to the 

347 
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head of the main gulch; it usually contains fossils, crinoid stems being partic

ularly abundant. The series is best exposed at Stevens Hill on the west side 
of Chase Creek, one-half mile above Garfield Gulch; the section obtained there 

is as follows: 
Geological section at 8taens Hill. 

:Member. .Formation. 

Gray limestone ___ ...... _' ................... Modoc .......... .. 

Dark-gray clay shale ..... _. _ ............... _· Morenci .......... . 

Porphyry sill ........................... __ .... --.-do ........... ~ 

Dark-gray dens: limestone . . . . ........ _ ...... 

1 

.. __ .do ........... . 

Heavy brown limestone ... ___ ....... _ .. _ .... Longfellow ........ } 
Gray sandy limestone .......... __ . ____ .. _ . .. !_._ .. do __ ~ _ ....... . 
Lime shale . __________ . ____ ... ___ . ___ .... _.- I-_ ... do .. --- ... - .. . 

Quartzite .. _. _. __ .... __ . _ .. __ . __ . .. __ .... __ . i Coronado --. - . - .. -. 

Thick
ness. 

Feet. 

150 
,90 

40 
60 

140 

100 

\Vhile the thkkness of the l\'lodoc and Morenci formations corresponds closely 
with the sections from Morenci, there is a great difference in the case of the 
Longfellmv formation, which i_s only 140 feet thick here, against nearly 400 feet 

at Morenci. This vicinity is very much disturbed, and the discrepancy might be 

attributed to imperfectly recognized faults, were it not for the fact that the same 
formation at Metcalf shows a similar deficiency. 

The intrusive rocks are represented by several dikes, sills, and intruded masses 
of porphyry breaking through the granite, especially hi the sedimentary series. 
The quartz porphyry of Metcalf extends one arm in this direction, forming an 

irregular mass with many apophyses on the west side of Chase Creek and crossing 
it as a more sharply defined dike in quartzite 2,000 feet above Garfield Gulch; 
but the numerous dikes and sills of Stevens Hill and the upper part of Garfield 

Gulch consist of diorite-porphyry. This is a normally light-gray rock with closel~ 
crowded phenocrysts of andesine and probably some orthoclase, but no quartz. 
Foils of biotite or prisms of dark-green hornblende are usually present. The 

groundmass is microcrystalline and consists of quartz and granular, not striated 
feldspar. It is very similar to some of the Morenci porphyries, but on the whole 
contains less quartz. Epidote, chlorite, and sericite are the secondary minerals. 
A dike of this rock cuts ~.cross the limestone at the Mammoth mine and other 
places. Horizontal sheets or sills, rarely over 50 feet thick, occur on Stevens 
Hill in the lVIorenci shales and near the head of Garfield Gulch in the :Missis

sippian limestone. This porphyry has exerted only a slight contact metamorphism 
on the adjoining limestones; and the action does not compare at all in intensity 
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with the results observed at Morenci and Metcalf. A little epidote and magnetite 
with copper stain occur frequently close to the contact, but this alteration rarely 
extends more than a couple of feet from the contact, and in places no metasomatic 
alteration is visible. 

Narrow dikes of diabase occur in the granite at the Brunswick mine and ~t 
the Trinidad prospects. The rock is of a dull dark-green color and is usually 
so altered that the individual rock-forming minerals are no longer recognizable 
by the naked eye. 

At 300 feet above Garfield Gulch heavy masses of Tertiary lavas begin~ and 
form for a long distance the eastern wall of the canyon. These lavas extend 
due easterly from this point across the head of Garfield and King gulches, and 
in fact cover the whole country for many miles in a northeasterly direction . 

. The lower part of the prominent bluffs consists of black or brown vesicular 
basalt from 200 to 400 feet thick ; above this lies a light-gray or yellowish-gray 
rhyolite breccia up to 1,000 feet in thickness, forming· very conspicuous and 
steep bluff's. The Tertiary lavas rest as thick sheets on an irregularly eroded 
surface. No ore deposits have been found in them. 

STRUCTURE. 

Great complication by normal faulting is characteristic of this vicinity. The 
faulting is chiefly confined to the pre-Tertiary rocks and has not appreciably 
affected the basalts and rhyolite tuffs. The main feature is the great fault on 
the east side of the Coronado massif, which has thrown the quartzite and the 
overlying limestones down to the level of Chase Creek. In the description 
of the Coronado district it has been emphasized that the mountain of this 
name forms a central mass surrounded by peripheral faults. The steep, in places 
almost perpendicular, granite bluffs, which continue for a couple of miles above 
Garfield Gulch on the west s:[de of Chase Creek, are the visible expression 
of this dislocation, which doubtless was still more prominent topographically 
before the Tertiary lavas flood ed the eountry. The contact of the limestone of 
Stevens Hill with the granite is sharply defined, though rarely well exposed, and 
indicates beyond doubt a fault with a northerly t:reJ d, and an easterly dip of 
about 42°. Sheeting is very pronounced in the granite bluffs west of Chase 
Creek and north of Stevens Hill, the joints dipping east about 70°. The vertical 
distance, indicating the vertical displacement between . the contact of quartzite and 
granite on Coronado Mountain and the same contact in Chase Creek, is 2,000 
feet. It is possible, of course, that there may have been intermediate step faults, 
not clearly traceable now, in the intervening granite, but at any rate the contact 
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of granite and limestone on the west side of Stevens Hill indicates a very impor
tant dislocation. On the south side of Stevens Hill two minor faults with the 
same direction compass a narrow block of quartzite between limestone and granite. 
The bJock of Stevens Hill dips 10° to 16° W. and continues unbroken, as 
indicated by the qua~·tzite-granite contact, to the north fork of Garfield Gulch, 
but here the relations become very complex. One-half mile southeast, on the 
ridge between King Gulch and Chase Creek, lies another block of quartzite at 
an elevation of 5, 700 feet, or 600 feet higher than the first; it also dips gently 
westward. Between the two blocks lies. a triangular area dislocated by several 
northeast and east-northeast faults, as shown on Pl. I. 

MINERAL DEPOSITS. 

GENERAL STATEMENT. 

As stated above, a great number of prospects and a few producing mines 
are located in this vicinity. They are in part fissure veins and in part irregu
lar bodies on or near the contacts of intrusive masses. Few, if any of them, 
appeal; to have any connection with the numerous fault planes, which here have 
dissected the crust into blocks. The ores consist chiefly of oxidized copper min
erals, mostly chrysocolla, hut · also malachite and more rarely chalcocite; few of 
the workings have penetrated to the primary constituents, which here, as else
where, probably consist of pyrite a~d chalcopyrite. A little galena containing 
much silver has been found on Stevens Hill. · 

One class consists of irregular deposits in limestone at or very near to por
phyry contacts; most of these carry chrysocolla ore as irregular pockets sur
rounded by limonite. Such are many of the deposits on Stevens Hill, those 
along the porphyry sills at the head of Garfield Gulch, and those at the Iolanthe 
mine, 1! miles east of the mouth of Garfield Gulch. Some of these, like the last 
named deposit, are doubtless due to contact metamorphism, but, in view of the 
weakness of contact action of the Garfield porphyry, it is perhaps more plausible 
that in most cases the mineralization occurred somewhat later, after the consoli
dation of the intrusive rock. But in explaining the .origin of these deposits their 
most evident direct connection with the porphyry must be kept in mind. 

A second class, represented by the Mammoth, also contains chrysocqlla ore 
and forms fbsure veins ·between limestone and porphyry. 

A third class forms fissures in granite, like the Antietam on King Gulch, or 
in granite and following a diabase dike, as in the case of the Brunswick vein. 
There is no evidence as to the age of this last claRs of veins compared to the 
others, porphyry and diabase not occurring in close juxtaposition. 
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DETAILED DESCRIPTIONS. 

Ste1)M1S g1•mtp.-This group of 15 claims is situated a short distance west 

of Chase Creek, about one-quarter mile northwest of the mouth of Garfield 

Gulch. They are located in the small area of limestone with dikes and sheets of 

porphyry described above as projecting at the foot of the great granite slope 

which forms the eastern declivity of Coronado Mountain. The limestone is ~vi

dently separated from the granite by a fault of great magnitude, the fault plane 

being inclined about 45° eastward. ,Oxidized ores have been found at a number 

of places within this limestone al'ea, and a fair amount of development . work has 

been done. In 1902 the claims were being more actively prospected by a new 

company. The geological structure, which is somewhat complicated, may be briefly 

described as follows: 

Ascending the small gulch emptying into Chase Cree~ from the west, a few 

hundred feet above Garfield Gulch, granite continues up to a distance of 1,500 

feet from the mouth. Here a dike of porphyry 200 feet thick crosses the gulch. 

Beyond that follows a granite area 200 feet wide, then a strip of quartzite, evi

dently separated by a fault from the granite. This quartzite is also 200 feet 

wide. Beyond the quartzite lies a narrow porphyry dike, and then the main 

mass of the limestone area begins. The prevailing dip of the limestone, which 

includes the middle part of the series from the Silurian up to the base of the 

:·Mississippian, is 16° W. The first prospects are noted on the south side of the 

gulch, at an elevation of 5,000 feet, and occur in limestone containing a few dikes 

of aiorite-porphyry. The croppings · are extensive, are stained by copper, and 

consist of limonite and ferruginous silica. They form irregular masses in lime

stone, the ore containing much chrysocolla. Several tunnels have been driven, 

developing smaller masses of . o:re which seem to have a general tendency to 

follow the planes of stratification dipping westward. On the opposite northern 

side of the little gulch the narrow dike of porphyry widens, and there is here 
some direct evidence of contact-metamorphic action. Along its contacts much 

magnetite appears, frequently stained by copper. Going up the same gulch 
toward the big fault separating the limestone from the granite of Coronado 
Mountain, a sheet of porphyry 40 feet thick and several hundred feet long is 
first encountered. This, however, does not seem to be accompanied by ore. 
Near the western contact of the limestone, but some little distance from the 
granite, smaller chimneys of rich chrysocolla ore have been extracted. The ore 
occurred in limestone and was surrounded by soft limonite. Fragments of 
dioptase were found at this locality, the only place in the Clifton district where 
this mineral has been encountered. Another mteresting feature of this prospect 
is that some galena occurred in it, with a considerable amount of silver. 
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Prospects continue from thi.s place, which is situated near the bottom of 
the gulch, up to the small gap about 300 feet higher, separating the limestone 
from the granite. At 100 feet below this gap on the north side a main tunnel 
has been driven in the upper part of the Devonian shale. This tunnel struck 
an ore body of chrysocolla averaging 20 per cent copper and containing about 
800 tons. The ore shoot, which was 12 feet wide, occurred between limestone 
on the south side and soft limonite on the north. The horizon was evi~ently 

the lowest part of the Mississippian. 

Going down from the gap to Chase Creek, a porphyry sill 40 feet thick was 
found again in the lower part of the Devonian series in limestone. A little 
epidote occurs all along on the contact, but the metamorphism is not intense. 

A small ma8s of limestone of uncertain horizon is also found on the west 
side of Chase Creek, nearly opposite the large area described above. This ma8s, 
which is evidently faulted down to its present position, and which is covered by 
basalt at 100 feet above the creek, also contains irregular masses of chrysocolla 
associated with limonite. Two small tunnels have been driven, the upper one 
containing most of the ore. A little ore is said to have been shipped from 
this prospect. 

Two tunnels have been driven by the Stevens company on the west side 
of Chase Creek in the quartzite and granite underlying the limestone. The 
upper one is 80 feet above the creek level, at a distance of 1,500 feet above the 
mouth of Garfield Gulch . . It starts in sandy limestone immediately above the 

quartzite, dipping 10° W. Stringers of partly oxidized pyrite follow the strati
fication. In places this pyrite is associated with a little copper glance. A still 
lower tunnel near the creek level crosscuts 200 feet of porphyry dike, and 
extends into the basal granite underlying the quartzite. · The total length of 
the tunnel is 500 feet. The granite contains a little scattered pyrite. This 
tunnel has been driven with the expectation that it would eventually intersect 
larger ore bodies occurring in the western part of the limestone. 

Ga1yield.-This property, belonging to the Shannon Copper Company, is 
located about 200 yards north-northwest of Mr. Stevens's house, at the mouth of 
Garfield Gulch. A considerahle amount of ore has been extracted from this 
claim, but at the present time it is idle. · The vein strikes east and west and 
occurs along the contact of a narrow diabase dike cutting the prevailing country 
rock of normal granite. 

Alaska.-This is located on an irregular deposit in limestone on the ridge 
between the north fork of Garfield Gulch and Chase Creek, just above the quart
zite and just below the basalt. The elevation is .5,300 feet. It contains oxidiz.ed 
copper ores associated with specularite and magnetite. Some rich ore is said to 
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have been extracted, and it is reported that it contai much silver, a rather 

unusual feature. 
Brunsw£ck.-This claim, which is the property of Arizona Copper Com-

pany, is situated in Garfield Gulch one-fourth mile abo e the mouth. The prop
erty has been worked for six or seven years in a smal way, and a considerable 

amount of first-class ore, containing 30 per cent of c pper, or more, has been 
shipped, the production amounting· to about 30 tons pe · month. During the last 

three years concentrating ore has also been shipped. 

mine with Metcalf. 

wagon road connects the 

The mine i8 developed by two tunnels a few hun red feet long, the lower 
being located only a short distance above the bottom o the gulch. A winze 60 

feet deep has been sunk in the lower tunnel down to he water level. 

The deposit is a fissure vein occurring on the co tact between the normal 
granite and a narrow dike of dia-base. The vein stri es a few degrees east of 

north and stands nearly vertical. Its width varies from 1 to 12 feet, and it seem.s 
to consist largely of crushed and altered granite. The d'abase dike rarely contains 
much ore. Near the end of the lower tunnel the v in appears to fork, some 

diabase occurring along each Lranch. 
A hove the lower tunnel level the ore consists, approximately, of 25 per cent 

chalcocite and 75 per cent oxidized material, largely malachite. In two places 
chalcocite and pyrite occurred intermixed. The winze is reported to have exposed 

some good chalcocite ore. 
Trinidad.-This · prospect, which is the property of the Arizona Copper 

Company, is located one-fourth mile southeast of the Brunswick mine in the small 
gulch next south of Garfield Canyon, and at an elevation of about 5,200 feet. 

A trail connects it with the Brunswick mine. A long tunnel has here been 
• driven in a south-southeast direction along a vein which followed a narrow dike 

of diabase in the prevailing granitic country rock. A little malachite was noted, 
partly in granite, partly in diabase. No large ore bodies appear to have been 
found. 

V£rg1:n£a.-Several prospects are located on the quartzite ridge overlooking 
Placer Gulch, 3,000 feet south-southeast of the Mammoth mine. The develop
ments are of slight extent and show a certain amount of mineralization, which 
appears to follow several dikes of dark-green diabase, probably identical with the 
Brunswick rock. 

Mammoth.-The :Mammoth deposit is located in Garfield Gulch, one-half mile 
east from the mouth of the canyon. It is owned by the Arizona Copper Company 
and has been worked at intervals during the last ten or fifteen years. The pro
duction is said to amount to approxim~tely 30,000 tons of ore containing up to 

16859--~o . 43--05----23 
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30 per cent copper. The amount shipped per month sometimes reaches 400 tons. 
The developments consist of a tunnel 800 feet long, together with extensive 
stopes above it. ·A winze 100 feet deep has been sunk . from the lowe_r tunnel 
level. The Mammoth appears to be a fissure vein, striking northeast and 
dipping 50° N"''.; it follows in the main a contact between limestone and a 
porphyry dike 200 feet thick. The geologic structure in the vicinity is very . 
much complicated by extensive faulting. The limestone apparently belongs t@ 
the Ordovician, and dip~ 10° NNW. The porphyry dike continues in a northeast. 
direction for one-fourth mile, after which it, as well as the inclosing limestone, 
is entirely covered by basalt and· rhyolite. 

The ores consist almost entirely of chrysocolla; · other oxidized ores, as well as 
sulphide ores, appear to be lacking. The largest bodie~ occurred above the tunnel 
level, chiefly in the limestone and not in the porphyry. They are accompanied 
in places by large masses of nearly pure kaolin. At the northeast end of the 
tunnel the main fissure appears to break into the porphyry and is complicated 
by faulting. 

Near the head of the gulch are ·at least two intrusive sheets of porphyry in 
limestone, and prospects with indications of ore may' be seen at many places 
along the contacts · of these. The deposits as far as developed are not extensive 
and consist of oxidized ores accompanied by much limonite. 

KING GULCH. 

A 'number of smaller deposits have been located m this vicinity and a few 
of them' may be briefly described. 

On the divide separating King Gulch from Placer Gulch, and about 1 mile 
east of Mammoth mine, the Arizona Copper Company owns a group of claims 
known as the Iolanthe, Dead Pine, and El Moro. The elevation is from 5,800 
feet to 5,900 feet. The locality is cennected by trail to Mammoth and by wagon 
road thence to Metcalf. It is stated that considerable first-class ore has been 
extracted from these prospects; in 1902, however, no work was being prosecuted. 
The deposits form irregular masses on the contact of Carboniferous. limestone 
with a large area of normal porphyry. They are developed by two or three 
tunnels situated on thr~e levels on the north side of the ridge. The surface 
is marked by heavy limonite croppings containing some epidote and serpentine. 
The ores consist crhiefly of chrysocolla, azurite, and malachite. While the expo
sures are unsatisfactory, and the character of the deposit masked by extensive 
oxidation, it is probable that we have here a contact deposit originally character
ized by the normal garnet and epidote gangue. 

The Antietam claim is located in King Gulch at an elevation of 5,300 feet. 
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The developments in 1902 consisted pnly of a small shaft near the bottom of the 

gulch and about 50 feet deep. The deposit~ which is contained in granite, consists 

of a fisbure vein striking north and south, nea_rly vertical, and said to be traceable 

for at least one-half mile north and south of the point of discovery. The width 

of the mineralized zone is up to 40 feet, and it is claimed that the pay streak, 

10 feet wide, was found on the surface; the ore is reported to contain 4 per cent 

of copper as well as $8 of gold and 5 ounces of silver per ton, and to consist 
chiefly of chalcopyrite and pyrite irl an altered granite. The only oxidized ore 

noted consisted of small pockets of native copper and cuprite. This vein is said 
to continue northward into the Boulder claim, owned by the Arizona Copper 

Company, and southward into the Buckeye and the Jumbo, the latter the property 

of the Shannon Copper Company. 

On the ridge between Placer Gulch and King Gulch a number of claims 

have been located. Near the Anti~tam are the Leo C. and Defiance, both on 
fissures parallel to the Antietam add 600 feet eastward of that vein. Leo C. 

occurs in granite; Defiance in a porphyry dike. On the same ridge a small area 
of quartzite rests on the granite, and on top of this quartzite a small area of 

limestone occurs. Near the contact of limestone and quartzite a number of small 

prospects occur in the limestone, anr several chimneys of oxidized ore have evi

dently been extracted. The tr11e character of the deposits is in doubt. 

Near the head of Placer Gulch appears a large area of diorite-porphyry, 
similar to that occurring near the Mammoth mine. This porphyry is apparently 

separated from the granite of King Mountain by a dislocation; it contains a 
great number of included fragments of limestone shale and quartzite. The Last 

Chance claims are located around a .body of quartzite inclosed in the porphyry 

near where the trail crosses the ridge to King Gulch. Still higher up, near the 

head and principally following the southeastern granite1 contact, are a number of 
prospects, some of which are clearly sunk on small bodif s of contact-metamorphic 

origin and due to the mineralization of included masses of limestone. One of these, 
called the Prosperity, occurs between quartzite and poiphyry; some copper car

bonate, containing a notable aiiJ:ount\ of gold, has been extracted from .it. The 

Raber claim lies a little farther J ortheast along the same contact. Many of 

these prospects contain magnetite, and all show stains rf copper' but no impor
tant development work has been done. 
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CHAPTER XII. 

COPPER .KING. I~IDGE. 

TOPOGRAPHY. 

Under this heading it i~ proposed to describe the granitic "massif" nsmg 
on the west side of San Francisco River and comparable in structural position to 

tl:le . granitic blo~k of the Coronado Mountain. The Copper King Ridge begins 4 
mpes . no,rth-northwe~t of Clifton, near Markeen Mountain, where, with 11n elevation 
of 6,300 feet, it . overlooks Chase Creek and the sunken limestone blocks of 

Morenci, and continues for 4 miles northeast as a series· of imposing buttresses 

towering h.igh ab9ve San Francisco River. 
The deep scar of Hocky Gulch separates Mar keen from Copper King Mountain; 

ex9,ee,dingly rough and precipitous a:rpphitheaters lead down from the summits of 
the latter t_o the gen·tler slopes of Colorado and Dorsey gulches, whic)l also empty 

into San Francis9o River. Th~ last buttress, limited hy Sycamore Gulch on the 
south and Silver Creek on the north, has an elevation of 6,000 feet, and rises 

boldly with dark~red qliffs 2,000 feet above the basalts here filling the bottom of 
San Francisco Canyon: This point is 4t miles ·northeast of Markeen Mountain. 

Northwest of Copper King Ridge lies a slight depression indicated by the 
upper courses of Placer and Sycamore gulches, and oceupied by sunken limestone 

blocks. . Only a short distance northwest of this limestone rise the jagged volcanic 
ridges of Malapais Mountain, elevation 6,900 feet, forming the southern outlier 
of the enormous mass of lavas covering the northern part of Clifton quadrangle. 

A wagon road exten~/3 .. along San Francisco River, and a well-constructed gr~de 
leads up from this to Dun~am Camp on Hickory Gu19h. With . these exceptions 

trails form the only lines of communication . 

. ' ROCKS. 

Granite 1s the prevailing rock, and is of the same coarse granular type 

described elsewhere, consisting chiefly of quartz, orthoclase, and perthite, with a 
small amount of usually decomposed biotite. Its dark-red angular outcrops are 
cut by irregular joint planes, which aid erosion in producing the conspicuous 

cliffs so characteristic of the slopes toward San Francisco River. 

356 
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The Coronado quartzite is present only on the summit of the ridge at its 

northeasterly end, north of Sycamore Creek, where in several detached areas it 

covers the granite from 100 to 200 feet deep. Smaller areas also occur included 

in the porphyry 1 mile north of Copper King Mountain. 

The Longfellow limestones are present with their usual characteristics in the 

narrow fringe of sediments between the granite and the lavas of Malapais 

Mountain. In places they are covered by small areas of the Morenci shales. 

The same series, covered by the Modoc limestone near Hackberry Spring, is 

also present along San Francisco River from Evans Point to near Clifton. 

The main body of the Metcalf stock of porphyry reaches up on the flanks 

of ·Markeen Mountain, and from this point, as well as from the vicinity of 

Shannon mine, a system of northeasterly trending porphyry dikes, rarely over 

100 feet wide and usually much less, penetrates the granite up toward the end 

of the area here described. The porphyry is light-colored, with closely massed, 

small feldspar crystals and a few bipyramidal quartz phenocrysts, together with 

scant biotite foils embedded in a groundmass of quartz and feldspar. Sills, 

dikes·, and other intrusive bodies of similar character are also contained in the 

limestones and shales which fring·e the lava masses of Malapais Niountain east

ward from Garfield Gulch. The larg·est body of this kind, which is a quartz

monzonite-porphyry, occupies a semicircular area north of Copper King Moun

tain, at the head of Placer Gulch, and contains as included masses fragments of 

quartzite, limestone, and shale. The contact-metamorphic action of this porphyry 

is, as a rule, slight. Only close by the contacts of the smaller masses included 

in the porphyry is a slight development of magnetite, epidote, and occasionally 

copper stains noted. 

Northeast of :Malapais :Mountain a large stock of diorite-porphyry is intruded, 

partly in granite, partly in Silurian lime~tones. Diabase is noted as a dike along 
the so-called •' black lode," crossing from east to west on the southern slopes of 

Copper King Mountain. Remarkably fresh diabase also occurs as a sill in gran

ite near the mouth of Sycamore Gulch. 

Tertiary lavas rest on the deeply eroded surface of the older rocks and cover 

most of the country east of San Francisco River and the high hDls about Mala

pais. The lower part of this complex consists of dark-colored, fine-grained, and 

vesicular basalts, and augite andesites, which again are covered by light-colored 

rhyolites of a lithoidal or glassy type, generally tuffaceous or brecciated. A 

fringe of these rocks . lies on top of the basalt on the west side of San Francisco 

River, on the gentler slopes near the bottom of the canyon, and again f<>rms the 
summit and ridges projecting westward on l\1alapais Mountain. Dikes of light

colored, white or pink lithoidal rhyolit(~ cut the granite on Colorado and Dorsey 
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gulches, generally with a northeasterly trend. Similar dikes occur in the por

phyry and limestone north of Copper King Mountain and also penetrate the basalt 
of Malapais. 

On the west side of San Francisco River, covering the lower slopes at the 
foot of the granite bluffs, lie masses of granitic and volcanic debris, in places 
1,000 feet thick. These correspond to the conglomerates of the Gila formation 

and are consequently to be referred to the early Pleistocene, when the Gila Valley 
was filled by det-ritus to a general marginal level of 4,500 feet. 

STRUCTURE. 

The dominant structure lines of Copper King Ridge trend northeasterly. 
The oldest determining factors are the porphyry dikes, which with few exceptions 
take this course. Again, the earliest dislocations after the porphyry intrusions 
followed these lines, and very often coincide with the walls of the dikes. The 

principal period of faulting resulted in important northeasterly displacements, 
sinking blocks on both sides of Copper King Ridge and leaving the latter similar 
to Coronado Mountain as a central block or buttress. On the northwest side a 

practically continuous line of straight or curved ·faults determined a downthrow 

which, north of Copper King Mountain, probably amounted to 1,000 feet, but 
which at the northeasterly end of the granite ridge had diminished to a few 
hundred feet. 

On the southeast side of this buttress, following the base of the granite bluff, 
occurs the most prominent fault of the Clifton quadrangle. Its actual plane, 
whether single or a series of closely massed step faults, is concealed at first by 
the Gila conglomerate, and farther north by the rhyolite flows near the bottom 
of the canyon. No quartzite remains on Copper King Mountain, but assuming 
that its now eroded beds had rested at an elevation of 7,000 feet, 'or at the same 

level as on Coronado 1\-lountain, and recognizing that the Longfellow limestone is 
exposed in the bottom of the canyon, 3,300 feet lower, we must conclude that 

there is here a displacement of about 3, 700 feet at least, and that the steep 
declivities of the granite ridge toward the river indicate the influence of a fault 
plane on th_e topographic features. Toward the northern end of the granite 
ridge the foot of the escarpment is deeply covered by rhyolite, but on the upper 
slopes we find, as recorded on the map, evidence of step faults with repeated 
downthrows on the side toward the river. The maximum amount of faulting 
probably took place southeast of Copper King Mountain. These structural rela-

. tions will be more fully described in the . text of the Clifton folio. 
The Tertiar.v eruptions were ushered in by stresses, acting in different direc

tions. None of the rhyolite dikes · trend northeast, but all of them have a more 

or less pronounced northwesterly direction. 
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MINJ1_JRAL DEPOSITS. 

GENERAL STATEMENT. 

As in other parts of the district, the mineral deposits consist partly of 
contact-metamorphic masses, partly of fissure veins. The former are slightly 

developed along contacts in the porphyry stock lying at the head of ~Iacer Gulch, 
and thus far of no great importance. In the limestones and granites on the east 

side of the river no indications of metalliferous deposits were observed. 

The most important division here consists of nearly vertical fissure veins, 
which as a rule follow the trend of the porphyry dikes, extending into the gran

ite with a northeasterly direction from the great porphyry stock in Chase Creek 
Canyon. None of the deposits has a great production to its credit, though some 
of them contain good ore bodies. This is largely due to the isolated position of 

the prospects, usually located high up in the rough country, where water is scarce 
and supplies must be packed to the mine. In these veins the well-defined fissures 

have caused a considerable amount of crushing, both of granite and porphyry. 
The ores near the surface consist of malachite and other oxidized minerals, which 

at a depth of from a few feet to 200 feet are replaced by secondary chalcocite, 
coating and replacing pyrite. In depth the primary ores will doubtless be found 

to consist of pyrite and chalcopyrite. The ores are accompanied by a scant quartz 
gangue and generally occur as replacements of granite or porphyry. The ore 

bodies occur in shoots of variable form and rarely attain 20 feet in thickness. 
A remarkable change occurs in the contents toward the northeasterly end of the 

district. About Markeen Mountain copper is almost the only valuable metal 
present, but on Copper King :Nlountain the ores contain some gold in addition, 

and in Dorsey and Colorado gulches gold values predominate, often with silver, 
and the copper ores are subordinate. At the surface the gold is to some extent 

free, but will doubtless be contained in the sulphides as depth is attained. 
The so-called "Black lode" crosses from east to west north of Mar keen 

Nlountain and south of Copper King. It follows a diabase dike, though near the 
west end porphyries are also found along it, and the replacement ores consist of 
magnetite, pyrite, and chalcopyrite, a very unusual combination for a fissure vein. 

This deposit is probably later than the fissures following the porphyry dikes. 
The gravel benches along San Francisco River below these deposits contain 

some placer gold. Some ten years ago attempts were made near Oroville to drift 
them or to work them by the hydraulic method. The results are said to have 
been unsatisfactory. 
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DETAILED DESCRIPTIONS. 

Harkeen Copper Oompany.-The Markeen camp is situated in Rocky Gulch 
at an elevation of 5,350 feet. The trail from Morenci to Copper King l\llountain 

passes by it. At this place on the west side of Rocky Gulch is a mass of por
phyry 200 or 300 feet wide, whieh is continuous for a short distance westward. 

It also crosses the canyon and continues, narrowing, northeasterly, parallel to the 
Copper King vein. A shaft has been sunk in the porphyry mass, not far from 
the bottom of the gulch, to a depth of 200 feet, disclosing porphyry impregnated 

with pyrite and some chalcocite. Crosscuts 50 and 30 feet long are said to extend 
east and west from the bottom of th~s :::;haft. No ore is known to have been shipped. 

Black lode.- A quarter of a mile above the Markeen camp two important ve1ns 

cross the gulch. The first is the Copper King vein; the second the so-called Black 
lode, which is traceable in a straight line with an almost due east and west direc

tion, and is opened by ptospects right along. It seems to have a steep southerly 
dip. A little porphyry accompanies this vein, but does not seem to follow it 

continuously. Three different kinds of this rock were noted at the gap north 
of Markeen Mountain, where thi vein crosses-(a) a dark fine-grained porphyry 
with small feldspar crystal~; (b) a normal diorite-porphyry similar to the rock 

from Morenci; and (c) typical Metcalf porphyry with large quartz crystals. At 

the little gap one-half mile south-southwest of Copper King mi?e the lode is 

accompanied hy a dike of normal diabase, like that from the Coronado and 
Brunswick, up · to 40 feet in width. Along the lode magnetite, pyrite, ehalco
pyrite, and epidote have been formed by replacement in porphyry and diabase 
as well as in granite. Although good prospects have been found at many places, 
no ore bodies have thus far been developed. A little native copper is occasionally 

found along this vein, evidently a product of secondary decomposition. A shaft 
sunk 1,500 feet abmTe the Markeen camp, near the intersection of this vein with 

the Copper King vein, encountered the vein at .a depth of 110 feet. The Clifton 
Consolidated Compuny owns the Eclipse claim on this vein. 

Copper King vein.---: This important vein crosses Rock.Y Gulch 1,500 feet above 
Markeen camp where it intersect:::; the black lode, and continues for at least 2 miles 
in a northeasterly directio~, possibly extending as far as Dorsey Gulch. · It has 

not been traced far southwest of Rocky Guleh. The Clifton Consolidated Com
pany owns the claims of Olivette, Missing Link, and Alice Winifred on this vein. 
Between these holdings, on the same vein, lie the two. claims of the New England 

Copper Company. At intervals this prominent fissure is accompanied by a dike 

of granite-porphyry, but this rock is not continuous along the surface. On the 
Olivette claim in Rocky Gulch the vein is opened by a tunnel 700 feet long. 
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The mouth of this tunnel lS in porphyry, the remaining distance chiefly in granite 

containing small bunches of porphyry. It shows a distinct fissure, dipping 70° 

NvV., with slickensides, white sericitic material, and extensi \re impregnation with 

pyrite. Quartz, pyrite, and some chalcopyrite appear along the vein in some 

places; in the gouge accompanying the fissure some rich chalcocite occurs. Very 

little carbonate has been found and no ore bodies of great value have thus 

far been developed. A great amount of crushing and brecciating is very evident 

along the dike. 

The New England Mining Company owns two claims on the Copper King 

vein- the Solid Copper and the Copper Bu1lion; thi:-; property is generally known 

as the Copper King mine. Besides, the company ovvns two claims on the black 

dike-the Monte Carlo and the Copper Verde. A great deal of work has been done 

on the first two claims and an extensive body of ore exposed, hut owing to the 

i~olated lo~ation of the mine comparatively little ore has thus far been extracted. 

A small smelting plant was erected some year:-; ag·o on San Francisco River near 

Oroville, but owing to difficulties of ore transportation was only operated for a 

short time. The developments altogether amount to 3,500 feet, a~rd consist of 

two shafts and a tunnel 300 feet below the collar of the west shaft. The latter 

i:-! called the Solid shaft, and is 23S feet deep; ~inking being now in progress. 

The North shaft is situated 150 feet above the Solid ~haft and is 335 feet deep. 

Three levels with drifb and crosscuts have been turned; the ,-ein strikes north

east and dips 76° N\V. The croppings are plainly indicated hy heavy masses of 

stained and leached quartz. 

The prevailing country rock is granite, but a dike of porphyry of the Morenci 

type is found in places along the vein, varying in width from a few inches to 20 

· feet, and chiefly following the foot wall, but not always regularly. Along the 

surface carbonate ores were found which descended 200 feet belO\v the surface. 

The main ore bodies consist, however, of pyrite and chalcocite; sometimes also 

of pure cbalcoeite. 1n a few places the copper glance appeared at the surface, 

but only in places where the roek was exceptionally hard. There are two ~hoots 

developed cor-responding to the two shafts. The Solid shoot pitches northeast and 

follows the hanging wall, the foot wall being more irregular. It shows a fine 

body of ore from 6 to 8 feet wide and said to be 400 feet long on the third level. 

The North shaft contained an ore body of pyrite and glance in the upper levels. 

1 n depth this ore body was lost, and only mineralized granite accompanied the vein. 

Wherever much solid glanCEp occurs in the ore, quartz usually accompanies it. a 

a Since the above was written I am informed by the manager, Mr. A. P. Ayling, that the Solid shaft has been 
sunk to a total depth of 800 feet. Ore of decreasing but well-payable tenor is stated to be developed down to the lowest 
leveL The oxides and the chalcocite are said to occur mor;) rarely below the 3:J:J-foot level. The New England and 
Clifton companies have comolidated to the New England and c:ifton Copper Company. 
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On the whole the deposit is a fissure vein with a small amount of quartz and 

a large amount of mineralization of adjoining rocks. The secondary depth of 
chalcocite appears to be attended with a likewise secondary deposit of quartz. 

Practically no other minerals oeeur in the vein. Together with the pyrite some 
chalcocite is occasionally found.' All of the ore contains some gold, varying from 
$1 to $4 per ton. · 

The Copper King vein, continuing its course from Copper King mine on the 

holdings of the New England Copper Company, crosses near the summit of 
Copper King Mountain, and descends northeastward over the steep bluffs which 
form the eastern slope of that mountain. 

by the Clifton Consolidated Copper Mines. 
Two claims on this vein are owned 

Near the summit of the mountain 
are several shorter tunnels developing the vein. · Some chalcocite and malachite 

occur in these. There seems to be but little porphyry along the vein in this 
part of its course. Lower down it has been opened by two tunnels, the lowest 

at an elevation of about 5,500 feet, and the other 200 feet higher. The latter 
two tunnels are first crosscuts through granite. In striking the vein the latter 

appears somewhat irregular, and but little porphyry oecurs· along it. Bunches 
of malachite and even a little chalcopyrite have been found in the lower levels, 

but no large ore bodies have thus far been exposed. 
It is claimed that the Copper King vein is traceable down to Colorado Gulch, 

and even across to Dorsey Gulch; the latter, however, seems somewhat uncertain. 

Olairns nm·thwest of Oopper I{ing 'Vein.--Above the point where the Copper 
King vein crosses Rocky Gulch several prospects have been opened, continuing 
up to the divide toward Placer Gulch. . Most of these are located on porphyry 
dikes similar to that of the Copper King. A short distance above the Copper 

King vein the Virginia is met, a prospect owned by the Markeen Company, which 

is reported to have opened some good ore bodies of chalcocite ore. Abo·ve this 
follows the Raton, on which occurs a large body of porphyry, impregnated in 
several places with malachite. Next follows the Delaware claim, on which has 
been discovered a strong vein, which is reported to be traceable up to the Trilby 
claim near the ·top of Copper Mountain, with a general north-northeast direction. 

A short distance across the divide and down on the trail toward Placer Gulch is 
the Veiled Prophet group, showing several prospects along narrow porphyry dikes 

in granite. Some of these dikes are an approximately northeasterly continuation 
of the King mine on the divide between King Gulch and Standard Gulch. 

The Mansfield claim is located at an elevation o{ 6,350 feet, about one-balf 
mile north-northwest of Copper King Mountain. It is the property of the Clifton 
Consolidated Company. On the surface a porphyry dike with the usual northeasterly 

direction cuts through the granite, and along it a pocket of high-grade malachite 
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ore. containing a little gold and silver was found. Nothing was developed below 

this, and a tunnel run 150 feet below, along the vein, exposed only small amounts 

of ore. The tunnel is 300 feet long and follows the porphyry dike, which is up 

to 50 feet wide. Near the breast a small amount of volcanic material wa~ 

encountered, probably a dike of basalt or andesite. The main body of . ore on 

this level was found at a cross fracture, and consisted mainly of oxidized ore, 

6 feet in width, said to •contain 6 per cent of copper. 

Veins in g1Ymite northeast of OopJJe1" King Mm.tntain.-The vein system con

nected with porphyry dikes, which has already been described in part, continues 

for some miles farther in a northwesterly direction, and these veins, on which 

but little development work has been done, contain a more considerable amount 

of gold and silver. A stamp mill was built some years ago at Evans Point, 

probably in the belief that the gold would continue free in depth. The ruins of 

this are still standing. 

Several veins cross Colorado Gulch. The Colorado vein follows a decomposed 

dike of porphyry, and is said to contain a notable amount of gold. A dike of rhyo

lite follows this porphyry, but contains no ore. A number of veins cross above 

this point, but the developments amount to but little. On Dorsey Gulch some 

claims are actively worked at present. One of . these is known as the Black Prince, 

and is said to be an extension of the Poland. The developments consist of a 

shaft and short tunnel. The Golden Eagle is located at an elevation of 4,400 

feet, a quarter of a mile lower down on Dorsey Gulch, and the vein is claimed 

to be the same as the Copper King vein. It was developed in 1902 by the Polaris 

Company, the workings consisting of two tunnels. The vein follows a porphyry 

dike in granite, strikes north 50° east, and dips 80° north. The width is up to 6 

feet. The ore contains copper, gold, and silver, and has a rusty and decomposed 

aspect, yielding some light gold in pan. Two or three feet of fine-grained siliceous 

ore exposed in the lower tunnel contain pyrite, chalcopyrite, and chalcocite. On the 

northeast side of the gulch it is stated that the same vein has been found, and 

that from one pocket a small a~;nount of ore has been Bhipped containing $9 of 

gold and 4 ounces of silver per ton. Lead is also said to occur on it. The Poland 

claim, like the others but little developed, is located on the high ridge separating 

Dorsey Gulch from Sycamore Gulch, at an elevation of about 5,000 feet. The 

ore consists of rusty altered granite; some porphyry occurs close by. Many 

other fissures occur in the upper basins of Colorado and Dorsey creeks, but 

very little development. work has been done on them. 

The most northeasterly prospect in this part of the district is on Sycamore 

Gulch at an elevation of 4,500 feet, and is known as Fi:-;cher's mine. A small 

tunnel is here run on the vein, with a northerly direction, following a dike of 



364 COPPER DEPOSITS OF CLIFTON-MORENCI DISTRICT, ARIZONA. 

normal diorite-porphyry dipping 45° E. The ore contains calcite, pyrite, and 
zinc blende. A small 3-stamp mill has heen erected to reduce the t'ame, hut 

has not been operated lately. No prospects are known to occur northeast of this 
point. A few miles farther on, beyond Silver Creek, the older formations are 

covered by .Tertiary lavas. At an elevation of 4,500 feet on Silver Creek, granit.e, 
porphyry, and lime are exposed, and old adobe buildings seem to indicate that 

prospecting has been carried on in this vicinity. 
TTTea~'er claz'·ms. -These prospects are located high up on the slope of Copper 

King Mountain, between the summit and San Franeisco River, at an elevation of 
5,200 feet. A trail extends up to it from Oroville, on the river, which is about 1 

mile distant. The property consists of two claims, called the Good Luck and the 
Gray Cliff, and is developed by two tunnels. On the Gray Cliff the developments 
consist of a crosscut of 280 feet, together with 200 feet of drifts and a 90-foot 

wmze. The tunnel on the Good Luck is stated to be a crosscut 140 feet long. 

The vein, which strikes northeast, follows a porphyry dike 75 feet wide, the ore 
occurring as black sulphide and green stain in the mass of the porphyry. 
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