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Outline of Report

The Silver King mine, whose discovery opened up a 
large mineralized area previously overrun by hostile Apaches, 
produced nearly $7,000,000 in silver, nearly all of it be
tween 1875 and 1889. Activity was intermittent in the 
years following, and at present a little work is being carried 
on to the east of the Silver King ground and there is talk 
of reopening the old mine, which is flooded.

Sedimentary rocks.- The sedimentary rocks in the 
Silver King area range in age from pre-Cambrian to Recent.
The Apache group, of Algonkian age, rests upon the Archeani':} 
Pinal schist, and is made up of the Scanlan conglomerate, 
Pioneer shale, Barnes conglomerate, Dripping Spring quartz
ite and the Mescal limestone which is overlain by a thin 
basalt flow. Paleozoic rocks consist of the Cambrain Troy 
quartzite, Devonian Martin limestone, and Carboniferous 
Escabrosa and Naco limestones. No beds of Mesozoic age are 
present, in the area. The Tertiary segmentary rocks con
sist of interbedded conglomerates, and tuffs. Local Quat
ernary deposits of both consolidated and unconsolidated 
gravels are present.

Intrusive igneous rocks.- There are three major in
trusive bodies in the area. The oldest is diabase which 
occurs as thick sills in the pre-Cambrian formations and is 
probably of early Paleozoic age. A small stock of Tertiary
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quartz diorite is exposed over a large part of the area. 
Closely associated with the quartz diorite is a smaller 
stock of porphyritic quartz diorite locally known as the 
Silver King porphyry, as it was in this rock that the ore 
body of the Silver King mine was formed. Several varieties 
of complementary rocks are associated with the dioritie 
intrusives, and range in composition from.gabbro to alkali 
granite. Igneous rocks apparently not closely related to 
the quartz diorite are two ages of andesite. The whole 
igneous series may be considered as different phases in the 
history of what is known as the Central Arizona Batholith.

Extrusive igneous rocks.- Overlying the Paleozoic 
limestone is a thick series of rhyolite and dacite flows 
which are of Tertiary age.

Structural history.- After the deposition of the 
Paleozoic sediments and before the extrusion of the rhyolite 
and dacite flows the rocks were tilted toward the east, 
probably by doming accompanied by a little faulting. After 
the period of Tertiary extrusion, extensive normal faulting 
with a general easterly trend dropped the formations down
ward to the south. There may also have been some tilting 
to the eastward after the extrusion of the flows.

The present relief has been produced by erosion follow 
ing the latest tilting and faulting and the region is still 
in process of vigorous dissection.

Bock alteration.- The intrusive rocks have produced 
but little alteration. Small blocks of pre-Cambrian lime-
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the diabase-limestone contacts. In places the Carbonifer
ous limestone has been altered to coarsely crystalline 
marble by the quartz diorite and at one place a small body 
of specularite and siderite was produced by the action of 
the quartz diorite on this limestone. Silicification is 
the characteristic alteration caused by mineralizing solut
ions in the Silver King porphyry.

Features of the ore body.- The Silver King ore body,:' ; 
which outcrops near the center of the Silver King porphyry 
stock, is a pipe-like deposit which plunges steeply to the 
west. The porphyry immediately surrounding the ore body 
is intensely silicified.

The chief ore minerals are tetrahedrite, stromeyerite 
and native silver. The tetrahedrite, which is hypogene, 
is closely associated with chalcopyrite and galena. It 
carries a little silver. It is selectively replaced by 
both hypogene and supergene stromeyerite. The hypogene 
stromeyerite is coarse-grained and is associated with hypo- 
gene native silver. The supergene stromeyerite is fine
grained and is commonly intergrown with supergene chal- 
cocite, in places forming a bladed structure. Supergene 
native silver,which is abundant in some specimens of the ore, 
replaces supergene chalcocite which in turn replaces hypo- 
gene bomite and chalcopyrite. The silver was probably 
derived from the break-down of stromeyerite. Other minerals 
are hypogene pyrite, sphalerite, and argentite, and supergene
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blue chalcocite, covellite, chalcopyrite, cuprite, azurite, 
malachite and anglesite. Quartz is the main gangue mineral 
but both barite and calcite are present in small amounts.



The Geology of the Silver King Area

By F.W. Galbraith 3rd. - .

Introduction 

Scope of Investigation

This report is the result of two months of field 
work during the summer of 1933 and of laboratory invest
igation which occupied part time during the college years 
of 1933,1934, and 1935. As the small scale topographic 
map of the Florence Quadrangle, published by the United 
States Geological Survey in 1900, was deemed inadequate 
for detailed mapping, a topographic map on the scale of 
one inch equals six hundred feet was made by the usual 
methods. This map was used as a base for plotting the 
geology. J -

location and Extent of the Area

The area mapped immediately surrounding the old
Silver King mine, am. includes approximately six square 

'' . ' : - , : . „ '
miles in the Florence Quadrangle in Final County, Arizona

- ‘ ■ 1 ’ r' . - 7  r. 1 . • . .
• • ' • ' •' • - •»<' ,  i? / '  .1

within the boundaries of sections 15, 14, 15, 22, 24, and 
87 of Township 1 South, Range 12 East with reference to 
the Phoenix Base line and the Gila and Salt River Guide
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Meridian. A road to the area turns north from Highway 
U.S. 180 two miles west of the town of Superior, where 
the Magma mine is located. The Silver King mine is two 
and one half miles due north of Superior, hut by road it 
is nearly seven miles.
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Climate, ilora and Famaa, .

The climate has a considerable annual variation. In 
summer the temperature seldom exceeds 95 degrees Fahren
heit, although temperatures of over 110 degrees have been 
recorded. The comparatively cool nights make the summer 
much more pleasant than in the lower desert to the west.
In winter, the temperature frequently drops well below 
freezing.

Snow, although not common, may reach a depth of 18 
inches or more and sometimes remains upon the ground for 
several weeks. The total precipitation^ much of which falls 
in summer has a yearly average at Superior, since 1921, of 
1. Records of Engeering Dept., Magma Copper Co.
18.73 inches. Owing to the sparsity of soil, the steep 
slopes, the torrential character of the summer showers, 
and the almost complete absence of moderate rains of long 
duration, the run off is large and there is less vegetat
ion than might be expected from thisamount of rainfall.
The ground water level is fairly high, being within sev
enty feet of the surface in the old mine workings, and 
springs issue from the rocks at several places in the area. 
Silver King Creek, the main stream of the area, carries 
most of its water below the surface in the beds of sand 
and gravel, although in places water may flow on the sur-

. ; ■ ’ " "VV. .p.;,: ;.v ; , , '
face for several hundred yards.
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Except where a small local catchment basiB has accom- 
ulated sufficient soil to support the growth of one or 
more"cottonwoods(Populus Wrightii) with their "brilliant 
green foliage, the loftier species of flora are mesquite, 
of the variety prosipis juliflora (velutina), the pale 
verde, both Cericidium Torreyanum and Parkinsonia micro- 
phylla, and the hackberry bush (Celtis pallida), all of 
which are found in profusion in the lower parts of the 
area accompanied by desert broom (Baccharis sarothroides). 
Within the same general range are found many varieties of 
cq,cti of which the saguaro (Opuntia fulgida and Opuntia 
fulgdia mamilata), the Jumping cholla or teddy bear cactus 
(Opuntia Biglovii), the prickly pears (Opuntia discata 
and Opuntia Engelmanni), the barrel cactus (i’erooatus 
wislizeni) and the hedgehog (Echinocereus Engelmanni) 
are the most common. The brilliantly flowering Opuntia 
Aeanthocarpa(cholla) is common among the larger species, 
while the pin cushions or fish-hook-cacti (iffeomamiaillaria 
Wilcoxxi and Neomammillaria microcarpa) are the smaller 
ground varieties most frequently-met. During the spring 
and early summer the blooms of the cacti are particularly 
beautiful. ' * . . ' ,

The mesquite extends up the lower slopes in company 
with Simondsia Californica, a flat-leafed dusty green 
shrub which the browsing cattle have shaped into conical 
outlines, and the tobacco tree (Miootlana glauea) with its 
long yellow trumpet-shaped blooms. Here also is the oat-
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claw (Acacia Greggii) whoses fuzzy blooms perfume the at
mosphere for many weeks with their honey suckle like odor.

On the higher, steeper slopes dense thickets of scrub 
oak (Quercus turbine11a), manzanita (Aretostaphylos fungens) 
and a laurel-like shrub (Garrya Wrightii) impede one’s pro
gress, while the sharp t h o m e d  cat claw frequently make the 
going, both slow and painful. Toward the tops of the higher 
ridges a few pinons (Pinus monophylla) have found a pre
carious foothold. Here too the mescal plants (Agave chrys- 
antha) force upward their long slender stalks, which when 
capped by a profusion of their deep orange blooms, make a 
startling and welcome contrast to the otherwise rather 
drab landscape. '

The selective effect of the underlying rock is strik
ingly shown by the distribution of the ocatillo(Pouquiera 
splendens) and Glossopetalon spinencens, a spiny green 
shrub. The oeatillo attains its most abundant growth in 
areas of limestone, while Glossopetalon spinencens is al
most entirely confined to limestone exposures.

Of birds, the most conspicous are the California —  

quail with their rakish top-knots and incessant calling.
The rose-breasted finch is a constant visitor around the 
houses, humming birds are seen everywhere, and several pairs 
of Arizona hooded orioles have their nests around the camp.

'.The cotton-tail rabbit is abundant but larger animals 
are scarce, although wildcats are reported to have their 
lairs among the steep cliffs of dacite, and deer are some-
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times seen at the cattle troughs and salting grounds.

Early History of the Region

After the settlement of Central Mexico in the.middle 
of the 16th Century, numerous entradas, or exploratory 
expeditions were made to the northward. One of the earl
iest was that of Fray Marcos de Niza, a Franciscan monk, 
who set out from San Miguel, in Central Mexico in November 
1558, accompanied by the negro Estivanioo and a band of 
natives. In due time they arrived at Vacapa, a settle
ment south of the present hamlet of Sonoita, Sonora. Go
ing northward from here they crossed what is now the south 
ern boundary of Arizona, finally reaching a fertile, 
irrigated valley, which may reasonably be regarded as the 
Gila valley in the region of the Pima villages. The party 
followed the river toward its source until, somewhere in 

the vicinity of Florence, they turned northeastward and 
entered a mountainous uninhabited tract, their course set 
toward the Indian village of Zuni-j- now in Hew Mexico.
1. Bancroft, H.H. - Works, Vol, 17, History of Arizona

and Hew Mexico, pp. 28-52, 1889.
This route must have passed close by the sites of the pres
ent town of Superior and.the Silver King area. . ;

In 1540 Governor Coronado, fired by the glowing re
ports brought back by de Hiza and his followers, set out 
for the fabled seven cities of Cibola with an army of 500 
Spaniards and 800 Indian allies. The route of Ceronado.
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lay somewhat to the east of de Hiza*s,following the Santa 
Cruz river to the present site of Tucson, the San Pedro to: : a Z ' ■.....  :v-. _ • /.-j- •1that is now Winkleman, thence northeastward toward Zuni.
1. Bancroft, H.H. - ibid. pp. 56-42.

Hamilton, P. - The Resources of Arizona, pp. 9-11,
1885.

The southern boundary of Arizona was not crossed 
again by white men for a century and a half. Several 
entradas from Zuni penetrated northern Arizona; the cn 
central portion of the area lying between the Gila and 
Salt rivers was not penetrated.

Father Kino, the Jesuit, began his great missionary 
work in 1687. He succeeded in christianizing that sect
ion of southern Arizona known as Pimeria Alta, the house 
of the Pimas,which roughly included the country between 
the Gulf of California and the Rio San Pedro, bounded on 
the north by the Gila. The effect of this progress was to 
provoke the open hostility of the Apaches and other warlike 
tribes which inhabited the neighboring areas, and who now 
began, with constant regularity, to raid the Pima rancherias 
located at remote distances from the presidios. After the 
death of Father Kino in 1711, hardly a Spaniard set foot 
in Pimeria Alta until 1732, when San Xavier del Bac was 
awarded a permanent padre. But still the neighboring areas 
to the north and east remained unexplored. '

In 1743 an attempt was made from Pimeria Alta to reach 
" the Mogul towns west of Zuni. Padre Keller went up the 

Gila and attempted to penetrate the country northward^ He
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was attacked by Apaches, lost most of his horses and supplies, 
had one of his nine soldiers killed and was forced to return.

For the next few years a state of almost constant war
fare existed between the Pimas and their protectors on the 
one hand and the Apaches on the other. Punitive expedit
ions against the Apaches were undertaken by the Spanish for
ces from the presidios, but none had any results beyond 
the killing of a few warriors, or the capture of their
women and children. It is questionable if these expedit-

1ions were of the slightest advantage. In 1786, General

1 Bancroft, H. H. - Works, vol. 17, pp. 344-371.

Ugarte introduced radical changes in Indian policy. By un
ceasing campaigns he forced the Apaches into treaties of 
peace. They were given supplies, urged to settle near the 
missions, taught to drink intoxicating liquors, and to rely, 
upon Spanish friendship to satisfy their needs. The policy 
was highly successful, and for the next twenty years the 
border of Pimeria Alta enjoyed its closest approach to peace.^

2 Bancroft, H. H. - ibid. pp. 378-405.

After the war for independence the old conditions re
turned. Discipline was lax and Apache raids became more 
and more numerous. By 1835, nearly all the ranches and miss
ions in the northern section of Pimeria Alta had been aban
doned, with the exception of Tucson and Tubac.
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By this time the "Mountain Men" hati. begun to drift 
into central Arizona from the east. Although the region 
lying between the Gila and Salt rivers was unfavorable • 
for settlement, it was traversed as early as 1832 by 
Pauline Weaver, and perhaps even earlier by Kit Carson*
Up to 1836 the Apaches are said to have been friendly to 
the Americans, but after the Chief Juan Jose was treach
erously killed, presumably to obtain a Mexican reward, 
the Apaches attacked parties of trappers throughout the 
region, killing many and making life hazardous for all 
who ventured into their territory!
1. Bancroft, H.H. - ibid. p. 407.

Hall, S.M. - Pauline Weaver, 1932.
Hinton, B.J. - The Handbook to Arizona, pp. 27-50

1887.
In 1848 all that part of Arizona north of the Gila 

came into the possession of the United States by the 
treaty of Guadalupe Hidalgo. Although central Arizona had 
been crossed from time to time by trappers and military 
dispatch bearers, the first important crossing fully re
corded was that in 1846 of Kearny’s Dragoons, 200 in 
number, guided by Kit Carson. Their route was at all 
times along the Gila. In the same year the Mormon battal
ion followed taking a more southerly route. Among the

' : C ,
officers of this body was lieutenant George Stoneman,
After the discovery of gold in California in 1848, many .
pioneers flocked across Arizona. In general the route 
of the Morman battalion was the one used, but it is prob
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able that some hardy souls wandered north of the Gila in
to the Apache country. For the most part the fury of the 
Apaches was directed against the Mexicans, and the Ameri
cans did not find them actively hostile. Exceptions were 
of common occurence, of thich the Oatman Massacre of 1851 
achieved the widest notoriety!
1. Bancroft, H.H. - $7orks Yol. 17, pp. 477-485.

After the purchase by the United States in 1853, of 
that part of Arizona south of the Gila, it enjoyed for a 
time a considerable prosperity. The area between the Gila 
and Salt Rivers became even more completely Apache country 
than before. The enmity of the Apaches was increased by 
American injustice, and after the withdrawal.of federal 
troops in 1861, the Indians became once more complete 
masters of the area.

The act making Arizona a territory was passed by Con
gress in 1863. For the next few years eastern Arizona 
was the scene of almost constant Indian warfare under var
ious military commanders. Among these was General Stoneman. 
He was succeeded in 1871 by General George Crook, who suc
ceeded by 1886 in permanently placing the Apaches upon 
suitable reservations? -
2. Bancroft, H.H. - ibid. pp. 543-578.

Hinton, R.J. - The Handbook of Arizona, pp.30-45,
1878.



(15)

Topographic Features of the Area

The general physiographic features of Arizona were 
first outlined by Gilbert^in 1875, when he recognized
1. Gilbert, G.K. - U.S. Geog. Surveys W. of 100th Mer.

Vol. 3, 1875.
the Plateau and Basin Range provinces. Later the Basin 
Range province was separated into the mountains and plains 
district, since included within the boundaries of the Mex
ican Highland and Sonora Desert provinces as defined by

2  ■ 'Fenneman.
2. Fenneman, N.M. - Physiography of the Western United

States: Textbook, McGraw-Hill Book
Co. 1931.

The Plateau and Basin Range provinces are distinct 
topographic entities. The former is a broad expanse of 
nearly horizontal strata but little disturbed; the latter 
is a region of anticlinal mountains, tilted fault blocks 
and overthrust masses separated by flat floored valleys.
The distinction between the Mexican Highland and the So
nora Desert is based upon a relative abundance of similar 
topographic forms. In the Mexican Highland the areas occu
pied by ranges and valleys are of about equal extent. In 
the Sonora Desert the valley areas greatly predominate, the 
isolated ranges rise from one thousand to two thousand feet 
above the plains and trend in a general northwesterly direct 
ion. The Mexican Highland as described by Fenneman, occu-



pied a "broad ."bandirmmiag; diagonally acress .theestate from 
northwest to southeast.r -To:.the northeastnis the.Plateau 
area, ithe,. southerniedge of , the ( Colorado Plateau, -, %.
and to the:southwest lies the Sonora^Desert .which,extends 
on .into-.that part, of: old .Mexico known„as.:.Baja; California, 
cit hThe, Silver King.iarea;is-1he .zone of transition her- 
tween thevMexican Highland and the Sonora Desert provinces 
It is characterized by considerable relief, rising from an 
elevation of 5500 to over.5000-feet in a distance of a 
little over a mile. To the southwest one looks out upon 
the desert of the Gila valley, while the spurs and ridges 
of the Pinal mountains,: rising: sharply from the desert.-- 
f Ip or, form the nearby. horizon in: the other, dire ct ion, r,

; The main: topographic..feature is. the dacite. cliff uon 
the.eastern-.edge-of :the area ■ whi ch, t rends u no r the a s t e r ly.. - 
This trend,:.is also, reflected in the;cliffs of Garbonif-■ • 
erpus limestone below,,,(From the base of the dacite cliff 
the land slopes; steeply to the west,. It is cut by narrow 
steep-sided canyons runningtinothe same-direction, sep
arated by sharp ridges.

vThe - rocks whi eh, unde rile - the dacite r have had but .1 
little effect upon the development of the topography^ L n 
The canyons are carved in all formations alike; .The . . 
greatest influence is :exerted by the diorite,- which If onus 
the bed-rock of most of. the small gently sloping basins, 
and by the diabase which.usually^occupies low;lying areas.
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Structure likewise has had hut little effect. With 
a few exceptions canyons and ridges are not effected hy 
contacts. Ho prominent fault line scarps have been devel
oped. Some fault zones are the sites of canyons, but 
this is not invariably the case. Usually the rocks on 
either side of a fault plane exhibit but little differ
ential erosion.

General Geology 

Principal Features

The basement rock of central Arizona, in which the 
Silver King area lies, is the Pinal schist, of Arehean. 
age. Hone of the pre-Cambrian intrusives which intrude 
the Pinal schist to the east and south such as the Madera 
diorite, outcrop within the area, but the schist is con
siderably metamorphosed in places and this metamorphism 
may be due to masses of such igneous rocks which exist 
in depth and which have not been exposed by erosipn. 
Unconformably overlying the Pinal schist is the Apache . 
group of Algonkian age, which is composed of the basal _ 
Scanlon conglomerate, the Pioneer shale, Barnes conglom
erate, Dripping Spring quartzite and Mescal limestone.
At the top of the Mescal limestone a thin basalt flow is 
overlain by the Cambrian Troy quartzite.

The oldest intrusive rock in the area is diabase,
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which intrudes all of the pre-Cambrian formations, but is 
principally found as thick sills in the•Dripping Spring, - 
member of the Apache group. The diabase seems,to affect 
the base of the Troy quartzite, but does not cut through it, 
and is not found in contact with any younger sediments. . - ./

The Martin limestone, of Devonian age, lies above the 
Troy quartzite, and is in turn overlain by the Bscabrosa 
and Kaco limestones of Mississippian and Pennsylvanian age 
respectively.

After the deposition of the Carboniferous limestones 
a nearly black rock of andesitic composition was intruded 
as a sill between the Mescal limestone and Troy quartzite-.
It is found only in the central part of the area, and at 
one place cuts through the Troy quartzite and Martin lime
stone and into the Carboniferous formations.

The next- rock in chronological order is quartz diorite, 
a stock-like intrusion which occupies the entire central 
portion of the Silver King area. Intruded into the quartz 
diorite and closely related to it in origin is a quartz 
diorite porphyry. For this rock the local name of Silver 
King porphyry is so well established that it is used through
out this report. It occupies the are a inmediat ely'surround- 
ins the Silver King mine. Both the quartz diorite and the 
quartz diorite porphyry are cut by cbmplemehtary dikes, 
which extend outward into the surrounding,formations. The 
age of the quartz diorite, Silver King porphyry and dike
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rooks is uncertain, "but are probably Tertiary.
Still younger are the rhyolite tuffs which uncon- 

formably overlie the Naco limestone. These are in turn 
overlain by rhyolite and daeite flows forming the higher 
summits and sheer cliffs which are such prominent ; feat
ures along the northwestern front of the Pinal mountains.
In the southwestern corner of the area is a daeite conglom
erate. It is post-dacite and is referred to the late 
Tertiary.

The youngest igneous rock in the area is andesite, 
which intrudes the post-dacite fault zones. It may be of 
late Tertiary or Quaternary age. The youngest sediment is 
the recent alluvium, which ranges from coarse well cemented 
conglomeratic material to loose sand. It is mostly confined 
to the lower parts of the area.

Previous Geological Investigation

Although the pre-Cambrian rocks of central Arizona
were probably studied earlier by W.P* Blake, Territorial
Geologist for Arizona, the first published work was by
Marvine and Gilbertt Dr. Marvine reported his crossing
1. Marvine, A.R. and Gilbert, G.K. - U.S. Geog. Surveys 

West of the 100 th Meridian. Vol. iii, 1875.
of the Pinal Mountains as follows:

Where crossed, the main mass was of granite, but 
upon their northeast flanks is a long series of highly 
metamorphosed rocks consisting mostly of crystalline
schist, micaceous, chloritic and taleose.........An
adjacent spur of the Pinal mountains seems still capped
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with Tonto sandstone, which dips into the range at an 
angle of about ten degrees, the last southwestern remnant 
of the Plateau beds.

Blake,1 writing in connection with a report on the
1 Blake, W.P. - The Silver King Mine of Arizona, Tuttle,

Morehouse and Taylor, Printers,. New 
Haven, 1883.

Silver King Mine, states:
The Pinal range above the Silver King is formed 

chiefly of Paleozoic strata, with heavy beds of quartzite 
at the base, overlain by massive beds of limestone dipp
ing eastwardly.......... this again lower down the slope,
toward the plain, (is underlain) by.an extensively devel
oped fine-grained mica slate formation. The formation is 
very ancient, and is lithologically and to all appearances 
the equivalent of the Taeonic slates of Berkshire, Massachu
setts and the Vermont extensions. It is extensively devel
oped in Arizona, and being one of the primal series of 
formations and fundamental bed rock of the territory, in 
and upon which such a variety of later formations are 
grouped, it deserves the name of Arizona slate, which I 
shall apply to it.

A. B. Reagan,2 prior to 1903, enlarged upon the recon-
naisance geology of Marvine and Gilbert in the Fort Apache
2 Reagan, A. B. - Geology of the Fort Apache Region in

Arizona. The American Geologist. Vol. 
32, 1903.

region. The Archean, he divided into two parts, an upper 
series consisting of crystalline schists ranging in com
position from hornblende schist to mica schist with assoc
iated syenite, and a lower system composed entirely of 
granite. He also recognized an Algonkian series of unmeta
morphosed sediments lying unconformably between the cryst
alline gneisses of the Archean and the overlying Tonto ( Ta- 
peats) sandstone. The meager description given of this 
series follows:

The rocks, in the main, are composed of massive lava
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flows of the diorite and diabase types interstratified 
with sandstone, mottled eoralloid limestones, and many 
colored shales. .

The Globe Quadrangle

At about the same time that Reagan was studying
the series at Fort Apache, namely, in 1901-1902, F.l.
Ransome^was working out the geology of the Globe Quad- :
1. Ransome, F.L., - Geologyoof the Globe Copper District,

Arizona. U.S. Geol. Surrey Prof. 
Paper 12, 1903.

rangle• The results of his work were published in 1903.

Pinal Schist
: : ... . . i

The Archean rocks within the Globe quadrangle cor
responding to the Arizona slates of BlakeLwere named 
Pinal schist; by Ransome. The name was derived from the 
Pinal mountains, where they are abundantly exposed. In 
general the schists are light grey in color, frequently 
exhibiting a silver satiny lustre, and are characterist
ically sericite schists. With the exception of sericite, 
quartz is the predominant mineral, and the calcic minerals 
are generally absent. Their origin was therefore attrib
uted to a metamorphic derivation from quartzose sediments. 
This derivation is in part, at least, borne out by broader 
features.

Intruded into the Pinal schist are great masses of 
granitic igneous rocks, such as the Madera diorite and
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Schultze granite, and Ransome considered the former, 
which is the earlier, to have had considerable effect 
in the transformation of the original rocks to their pres
ent state. . . .

Apache Group

To a series of quartzites, arenaceous shales, grits 
and conglomerates, which attains a thickness of from 800 
to 1000 feet and are particularly well exposed on the west
ern face of the Apache mountains, Ransome gave the name of 
Apache group. This series of sediments rests unconform- 
ably upon the Pinal schist, and is overlain, apparently 
unconformably, by what was at that time mapped as the 
Globe limestone, of Carboniferous age, but whose basal mem
ber has since been recognized as Devonian.

* - -• ' « - * - • ' ' ' '

The Apache group as mapped by Ransome in the Globe 
quadrangle consisted of the following formations:

Peet
Dripping Spring quartzite

Massive beds of streaked buff and .400
pink quartzite at base, with thin
ner beds above usually rusty in 
appearance. -

Barnes Conglomerate
Well rounded pebbles of hard, white 10-15 
or pink quartzite, with some white 
vein quartz imbedded in matrix of 
arkosic grit.

Pioneer Shale
Arkosic arenaceous shales with thinly . 200
interbedded quartzite.
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Feet
Scanlan Conglomerate

Imperfectly rounded pebbles of 1-6
white vein quartz and schist in 
a matrix of local derivation.

As no fossils were found within the Apache group 
it was necessary for Ransome to rely entirely upon the 
lithological character of the beds in determining their 
age. Hebetates:
1. Ransome, F.L. - ibid, pp.38

So far, therefore, as its stratigraphical position is 
concerned, the Apache group may be Algonkian, Cambrian, or 
Silurian. The apparent absence of fossils, however, points 
to the Cambrian or Algonkian, rather than the" Silurian, 
which appears to be well provided with organic remains
wherever found in Arizona......As between Cambrian and
Algonkian, the former seems to be the more probable. As 
shown by Powell and later observers; the Algonkian Grand 
Canyon group is separated from the Cambrian Tonto group by 
as well marked angular unconformity, the Tonto in places 
resting upon the Vishnu schists and their associated gran
itic intrusives. As no equivalent unconformity coUld. be 
detected between the Apache group and the Globe limestone, 
it is probable that the former corresponds to.the Tonto 
group rather than to the Grand Canyon group.... a con
clusion in general agreement with the earlier correlation 
of Marvine. The Apache group is accordingly placed provis
ionally in the Cambrian. It probably corresponds in part 
to the Dragoon quartzites(Bolsa?) of Dumble, which are 
reported as underlying limestones containing Devonian and 
Carboniferous fossils in the Dragoon, .Whetstone, Chiri- 
cahua, and Mule mountains.

Ray Quadrangle

Ransome, with J.B. Umpleby as assistant, completed the 
geological mapping of the Ray quadrangle in 1911 after a 
year’s work. Eight years elapsed before the publication of 
the resuits in 19192 .
2. Ransome, F.L. - The Copper Deposits of Ray and Miami,

Arizona. U.S. Geol. Survey, Prof. Paper 
115, 1919. .



Pinal Schist

In his Ray report, Ransome made no changes in the de
finition of the Pinal schist. Therefore the description 
as given in U.S. Geol. Survey Prof. Paper 115 is for all 
practical purposes identical with that given in U.S. Geol. 
Survey Prof. Paper 12.

Apache group

The name Apache group was retained in the Ray-Miami 
report, hut the term was of necessity redefined. Ransome 
states^:
1. Ransome, F.L. - ibid, p . 39.

In the minutely faulted rocks of the Globe quadrangle 
no complete section of the group could be found, and the 
supposed constitution of the whole was arrived at by piec
ing together fragmentary data from different fault blocks 
under the assumption that there was in the region but one 
limestone formation(the Devonian and Carboniferous "Globe 
limestone") and but one quartzite formation (the Dripping 
Spring quartzite.) '

When, however, detailed work in the Ray quadrangle 
was begun in 1910 and better natural sections were studied, 
it soon appeared that below the Devonian there are two 
thick formations of quartzite separated by about 250 feet 
of dolomitic limestone. The initial assumption made in 
attempting to construct the Globe stratigraphic column was 
therefore incorrect. The Dripping Spring quartzite as 
mapped in the Globe report and folio included some of what 
is now the Troy quartzite, and the "Globe limestone" of the 
same publications included not only the Devonian and Carbon 
iferous limestone, to which the name was inteMed to apply, 
but also some fragmentary masses, many of them inclusions 
in diabase, of what is now named the Mescal limestone.

Consequently there were added to the four initial 
members of the Apache group, two more, as follows:



(23)

ffeet
Troy Quartzite

Cross-bedded and pebbly layers of 360
rusty colored quartzite, showing 
little or no feldspar.

Mescal limestone
Thin bedded, buff, limestone, with 300
cherty layers which stand out in 
relief upon weathering, giving the 
rock a rough, gnarled banding.

In 1905 Willis T. lee described a series of beds ex
posed in the gorge of Salt River below Roosevelt lam. He

l - . -states :
1. lee, W.T. - Underground .Waters of Salt River Valley,

Arizona. U.S. Geol. Survey. Water Supply 
Paper, 136, p. 96. 1905.

In the Tonto basin east of Salt River Valley an ex
tensive series of quartzites, argillites, etc., occur, 
which, although they are pre-Cambrian, are much less dis
turbed and less altered than the sedimentaries of the 
Phoenix Mountains. The pre-Cambrian series of Tonto basin 
is probably the Apache group of Ransome.

later reconniasance work by Ransome showed that both 
the sections of Reagan in the Sierra Ancha and that at 
Roosevelt contained the same beds as tne Apache group of 
the Ray-Miami region. Also, as in the latter region, the 
Apache group appears to lie conformably below the Devonian 
and Carboniferous limestones at Roosevelt, and in the Sierra 
Ancha there is no trace of an overlying Tonto(Tapeats) sand
stone.

The Mescal limestone, with its persistently cherty na
ture, becomes of importance in the attempted correlation of 
the strata. Another important feature is the separation 
of the Mescal and Troy by a thin basalt flow, at the most 
100 feet in thickness. The basalt contains abundant vesicles.
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Although thin, the flow is remarkably persistent, and may 
be observed at the contact of the two formations over large 
areas.

Metamorphic Pre-Cambrian Rocks 

Pinal Sfchi st✓

The Pinal schist, which occupies the entire north
western part of the map area is the basal pre-Cambrian 
rock upon which all the later sediments were deposited. 
Although the associated pre-Cambrian intrusives of gran
ite and diorite described by Ransome1are nowhere exposed
1. Ransome, F. L. - The Copper Deposits of Ray and Miami,

Arizona. U.S. Ceol. Survey Prof.
Paper 115, p. 37. 1919.

within the area, the schist in many places shows the meta
morphic effects of these rocks. In general, the Pinal schist 
presents a light gray, fine grained appearance. It is highly 
sericitic with finely developed schistosity and usually has 
a lustrous satiny sheen on the foliation surfaces. ifhese 
surfaces often have a knotty appearance, due to the devel
opment of crystalloblast s of hornblende, andalusite, and
sillimanite. (PI. XII, £.)

}

Petrographic detail of schist. - In thin section the 
schistosity is recognized most readily by the concentration 
of small rounded grains of magnetite and some hematite into 
roughly parallel bands. The iron oxides occupy about 5 per
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cent of the section. Roughly 85 per cent of the rock is 
composed of equigranular, crystalline quartz ranging in 
grain size from 0.01 to 0.08 millimeter. The remaining 10 
per cent is muscovite, the long dimension of the flakes 
reaching 1 millimeter. The orientation of these flakes 
parallel to the schistosity is not readily visible as they 
bend around the quartz grains. A little serpentine and 
chlorite have apparently formed from mafic minerals.. Ass
ociated with the muscovite in and around these areas is con
siderable leucoxene which is entirely wanting in other 
places. This suggests alteration from biotite which prob
ably formed from a still earlier mineral.

Greenstone has been developed in parts of the area 
affected by the metamorphism of the pre-Cambrian intrusives. 
The rock is dark-green, distinctly schistose, and of coarser 
grain than the gray sericitic variety. The schistosity is 
in places contorted into close folds not found in the quartz 
sericite schist. Hornblende needles in roughly parallel 
arrangement are most abundant, but some layers are largely 
chlorite. Veinlets of quartz which swell and contract, 
but which are conformable to the schistosity, penetrate 
the rock.

Petrographic detail of greenstone. - In thin section 
the greenstone is composed of the following minerals: 
chlorite approximately 50 per cent of the area, epidote 15 
per cent, hornblende 25 per cent, and magnetite 10 per 
cent. Chlorite occurs as an aggregate of plates in para-
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llel arrangement. Imbedded in the chlorite is epidote in 
rounded grains from 0.03 to 0.07 millimeter in diameter. 
Hornblende occurs as prisms reaching a maximum of 2 mill
imeters in length. The pleochroism is unusual, ranging 
from almost colorless through light yellowish green to dis
tinct greenish-blue. It apparently approaches the composit
ion of glaucophane, but gives extinction angles of 10 de
grees or more with the prismatic cleavage. The hornblende 
needles do not show parallelism, but cut across the schist- 

bsity in all directions. Chlorite and epidote are earlier 
than the hornblende. Magnetite is scattered throughout, 
but tends to be concentrated in the chlorite rather than in 
the hornblende.

A third variety of the schist occurs at places where 
the quartz diorite is in contact with the Pinal schist, 
the intrusion having developed a gneissoid structure in the 
schist. The rock is light gray, coarsely crystalline, with 
the appearance of quartzite, but certain dark streaks are 
composed largely of biotite. The bands of the gneiss in 
general are moderately crumpled. This phase of the Pinal 
schist grades imperceptably into the diorite.

Petrographic detail of gneissoid facies. - The thin 
section of the rock is nearly 90 per cent quartz, in roughly 
equigranular, interlocking grains of about 0.15 millimeter 
in size. The remaining 10 percent is muscovite, filling 
the interstices between the quartz grains and exhibiting 
random orientation. Imbedded in the muscovite are numerous
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rounded grains of apatite. Hematite as small rounded grains 
da sparsely scattered throughout the rock "but tends to be 
concentrated in the muscovite. Some of the larger muscovite 
flakes contain remnants of biotite.

Origin of the Pinal Schist

At least part of the Pinal schist has been formed from 
sedimentary rocks. In the saddle south of Fortune Peak 
the schist is composed of small pebbles of dark gray quart
zite in a matrix of typical light gray sericitic Pinal 
schist. The pebbles are elongated parallel to the schist- 
osity with the long direction approximately twice that of 
the shortest which is rarely over one and one-half inches. 
The appearance of the thin sections also suggests, a sedi
mentary origin. Except for the slight indication of schist- 
osity furnished by the small quantity of iron oxides, the 
rock would be identified as a quartzite. It.differs only 
in this respect and in absence of feldspar from sections 
of the Dripping Spring quartzite.

Sedimentary Rocks 

Apache Group 

Scanlan Conglomerate

The Scanlan conglomerate, which is the lowest member 
of the Apache group, is but poorly represented in the area.
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It was observed in two widely separated places, and exhibits
a marked difference of character. In the southwestern cor-

. ' ' : - " . 
ner of the map area not far north of the Concentrator
.fault it is less than five and usually only two or three 
feet in thickness. It is composed of small pebbles of 
white vein quartz and fragments of sericitic Pinal schist 
in a matrix of purplish shale similar to the overlying 
Pioneer shale. The quartz pebbles are obviously derived 
from veins in the Pinal schist. In places pebbles are en
tirely absent and the Scanlan conglomerate is represented
by a few inches of shale containing flakqs pf gray sericit-

. .
ic schist passing quickly into typical Pioneer shale.

In the eastern tributary of Fortuna Wash at the foot 
of the southern ridge of Fortuna Peak the Scanlan conglom
erate is represented by an arkosic quartzite, some six 
feet in thickness, within which are found ten small con
glomerate bands, none of which exceed four inches in thick
ness. The pebbles, whose maximum diameter is two inches, 
are composed of white vein quartz and light colored quartz
ite. They are not well rounded and appear to be slightly 
elongated in the direction of strike of the formation,
H 8°E. The rock is slightly schistose, probably made so 
by the diorite intrusion which lies a few hundred feet to 
the west. The exposure of Pinal schist below the Scanlan 
conglomerate at this point exhibits the gneissoid texture 
previously described.

Due to the thinness of the Scanlan conglomerate it



(29)

was not mapped separately, "but is included at the base of 
the overlying Pioneer shale.

Pioneer Shale

The most persistent horizon of the Pioneer shale is 
a dark purplish-brown shale, of moderate hardness, com
posed largely of arkosic material with a considerable 
proportion of pink feldspar. This part of the formation is
characterized by abundant round or elliptical spots of

1light buff color, which, as explained by Ransome, are
1. Ransome, F.l. - Geology of the Globe Copper District,

Arizona. U.S. Geol. Survey Prof. Paper 
12, p. 31, 1903.

caused by the "local reduction and removal of the ferrug
inous pigment," and which makes the rock debris, as well as 
the outcrops themselves, conspicuous. This horizon is 
well exposed at the end of the Magma Chief ridge and at 
the end of the southern spur of Fortune Peak. Thdrs purp
lish-brown horizon is usually found at the top of the form
ation. Rear the southwest corner of the map area, it is 
in contact with the Pinal schist and here makes up the en
tire thickness of the formation of approximately 75 feet.

In most places thfe purplish horizon grades downward in 
to a hard, arkosic quartzite of medium texture, varing from 
a light tan to a dark brown which in some places approaches 
black. The lighter colored quartzite is well exposed just 
north of the Concentrator fault in the extreme southwestern 
portion of the area, the darker facies in the arroyo if alls
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just southwest of triangulation station No J 4, where it 
contains interbedded shaly layers from one to five feet in 
thickness. Diabase has intruded the lower part of the for
mation so that the full section is not exposed.

Where the Magma Chief road crosses the Conley Spring 
fault, the purplish Pioneer shale is underlain by a few 
feet of light brownish-gray fissile shale. Along the north 
western boundary of the area, the Pioneer formation is a 
fine-grained, tough reddish-brown to purplish-gray quartz
ite . The individual beds are thin, and cross-bedding is 
common.

Excellently preserved ripple marks were observed in 
the Pioneer shale in the southwestern corner of the area 
and at the end of the southern spur of Fortuna Peak. The 
ripple marks were symmetrical and evidently the product of 
wave action denoting a shallow water origin in the local
ities where they are present.

On the north side of the prominent hill to the north 
of Magma Chief ridge, the Pioneer has been metamorphosed 
by the diabase intrusion. The shale has been rendered 
schistose apparently parallel to the original bedding and 
has been contorted into short wavy folds, which in some 
places have been rather closely compressed. The develop
ment of sericite along the planes of the schistosity gives 
the rock a gray color and pearly lustre. iVere it not for 
the stratigraphic position of the formation, it might 
easily be mistaken for the Pinal schist. The more quart- 
zitic Pioneer - shale is a rather fine grained sediment, the
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laminations averaging about 2 millimeters in thickness.
In thin section it is made up of about 50 per cent rounded 
to angular quartz fragments, averaging less than 0.06 
millimeter in diameter, imbedded in a matrix of kaolin 
which makes up the remaining 50 per cent of the rock. This 
kaolin matrix contains a large amount of very minutely divid 
ed hematite, which imparts a purplish-red color to the rock 
and the concentration of which along the bedding planes 
makes the stratification visible in thin section. The 
leeched spots, which are light buff and which form so 
prominent a character' of the Pioneer formation contain 
little or no hematite. The shale contains a few flakes of 
biotite.

Barnes Conglomerate

The Barnes conglomerate is a thin but remarkably per
sistent formation of nearly uniform character throughout 
the area. There is almost everywhere more than one con
glomerate bed separated by thinner layers of light reddish 
brown arkosic quartzite. The pebbles of red and white 
quartzite are characteristically ellipsoidal in form and 
well rounded. (PI. X, A) • , . . , ,

Toward the northeast there is 10 feet of solid con

glomerate at the base above which are three feet of quartz
ite and two feet of conglomerate. The ellipsoidal pebbles 
are -smallranging from the size of jelly beans up to three

inches in diameter?— White quartzite pebbles predominate.
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The roek is fairly •aniform and in such of the conglomerate 
the pebbles are nearly in contact.

To the southwest.the conglomerate hecomefe^hinner, 
and in places is less than five feet thick, usually composed 
of a thicker conglomerate layer at the "base, and two or 
more thinner beds above, separated by quartzite. In the 
jsreek bed .south.of B.il. 3555 She Barnes formation is com-/' i
posed of numerous lenticular beds of conglomerate, usually 
only a few inches thick separated by much thicker layers of 
quartzite. The size of the pebbles increase slightly, although 
seldom more than four inches along the axis.

The matrix oi the conglomerate is light reddish-brown 
arkosic quattzite of the same character as the overlying _ 
Dripping Spring quartzite. The conglomerate is so well 
cemented that fractures traverse both matrix and pebbles, 
which adds to the already striking appearance of the form- 
ati-on. . .. . ,

The Barnes conglomerate has not been mapped separately 
because of its thinness, but is included in the base of 
the overlying Dripping Spring quartzite.

Dripping Spring Quartzite

The Dripping Spring quartzite, the thickest formation 
of the Apache group, presents a uniform character through
out the Silver King area. The rock is a light reddish- 
brown, fine-grained, brittle quartzite, with an appreci
able amount of pinkish feldspar visible in hand specimen.
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The lower portion is thinner bedded and somewhat coarser
in texture than that above, but has little tendency to
show the pronounced striping due to the alteration of red
and black bands described by Ransoms^ in the Globe and Ray
^ Ransome, F. L. ■- The copper Deposits of Ray and Miami,

Arizona. U. S. Geol. Survey Prof. 
Paper 115, p. 42, 1919.

quadrangles. Neither does the quartzite exhibit the sun 
cracks, ripple marks, and worm casts which are present in 
the other areas, which may be due to a deeper water con
dition in this area during the deposition of the formation.

Towards the top of the formation the beds become thin
ner, averaging only a few inches in thickness, and tend to 
grade into the Mescal limestone. In places shaly beds alter 
nate with normal quartzite beds; elsewhere thin layers of 
limestones are interbedded with the shaly layers.

The Dripping Spring quartzite is lacking in cross- 
bedding and conglomerate layers, ail'd this serves to disting
uish stratigraphically isolated exposures of the Dripping 
Spring quartzite from those of the Troy quartzite.

Petrographic detail of quartzite. - In thin section 
the rock is composed approximately of 75 per cent quartz,
10 per cent potash feldspar, nearly 15 per cent serialte, 
with accessory magnetite and zircon. The quartz occurs in 
two distinctly different grain sizes. The larger, making

up about 40 per cent are angular, with an average diameter 
of 0.25 millimeter, and the other 35 per cent consists of 
very fine grains averaging about 0.03 millimeter and are
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closely compacted "between the larger grains. The potash 
feldspar occurs in grains of approximately the same size 
as the larger quartz grains. Some of the feldspar grains 
exhibit microperthitic structure, and an occasional grain 
of myrmekite may "be seen. The cementing material is ser- 
icite, which pent rates "between the closely packed quartz 
and feldspar. Tiny grains of magnetite are rather abund
ant, apatite is fairly common, and zircon is relatively 
rare. t

In the Silver King* area the intrusive diabase has 
extensively invaded the Dripping Spring quartzite along 
the bedding planes. Along the contacts the quartzite has 
been baked and colored a dark brownish-black for a dist
ance of several feet. The more easily weathered diabase 
usually forms swales of hollows between ridges of quartz
ite. This aids in the tracing of diabase sills where they 
are concealed by detritus.

Mescal Limestone

The Mescal limestone is a thin-bedded, persistently 
cherty limestone. It is thinnest to the south, where the 
cherty nature is best developed, and the layers of light 
gray to buff limestone, a few inches in thickness, alter
nating with the irregular layers of siliceous material, 
gives the formation its characteristic gnarled appearance. 
(PI. X, B). Toward the top the limestone becomes increas
ingly siliceous, and at one or two places, notably below
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triangulation station No. 2, is an ejctremely fine-grained, 
almost white quartzite. Here bedding planes of almost 
paper thinness are observed, which show some cross-bedding. 
Near the southern boundary of the area the top of the Mes
cal is a sandstone, composed of well rounded grains of 
white quartz, one-half millimeter in diameter, cemented by 
a matrix of sandy lime.

To the north the formation is thicker and less siliceous
. . . .  • . ; - , ; ; . , . . , ......  , .■ ... .... . . .

than to the south. The limestone beds are more massive,
whereas the chert layers are thinner and more evenly bedded. 
Consequently the limestone has lost the knotted and gnarled 
appearance which is so distinctive, and in places might 
easily be mistaken for the stratigraphically higher Martin 
limestone. Here the change from limestone to quartzite 
at the top of the formation is more apparent, the quart
zite being pink and fine-grained.

In the northern part of the area the diabase has ex
tensively invaded the Mescal limestone along the bedding 
planes so that a portion of the area mapped as Mescal is 
in reality diabase. Most of the sills are small in com
parison to the thickness of limestone separating them.

Basalt

The general mode of occurrence and remarkable persist
ence of the basalt flow which separates the Mescal lime
stone from the overlying Troy quartzite, and which is

\
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generally considered as a part of the Apache group as it 
followed closely upon the deposition of the limestone, 
has teen discussed on pages 23 and 24.

In the Silver King area the basalt is present only to 
the south of the C o W l y  Spring fault. For some 400 yards 
south of the fault the igneous nature of the rock is clear. 
It is dark red in color, and somewhat vesicular, the ves
icles exhibiting a marked flattening and elongation para
llel to the surface of the flow. . The maximum thickness is 
about twenty feet. " .

This flow basalt quickly gives way to a purplish red 
shale of basaltic composition which has a maximum thick
ness of 60 feet. It is finely stratified and at the top 
contains numerous angular fragments of dark quartzite 
which are concentrated in narrow layers. The basaltic shale 
bed continues to the southern border of the mapped area.
Just north of the Magma Chief tunnel where the cliffs of 
Troy quartzite are most prominent, the flow is represented 
by abundant pebbles and boulders of red, highly vesicular 
basalt in the basal conglomerate of the quartzite. Eros
ion evidently removed and redistributed the basalt cover in 
this particular area, cutting for a short distance into the 
Mescal limestone, as a few pebbles and boulders of the lime
stone &re found . with the basalt in the conglomerate at 
the base of the quartzite.

Petrographic detail of basalt. - In thin section the 
rock presents a typically basaltic pattern and is composed
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of about 60 per cent feldspar laths, 25 per cent hematite,
10 per cent sericite and 5 per cent quartz. (PI.XV, B).
The feldspar laths average less than 0.25 millimeter in length, 
and lie in every conceivable direction, but have been so 
completely altered to sericite that their original composition 
cannot be determined. Most of the quartz is coarsely cryst
alline, occurring in nodular areas o r  exhibiting linear 
arrangement of particles indicative of extraneous origin. 
Intimately associated wifh the quartz are roughly equidimen- 
sional areas of sericite averaging about 0.05 millimeter in 
diameter. The amygdules are filled with this same material 
and a small percentage of quartz. This variety is very fine 
grained and lacks the fibrous habit of most sericite, but 
the average index of the mineral falls within the sericite 
range. Hematite occupies the interstices between the altered 
feldspar laths. A few small pat^Ges of shreddy serpentine 
are present.
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Thickness of the pre-Cambrian Formations.

The maximum thickness of Pinal schist exposed in the 
Silver King area is less than 2000 feet. At no place, 
however, does the full section appear, as the schist con
tinues westward for some distance heyond the limits of the 
map, and is frequently separated from the overlying Scan- 
lan conglomerate by the diabase and quartz diorite intrus
ive s.

The exposed section of Pioneer shale with the basal 
Scanlan conglomerate is thickest toward the north where 
500 feet is exposed. To the south, only the upper 275 feet 
occurs, the lower part having been obliterated by diabase. 
The composite section from the upper to the lower contacts 
of the Pioneer shale, including the large central section 
of diabase, is 1550 feet, but what portion of this thick
ness is due to vertical displacement by the intrusion is 
conjectural.

The Dripping Spring quartzite, with the intruded dia
base, varies in thickness from 1995 feet, measured on the 
Magma Chief ridge, to 1200 feet to the north. Of these 
thicknesses, the quartzite occupies 890 feet and 750 feet 
respectively. The Barnes congomerate, of negligible thick
ness, is included.

The Mescal limestone on Silverado Ridge where it was 
measured is 375 feet thick, although the thickness appears
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to be slightly greater somewhat south of this point. To
ward the southern "boundary of the area it has thinned to 
110 feet, and in the underground workings of the Magma . 
mine immediately to the south it is absent. ,
1. Short,M.N. and Ettlinger, I.A. - Ore Deposition and 

Enrichment at the Magma- Mine, Superior, 
Arizona. Trans. A.I.M.E. vol. 74, p.180. 
1926.

Paleozoic System 

Troy Quartzite

The Troy quartzite, usually of a darker brown than the 
Dripping Spring quartzite, is cross-bedded everywhere except 
in the northwestern part of the area and contains numerous 
thin lenses of conglomerate. The cross-bedding is made more 
apparent by the slight change in color of the individual 
beds, which vary in thickness from a few inches to several 
feet. Nearly everywhere in the area the Troy quartzite is 
conglomeratic at the base, and toward the top
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becomes finer grained and lighter in color.
On the Magma Chief ridge the 25 foot bed of conglom

erate at the base of the Troy forms a prominent cliff.
(PI. IX, A). Boulders of dark reddish black, vesicular 
basalt up to nearly a foot in diameter make up about 50 "per 
cent of the lower 10 feet. Occasional fragments of Mescal 
limestone are present. The remainder of the coarse mater
ial is reddish brown quartzite of cobblestone size. The 
cementing material is similar to the normal quartzite found 
above. To the south the conglomerate gives way to a coarse 
grit which contains small pebbles of basalt.

In most of the central part of the area, the base of 
the Troy quartzite is not conglomeratic. Thin beds of con
glomerate and grit are unusually numerous, however, and 
cross-bedding is plainly in evidence. On the southwest 
slope below triangulation station No. 2 a maximum of 30 
feet of coarse breccia appears at the base of the Troy 
quartzite. The breccia is composed largely of light colored 
quartzite, and the presence of numerous wellrounded pebbles 
indicates that the base of the quartzite was a coarse con
glomerate. Except near the base, where the andesite has 
worked its way around the angular fragments of quartzite, 
the matrix is composed of finely crushed quartzitic mater
ial. Some of the rock at the base of the breccia has been 
rendered schistose, but whether the schist represents quart
zite, andesite, or a mixture of the two has hot been determined.
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In thickness the Troy quartzite increases from 150 
feet on the Magma Chief ridge to 540 feet near the north
east "border of the Silver King area. The Cambrian age of 
the formation has already been demonstrated.

Martin limestone.

The Martin limestone, of Upper Devonian age, was
named and described by Ransone^on the basis of abundant
1. Ransome, F.L. - Geology and Ore Deposits of the Bisbge

Quadrangle, Arizona. U.S. Geol. Survey 
Prof. Paper 21,.pp. 33-42. 1904.

fossil fauna. It overlies the Troy quartzite, with no 
visible unconformity separating the two formations. Al
though showing considerable variation in thickness, color, 
and composition of its beds, it is for the most part com
posed of dark.gray to white, eyen-textured limestone, 
occuring in comparatively thin layers. The thin^bedded 
nature accounts for its weathering into the gentler slopes 
between the more massive Carboniferous limestones above 
and the Troy quartzite below, both of which are persistent 
cliff-formers. The limestone is somewhat dolomitio, 
r. , On the Magma Chief ridge the limestone has a maximum 
thickness of 425 feet. The lower four-fifths of the sect
ion is made up of thin-bedded gray limestone. This is 
overlain by twenty feet of yellowish beds, six feet of fer
ruginous limestone and fifty feet of buff colored beds 
. _ . . ■ . .. 
which vary from six inches to three feet in thickness.
At the top is an eight foot bed of friable light brown shale.
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The shale bed apparently represents the transition from 
Devonian to Mississippian.age. In the southern part of the 
area numerous specimens of Atrypa reticularis are found with 
abundant crinoid stems below the shale, whereas crinoid stems 
alone appear above it. The shale seems to be represented by 
a sandy layer in the limestone to the north and by a black, 
fine-grained slate in the underground workings of the Magma 
mine. In the central portion of the area the top of the 
Martin is a light buff, fine-grained quartzite. It may be 
seen along the Silver King trail north of the Magma Chief 
ridge, and in the saddle east of triangulation station No.2.

Escabrosa and Naco Limestones .

The Escabrosa and Kaeo limestones in central Arizona 
were first described by Ransome^in 1903 under the name of
1. Ransome, F.L. - Geology of the Globe Copper District,

Arizona, U.S.Geol. Survey Prof. Paper 12 
pp. 39-46. 1903.

Globe limestone, which qlso included the underlying Martin
limestone of Devonian age. In his work on the Ray quadrangle,

• £Ransome divided the Globe limestone, giving to the Carboniferous.
2. Ransome, F.L. - The Copper Deposits of Ray and Miami, Ariz.

U.S.Geol. Survey Prof. Paper 115, pp.
47-48. 1919. ‘

portion the name Tornado limestone. Since he shows the 
Tornado limestone to contain both Mississippian and Pennsyl
vanian formations which are of the same age as the Escabrosa 
and Naco limestones of the Bisheeiearaa^^these names instead
3. Ransome, F.L.- Ore Deposits of the Southwest. 16th Intn'l.

Geol. Congress, Guidebook 14, PI. III.
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of the Tornado are used in thw report.
In the Silver King area the Escahrosa and Naeo lime

stones have heen mapped as a unit because of the impraot — .
icahility of separating the Mississippian and Pennsylvanian 
formations in the field. This is due to the fact that the 
limestones contain no identifiable fossils,•the poorly 
preserved fragments present being confined to two or three 
widely separated horizons. '

The Carboniferous limestone, lying conformably above ' 
the Devonian, begins only a few feet below the white cliffs' 
which form so prominent a topographic feature in the area. 
(PI. X,C). On the crest of the Kagma Chief ridge where 
the total thickness of the limestone is 925 feet, the base 
of the formation is rather sandy, but gives way a short 
distance above to a bed of reddish-brown calcareous shale.
This is succeeded by non-fossiliferous gray limestone which

. .extends to the base of the cliffs. The cliff-forming mem
ber is divided into three parts. The lower is made up of 
nearly white, massive limestone, 40 feet in thickness, and 
forms the larger cliff. The central part is composed of 
fifteen or twenty feet of nearly black, thin-bedded lime
stone, which is overlain by ten feet of a white cliff- 
former. Above this is approximately one hundred feet of
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of gray thinner "bedded limestone. It is ‘believed, that 
this section is Escafcrpsa. The upper portion of the Carb
oniferous limestone is believed, to be Haco. Close to the 
base of this formation is a ten foot bed. of ferruginous 
chert which forms a gentle slope. Above this point the 
limestone becomes softer.: and thin-bedded. The lower 
section is noticeably pink, but this becomes less distinct 
toward the top, and finally gives W a y  to gray.

In the northern portion of the area the total thick
ness of the Carboniferous limestone is but little over 300 
feet in thickness. It is unfossiliferous where observed, 
but may be distinguished from the underlying Devonian by 
its coarsely crystalline texture. It is in general a 
coarse aggregate of cleavable calcite grains which reach 
several centimeters in diameter, the crystallinity being 
due to marmorization by the nearby quartz diorite. This 
extends up to the cliff forming member, which is similar 
to that already described, except that it shows a variat
ion in color from light gray to buff. The upper portion , 
believed to be Naco, is more massively bedded than that to 
the south.

Tertiary System l?)

Dacite Conglomerate

In the extreme southwestern corner df the Silver King 
area a dacite conglomerate appears which extends beyond the 
limits of the area to the southwest. It has been down-
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faulted along the Concentrator fault, so that Its northern 
boundary Is now In contact with the diabase which Intrudes 
the Pinal schist and Pioneer shale. The conglomerate Is 
composed of large and small angular fragments of the older 
rocks in the area, imbedded in a finely fragmental matrix 
of dacite. The coarse material is made up largely of e q u a l ^ ^ ^

eJacH cproportions of Paleozoic limestone, Dripping Spring quartz- 
ite and diabase, with smaller amounts of the other rocks.

Locally this formation has been considered an agglom
erate, and its origin attributed to a flow which picked up 
the detritus covering the surface onto which it was poured.
The included rock fragments, however, show no metamorphism 
or alteration, and the dacite matrix appears to be frag
mental.

Moreover, there must be between 1000 and 2000 feet of 
dacite below the conglomerate formation. The Concentrator 
fault has been explored by the Magma Copper Company, and 
normal dacite, similar to that of Apache Leap, has been

1cut on the southwest side by a drift from the 2550 level, 
f — -------------------------— ----— --------- --------- --------Short, M. N. - Oral Communication.
With this thickness of dacite covering the Paleozoic and 
pre-Cambrian rocks, it seems unlikely that the surface 
could have been covered with a debris largely made up of 
fragments of these rocks. It is therefore believed that the 
dacite conglomerate was formed after the displacement along 
the Concentrator fault and subsequent erosion had exposed 
the older rocks to the east. Further movement along the
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fault divided the conglomerate. Erosion has removed that 
portion which remained in its original position to the east 
while the downfaulted western part has been preserved.

The age of the dacite conglomerate, which is later 
than the dacite, and earlier than the post^d^cite faulting, 
is believed to be Tertiary.

" . ..Quaternary System

Recent Alluvium

Consolidated Alluvium. - The rock is a coarse con
glomerate containing boulders up to eight or ten inches 
in diameter, poorly stratified, but well cemented by a 
limey matrix. (PI. IX.’B). 'The coarse material is some
what angular, and is made up largely of Carboniferous 
limestone, with smaller amounts of Martin limestone, Apache 
sediments and diabase.' The elongated form of the deposits 
as well as the local nature of the material, indicates • 
that the formation is the work of transient streams which 
deposited their load of stony detritus where they debouched 
upon lowland areas of diabase. This rock was at first 
believed to represent the Whitetail conglomerate described 
by Ransome in 1903. This correlation was based upon the
1. Ransome, F.L. - Geology of the Globe Copper District, .

Arizona. U.S. Geol. Survey Prof. Paper 
12, pp. 46-47, 1905.

absence of dacite fragments in the conglomerate, and the 
general similarity between the appearance of this formation
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and that of the Whitetail conglomerate. The very restricted 
area in which the formation occurs, as well as the fact that 
the conglomerate is cut off from the drainage area of the 
dacite hy the cliffs of Carboniferous limestones have led 
to the belief that the rock represents a more than usually 
consolidated phase of the alluvium.

The consolidated alluvium occurs as several small 
patches within the area. It is best exposed along the 
road which traverses the northwest slope of the Magma 
Chief ridge.

Unconsolidated Alluvium. - This alluvium, which forms 
a mantle of varying thickness over the lower portions of 
the area, changes greatly in character from place to place, 
depending upon the nature of the rock in the sections from 
which detrital material is derived. The one characteristic 
which all of the alluvial areas have in common is the large ' 
size of the coarse material, and the scarcity of fine mat
erial, although soil derived from large areas of diabase 
is finer grained. True sand is almost absent except in 
the stream beds, and this becomes abundant only in the 
lower courses of the washes.

In the southwestern part of Silver King Creek the 
alluvium is composed largely of Pinal schist, but with con
siderable amounts of diabase, diorite and Apache sediments. 
In the central portion of the stream diorite predominates 
with large proportions of diabase, and some dacite. For
tune Wash is almost entirely diorite, with some Pinal schist,
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while Peachville Wash is Pinal schist, Apache sediments 
and diabase. The alluvial area which covers the basin of 
Silver King camp is made up almost entirely of dacite, with 
smaller amounts of diorite and some limestone.

The debris is very loosely consolidated, and its 
thickness varies from a thin veneer to several feet. Only 
the thicker portions of alluvium were mapped, where outcrops 
were not numerous enough to determine the underlying mater
ial with reasonable certainty.

Igneous Rocks 

Diabase

General Character

The diabase, which outcrops over large areas, has in
truded all the pre-Cambrian formations and may have intruded 
the Troy quartzite as well. It occurs as sills, varying 
from a few feet .to several hundreds of feet in thickness.
The diabase in part follows the bedding planes but also 
breaks across the strata, so that blocks of the intruded 
sediments are engulfed in the intrusive. These blocks 
vary greatly in size, but in general are large, being 
measured in hundreds of feet along the strike, although some 
are only a few feet in thickness. The engulfed blocks re
tain their original dip and strike uniformly throughout 
the area.

The most extensive exposure of diabase lies in the
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southwestern quarter of the area, between the end of the 
Magma Chief ridge and the Concentrator fault. To the west 
it intrudes the Pioneer shale, having entirely obliterated 
the Pinal schist which would normally have been exposed by 
the erosion of Silver King Creek. On the steep slope of 
the western end of the Magma Chief ridge to the east the 
diabase is in contact with the upper part of the Pioneer 
shale. Above the shale lies Barnes conglomerate, and the 
lower part of the Dripping Spring quartzite. Passing the 
summit at the end of the ridge one first crosses a lentic
ular sill of diabase about aone hundred feet in thietonfcbe, 
and after crossing another few hundred feet of quartzite a 
second sill thirty to forty feet in thickness which lenses 
out to the south is encountered. This is separated by some 
50 feet of quartzite from a third sill of diabase approxim
ately 950 feet thick which expends eastward to within 
one or two hundred feet of the Mescal limestone.

In the northeastern part of the area the diabase forms 
a thick sill in the center of the Dripping Spring quartzite 
and several thinner sills have invaded the Mescal limestone. 
It also invades the contact of the Pinal schist and Pioneer 
shale, and is found as remnants within the quartz diorite 
stock, particularly along the contact of this rock with the 
Pinal schist.

Throughout the aces the diabase is characterstieally 
a non-resistant rock. Easily decomposed by weathering 
processes, it forms depressions between outcrops of the
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more resistant sediments. Jointing, where present, so 
closely approximates the bedding of the sedimentary rocks, 
that any long range identification is dangerous except 
where the diabase is extensively disintegrated.

Petrographic detail of diabase. - The fresh diabase 
is a dark greenish-black, heavy, holbcrystalline rock, in 
which augite, magnetite and crystals of plagioclase feld
spar up to a centimeter in length are visible. The augite 
and magnetite occupy the interstices between the plagioclase 
laths, giving to the rock a texture known asophitic, or
diabasic. (PI. XV, C). On weathered surface the diabase is

aolive green in color, and exhibits,,nodular structure, due to 
cores of sound rock which have at their centers rounded masses of 
augite. Diabase exposures on the steeper slopes are often 
covered with these nodules, the rapid erosion having carried 
off the disintegrated saprolitic soil.

Both quartz diabase and quartz-free diabase are pres
ent within the Silver King area, but except for the quartz 
content the rocks are identical. In thin section a typical 
specimen consists of about 50 per cent plagioclase feldspar,
15 per cent augite, 30 to 35 per cent uralite and minor 
amounts of actinolite, serpentine, and apatite. The ophit- 
ic texture is apparent, euhedral laths of labradorite, Ab37 
An63 up to 2.5 millimeters in length being the earliest min
eral deposited. The feldspar is incipiently sericitized and 
somewhat kaolinized, but the multiple twinning is still very 
distinct. Augite, occupies the angular interstices between
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the plagioclase laths. Some of the augite masses exceed ..
2 millimeters in length. The augite is extensively ural- 
itizedy (PI. XV, D) hut scattered throughout the uralite 
areas is a noticeable amount of actinolite. This mineral 
occurs as tiny fibers most of which give inclined extinction 
up to 18° but some are parallel or very nearly so. Much 
of the material is colorless, but some is light green and 
exhibits faint pleoehroism. The fibers are biaxial and opt
ically minus and all have a negative elongation. In a few 
places' the alteration has produced serpentine along the 
edges of the uralite areas," and some of the augite has 
broken down to magnetite which is surrounded by serpentine 
rims. Apatite is fairly common throughout the section, 
and pyrite is sparingly present.

In the quartz diabase, quartz may make up as much as 
20 per-cent of the rock. It is interstitial, and some of 
it is ordinary quartz, but most of itt is myrmekite, with 
predominant arrow head forms, (PI. XVI, D) but with some 
well developed brain coral types (PI. XVI, C). : The feld
spar in the myrmekite is orthoclase. A few areas of per- 
thitic orthoclase and albite are also found in these 
sections.

Although most specimens of diabase have augite, some 
of which is titanferous, as the predominant mafic mineral, 
some specimens show hornblende in place of augite. In one 
thin section, primary green hornblende made up 25 per cent 
of the total area. It occurs as subhedral prismatic sect
ions up to 2 millimeters in length and equally large anhedral
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aggregates. The sequence of crystallization is hornblende, 
then feldspar, which clearly replaces the hornblende (PI. 
XVII, A), whereas myraekite corrodes the mafic minerals in 
addition to the feldspar laths.

Petrographic detail of altered diabase. - The normal 
alteration of the diabase is dominantly uralization of the 
augite, although considerable amounts of ordinary horn
blende are also formed, accompanied by liberation of mag
netite and slight sericitization of the feldspar. At some 
distance from the contact of the diabase with quartz dio- 
rite a metamorphic alteration has taken place. This has 
the form of biotitization of the secondary hornblende, and 
liberation of additional magnetite (PI. XVII, B). The 
magnetite, which may occupy 10 per cent or more of the 
section, usually occurs as irregular grains averaging about
0.25 millimeter in diameter, and is surrounded by a con
fused aggregate of biotite flakes (PI. XVI, A). This 
alteration takes place within rather than on the edges of 
the hornblende areas. Colorless tremolite, in broad pris
matic sections, occupies as much as 5 per cent of some of 
the slides of the metamorphosed diabase. In a thin sect
ion* of the more highly metamorphosed diabase the ophitic 
texture is apparent, but the feldspar laths show more seri
citization than in most of the altered rock, although this 
is by no means intense. The labradorite laths up to 2.5 
millimeters in length constitute some 60 per cent of the 
rock, and have the composition A^Ang^. Except for about
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5 per cent magnetite, mostly in large anhedral grains horn
blende constitutes the remainder of the rock. In some 
areas it occurs in aggregates up to 2 millimeters in diam
eter, the individual grains of which are less than 0.2 
millimeter in diameter. In other areas it occurs in pris
matic sections exceeding 2.25 millimeters in diameter which 
show distinct twinning lamellae, and less abundantly ura- 
11te aggregates. The hornblende exhibits an interesting 
range of alteration. The characteristic confused aggre
gates of biotite are present in slight quantity. Consid
erable chlorite is present both as large flakes and as 
finely fibrous material. This is frequently associated with 
magnetite and occupies the same position that biotite has 
in less altered sections, i. e., surrounding central grains 
of magnetite. Imbedded in the chlorite are numerous fine 
needles of rutile, another product of the alteration. Epi- 
dote, which is fairly common, is also found replacing horn
blende, usually along the cleavages. Very finely divided 
hematite is scattered throughout the sericitized feldspar. 
Two or three rather large areas of calcite are present, one 
occupying nearly 1 square millimeter. Apatite is a very 
abundant aceessory, elongated crystals reaching one milli
meter in length, whereas zircon, although present, is rare.
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Basaltic Facies of Diabase.

For Sume distance along the strike of the formation 
both to the north and south of Silverado Ridge a basaltic 
facies of the diabase is exposed. Lying between the Mes
cal limestone and Troy quartzite it occupies the same 
stratigraphic position as the basalt flow south of Conley 
Spiing fault, but is greenish black instead of red. Just 
above the Mescal formation the basalt is highly amygdaloidal 
which is apparently due to assimilation of limestone. Many 
of the amygdules are filled with chlorite, others have an 
outer rim of grossularite, and a core of calcite, within 
a few feet the amygdaloidal basalt grades upward into a 
fine-grained, greenish-black rock, in which crystals of 
augite and plagioclase are apparent. Above this a coarse
grained variety makes its appearance which has the appear
ance of ophitic texture on weathered surfaces. Just below 
the contact with the Troy quartzite the rock is dark green
ish-black on fresh surface with visible crystals of plag
ioclase and a suggestion of ophitic texture. The ground- 
mass, although crystalline, is of too fine a nature to de
termine in hand specimen. The basalt grades impercepitably 
into diabase on both sides and it is impossible to deter
mine in the field where one begins and the other ends.

Petrographic detail of basaltic facies.- In hand 
specimen the basalt is a fine-grained, greenish-black rock,
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in which plagioclase laths up to 5 millimeters in length 
are usually the only constituent that can "be recognized in 
hand specimen. In thin section it is composed of about 
50 per cent plagioclase feldspar, 30 to 40 per cent horn
blende and ifrom 10 to 20 per cent iron oxide. The feldspars 
which range from andesine to labradorite Ab^gAn^g
occur as laths from 1 to 3 millimeters in length, and lying 
in every conceivable direction form a basaltic pattern.
(PI. XVII, 0). The hornblende occurs primarily as inter
stitial material, the rather finely grained mineral filling 
the spaces between the feldspar laths, but small fibers of 
the hornblende also penetrate the feldspar. In places the 
hornblende is remarkably pieochroic ranging from colorless 
through brown to a deep green. Hematite is concentrated in 
areas of fine grained epidote, which mineral is also found 
as an alteration product associated with the hornblende. 
Where the basaltic texture has been most perfectly preserved 
the iron o±ide is magnetite, which is concentrated along 
the edges of the feldspar laths, thereby accentuating the . 
already striking character of the texture. Here the horn
blende occurs as interstitial aggregates of small prismatic 
flakes or rounded grains.

The alteration of the basalt is extremely interesting. 
The development of hornblende in small seed-like grains is 
most common. It formed first at the expense of the inter
stitial constituents, probably largely augite, but later 
encroached upon the plagioclase laths. The feldspar laths
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were somewhat sericitized hut the main change was recryt- 
tallization, by which the twinning was destroyed, and the 
laths became aggregates of fine-grained feldspar having 
the shadowy, ghost-like outlines of the original form.
The recrystallization apparently took place with little or 
no change in the composition of the feldspar. Where the 
alteration was more intense the basaltic texture may be 
entirely obliterated. A typical specimen of this altered 
basalt consists of 20 per cent fine-grained labrador!te, 
AbggAngy, only slightly sericitized, 70 per cent hornblende 
in irregular grains few of which reach 0.25 millimeter in 
diameter and 10 per cent magnetite which occurs in small 
falkes scattered throughout the section.

In sharp contrast to this type of alteration is the 
sericitization exhibited by some of the basalt. This type 
of alteration has been developed in the rock immediately 
below the Troy quartzite on Silverado Ridge.

Petrographic detail of sericitized basalt. - The rock 
is made up of about 10 per cent finely crystalline feld
spar, 5 per cent magnetite and 85 per cent sericite. The 
areas of feldspar, which are labrador!te, Ab35An65, hazily 
suggest the remnants of plagioclase laths, but twinning is 
nowhere visible. The magnetite is scattered throughout as 
minute flakes and anhedral grains up to 2 millimeters in 
diameter. Although most of the sericite is characterist
ically fine-grained, there are some irregular areas of 
muscovite up to 1 millimeter in diameter. There is np leu-
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coxene associated, with the muscovite. A little tourmaline 
in small prismatic crystals up to 0.1 millimeter in length 
and in smaller rounded grains is sparingly present.

Contact Ketamorphism

The diabase has had its greatest metamorphic effect 
upon the Mescal limestone, with the development of large 
quantities of tremolite. In hand specimen the metamorphosed 
rock has the appearance.of a fine grained silicified lime
stone, but upon examination with the microscope by the imm
ersion method it is found to beamicroscopic aggregate of 
colorless tremolite. The tremolite rock has been developed 
to a slight extent along the contacts of the basalt sills, 
but is developed to the greatest degree in inclusions in 
the basalt. One such inclusion lies just east of U.S. 
Mineral Monument Ho. 3. It is 75 feet long and over 5 
feet in thickness. On Silverado ridge a small inclusion 
of Mescal limestone has been largely assimilated, with con
sequent development of garnet and calcite amygdules. In 
the Dripping Spring quartzite, the metamorphism is confined 
to a baking and darkening of.the rocks for a few feet at 
the most on either side of the intrusive and may be best ob
served along the lower part of the Magma Chief ridge.

The quartz diabase is found only in the southern part 
of the area, and it ig significant that within the quartz 
diabase the principal mineralization of the Magma vein is
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found. Ettlinger "believes that the quartz diabase is a more
1. Ettlinger, I.A. - Oral Communication
favorable rock for replacement than the quartz^free dia
base, but it appears to the writer that the deuteric solut
ions which formed the myimekite were forerunners of the 
approaching mineralizing solutions, and that where these 
solutions did not penetrate, the quartz is not found.

Age of the Diabase

The exact age of the diabase is uncertain. At the
Magma Mine it is believed to have engulfed large blocks of

PTroy quartzite, and for this reason the staff of the Magma
2. Short, H.N. and Ettlinger, I.A. - The Ore Deposition and

Enrichment at the Magma Mine, Superior, Ariz. 
Trans. A.I^M.E. p. 8, 1926.

Hopper Company believe the diabase to be of post-Cambrian 
age. In the Ray quadrangle diabase dikes cutting the

2Carboniferous limestones have been described by Ransome.
5. Ransome, F.L. - The Copper Deposits of Ray and Miami,

Arizona. U.S.Geol. Survey Prof. Paper 
115, p. 19, 1919.

In this and later publications he has therefore assigned 
a post-Carboniferous age to the diabase, but there is con
siderable doubt that the post-Carboniferous &&& Apache dia-

4 •base are of the same age. Dr. Stoyanow, who has observed
4. Stoyanow, A.A. - Oral Communication
the occurrence of the diabase over large areas, states that 
he has never observed the diabase cutting the Troy quartzite, 
and therefore believes the diabase to be pre-Cambrian.
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Little additional information as to the age of the dia 
"base has teen found in the Silver King area. The diabase 
cuts through all the pre-Cambrian formations but just as 
certainly does not cut the Troy quartzite. Careful invest
igation of the Troy-basalt contact, however, distinctly 
gives the impression that the base of the quartzite is 
affected by the diabase, although at no one place is the 
effect clear enough to be conclusive. The diabase is there 
fore tentatively regarded as of4&r&ovielah^oT—STlurian age.

Andesite

General Character and Age

In the central part of the Silver King area^the hori
zon between the Kescal limestone and the Troy quartzite is 
occupied by a sill of andesitic composition. In hand spec
imen the rock is indistinguishable from the diabase, but it 
is clearly intrusive into the overlying formations. Below 
triangulation statiori' Ho. 2 a zone of intrusion breccia up 
to 30 feet in thickness has been developed at the base of 
the Troy quartzite. This breccia has two modes of occur
rence. In one type it is composed of angular fragments of 
quartzite in an matrix of pulverized quartzite (PI. XII,
A) In the other type the matrix is amygdaloldal andesite 
(PI.XI, C and D). This variety occurs mostly at the base 
of the brecciated zone. In the addesite matrix flow band
ing is apparent. In places andesite layers bend around
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quartzite* inclusions. The matrix is highly amyglsloidal, 
(PI. XI, C and J>) and the flow handing is accentuated by 
the alignment of tiny amygdules. The base of the sill in 
this part of the area is also amygdaloidal. Many of the 
amygdular fillings have weathered out; others have weathered 
to a soft clayey residue.

Eighteen hhadred feet northeast of triangulations 
station No. 2 an area of andesite cuts across the strike 
of the sedimentary series and intrudes the Mescal limestone, 
Troy quartzite and Martin, Escabrosa, and Naco limestones.
It is therefore of post-Carboniferous age. A few hundred 
feet to the south it is clearly cut and altered by the 
quartz diorite.

Petrographic detail of andesite.- The andesite varies 
throughout its exposed area but in general in hand speci
men is indistinguishable from the diabase, being dark 
greenish black, coarse grained and consisting of plagio- 
clase laths surrounded by mafic minerals which cannot be 
identified. In places the rock ia,;sQ.:fine-grained that no 
constituent minerals can be recognized. In thin section 
the rock is composed of 20 per cent plagioclase, 10 per 
cent magnetite, and 70 per cent hornblende, with accessory 
apatite. The feldspar is andesine Ab^An^o and occurs as 
aggregates of small, roughly equidimensional, interlocking 
grains, although a few elongated laths are present. 5o@e 
of the feldspar shows sharp multiple twinning, and all is 
somewhat sericitized. The magnetite is scattered throughout
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the section and ranges in size from minute particles to 
corroded grains 0.25 millimeter in diameter. Most of the 
hornblende occurs as tiny seed-like grains averaging 0.06 
millimeter in diameter hut some is present in irregular 
areas which exceed 2 millimeters, in the long dimemsion.
The hornblende is clearly embayed by feldspar indicating 
that hornblende was earlier than feldspar. This contrasts 
with diabase in which feldspar is the earlier mineral.
The amount of apatite is obscured by the abundance of 
hornblende.

Petrographic detail of albitized andesite.- Another 
variety of alteration is found near the edge of the quartz 
diorite stock, and the conclusion that late solutions from 
this magma have been largely responsible for the alteration 
can hardly.be avoided. The rock is 40 per cent feldspar 
and 60 per cent biotite. The ghosts of large plagioclase 
laths up to 3 millimeters in lengths are clearly visible. 
These suggest that the feldspars were once more calcic, but 
they have been almost entirely recrystallized by sodic 
solutions and now are composed of very fine grained albite 
at least as sodic as AbggAn_. The original mafic minerals 
have been completely altered to biotite which occurs as 
tiny equidimensional flakes and elongated sections up to 
0.2 millimeter in length, heterogeneously arranged. Al
though the biotitization has effected the feldspars, it 
is mostly confined to the inters^al areas. During the 
process of alteration silica has been introduced, and fine
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grained aggregates of quartz may "be seen occupying the 
angles between the feldspar laths. Magnetite, usually 
in rather large grains, is associated.with the biotite.

Contact Metamorphism

The andesite has had but little effect upon the in
truded formations. . The angular fragments of Troy quartz
ite in the intrusion breccia frequently exhibit a thin red 
rim (PI. XII, JL ) which is probably due to introduction of 
iron by the intrusive. V/here the Carboniferous limestones 
are intruded they have been recrystallized and exhibit a 
coarse sugary texture which rapidly fades out away from the 
contact. No other effects which could with certainty be 
attributed to the andesite were observed.

Quartz Diorite

• General Character

The quartz diorite -oeeurs as a stock, Approximately onei 
mile in diameteri which occupies the entire north-central
section of the Silver King area. It is in contact withr ‘ -
the Pinal schist to the west and northeast and intrudes

, ... .. ‘ : ' • I ; - • ' ' '

all the other pre-Cambrian rocks. In the saddle south
east of triangulation station No. 2 it intrudes the Mar- 
tin-Bscabrosa contact a's a sill of hornblende porphyry, 
and not far to the northeast the diorite has broken through
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the Devonian and into the Carboniferous. Just to the 
north of U.S. Mineral Monument Ho.3 a small stock of 
porphyritic borderphase diorite has intruded the Mescal 
limestone and the diabase, and in.the south-central por
tion of the area it has invaded, the entire Apache group.

The diorite, which occupies few prominences, weathers 
readily and usually forms a gentle, even slope, which is 
for the most part covered with rock debris. On the steeper 
slopes it has weathered into large rounded blocks, which 
aids in identifying terrain underlain by the diorite.
Where disintegration has progressed to a marked degree, 
the coarse sandy material will usually contain rounded 
remnants of firm rock, although this characteristic is not 
as pronounced as in the diabase.

The porphyritic border facies of the quartz diorite - 
probably correspond more nearly to the original composition 
of the magma. The more rapid chilling at the contact 
caused crystallization of the principal mafic constituent, 
hornblende, as well as the quartz and feldspar. The cen
tral part of the intrusive, enriched in volatile constituents 
by the crystallization of the borders, remained hot and 
fluid for a longer period, allowing further differentiat
ion and settling of the early formed hornblende. This de
pleted the residual melt in calcium, magnesium, and iron, 
which crystallized as the more acid quartz diorite.

Petrographic detail of quartz diorite.- The main body 
of quartz diorite is in general a light gray holocrystalline
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rock, ihose constituents are quartz, feldspar, and a 
large amount of mafic minerals, divided between biotite 
and hornblende. The feldspar, and hornblende can usually 
be distinguished as euhedral crystals, the former up to 
a centimeter in length, the latter up to two to three 
millimeters in length, while the quartz is interstitial. : 
The rock weathers readily by kaolinization of the feld
spars and chloritization of the mafic minerals. -

In thin section this normal or main body of diorite 
exhibits two varieties. The difference lies in local de
velopment. of porphyritic texture, the■ appearance of which 
apparently has no significance. A section of non-porphyr- 
itic quartz diorite is composed of approximately 60 per 
cent of plagioclase feldspar of composition of andesine - 
labradorite , Ab^An^Q, 30. per cent of quartz and subordinate 
amounts of augite, biotite, chlorite, leucoxene and magne
tite. (PI. XVII, C)V Accessory minerals are apatite and 
zircon. Feldspar occurs as euhedral laths-shaped forms 
exceeding 1.5 millimetersin length and a few equidimensional 
zoned feldspars. Sericitization has been but slight, and 
is •principally confined to the centers of the feldspars. 
Quartz is largely interstitial in large interlocking an- 
hedral grains up to one millimeter in diameter, little of 
the Original augite is present, the mineral, whose pris
matic sections reached 1.7 millimeters in length now be
ing almost completely altered to biotite, shreddy chlorite 
and epidote, the three frequently arranged in alternate
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"bands. (PI. XVIII, A) • Leucoxene is associated with the
i;

alteration. Some of the Motite at least, if not a consid
erable portion, is original, and not an alteration product 
of augite. Magnetite is concentrated in and around the 
other mafic minerals, and apatite, while exhibiting the 
same tendency, is also found scattered throughout the field. 
A little zircon, in perfect euhedral prismatic crystals is 
likewise present. Galeite is rare. Zoisite is present 
in some quantity, occuring in small formless grains with 
the habit of epidote, but lacking the color, being almost 
colorless, with occasionally a suggestion of a pale yellow.

Petrographic detail of -porphyritic diorite.- Under 
the microscope a typical section of porphyritic diorite is 
as follows: A fine grained groundmass of oligoclase Ab%g
An28, with a small amount of orthoclase and perhaps 5 per 
cent quartz, constitutes 40 per cent of the rock. Imbedded . 
in this groundmass and making up 50 per,cent of the,sect
ion are euhedral to sub-hedral phenocrysts of andesine- 
labradorite Ab^QAn^Q. Most of the phenocrysts are lath
shaped, ranging from 0.25 to 0.5 millimeters in length.and 
about one quarter of that in width, but.some are rectangular, 
being roughly eq.uidimensional, up to 0.5 millimeters in dia
meter and characteristically zoned. The feldspars have been 
but slightly altered to sericite, whose flakes, oriented 
parallel to the cleavage of the feldspar, indicate its 
secondary nature. Most of the remaining 10 per cent of 
the rock is biotite, which occurs in two generations. In
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one it has replaced a former mafic mineral, and forms 
small clumps of confused "biotite flakes. A greater pro
portion however is formed as very small flakes scattered 
throughout the groundmass. This last generation of bio
tite is apparently due to biotitization by mineralizing 
solutions, and both hand specimen and thin section bear 
great similarity to such biotitization at Bingham, Utah 
and Bisbee, Arizona. Some serpentine is associated with 
the clumps of biotite, and the forms of some of the aggre
gates suggests that these are alteration products of horn
blende. There is also considerable epidote in very small 
rounded grains scattered indisorimately throughout the 
slide. Gedrite, the aluminous variety of anthophyllite, 
occurs in some rather large subhedral sections, and is rather 
abundantly scattered throughout the slide in fine needle
like fragments. It has the following properties; biaxial, 
optically negative, elongation positive, birefringence 
approximately 0.015, 2 v * 70° to 80°, high index, colorless, 
good cleavage in one direction and parallel extinction.
It is secondary and probably due to regional metamorphism. 
Apatite is an abundant accessory in very small crystals and 
grains, and magnetite is less common. A very small veinlet 
of calcite cuts across the sections.
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Border Facies of Quartz Diorite

In several places the diorite exhibits porphyritic 
border facies. They cover considerable areas in the north
ern part of the diorite mass, and may also be observed just 
northeast of the U. S. Mineral Monument No. 3 and in the 
saddle south east of triangulation station No. 2. Three 
varieties of porphyry have been distinguished. The most 
common is diorite porphyry, in which the main mafic con
stituent is hornblende.

Petrographic detail of diorite porphyry. - In hand 
specimen the ground mass although holocrystalline is too 
fine to permit identification of its constituent minerals. 
Sparsely scattered throughout the groundmass, which is 
greenish gray on fresh surfaces, are euhedral phenocrysts 
of black hornblende reaching one centimeter in length. The 
hornblende stands out more strikingly on weathered surfaces 
of the rock which are characteristically buff colored.

In thin section the rock is approximately 70 percent 
groundmass, 20 per cent plagioclase phenocrysts and 10 per 
cent hornblende phenocrysts. Epidote, biotite and chlorite 
are common alteration products, and magnetite, titanite, 
apatite, and zircon are accessory minerals. The groundmass 
consists of a fine-grained aggregate of roughly lath-shaped 
oligoclase with small amounts of orthoclase and quartz, 
although in some specimens the quartz occupies 10 per cent 
of the groundmass. The phenocrysts are usually roughly
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equidimensional zoned feldspars reaching two millimeters 
in diameter with a core of andesine AbyoAnggOccnpying 
about 90 per cent of the phenocryst and a border of oli- 
goclase Ab^gAn^g, although a smaller portion of l&th- 
shaped phenocrysts of labradorite Ab^gAnss "dP bo 2 milli
meters in length appears in some sections. Hornblende 
occurs as small anhedral grains, corroded subhedral masses 
up to 0.75 millimeter;: in diameter, and euhedral prismatic 
sections up to 4.5 millimeters in length. The hornblende 
exhibits .all stages of alteration to epidote, biotite and 
chlorite, the epidote being by far the most predominant 
product, while magnetite is associated with the alteration. 
Titanite is sparingly present, and calcite has occasionally 
formed around the edges of the feldspar phenocrysts. Apa
tite is usually rather abundant, while zircon is relatively 
rare.

Petrographic detail of porphyritic augite quartz 
diorite.- The augite is not always distinguishable in 
hand specimen and the rock usually presents the same ex
ternal appearance as the normal hornblende type. In thin 
section 65 per cent of the rock is a confused mass of 
nearly euhedral andesine-labradorite laths of composition 
AbgQAngQWith 10 per cent'quartz and 5 per cent orthoclase 
occupying the interstices between the plagioclase laths.
A small proportion of the feldspar phenocrysts are zoned; 
having a core of labradorite, Ab^^An^, which represents 
60 per cent of the crystal and a rim of andesine AbggAn^g.
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(21* XVIII, D). The feldspars have "been slightly sericit- 
ized, with centers most affected. Augite, in corroded 
phenocrysts up to 2 millimeters in diameter makes up most 
of the remaining 20 per cent of the rock. The augite has 
been somewhat altered to biotite, whose sections exhibit 
random orientations, and much less commonly to hornblende, 
which has replaced the augite pseudomorphously. Some large 
grains of biotite, however, may be primary, although the 
greatertportion is undoubtedly deuteric. The augite is 
also replaced by both plagioclase and orthoclase (PI. XVIII, 
B). Magnetite is abundant, apatite much less so.

The sequence of crystallization of the primary min
erals is augite, then plagioclase with quartz and ortho- 
clase last. The relation between the quartz and ortho- 
clase is not clear, as they are nowhere in contact.

Petrographic detail of porphyritic augite diorite.-
The thin sill of porphyritic augite diorite lying just east
of triangulation station Ho. 2 is very different. In thin
section the rock is composed of about 40 per cent ortho-
clase, 35 per cent andesine, 20. per cent augite and lesser
amounts of hornblende, biotite, magnetite, and apatite.
Andesine Ab_cAn^ % occurs as euhedral to subhedral lathSc.

05 40 been
up to 1.5 millimeters in length. The feldspars have^but
slightly sericitized. Augite occurs in euhedral to sub
hedral crystals up to 5.5 millimeters in length, and ah- 
hedral grains up to 2.5 millimeters in diameter. The eng— 
ite has been somewhat altered to hornblende and biotite,
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the latter "being much more abundant than the former. The 
hornblende has replaced the augite pseudomorphously, and 
the biotite tends to cut across the cleavage of the augite. 
The hornblende and biotite in the thin section are both 
deuteric while the long hornblende laths in the hand spec
imen are pretty certainly primary. Orthoclase is later in 
deposition and occupies the interstices between the ande- 
sine and augite crystals, but it also occurs in rounded 
areas up to 1.75 millimeters in diameter. Grains of mag
netite averaging 0.25 millimeter are scattered throughout 
the section, and euhedral grains of apatite are common.

The sequence of the primary minerals is as follows: 
Augite is the earliest mineral, for the plagioclase, al
though it tends toward euhedral outlines, has corroded the 
augite. Orthoclase is last and occupies the interstices 
between the other minerals.

Silicified Hornblende Granite.- Silicified hornblende 
granite is found as a small outlier in the diabase south of 
the Silver King camp. The rock is a coarse-grained, equi- 
granular mixture of quartz, a good part of which has been 
subsequently introduced, and feldspar in about equal quant
ities, with somewhat less than 5 per cent of hornblende 
and a little magnetite. Individual grains of both quartz 
and feldspar exceed 2 millimeters in diameter. The feld
spar rarely shows either albite or pericline twinning, 
and both andesine and orthoclase are present; The latter 
constitutes about SO per cent of the total area and occurs 
in grains up to 4 millimeters in diameter. The hornblende
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occurs as very irregular, anhedral, grains up to 2.5 
millimeters in length, usually more or less elongated. 
Closely associated with is is magnetite in corroded grains 
as large as 0.25 millimeter in diameter. Apatite is ex
tremely . abundant, occurring not only as tiny hair-like 
needles, but also as slender euhedral crystals over one 
millimeter in length. The microscopic character as well 
as the field relations show this to be part of the dicritic 
magma.

Complementary Rocks

Acid dikes are found cutting the quartz diorite mass. 
These complementary rocks are particularly abundant and 
are found everywhere throughout the stock, occurring in 
bodies from a fraction of an inch up to fifteen feet in 
width. . -

Andesite porphyry dike. - The main acid dike in the 
area is known as the Grandfather Lead. It is not confined 
within the limits of the quartz diorite stock, but cuts the 
Pinal schist, and diabase as well. It lies in the northern 
part of the area, and may be traced far out into the west
ern foothills. It has an average strike of N 65° E and a 
nearly vertical dip.

The Grandfather Lead is an andesite porphyry. In hand 
specimen it is a light colored, dense, ci'yptocrystalline 
rock. Segregated in the rock is a dark mafic mineral, but
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could he determined. Abundant limonite stain suggests 
the presence of considerable mafic mineral originally.

In thin section the rock is a very fine grained aggre
gate of andesine Ab^gAn^which has been somewhat sericitized.
No twinning is visible in the feldspar, but occasional 
ghosts of phenocrysts now totally recrystallized may be 
observed. A few large flakes of muscovite with associated 
leucoxene after biotite are present, the largest being 
nearly one millimeter in length. A little apatite is scattered 
through the slide, and the rock is stained with limonite 
along a few minute fractures. An elongated crystals of 
zircon 0.15 millimeter in length was seen in one thin sect
ion.

Quartz monzonite porphyry dikes. Wherever the fresh 
quartz diorite has been exposed, it is seen to be intruded 
by many small dikes of light gray, fine-grained rock, con
sisting essentially of feldspar and quartz with some bio
tite. The thickness of these dikes ranges from a fraction 
of an inch to an observed maxima# of about two feet. A 
specimen taken from the road cut west of the camp proved 
to be a quartz monzonite porphyry.

In thin section the rook is composed b t  75 per cent 
groundmass, 15 per cent feldspar phenocrysts, and 10 per 
cent biotite with subordinate amounts of chlorite musco
vite and leucoxene. Magnetite and apatite are accessory 
minerals. The groundmass consists of approximately 50
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per cent quartz, 25 per cent oligoolase Ab An0(-> and 2575 do
per cent orthoclase. The quartz exhibits two distinct 
sizes of grain. The larger part forms minute rounded part
icles averaging about 0.05 millimeters in diameter, but 
many rounded grains about one millimeter in diameter are 
present. The orthoclase frequently exhibits Carlsbad 
twinning, but the oligoolase does not show multiple twinn
ing and both are fine grained, individual grains rarely 
exceeding 0.1 millimeter in diameter. 50 per cent of the 
phenocrysts are oligoolase Ab75Ang5, in lath shaped forms 
reaching 1.75 millimeter in length, and the other 50 per 
cent is orthoclase in irregular areas which are predomin
antly interstitial. The feldspar in̂ fche groundmass is 
fresh; the phenocrysts are sericitized in varying degree, 
some being completely altered. Biotite occurs in euhedral 
to subhedral sections up to 0.3 millimeter in length. It 
contains numerous tiny inclusions of magnetite and apatite, 
and is somewhat altered to chlorite, with some muscovite 
and leucoxene.

Porphyritic alkali granite dike. - A two foot dike of 
porphyritic alkali granite is exposed south of the Silver 
King open pit. It stands nearly vertical and strikes on 
a line towards the workings. In hand specimen it has a distinct 
porphyritic texture with phenocrysts of pink feldspar in irreg
ularly shaped but more or less rounded grains, some as much as 
5 millimeters in diameter. The groundmass is fine-grained, chlor-
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rite and a little quartz "being the only minerals that could 
he recognized. In thin section the phenocrysts are oligo- 
clase which comprise 40 per cent of the total area. The 
groundmass is a fine grained intergrowth of quartz and al- 
hite which together constitute another 40 per cent. less 
important constituents are secondary chlorite and sericite 
10 per cent, calcite 9 per cent, and accessory hematite 
and apatite 1 per cent• The oll&oclase phenocrysts have 
the composition AhgQAh^Qand reach 2.5 millimeters in length. 
Although these are rather heavily sericitized the alteration 
is not sufficient to entirely obscure the multiple twinning. 
This occurence of oligoclase is unusual, as the feldspar 
is deep pink in color, and in hand specimen is readily mis
taken for orthoclase. -

The groundmass is equigranular and consists of quartz 
and feldspar in about equal quantities. The feldspar in 
the groundmass is largely albite AbggAngwith a little ortho- 
clase, and is considerably sericitized. Chlorite occurs in 
shreddy aggregates, frequently exhibiting radiating struct
ure, and the muscovite, usually in small flakes, is asso
ciated with leucoxene, Calcite in small anhedral grains is 
scattered throughout the section, and is distinctly later 
than the feldspars and quartz. A little finely divided 
hematite is present, and apatite, in grains many of which 
are 0.2 millimeter in length, is fairly abundant.
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Aplitic quartz monzonite.- A small dike of splitio 
quartz monzonite cuts the diorite not far south of the open 
pit. In hand specimen the rock is light pinkish gray, with 
dedided aplitic or sugary texture. Recognizeahle minerals 
are pink orthoclase, some calcic feldspar, a little quart% 
and a very slight amount of undetermined mafic mineral.

In thin section the rock is composed of about 50 per 
cent quartz, 40 per cent feldspar 10 per cent muscovite, 
with minor amounts of biotite, hematite and apatite. The 
quartz is coarsely granular, individual grains reaching a 
diameter of 1.5 qii H i  meters. Intergrown with the quartz 
and exhibiting about the same degree of grain size is feld
spar. Both orthoclase and albite are present, the latter 
predominating. Albite has the composition AbggAn^. It 
shows multiple twinning and a tendency to lath-shaped 
form. The feldspars are somewhat sericitized. Most of 
the muscovite appears to be primary, but leucoxene and a 
little chlorite associated with a small jjjjgt&om of the 
muscovite suggest some alteration from biotite, and one or 
two small flakes of unaltered biotite are to be seen in the 
slide. Hematite is a rare, and apatite an abundant access
ory. Calcite is associated with some of the muscovite, 
but also occurs in and along the margins of the more alt
ered feldspars.
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Hornblende granite. - One half mile east of the open 
pit a small elliptical body of hornblende granite is ex
posed. It is an equigranular rock consisting of pink feld
spar and greenish black hornblende in elongated crystals up 
to 2 millimeters in length. Some of the hornblende shows 
euhedral outlines but the feldspars are not lath-shaped.

In thin section orthoclase feldspar in large grains up 
to 3 millimeters in length makes up 65 per cent of the section 
but with it are a few sections of oligoclase Ab75An25 with 
euhedral to subhedral outlines. The feldspars are somewhat 
kaolin!zed. Interstitial quartz occupies up to 10 per cent 
of the section. The remaining 25 per cent is composed of 
large euhedral to subhedral crystals and aggregates of horn
blende , some of which reach 2 millimeters in length. The 
hornblende, exhibits remarkably persistent twinning, made 
even more noticeable by the large size of the mineral. Many 
of the grains appear to be interstitial to the feldspar laths 
but others show mutual boundary structure and some penetrate 
the feldspar, suggesting contemporaneous crystallization. Mag
netite is a common associate of the hornblende. Apatite is 
abundantly scattered throughout the slide and forms euhedral crys 
tals nearly one millimeter in length.
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Felsite .- A dike of felsite is exposed in. one of the 
arroyo walls two thirds of a mile to the northeast of the 
camp. It cuts the Naco limestone, has a width of 8 feet, 
strikes H-S and has a nearly vertical dip. It is so fine 
grained that none of the individual constituents could "be 
determined in hand specimen.

In thin section the rock is composed of 50 per cent 
orthoclase, 35 per-cent quartz, 10 per cent "biotite and 
minor amounts of hornblende, augite, magnetite, zircon and 
apatite. Orthoclase and quartz form., a fine-grained inter - 
growth, the average grain size of which is about 0.1 milli
meter. Biotite occurs in minute flakes scattered indiscrim- 
ately throughout the section, and rarely reaching 0.£ milli
meter in length. Hornblende makes up most of the remaining 
5 per cent. It is scattered through the rock in small grains 
but also replaces augite, which occurs in highly irregular 
corroded remnants reaching 1 millimeter in length, and also 
in small grains scattered through the groundmass. Magne
tite is not abundant, but zircon is rather common while 
apatite is present in extremely small crystals.

■ There has been so much alteration that the original 
character of the rock cannot be determinedwith any degree 
of accuracy. Fine-grained quartz is noticeably more abund- 
and in certain areas, while the feldspar is not only notice
ably larger of grain, but several grains in one vicinity 
tend to extinguish together. This suggests introduction
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of atk/replacement "by quartz. The biotite is so profuse 
and so generally scattered throughout the rock in small 
flakes that it resembles "biotitization by mineralizing 
solutions. Along tiny fractures the biotite occurs in 
even greater profusion while along the same fractures the 
quartz is coarser than average. There is also considerable 
doubt that any of the augite is original.

G a b b r o A small intrusive body of gabbro occurs 
just south of the Bl&ck Eagle prospect where the Grand
father lead is broken and offset by cross-faulting. The 
body of rock is roughly tabular in outline and but two or 
three hundred feet in length, and its shape was obviously 
determined by the strike of the faulting which it closely 
follows. The gabbro is believed to be a basic different
iate of the quartz diorite magma which found its way up
ward along this zone of weakness.

Petrographic detail of gabbro.- In hand specimen the 
gabbro is a gray, coarse-grained rock, made up of about 
one half fresh plagioclase in which striations are visible. 
Many of these are lath-shaped and reach 1 centimeter in 
length, but the average grain size is about 3 to 4 milli
meters. The remaining half is composed of mafic minerals 
in large aggregates of grains about the same size as- the 
feldspars. Pseudomorphs of limonite after mafic minerals 
are abundant.

In thin section the rock is composed of approximately 
20 per cent augite, 10 per cent olivine, 10 per cent hema
tite, 55 per cent feldspar and 5 per cent hornblende.
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The feldspar is labrador!te, A b ^ A n ^  which is present in 
unaltered subhedral interlocking grains up to 2 millimeters 
in diameter, and in euhedral lath-shaped forms up to 3 
millimeters in length. (PI. XIX, A). Augite and olivine 
are intergrown in extremely coarse-grained anhedral aggre
gates in which augite predominates. The maximum diameter of 
these aggregates exceeds 4 millimeters. Augite is also 
abundantly present in small grains scattered throughout 
the feldspar areas. The olivine exhibits the characteristic 
alteration to antigorite and hematite along the fracture 
planes and cleavage, but in addition both the olivine and 
augite, particularly the latter, have well defined react
ion rims of brown hornblende surrounding the grains and 
working their way into the interior along the cleavage.
(PI. XIX, B and C). Hematite occurs in grains of all 
sizes from mere specks up to nearly 2 millimeters in diameter. 
The hematite is confined to the areas of pyroxene and 
olivine, and is apparently closely associated with the alt
eration to hornblende, as there is usually a zone of horn
blende between the hematite and its neighbor, particularly 
where the neighbor is augite. In a number of places the 
hematite has formed a graphic pattern in the augite where 
the alteration to hornblende has progressed to a marked 
degree. (PI. XIX, D). In another section a little hypers- 
thene, with its characteristic pink to green pleochroism, 
was noted.
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Contact Metamorphism

The quartz diorite has developed surprisingly little 
contact metamorphism in the invaded rocks. Some of the 
silicification and schistosity in the Pinal schist along 
the borders of the diorite mass are undoubtedly due to in
trusion, but how much are due to the Tertiary, and how 
much to the pre-Cambrian intrusion is not readily apparent.
Just below the Pioneer shale in the east branch of Fortune 
Wash, the Pinal schist has been silicified and closely 
folded, unquestionably by the action of the quartz diorite.

The main contact metamorphic zone developed by the dior
ite is to be found at the Black Diamond mine near the base 
of the dacite cliffs about half-way between No. 2 triangu
lation station and King’s Crown. Here the Carboniferous 
limestone has been transformed for a width of nearly one 
hundred feet and for a distance of several hundred feet in
to a mass of specular hematite and siderite. The mirror
like crystals of hematite are grouped into foliated rosettes. 
Copper stain is common but no sulphides could be distinguished.

The diorite which caused the metamorphism is of the 
hornblendic border phase variety. Blacks of limestone en
gulfed in the intrusive show a similar although not so in-

\
tense metamorphism. Above the specularite deposit the lime-
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stone has 'been soaked "by the diorite solutions. Some beds 
have been recrystallized and rendered coarse-grained,- and 
grossularite has been formed. The shaly layers have been
epidotized,-' probably due to the higher alumina content.

z-

A thin section of reddish altered limestone from just above 
the specularite zone was studied. Plagioclase laths form
ing a confused mat made up 50 per cent of the area, the 
feldspar had been so completely sericitized that identifi
cation was impossible. One feldspar ghost was roughly 
equidimensional and was apparently zoned. Calcite in 
large irregular masses stained by limonite constituted 
30 per cent . There was 10 per cent magnetite, in corroded 
rounded grains and 10 per cent finely:.diyided hematite.
The rock was a limestone which had been impregnated with 
f&ldspar by the metamofphism of the quartz diorite.

Toward the northern edge of the map area a dike-like 
off-shoot of the diorite has produced a metamorphie zone 
several feet in thickness in the Carboniferous limestone.
The zone is almost completely composed of green grospula- 
rite garnet, which is accompanied by tourmaline in notice
able amount. The tourmaline is green, coarsely fibrous, 
exhibits no pleochroism, and has indices o f e 1.709,
€ * 1.700.

JLge of the Quartz Diorite

The age of' the quartz diorite is uncertain, due to the 
absence of rocks of Permian, Mesozoic and early Tertiary age.
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The diorite was intruded sometime in this interval as it
invades Pennsylvanian strata, but does not invade the
Tertiary voleanics. The quartz diorite is believed to be
a part of the Central Arizona batholith, as defined by 

• 1Ettlinger and is therefore of late Cretaceous or early 
Tertiary age.
1. Ettlinger, I.A. - Ore Deposits Support Hypothesis of

a Central Arizona Batholith.
A.I.M.E. Technical Publication 63. 
1928.

Silver King Porphyry 

General Character

The Silver King porphyry, in which was developed the 
mineralized zone giving rise to the Silver King ore body, 
is a roughly elliptical body of approximately 1200 by 2500 
feet, the longer axis lying in a general east-west direction. 
The porphyry body occurs in the east central part of the 
map area, and was intruded into the southeastern part of 
the quartz diorite stock, by which it is almost entirely 
surrounded, but southeast of No. 4 triangulation station 
a small tongue of porphyry has forced its way along the 
Pioneer-Barnes contact.

The porphyry offers approximately the same resistance 
to weathering as the quartz diorite and there is no marked 
topographic differences in the areas occupied by the two 
rocks. The feldspar phenocrysts weather most rapidly,



and alter to kaolin. Further decomposition is slow, but 
when it has progressed so that the outlines of the feld
spar” "ghosts" can no longer be distinguished, the rock is 
v/ith difficulty separated from the well weathered quartz 
diorite.

In the vicinity of the mineralized zone spneroidal 
weathering may be observed. (PI. XIII,) The spheroids 
vary in size, but are usually more than a foot in diameter. 
The outcrop of the mineralized zone isaconical hill, part
ially caved into the old workings. This hill suggests a
different composition for this part of the porphyry body.
As the deposition of quartz was one of the noticeable, feat
ures of mineralization, replacement by silica originating 
from this source may account for the greater hardness of 
this rock, and possibly for the development of the spheroidal 
weathering.

Petrographic detail of Silver King porphyry.- The 
least altered area of Silver King porphyry, which lies to 
the southwest of the open pit is a quartz diorite porphyry.
It is a medium dark gray, granitic rock with a distinctly 
porphyritic texture. Phenocrysts of feldspar with a max
imum diameter of 1 centimeter clearly show twinning stri- 
ations and are therefore plagioclase. The groundmass is 
composed of feldspar, quartz and biotite of approximately

equal size.
In thin section the rock is composed of approximately 

SO per cent labradorite phenocrysts, 10 per cent biotite
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and. 60 per cent groundmass, with subordinate chlorite and 
calcite and accessory hematite and apatite. (PI. XX,A).
The groundmass is made up of roughly equigranular andesine 
AbggAn^,.occupying 40 per cent of the total section, quartz 
15 per-cent and orthoclase 5 per cent. The quartz has two 
sizes of grains, those averaging about 0.6 millimeter in 
diameter make up the smaller part and are probably original, 
while the finer grains may be attributed to subsequent 
solutions. The phenocrests are euhedral to subhedral in 
form, of composition Ab^gAng^., and have a maximum length 
of 2 millimeters. A few of the phenocrysts show poorly de
fined zoning. The biotite occurs in sections up to 0.6 
millimeter in length, and are somewhat altered to chlorite 
with which is associated a little calcite.

The character of the rock changes toward the open pit 
and in the southeastern part of the intrusive it is a dio- 
rite porphyry. Roughly rectangular phenocrysts of feld
spar about 2 millimeters in largest dimension, stime few 
scattered clumps of chlorite, and a few minute phenocrysts 
of quartz about 1 millimeter in diameter.comprise some 20 
per cent of the rock. The remainder is groundmass which is 
so fine-grained that the constituent minerals could not 
be recognized. In thin section the phenocrysts are euhedral 
crystals of labradorite Ab^^An^whose maximum length is 
nearly 2 millimeters. These constitute about 20 per cent 
of the total area. The groundmass, which makes up 65 per 
cent of the rock is extremely fine-grained andesine Ab^gAn^Q.
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Tiny flakes of hematite are abundantly scattered through
out this groundmass, and larger grains are also present. 
Secondary chlorite constitutes about 5 per cent and later 
calcite 10 per cent of the total area. Minor amounts of 
anthophyllite, apatite, and leucoxene are also present.

Some of the phenocrysts are zoned. A section cut 
parallel to (010) gave the following: aji outer zone mak
ing up 15-20 per cent of the phenocrysts of andesine Abgg 
Angg^and an inner zone of labradorite Ab^gAngg. The feld
spar phenocrysts show considerable alteration to sericite, 
whereas the groundmass is comparatively unaltered. The 
phenocrysts also exhibit a good deal of associated calcite, 
both within and adjacent to their boundaries, and small 
areas of calcite are found scattered throughout the ground- 
mass. Calcite is found filling fractures in the pheno- . 
crysts, indicating its origin from later solutions. Chlor
ite accompanies the larger part of the calcite. It occurs 
in euhedral to subhedral sections, up to 1 millimeter in 
length, and is apparently an alteration product of horn
blende through biotite, as the remnants of typical amphi- 
bole cross-sections are preserved. A  little anthophyllite 
is associated with the chlorite, occurring as small heter
ogeneous fibers. A little apatite is present, and as there 
is considerable leucoxene associated with the chl&rite, 
and scattered in small specks throughout the section.
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In the vicinity of the mineralized area the porphyry 
is everywhere light brown and highly weathered. A hand 
specimen broken from inside a large spheroidal boulder 
is medium gray with a faintly greenish tint. The rock is 
fine grained and holocrystalline. Quartz as euhedral 
phenocrysts is the only unaltered mineral present. Ghosts 
of potash feldspar phenocrysts can be distinguished, as 
well as altered mafic minerals of undetermined composition.

The alteration is predominantly sericitization. The 
more basic feldspar phenocrysts are first Effected, then 
the mafic minerals, finally the fine grained groundmass.

In thin section of a specimen collected near the open 
cut 40 per cent was composed of so highly sericitized feld
spar that determination was impossible, and ghosts of orig
inal feldspar phenocrysts constitute the only recognize- 
able structure. larger flakes of muscovite up to 0.7 milli
meter in length are abundant and may be the direct alter
ation product of biotite. The regaining 30 per cent of
the material is quartz. This occurs in part as anhedral 
grains up to 0.75 millimeter in diameter which are scattered 
throughout the section and which are probably original 
phenocrysts. In part quartz also occurs as less coarsely 
crystalline aggregates and small veinlets cutting through 
the other minerals, 'This quartz probably owes its origin 
to subsequent mineralizing solutions. A little hematite 
is present, and leucoxene, of similar habit, but assoc
iated with the flakes of muscovite, is a fairly abundant 
reject from the biotite alteration. Apatite is a rather
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abundant accessory.
One of the notable features of the Silver King porphyry 

is the progressive increase in quartz as the mineralized 
zone is approached. Two generations of quartz are visible 
in all but the freshest rock.

A specimen of mineralized porphyry at some distance 
from the ore body showed phenocrysts of andesine with a 
maximum length of 2.5 millimeters which constitute 25 per 
cent of the rock. Quartz grains, the larger of which reach 
016 millimeter, constitute 20 per cent of the total area.
The groundmass is coarsely crystalline and is composed of 
roughly equigranular quartz and andesine Ab^^An^in about 
equal quantities. The larger quartz grains are probably 
original phenocrysts whereas the smaller rounded grains 
probably originated from later solutions. Many of the feld
spar phenocrysts exhibit multiple twinning in the centers 
and the maximum extinction angle places their composition 
at andesine Ab^gAn^g. Immersion of carefully selected mat
erial from the phenocryst showed the outer untwinned material 
to be oligoclase Ab^yAngg. This indicates replacement by 
soda-rich solutions, and in several casses the replacement 
has been nearly complete. The feldspars are not greatly seri- 
citized. The original mafic mineral has been entirely chlor- 
itized, but the outlines suggest that the mineral was horn
blende. Intergrown with the chlorite may be found both eal- 
cite and anthophyllite. Grains of pyrite are scattered through
out the section, and apatite is a not very abundant accessory. 
The proportion of this
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fine-grained later quartz gradually increases while seri- 
citization keeps pace.

In the underground mineralized zone free quartz is an 
important constituent, as minute seams and veinlets are 
seen to form an interlacing pattern throughout the mass.
A section from this material is about 50 per cent sericite; 
it is undoubtedly an alteration from feldspar, as the • 
ghosts of feldspar phenocrysts up to 2 millimeters in 
length are visible. Scattered throughout and making up 
not over 5 per cent of the rock are euhedral to subhedral 
flakes of muscovite up to nearly 1 millimeter in length*. 
Closely associated with the muscovite is a good deal Of 
fibrous leucoxene, suggesting direct alteration from bio- 
tite. Apatite is a common accessory, and there is a little 
chalcopyrite present. Coarsely granular quartz makes up 
the remaining 45 per cent of the section, much of which is 
due to mineralizing solutions.

The sequence of the sections from the Silver King por
phyry mass shows a progressive and considerable increases 
in silica as the mineralized zone is approached.

Contact Metamorphism

The contact metamorphism produced by the intrusion of 
the quartz monzonite porphyry is negligible, ,'fhere it is 
in contact with the diorite, the zone of gradation between 
the two occupies at the most only a few inches and is
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usually sharp, showing neither alteration nor visible re
placement. Where it has intruded the Barnes conglomerate, 
the only effect has been a baking and darkening of the rock 
for an inch or two beyond the contact, and a slight in
troduction of new material, most of which appears to be 
an unidentified ferromagnesian mineral.

Age of the Porphyry

The quartz moiszonite porphyry is almost everywhere 
surrounded by quartz diorite. The similarity in composition 
of the two rocks as well as their intimate association has 
led to the belief that the Silver King porphyry is a diff
erentiate of the same magma and that its emplacement 
closely followed that of tne quartz diorite.

Differentiation of the Quartz Diorite Magma

It seems likely that the intrusion of the porphyry 
followed closely the intrusion of the quartz diorite, 
probably while the diorite was still in a partially vis
cous condition, and it is believed by the writer to be a 
differentiate of the main quartz diorite body. The roughly 
circular outline of the porphyry, the highly irregular 
nature of the contact with small longues of porphyry ex
tending out into the diorite, and the absence of evidence 

j^euggestfe that the intrusion took place before complete
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solidification of the older rock. The more acid nature of 
the porphyry, with its preponderance of feldspar
and additional quartz seems to represent a third stage, 
in the differentiation of the original quartz diorite 
magma, the first stage "being represented by the more basic 
border phases of the larger stock. The pink quartz mon- 
zonite which is found cutting both diorite and porphyry as 
dikes is believed to be a further differentiate, while the 
mineralizing liquids which formed the Silver King ore 
body, and caused silicification of the surrounding rock as 
well as depositing considerable bodies of vein quartz 
appears to be the final residual liquid of a completely 
differentiated magma.

It thus appears that there is a complete.series of 
differentiates beginning with the mafic porphyries through 
quartz diorite to quartz monzonite, and ending with the 
deposition of metalic ore minerals and quartz from aqueous 
solutions.

The Central Arizona Batholith

The acid intrusives just described form a part of 
what Ettlinger^has termed the Central Arizona Batholith.
l.Ettlinger, I.A. - Ore Deposits Support Hypothesis of

a Central Arizona Batholith. A.I.M. 
E. T&ch&ical Publication 63. 1928.

This great body includes the post-Oam^rian granitic in
trusives of the Globe, Miami, Ray, Pioneer, Troy, and
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Silver King mining districts, and a southern extension in 
the Banner district. The rocks vary in composition from 
diorite to porphyritic granite.

The producing mines of the Pioneer, Miami' and Globe 
districts lie within two miles of a line joining the Magma 
and Old Dominion mines, and this line is coincident with 
the maximum elongation of the,Schultze granite, which is 
the largest Tertiary intrusive in the region. Ettlinger 
believes that these features are dependent upon a line of 
weakness or shear zone wnich was caused by post-diabase 
adjustments, a belief which is borne out by the batho- 
lithic habit of igneous intrusions in other well known 
regions.

The principal producing vein mines are located in the 
sedimentary roof rocks of this batholith while the dissem
inated copper deposits are found in the Pinal schist bord
ering the batholith and in the adjacent portions of the 
batholith itself.

Rhyolite Tuff 

General Character

Rhyolite tuff, which varies in thickness, but pre
sents a rather uniform character, lies, with no apprec
iable difference in dip, between the Carboniferous lime
stone and the over-lying dacite. As tne tuff forms steep, 
almost cliff-like slopes, and its outcrop would be repre
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sented t>y a line upon the areal map, it has "been mapped 
with the dacite.

The tuff, which is nearly one hundred feet thick to 
the north, and is absent to the south, reaches its maxi
mum thickness three-fifths of a mile east of Silver King
camp where it is over two hundred feet thick. Here the
following section was measured.

Feet
At the top, tuff and rhyolite intefbedded 10
forming a moderate slope.
Cliff forming member, principally tuff, 
but containing some lenticular beds of 
conglomerate not over two feet in thick- 20
ness, the material varying in size from 
very small pebbles up to boulders a foot 
in diameter.
less firmly bedded tuff with few interbedded g 
conglomerates, making a gentler slope.
Cliff of even bedded tuff nearly free from 12
conglomerates.
loosely bedded tuff and conglomerate, alter
nating in layers approximately two feet in 
thickness, making up the gentlest slope to be 50 
fohnd in the series.
At the base of the a%ove series is a layer of 3 
thin-bedded white limestone, that has been traced 
for some, distance both north and south of this 
point.
Conglomerate 100

Total thickness 2l'3'
The material making up the conglomerate beds above 

the three foot limestone layer is composed largely of dia
base, with limestone, diorite, and quartzite in decreasing 
proportions. It shows little evidence of transportation, 
being poorly sorted with fragments ranging in size from

99395
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jelly beans to boulders a foot or more in diameter. Many 
of the fragments are extremely angular. The diabase frag
ments havevtheapjtgaranafe of the resistant nodules; many

<of the fragments of harder rock have the angular outlines 
of freshly broken rock. As a rule the fragments lie with 
the longer dimension parallel to the strike of the beds.
The cementing material appears to be rhyolite tuff, but 
may contain a considerable proportion of lime.

The conglomerate beds below the limestone layer differs 
from those above in having much smaller and better sorted 
fragments. Diabase is no longer important, limestone has 
increased to nearly seventy-five per cent of the coarse 
material and diorite makes up almost all of the remainder. 
The matrix is tuff. ,

The basal conglomerate of the rhyolite tuff series 
rests at this point upon the eroded surface of the diorite, 
the Carboniferous limestone being absent! The tuff series 
is broken by numerous fractures, along many of which there 
has been movement of a few inches as evidenced by the dis
placement of the conglomerate beds. The strike of the form
ation is S0°E and it dips 30° to the southeast.

The greater thickness of tuff in the vicinity of the 
measured section apparently marks the position of a Tert
iary erosion channel. The absence of the Carboniferous 
limestone at this point, and its appearance with the rapid 
decrease in thickness of the tuff both to the north and to 
the south# seem to support the belief. The presence of such
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a channel at this point may be due to the contact meta- 
mo rphic zone of .Limestone immediately to the south, which 
being more resistant to erosion, diverted and concentrated 
the water, not only effecting its own preservation, but aid
ing in stripping the limestone cover from the quartz diorite 
to the northeast.

Petrographic detail of rhyolite tuff. The rhyolite 
tuff is a light gray to nearly pure white rock, composed 
of volcanic ash, the largest particles of which are not over 
1 centimeter in diameter. Imbedded in the tuffaceous mat
erial are fragments of earlier, dark colored rocks, a few 
small inclusions of glassy quartz, and small plates of 
biotite up to 1 millimeter in diameter.

In thin section the tuff is seen to be made up of 40 
per cent volcanic glass, with an index of 1.527, some of 
which is partially devitrified. Much of the glass is 
distinctly flow banded, the banding being exhibited by 
trains of elongated bubbles, many of which are now filled 
with calcite. (PI. XX, B) In its entirety calcite occupies 
some 30 per cent of the section, from tiny areas to some 
over 2 millimeters in diameter. Quartz in anhedral rounded 
grains up to 0.5 millimeter in diameter makes up 20 per cent 
of the rock, and orthoclase is present in noticeable quant
ities. There are also several extremely fresh fragments of 
plagioclase at least as calcic as labradorite AbggAnfO.
Small flakes of biotite are rather rare. A few grains of 
hematite are present, and some of the glass is colored by
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very finely divided hematite. Extraneous inclusions of 
chert are imbedded in the tuffaeeoue material.

The nature of the material indicates that the ash was 
still in a state of flow when it solidified.

Dacite Series
i General Character

1The dacite described by Ransoms in 1903 and which is
1. Ransome, F.L, - Geology of the Globe Copper District

Arizona. U.S. Geol. Survey Prof. Paper 
12, p p .88-95. 1903. .

the surface rock over large areas of this section of 
Arizona, appears only on the southwestern edge of the 
Silver King area. It once covered the entire section, but 
erosion has removed that which lay to the west.

The dacite, which forms stepp cliffs from which eros
ion has sculptured caves and caverns, windows, towers, and 
minarettes, can be divided into five members.

Feet
Dacite 500**-
Dacite tuff 5-10
Gray to reddish glassy rhyolite, in cavities 
numerous gas bubbles or lithophysae were dev- 200 
eloped. Particles of ash appear in the upper 
p&rjidns.
Gray-brown, glassy rhyolitej probably the 
effusive equivalent of the underlying 30
rhyolite tuff.

Associated with the rhyolite is white or pink trans
lucent chalcedony as reniform or botryoidal masses within 
cavities or fractures.
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Petrographic detail of rhyolite Upon close iBspeet- 
ion the rhyolite which occurs in a large portion of the 
dacite series is seen to be made -up of thin bands of glass, 
varying from black, through gray and brown to red. In hand 
specimen the rock is largely,a groundmass of glass, whose 
color varies, showing very distinct flow banding which in

Adpart*deflected around included phenocrysts. The phenocrysts 
are of quartz, with rounded outlines ranging in size up to 
8 millimeters in diameter, but averaging about 3 milli
meters. ^rthoclase is sparingly present, occurring in 
rectangular sections up to 6 millimeter in diameter.

In thin section 75 per cent of the rock is brown glass 
in which divitrification has produced sjpjaerulitic struct
ure , individual spherulites having a diameter of 1 cent
imeter or more. (PI. XX, C ). The glass has a variable in
dex but averages about 1.498. Rectangular phenocrysts of 
sanidine as large as 1 millimeter in the long direction, 
and large bean shaped phenocrysts of oligoclase in egiial 
quantities make up about 10 per csftt of the section, 
while rounded phenocrysts of quartz up to 1 millimeter in 
diameter occupies something less than 5 per cent. The re
maining 10 per cent is made up of finely to coarsely crys
talline aggregates of oligoclase and quartz in which the 
former predominates. Several tiny veinlets of quartz cut 
the slide, while euhedral flakes of biotite up to 1*5 milli
meters in length are sparsely scattered throughout the sect- 
ion. In the glassAinnumerable tiny hematite dendrites.



(104)

- Petrographic detail of daclte tuff.- The dacite tuff 
has a distinct pinkish cast in hand specimen. Rounded 
quartzose fragments which appear to be one of the older 
quartzites and six sided plates of biotite are imbedded in 
an amorphous matrix which gives•a strong kaolin odor.

In thin section 40 per cent of the rock is brown glass, 
some of which is devitrified and has developed spherulitic 
structure. Much of the glass exhibits remarkable flow band
ing and numerous shards are scattered throughout the sect
ion. (PI. XX,D) A fine-grained material in which trach- „
itie structure is clearly visible, constitutes 10 per cent,

-*■but these fragments appear to be extraneous. Imbedded in 
this matrix is about 80 per cent andesine feldspar AbggAugy 
as angular crushed fragments, well shattered, and aver
aging about 0.5 millimeter, Biotite, usually in euhedral 
to subhedral. flakes up to 0.75 millimeter in length makes 
up another 15 per cent, and.this mineral contains numerous 
-small apatite inclusions. Magnetite, in corroded grains up 
to 0.5 millimeter in diameter constitutes the remaining 
5 per cent of the rock.

. -Petrograuhi n deteii nf flpr>A_te.- The. dacite is a pink
ish rock on fresh surface with white weathered feldspar • 
phenocrystsof roughly equidimensional outlines up to 1 cent
imeter in diameter, giving the rock a peculiar blotchy 
appearance. Quartz phenocrysts in well rounded grains from 
1 to 2 millimeters in diameter, and six sided crystals of
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Motite averaging 1 millimeter in diameter are prominent. 
Although appearing quite porous, it is a firm, tough rock 
of uniform texture. The groundmass is cryptocrystalline 
or glassy and pinkish tinted.

In thin section the rock is composed of phenocrysts 
of andesine which occupies about 5 per cent of the area, 
quartz 15 per cent, and biotite 10 per cent of the total 
area. The groundmass is composed of a fine-grained aggre
gate of oligoclase and brown glass and constitutes about 
70 per cent of the total area. The quartz phenocrysts are 
subhedral to anhedral and average 1 millimeter. The feld
spar phenocrysts have the composition of andesine Ab^gAn^, 
frequently show distinct albite twinning and average about 
0.75 millimeters in length. Biotite occurs in euhedral 
to subhedral forms up to 0.5 millimeter in length. It is 
extremely dark, due. to the myriad of small hematite inclus
ions which it contains.

The groundmass is a fine-grained aggregate of oligo
clase AbygAn^gmixed with brownish glass which shows flow 
banding, the two present in about equal proportions, most 
of the biotite is primary, but some is an alteration pro
duct of hornblende, as several perfect amphibole sections 
have been preserved during the alteration. Hematite is 
present throughout the slide mostly as very finely dissem
inated materials, but also in large corroded anhedral 
grains up to 1.5 millimeters. Calcite may be observed 
filling fractures in the quartz and feldspar, and extending
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out into the groundmass. Rutile in very fine hairlike 
crystals is abundantly scattered throughout the ground- 
mass. A little zircon is present.

The entire dacite series is broken by a system of 
cross-jointing into large blocks. It is this jointing 
which, attacked by weathering, has given rise to the . 
striking erosional forms displayed along its cliff front. 
On a flat surface it weathers out as large boulders, which 
bear only a thin veneer of decomposed material.

Age of the Dacite Series

The dacite is considered by Ransome^to be probably of
1. Ransome, F.L. - The Copper Deposits of Ray and Miami,

Arizona. U.S.Geol. Survey Prof. Paper 
115, p. 71. 1919.

Tertiary age, as it clearly preceded the deposition of 
the Gila conglomerate in adjoining areas and the develop
ment of the present topography. No further evidence tend
ing to fix the age of the dacite has been observed in the 
Silver King area.

Andesite .

The youngest Tertiary rock in the area is andesite 
found as dikes intruding some of the major fault zones.
No exposures of the dikes are more than one hundred feet 
in width or a few hundred feet in length, but are undoubt
edly separate; outcrops of the same intrusive mass. The
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largest single exposure is found at the southeastern end 
of the (Concentrator fmlt, which may be seen on the map.
It is a black, finely crystalline, amygdaloidal rock.
The amygdules are filled with hematite, limonite, and 
kaolin. The individual minerals of the rock could not be 
distinguished. The weathered out amygdules give the rock 
a rather porous appearance. In some places the a n d e s i t 1 £!,'>Jit 
exhibits a suggestion of flow layers, or platey parting.

Petrographic detail of andesite.- In thin section 
the rock is very fine-grained and is composed of about 45 
per cent ande sine laths A b ^ A n ^ a v e  raging perhaps 0.1 
millimeter in length. Augite constitutes 20 per cent and 
occurs usually in small elongated euhedral crystals, and 
minute anhedral grains, although one lath shaped section 
reaches 0.7 millimeter in length. Occupying the spaces 
between the other minerals is 20 per cent of very finely 
crystalline feldspar apparently having the same composition 
as the andesine laths. Iddingsite, a reddish brown mineral 
ranging in size from minute particles to rather large flakes 
constitutes 10 per cent of the rock. It is biaxial and 
optically minus with a small axial angle, non-pleochroic 
and has a variable index. It is a deuteric or hydrothermal 
alteration product of olivine. Hematite is scattered in 
small flakes throughout the slide. A little!serpentine 
is present, and several large areas of coarsely crystalline 
calcite which appear.to be amygdules. Imbedded in this mat
erial is one large fresh plpgioclase, 1 millimeter in length.
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Another outcrop is found at the northwestern end of 
the Concentrator fault and further outcrops occur along 
the Parallel fault.

The andesite is later than the post-daeite faulting 
and is tentatively placed as late Tertiary, although the 
possibility that it may be of Quaternary age must be borne 
in mind. . '

Structure

The main structural feature of the Pinal schist is
its schistose cleavage. Over large areas the strike and
dip of the schistosity show little variation, the strike
being approximately hortheast and the dip about 30°S E.
In some parts of the Pinal schist the planes of schistosity
are intensely; contorted and crumpled. Such an area is
found about triangulation station No. 9.

Ransome states that in general the schistosity is
roughly parallel to whatever large banding may be discern-
1. Ransome, F.L. - The Oopper Deposits of Ray and Miami,

Arizona. U.S.Geol. Survey Prof. Paper 
115, p. 34, 1919.

able in the rock, indicating that the schistosity is 
approximately parallel to the original bedding. The posit
ion of the conglomerate previously described near the top 
of the schist shows this to be the case.

There is no evidence of any pronounced angular uncon
formity between the Pinal schist and Apache group of sed-
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imeat8. That an interval existed during which diastrophic 
activity as well as erosion took place is shown by the 
pre-Cambrian intrusion of the Pinal schist in other areas, 
its perfectly developed schistosity, and the Scahlan con
glomerate at the base of the Apache group. A similar con
dition is represented by the Barnes conglomerate at the 
base of the Dripping Spring quartzite, which contains 
pebbles of a pre-Cambrian quartzite formation not now known 
to exist in this general area, but which may have come from 
the northern part of the Mazatzal range.1 The dip and 
1, Ransome, F»L. - ibid, p .41
strike of the Pinal schist is approximately the same as 
that of the overlying formations, variations being no 
greater than those within the Apache group, which has been 
recognized as conformable throughout.

Folding.- The overlying Algonkian and Paleozoic rocks 
have a regional dip of approximately 30° to the southeast, 
and a general strike of about H 45°E. The greatest variat
ion is found in the strike, which indicates that the rocks 
have been arched into gentle flexures trending northwest- 
southeast. A central northwest-southeast line through the 
area coincides with the anticlinal axis of one of these 
folds. .

The folds do not appear in the rhyolite tuff and 
dacite, which indicates that the north-south forces which 
produced the gentle arching had ceased before the format
ion of the Tertiary rocks. As one goes upward in the dacite
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series, the angle of the dip gradually decreases. To 
the east and south of the area the flows are essentially 
horizontal, while in the Superstition mountains the dacite 
dips westward. This suggests a domal uplift with its apex 
west of the Silver King area, resulting in an eastward 
tilting of the rock within the area. The doming may have 
continued during the extrusion of the dacite, but all the 
tilting of the Paleozoic sediments is believed by Short

iand Ettlinger to have taken place before the extrusion of
1. Short, M.H. and Ettlinger, I.A. - Ore Deposition and

Enrichment at the Magma Mine ,Superior, 
Arizona. Trans. A.I.M.E. Vo. 74, pp.174- 
222. 1926.

the dacite.
Faulting. - Changes in the attitude of the formations 

fallowing folding have probably been largely a result of 
faulting. The major faults have a similar strike, which 
varies from east-west to northwest-southeast. The fault 
planes are all steeply inclined to the south, and the dis
placement in all cases observed is of the normal type.

Most of the faults are readily apparent at the surface 
due to the presence of a resistant quartzite breccia com
posed of angular fragments in a matrix of finely crushed 
material. A few fault line scarps due to differential ero
sion are to be observed, but these are nowhere promineht 
features of the topography. The Concentrator fault with a 
throw of over 2000 feet has no topographic expression.
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The faulting is clearly not all of one age. Most of 
the faults mapped displace the dacite, and it is protablp 
that the greater part of the faulting is post-dacite, 
Examples of this are the Concentrator and Conley Spring 
f&ults. The Concentrator fault, which varies in strike 
from N £0°W to N 60°W and dips approximately 65°S, has 
dropped fhe formations down to the southward. It crosses 
the southwestern corner of the map area, where it has 
"brought the dacite conglomerate into contact with diabase. 
The total vertical displacement along the fault has not 
"been exactly determined. In the workings of the Magma 
Copper Company the Concentrator fault has been crossed in 
two places. The lower of the two is on the 2550-foot 
level, and at both places dacite was encountered on the 
west side of the fault, indicating a throw of at least 
3000 feet.

The Conley Spring fault, which strikes about N 75°W 
and dips steeply to the south, is readily evident although 
its trace is completely covered by debris. Along the 
fault plane, which cuts pre-Cambrian, Paleozoic and Tert
iary rocks almost at right angles to their strike, the for 
mations have been dropped downward to the south. The prom 
inent cliff of Carboniferous limestone may be observed 
from a considerable distance to strike toward and finally 
abut against the Dripping Spring quartzite and diabase.
The vertical desplacement is 1150 feet.
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Some of the faults, however, pass under the dacite 
without Affecting it. An example is the Magma Chief fault, 
which lies in the southwestern corner of the map area, and 
along which the Magma Chief tunnel was driven. The fault 
plane strikes N 83°E and dips at an angle of 82^S, the dis
placement again having dropped the formations downward to 
the south, so that the Mescal limestone abuts laterally 
ag&inst the Dripping Spring quartzite. The vertical dis
placement is less than 100 feet.

In spite of the small vertical displacement, the amount 
of breccia along the fault suggests considerable movement.
An examination of the slickensides still preserved within 
the Magma Chief tunnel shows the last movement to have been 
nearly parallel with the bedding. The striations dip at 
an angle of thirty degrees to the southeast. This is slightly 
less than the dip of the sediments. The roughfends of the 
striations indicate that the southern side of the fault 
moved westward in relation to the northern side. Thus 
the small vertical displacement is easily explained by the 
close parallelism of the movement along the fault to the 
bedding of the sediments.

At the Magma Chief tunnel the movement along the fault 
has formed breccia nearly fifty feet thick. _ It is composed 
of angular fragments of both Mescal limestone and Dripping 
Spring quartzite in a coarse to pulverulent matrix of the 
same materials. Above the tunnel the fault can be traced 
up into the Troy, but the overlying Devonian limestone
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shows no evidende of a "break, and at the contact of the 
Troy there is no evidence of displacement. Below the 
tunnel the fault is covered by debris down to the dia
base which is intrusive into the Dripping Spring quartz
ite, and which shows no trace of the fault. The faulting 
is considered to have taken place before the deposition of 
the Devonian and possibly before the intrusion of the disa
buse .

A fault in the northwestern part of the area has 
brought the Mescal limestone against Dripping Spring 
quartzite. It strikes If 45°W and dips steeply to the south 
It cannot be traced into the diabase to the west and it is 
therefore believed that the fault existed before the in
trusion of the diabase and offered an easy pathway for 
the invading magma.

Other faults occur in the area, but exhibit no feat
ures not already described.

Ransome1 has suggested that the faults are probably in
1. Ransome, F.L. - The Copper Deposits of Ray and Miami,

Arizona. U.S. Geol. Survey Prof. Paper 
115, pp. 79-80. 1919.

timately related to the forces which caused the separation 
of the Colorado Plateau from its adjoining areas. The 
origin of the forces is a broad regional problem and has 
no place in this paper.
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Geological History

The pre-Cambrian rocks of the Silver King area record 
two distinct periods of sedimentation, and an intervening 
period of diastrophism. It is probable that the Archean 
period of sedimentation which laid down the Hinal schist 
was similar to that which formed the Apache group. . The 
earlier formation contained various types of sedimentary 
rock laid down in a comparatively shallow sda. They.were 
derived from granitic rocks which are now nowhere visible. 
After sedimentation ceased the rocks were metamorphosed 
and rendered schistose by the intrusion of large bodies of 
granitic rocks. Coincident with the intrusion the area 
was elevated without noticeable change in the attitude of 
the rocks. Following this long period, erosion set in 
which reduced the surface to a state of peneplanation. 
During Algonkian time the area subsided, and the Apache 
group was deposited. This group was derived from the 
erosion of the intruded masses, and from older quartzites 
which were obliterated by the erosion.

The Apache group, by its changing character, indi
cates a considerable fluctuation of elevation. The Sean- 
lan conglomerate formed by the action of the waves of an 
advancing sea upon the debris which littered an old age 
surface, lies upon the erosion surface of the Pinal etihlet 
and its intruded rocks. As subsidence continued the sandy 
Pioneer shale was deposited in fairly shallow water.
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Some elevation must have taken plhce with the begining 
of deposition of the Barnes conglomerate. It is consid
ered by Ransome^to be^delta deposit, and appears to have
1. Ransome,F.L. - ibid, p p .85-86.
been derived from quartzites exposed in the Sierra Ancha 
and mazatzal ranges. A continure slow subiidence accomp
anied the depostion of the. arkosic sand which formed the 
Dripping Spring quartzite and continued during the dep
osition of the overlying Mescal limestone. Both were 
probably deposited in shallow water but no evidence with
in the,. Silver King area points to the dellj^c origin assig-

2ned to the quartzite by Ransome .
2. Ransome, F.L. - ibid, p 86.

A considerable time interval took place before the dep
osition of the Cambrian Troy quartzite, during which the 
area emerged, was covered by the basalt flow overlying 
the Mescal limestone, and ’was extensively eroded. The 
boulders of basalt in the basal conglomerate of the Troy 
quartzite with the pronounced cross-bedding are believed 
to be indicative of a return to delta conditions.

A hiatus now appears in the geologic history, due to 
the absence of Ordovician and Silurian rocks. Whether 
these formations were ever laid down is not known. If they 
were, erosion has obliterated them, and the derived rocks 
are unrecognized in other areas. It was probably during 
this period that the younger formations were extensively 
invaded by diabase. The remainder of the Paleozoic rocks,
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which are limestones of Devonian and Carboniferous age, 
indicate a sea abounding in animal life. That the lime
stone was deposited not a great distance from the shore is 
shown by the sandy nature of some of the horizons.

Another long interval appears after the Carboniferous 
deposition, and sedimentary strata of Permian and Mesozoic 
age are absent. Regional forces acting along a north- 
south line flexed the strata into a series of gentle anti
clines and sync lines with an east-west trend, and intrus
ion of quartz diorite, quartz monzonite porphyry and their 
associated dike rocks took place. During this period the 
region was elevated, tilted slightly to the southeast, and 
actively eroded. In some portions of the area the over- 
lying rocks were removed down to the pre-Cambrian Dripping 
Spring quartzite and the diabase.

Following this came an extended period of volcanic 
activity. The area was buried under a blanket of ashes 
which were poorly sorted* Erosion of sufficiently long 
duration to cut into the underlying diorite followed, and 
the ashes and their included fragments of older rock debris 
were sorted and cemented. Doming to the west tilted the 
rocks of the Silver King area to the east, which was foil-, 
owed by outpouring of rhyolitic and dacitio lavas which 
added some thousands of feet to the Tertiary cover. Close
ly related to this volcanic activity, and probably due
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to insufficient support after the extrusion of the lava, 
a period of faulting took place. The faulting was all of 
the high-angle normal type, and its effect was to drop 
a series of "blocks downward to the southwest. This was 
followed "by the intrusion of andesitic magma along the 
fault zones.

During Quaternary time the area has undergone extens
ive erosion. The tilted series of rocks have "been dissect 
ed down into the Pinal schist and thick deposits of coarse 
debris, derived from all the rocks of the area, cover the 
lower portions.
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Economic Geology

Discovery of the Silver King Mine
1,2,3

There are three published accounts of the discovery
1. Raymond, R.W. - Eighth A&. Kept, of the Mineral Re

sources West of the Rocky Mtns. 1876.
2. Blake, W.P. - The Silver King Mine of Arizona. Tuttle,

Morehouse, and Taylor. Printer, Hew
Haven, 1883.

3. Clark, Chas.K.- The Discovery of the Silver King Mine, 
of the Silver King mine all of which are in̂ . essential 
aggreement. As territorial geologist Blake examined the 
property at various times, and as he is known to have been 
an accurate and keen observer, the following story is based 
upon his published material.

In the middle of the 19th Century, while the settle
ments along tne Gila River were slowly growing and spread
ing, the mountainous areas, now included largely in Pinal 
and Gila counties, were still in the possession of the 
Apaches. These marauding savages dominated the whole re
gion, and made it almost inaccessible to the prospectors 
who began to press outward from the frontier settlements 
on the Gila River toward its source in the mountains. The 
country is rugged, the flanks of the Pinal mountains hav
ing been cut into innumerable small ridges and spurs by 
the intermittent streams flowing south and west into the 
low lying Sonoran Desert. One of the trails most frequented 
by the Apaches led up over the steep limestone cliffs about 
two miles north of the present town of Superior.
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\
In 1873, when General George Stoneman, later to be

come Governor of California, was commander of the military 
department of Arizona Territory, it became necessary to 
expend every possible effort in an attemp to stop Apache 
raids. To this end, he established a camp at the base of 
the mountains close to the Apache trail and began the con
struction of a road known as the Stoneman Grade up the face 
of the cliffs, which became the main route of travel between 
the Globe mining districts and the valleys of the Salt and 
Gila Rivers.

A soldier by the name of Sullivan, engaged in the con
struction of the Grade, was attracted by some heavy, black 
lumps of metallic material, which flattened instead of 
breaking up when pounded on the rocks. He gathered a few 
specimens, but said nothing of his find. When his term of 
service expired soon afterward, he made his way to the 
ranch of Charles G. Mason near the present city of Phoenix, 
where he frequently showed the black ore, since known as 
nugget silver, but without revealing where he had found it. 
Sullivan suddenly disappeared, and it was supposed that he 
had been killed by Apaches while trying to return to the 
place where he had discovered the rich silver ore.

In 1874, Mason and some of nis fellow ranchers began 
to organize preospecting trips to locate Sullivan’s find.
The first discovery of importance was the Silver Queen, now 
known as the Magma mine, and soon afterwards the Globe mine 
was located to the east which gave its name to the Globe
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Mining District.
In 1875, a party consisting of Mason, Benjamin W.

Reagan, William H. long, and Isaac Copeland, returning 
from the Olohe district with a pack train of samples for 
assay camped just off the road at the base of the SSone- 
man Grade where more of the black nuggets were found. This 
float was followed up the slope of a small conical hill 
nearby to the outcrop of the ore at the top. On March 22, " 
1875 the initial location was made, duly recorded, and 
the Pioneer Mining District laid out. Assays by Tom Price 
of San Francisco established the value of the ore, and 
active mining began.

Development and Production

The development and production of the Silver King
' . : . 1 ■ -

mine has been admirably treated by Tenney. The following 
1. Tenney, J.B. - Unpublished manuscript.
account is a condensation of his material.

, ......  - ' ,In his report on the mineral resources of the Rocky
Mountains, Raymond states that by the end of 1875 the shaft 
was down 42 feet and a 12 foot drift had been driven from 
the bottom. The' shaft started in ore and was sunk along a 
network of stringers ranging from 2 to 18 inches wide in 
"granite." The gangue material in the stringers was quartz 
and the ore minerals were cerargyrite(the chloride of silver) 
argentite, and native silver". This ore when sorted ran 
$29000.00 a ton. A small furnace of the cupel type was
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erected at Florence by Cury and Hughes to treat the ore.
Pig lead for collecting the silver was obtained from the 
Mowry mine in the Patagonia mountains, which lie 150 miles to 
the south near the International Boundary between Arizona 
and Mexico. Five hundred pounds of selected ore obtained 
from the first 14 feet of the shaft yielded over 5 dollars 
a pound. The total production from the shaft and drift 
was estimated at $50,000.00

When the news of the discovery reached San Francisco, 
mining experts representing the Comstock interests were sent 
to negotiate the purchase of the property, and in 1876 the 
mine was sold to a corporation known as the Silver King 
Mining Go. Further development was begun and a small stamp 
mill and amalgamation plant was erected five miles from the 
mine at Pinal, on Queen Creek. Most of the ore was shipped 
without milling, only the lower grade ore being treated.

In 1879, Arthur Macy, E.M., was appointed superintendent 
Due to the exhaustion of the free milling ore it became 
necessary to change the method of treatment, which was done 
in 1882. The ore was crushed at the mine in a Blake crusher 
and sent to the concentrator at Pinal. There it was further 
crushed by a battery of 20 stamps and concentrated" over 12 
Frue Vanners. The concentrates were sent to the Dome Mining 
and Smelting Company, Melrose , Calif., the Selby Works at 
San Francisco, and the Omaha Smelting Works. In 1883 the 
mill treated from 50 to 57 tons a day with a concentration 
ratio of about 20 to 1. The average grade of the heads was
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$.61.#Q8r;ln Oliver, and the reported extraction was 92.31 per 
cent. In addition to silver the concentrates assayed 21§ 
per cent lead and 18 per cent zinc.

Active prospecting of adjoining ground closely followed 
the success of the Silver King mine. In 1883 fourteen groups 
were "being actively worked and three mills had "been erected, 
the largest being the amalgamation plant of the Windsor 
Consolidated Company. In 1884 this mill was leased by the 
Silver King Company to treat a part of the ore &at amenable 
to concentration. The mine was developed to a depth of 
over 800 feet and most of the ore was being obtained from 
the 700- and 800-foot levels. The grade had fallen to $43.00 
for concentrating ore and $46.40 for that treated by amal
gamation.

The last year of profitable operation was 1887. The 
grade of the ore had fallen to 21.08 ounces per ton for the 
concentrated ore and 32,47 ounces for the ore amalgamated, 
lixivation was tried on some ore high in copper from the 800 
foot level, and some old tailings were reconcentrated. The 
costs reported by the superintendent for 1887 were as follows

mining—  -------- -------- :------$10.97 per ton
Milling and Boasting--------—  9.69 « n

Total---------------$20.66 per ton
During the first half of 1888 the company operated at

a loss and the president, Mr. H.H. Noble, reported a debt of
■

$75,000. An assessment was levied, and a drastic reduction 
was made in operating costs which were lowered from $40,000 
to $5,000 a month. By December the indebtedness had been
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ury and sufficient ore in sight to run to January 1,1889.

Prospecting in 1889 and 1890 failed to find commercial 
ore, and the mine was closed in January 1891. It was reopened 
in September of the same year after 44,000 delinquent shares 
had been called in. In October a strike was made in a new 
shaft to the east of the old workings. This ore was developed 
in 1892 but the company was again in debt. Ten stamps were, 
moved from Pinal to the mine and a small production of con
centrates was made during the remainder of the year. With 
the decline of the price of silver in the early part of 
1893 the mine was again closed.

The property was reopened by the superintendent, Mr.
W.S. Champion, in the fall of 1895, work being confined to 
the new shaft. He reported finding a pocket of ore worth 
$40,000 at a depth of 75 feet. The mine was again closed in 
1896. •

From 1876 to 1896 the company declared dividends of 
$1,950,000., the last dividend being paid in 1887. A total 
of $300,000 in assessments was levied from 1888 to 1895, 
making the net operation profit $1,650,000. The dividends 
were paid on 100,000 issued shares and the assessments were 
collected on 56,000 shares.

In 1916, after the successful exploitation of the 
neighboring Silver Queen mine by the Magma Copper Company, 
the property was acquired by the Silver King of Arizona Min
ing Company, a Delaware corporation, with A. fl.Hildebrand of
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Mew York as president, and John Fowler as manager. In 1917 
the old main shaft, 987 feet deep, was unwatered and re
paired. Small high grade ore bodies overlooked by the 
former operators were mined on the 120 foot level. A small 
flotation mill was completed in 1918 to treat this ore and 
low grade dump material. About 35 tons a day were treated 
with a reported extraction of 90 per cent. A small vein on 
the 400 foot level yielded some rich ore that was shipped to 
the smelter, and shipments of concentrates continued inter
mittently to July, 1919. At that time the management claimed 
to have 10,000 tons of Ore developed averaging over $20,00 
per ton. . -

In July 1919 a new shaft, financed by a $500,000 bond 
issue,was started 150 feet northwest of the ore^ohipney.
The old shaft was kept unwatered and ore from the 120 and 
400 foot levels was treated at the mill. In October a cross
cut from the old shaft on the 400-foot level connected with 
the 415-foot levels of the new shaft.

In January of 1920 a reorganization was effected whereby 
the capitalization was reduced to allow for further financ
ing.' Shaft sinking Continued until June,1920, when a 
depth of 635 feet was reached. A cross-cut on the 615-foot 
level extended to the old workings. The company went into 
bankruptcy shortly afterwards and a reorganization as the 
Silver King mine Incorporated was effected but no further 
work was done. The total ore treated from 1916 to 1920 
amounted to 12,546 tons averaging approximately $20.00 a
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.ton in silver. The concentrates contained from 1000 to 
1980 ounces- of silver, 20 per cent lead and from 7 to 8 
per cent topper.

The Bilk shaft apparently sunk in the early days of 
the camp, is located 450 feet to the northwest of the new 
Silver King shaft, and is reported to be over 1000 feet 
deep. The writer has heard numerous stories about hhis 
shaft from old timers in the district but as no authentic 
account of the operation has been located, it seems inad
visable to include the unverified material here.

At the present time the Silver King property is owned 
by hr. Bat Gays, of Superior, Arizona, who has carried on 
a little prospecting to the east of the old workings.

V?
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Production of the Silver King 
(Figures compiled by J.B.Tenney)

Year Price Ounces of Silver Gross Value
1875 1.24 40,323 $ 50,900

1877-79 1.16 706,157 819,142
1880 1.15 439,689 505,642
1881 1.13 574,049 648,675
1882 1.14 714,912 815,000
1883 1.11 533,787 592,503
1884 1.11 429,559 476,811
1885 1.07 764,832 818,370
1886 .99 656,566 650,000
1887 .98 709,134 694,951
1888 .94 319,149 300,000
1889 1.00 55,000 55,000

Total 1875-1889 5*943,157 $ 6,526,094
1918 1.00 37,000 37,000
1919 1.12 126,892 142,119
1920 1.09 65,872 71,800
1928 .58 3,000 1,755

TOtal 1918-1928 232,764 $ 252,674
Grand Total 6,175,921 $ 6,778,768
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The Silver King Ore Body

The mine is filled with water and therefore could not
he examined. Blake's article already referred to contains
the only original description of the ore body, although 

1Ransome , feho visited the mine in 1912, has given a eon-
1. Ransome, F.l. - Copper Deposits Near Superior, Arizona

U.S.Geol. Survey Bull. 540 p p . 139-158, 
1914.

else summary of this description in addition to some mat
erial collected "by himself during his visit. The follow
ing is from Ransome's article:

The ore body formerly cropped out at the top of a little 
hill about 75 feet high, composed of much-altered yellow
ish-brown to greenish-gray porphyry. Stoping was carried 
to the surface and a crater-like pit from 100 to 125 feet 
in diameter marks the site of the former outcrop. Here and 
there in the porphyry walls of the pit may be found small 
veinlets of rack, partly oxidized silver ore, but, so far 
as can be seen from the surface, the ore body was determined 
by the inter-section of two or more persistent fissures.
It apparently was a compact plexus of veinlets in-closed 
in comparatively unfissured porphyry. Blake's description 
and the maps of underground workings show that the ore 
bpdy was*stockwork about 150 feet in maximum diameter, with 
a general dip of 70°W. The stockwork was disposed about 
an irregular core or axis of milk-white quartz, containing 
some bunches of rich ore but as a whole comparatively barren. 
This material is abundant and eomspieuxras in the mine dupEp 
and evidently constituted at times the bulk of the waste.

The following description is from Blake's original 
article:

The portion removed from the open pit consisted largely 
of rock, the porphyry, so-called, penetrated and seamed with 
interlacing veinlets of quartz, reticulating and crossing 
in every direction. These veinlets varied from the thickness 
of a sheet of paper to one quarter of an inch or an inch in
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thickness, and. were generally accompanied, with ore in a 
medial position, having quartz on each side of it next to 
the rock. The same conditions may be seen in the lower 
levels at the present time. In addition to these veinlets, 
there are masses and bunches of ore, and apparently (at 
least in the upper levels) a central-mass of quartz, a 
large and compact body, toward which the system of veinlets 
converged, or from which they may be said to radiate. This 
mass of quartz, of irregular dimensions, still exists in the 
region opened by the lowest levels of the mine, but it has 
not yet been thoroughly explored. This quartz appears to hold 
some direct relation to the deposition of the ore: the 
heavier bodies of ore, so far, having been cut below, or on 
the foot-wall side of the quartz body. It may be regarded 
as holding the relation of the chief veinstone to the ore, 
and as presenting witnin itself, and together with the 
branching veinlets, the characters of a true fissure-filling, 
although it has not the usual sheet-like or tabular form.
It is, instead, a columnar or chimney-like mass, some eighty 
feet in diameter in places,but irregular and without long- 
itudal extension! In other words, this quartz-vein, in
stead of having a width much greater than its breadth, is 
approximately cylindrical or columnar in its form, filling 
a nearly vertical, spirally-formed cavity.

If we examine the structure of the veinlets in detail, 
we find them presenting-the characteristics of fissure- 
veins. They extend for long distances through thd rocks, 
and with parallel walls. They-have regular veinstone and 
vein structure. The q.uartz forms on the opposite walls of 
the fissures in regular sheets, withneombsn or quartz crystals 
pointing inward and holding the ore in bunches and sheets.
Such inclusions of ore are still to be seen in the small 
veins at the summit of the croppings and in the levels below.

The ore occurs also in bunches in the rock with but 
little veinstone. A tendency to triangular forms is observ
able, and in several places I have noted veins joining to
gether nearly at right angles.

It will be inferred from the preceding descriptions 
that the richest and most important accumulations of ore 
are not found in the main body of the quartz veinstone. 
Although the massive quartz does hold bunches of rich ore, 
it is not, as a rule, so rich and profitable to work as the 
rock adjoining it. The ore is more abundant in connection 
with the small branching veins in the outside rock than in 
the mass of the quartz itself. It must, however, be stated 
that the quartz body has not yet been fully explored, being 
merely cross-cut in the upper levels. It is'my opinion, 
however, based upon what has already been shown, that, con
trary to the usual conditions in mines, the chief body of 
quartz veinstone does not carry the best part of the ore.
It appears rather to have been the main channel of the 
mineralization: the main artery or feeder to the thousands 
of veinlets branching from it into the wall-rock following
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the clefts and penetrating the substances of the rock, de
positing and diffusing native silver and the sulphides 
throughout the whole mass of rock for an indeterminate 
distance on each side.

The level map and vertical section which accompanied 
Blake’s paper are reproducd on Plates XXII and XXIII. 
Through the courtesy of Mr. Bat Gays, the present owner of 
the Silver King mine, level maps made by Mr. Starbird, res 
ident engineer for the Silver King of Arizona Mining Com
pany, were examined by the writer. These show the stoped 
area of the ore body to have been as follows. Dimmensions 
are in feet, the first representing the north-south coord
inate, the second the east-west."

250’l e v e l --- -—  — ....... — 100 % 100
400’ " ------- ---------- 80 I 50
500 ’ " --------- _________ 60 % 50
600’ ” --------- X 70
800’ ” --------- X 100
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Microscopic Study of the Ores 

Introduction

A collection of 80 specimens of the ores were studied 
in polished section under the reflecting Microscope, All 
were collected from the mine dump. Since the mine is filled 
with water the conclusions as to mineral relationships are 
therefore based on microscopic textures alone, and thus rest 
on a -less, secure basts than if the field relations could 
have been determined. Many of these textures are character
istic and may be compared with similar textures in local- , '
ities where they have been studied in the field as well as 
under the microscope. Other textures are less certain in 
their indication of sequence. On the following pages this 
subjuet is discussed in detail.

Criteria of Ore Mineral Paragenesis

Textures indicating replacement,- Most relations be
tween adjacent minerals as observed at thAir common bound
aries in polished sections cannot be interpreted. The inter
pretation of some.relationships have however stood the test 
of time, and it is upon these that conclusions as to sdquence 
are largely based. The number of marginal contacts or text
ures observed in the examination of a suite of polished sect
ions is so large that the position of a mineral in the para- 
genetic sequence is rarely left in doubt.
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The best evidence for replacement is veinlets of one 
mineral in another, especially where the veinlet crosses 
diversely oriented grains of the host or follows a crack 
ore cleavage direction in the host. When the veinlet occurs 
only along the grain boundaries of the.host the evidence for 
replacement is less conclusive. Cusps, or projections of 
one mineral into another, are strongly suggestive of re
placement, particularly if they follow cleavage directions 
in the host. Small irregular areas of one mineral in 
another are termed islands, and those formed "by replacement 
are called advance islands. The mere existence of an island 
has no significance, "but where the boundaries of the island 
have clearly been determined by the cleavage direction of 
the host, replacement by the island is indicated. Residual 
remnants of a replaced mineral frequently occur as islands 
in the guest, and their outlines may be irregular, jagged,or 
rounded. The presence of residual islands is most conclusive 
evidence of replacement when:

1. Several islands exhibit common orientation.
2. W/hen one or more islands have the same orientation 

as the mainland.
3. When the original outlines of the replaced mineral 

may be approximately reconstructed from the distrib
ution of the remnants, as in the exploded bomb struct-

" ' I ...
ure of pyrite, described by Graton and Murdoch.

1. G-raton, l.C. and Murdoch,J. - The Sulphide Ores of Copper.
, Trans. A I.M.E. p. 57. 1913.

Pseudomorphs of one mineral after another have no other
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interpretation than replacement of the earlier mineral.
1The criteria of supergene origin advanced "by Laney

1. laney, F.B. - The Relation of Bofnite and Chalcocite in
the Copper Ores of the Vifgini&__&lstrjjgt—  
of Virginia and North Carolina. Boon.
Geol. p. 405, 1911.

in 1911 are in general use today. The most conclusive 
are veinlets of the replacing mineral following cracks or 
other open spaces in the host. Supergene veinlets, tend to 
"be continuous and frequently form a complex network. The 
two walls of the veinlet may matcn, or the contact with the 
replaced mineral may "be so irregular that it forms a hazy or 
fuzzy "boundary. The presence of these latter criteria in
dicate supergene replacement, "but their absence may not "be 
taken as indicative of hypogene replacment.

Replacing minerals which follow the "boundaries "between 
"the ore and gangue minerals strongly suggests supergene 
origin, "but is not "believed to "be conclusive as hypo gene 
open space filling by a solution which changed rapidly 
after the beginning of deposition of one ore mineral would 
form just such a pattern, and there seemS to be no reason 
why hypogene replacement should not begin along the gangue 
boundaries.

Textures indicating contemporaneity.- A smooth and 
regular marginal relation,the "mutual boundary pattern," 
between two adjacent minerals was named by Graton and Mur
doch? The line of contact between the two minerals usually
2. Graton,l.G. and Murdoch,J.- The Sulphides Ores of Copper.

Trans. A.I.M.E. 1113.
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forms regular curves with no decided projections of one 
mineral into the other. For many years this pattern was 
almost universally held to be conclusive evidence of con
temporaneous growth of the two minerals, and in many in
stances two minerals, known from their field relations to 
be contemporaneous, do show this boundary pattern. It has 
been clearly recognized that in the presence of a mineral 
whose tendency toward crystal form is strong,such as pyrite 
or arsenopyrite, an adjacent mineral will be forced to 
accomodate itself to the growing crystal faces of its 
neighbor, despite their contemporaneous origin, and in this 
case the boundary pattern, although smooth, will be straight 
instead of curved.

The application of the mutual boundary pattern has
1been attacked by Kewhouse who has shown by laboratory

1. W.H. Newhouse, Fairbanks,2.E. and others.- Laboratory
Investigation of Ores. MeOraw Hill, pp. 
160-161. 1928.

experimentation that with some minerals mutual boundary 
patterns are formed between a replacing and replaced min
eral.

The writer therfore regards the mutual boundary pattern 
as inconclusive, though suggestive of contemporaneity. 
Evidences of replacement, on the other hand, are clearly 
more conclusive, and it is believed that where replacement 
has been effective, evidence of its activity will be observed. 
Where such evidence is not observed the contemporaneity of 
the minerals in question is at least strongly indicated.
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It is also recognized that ex-solution, or unmixing
from solid solution, may produce certain textures indicative
of contemporaneity. The most convincing is the grating or
bladed type, fully described by Bastini Such bladed struct-
1. Bastin, E.S. and o t h e r s C r i t e r i a  of Age Relations of

minerals with Especial Reference to Polished 
Sections of Ores. Boon. Geol, Vol. 26, 
pp. 568-571. 1931.------------------ ------- ------------- ---im------- ---------------

ures are by no means considered conclusive evidence of ex-
solutions as it is well known that such structures have

2been formed by replacement.
2. Short, M.N. and Ettlinger,I.A. - Ore Deposition and En

richment at the Magma Mine. Trans. A.I.M.E. 
vol. 74, p. 211, Fig. 13, 1926.

Graphic Textures

The graphic texture was first described by laney3
3. laney, F.B. - The Relation of Bornite and Chalcocite in

the Copper Ores of the Vlrgilina District 
of North Carolina and Virginia . Boon. 
Geol. Vol. 6, pp. 399-411, 1911.

who noted the similarity of bomite-chalcocite intergrowths
to certain metallic intergrowths in alloys which are formed
from the molten state by simultaneous crystallization in
eutectic proportions. He believed that the bornite-chal-
cocite intergrowths were like-wise formed by simultaneous

e
crystallization in eutActic proportions. This original con
ception was criticized on the ground that in true eutectic 
intergrowths, one component is always in excess, whereas in 
the graphic intergrowths between ore minerals one mineral
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may be in excess in one part and the other mineral in excess 
in ahother part of the same microscopic field.

The graphic texture receives its name from its-simi
larity to certain ancient hieroglyphic inscriptions. It 
shows mutual boundaries on a smaller and more complicated 
scale than the mutual boundary textures already discussed.
The two minerals are intertwined in hooks,, lobes,stringers, 
and small irregular rounded areas. There is a considerable 
resemblance between this texture and that of myrmekite 
(PI. XVI, c).

Ho texture observed in metallic ores has caused more 
controversy than the graphic texture, and the question sf 
origin is still very much alive. There are two principal 
theories;

1. The texture is due to direct replacement of one min
eral by another. It has been mentioned that so-called 
mutual boundary textures have been produced artific-
:laly in the. laboratory.Since the graphic texture is
a variety of the mutual boundary texture there is no.. . *>. . . . . . .  - :
reason why graphics can not be formed by replacement.

; Moreover, nearly all graphic textures grade into those 
of direct replacement, as exemplified by veinlets of 
one mineral cutting another. This view is perhaps

1 • - '■ V .the one most widely held. 1 2
1. lindgren, W, - Pseudo-eutectic textures. Boon. Geol.

vol. 25, pp. 1-13, 1930.
2. The texture may be due to simultaneous erystallizat- 

tion not in eutectic proportions. Short and Stt-
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1 linger1 recognize that graphic textures grade into 
1. Short,M.H. and Ettlinger,!.A. - ibid. p. 206.

those of replacement and offer the explanation that 
both minerals are not necessarily completely precip
itated at the same time; the mineral first completely 
precipitated may not be stable, in the presence of 
solutions depositing, the remaining mineral, and some 
replacing action may take place*

Identification Methods

A detailed account of the following methods, with the 
necessary apparatus and its use, will be found in the U.S. 
Geol. Survey Bull. 825, Microscopic Determination of the 
Ore minerals, by M.N. Short, which is used as a standsM 
reference by the writer.

Polarized light.- Minerals to be identified' are first 
examined for anisotropism in polarized light by means of 
a petrogrpahic microscope in which a vertical illuminator 
has been inserted between the objective and the upper nicol 
Amorphous minerals and those crystallizing in the isometric 
system are isotropic, all others are anisotropic. Thus a 
mineral is placed in one of the two main classes, and fre
quently the degree of anisotropism as well as distinctive 
polarization colors exhibited by the mineral are important 
factors in its identification.
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Etch tests* - The unknown mineral is next tested for 
positive or negative reaction with the following reagents. 
1:1 HNOg, 1:1 HC1, 20 per cent KGN, 20 per cent FeClg, 40 
per cent KOH, 5 per cent HgClg and for minerals which are 
negative to all the above, with aqua regia. Minerals that 
effervesce with HNO^ are separated from those that etch but 
do not effervesce; other positive reactions are observed 
for any distinctive characteristics such as an etching of 
the sy/uface, the appearance of structure or cleavage, the 
color of the stain or tarnish, and the effect of the fumes.

Microchemical methods. - It frequently happens that 
two or more minerals may satisfy the requirements of the 
tests already described. It then becomes necessary to test 
for one or more chemical elements in the unknown mineral 
before a positive identification can be made. This is done 
by microohemical qualitative analysis, the reactions being 
carried out on a glass slide and observed under the micro
scope
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Description and Paragenesis of Minerals 

General Statement

Although the ore body of the Silver King mine was 
worked exclusively for silver the ores contain, lead,copper, 
and zinc minerals in large quantities. Chief among these 
are sphalerite, chalcopyrite, tetrahedrite, galena and 
bornite. Much of the tetrahedrite contains a small amount 
of silver, but with this exception stromeyerite and native 
silver were the valuable constituents of the ore. Chaleo- 
cite, covellite, cuprite, azurite, and malachite are pres
ent in smaller amounts.

• , • . . . . . .  *
Hypogene Minerals

Pyrite.- Pyrite is not common and occurs in only a 
few of the specimens studied,' usually as small rounded rem
nants in chalcopyrite, by which it has been replaced most 
extensively. In sectionswhere pyrite is in contact with 
sphalerite the two minerals exhibit smooth boundaries with 
no marginal relations which can be interpreted. Pyrite is 
abundant, however, in the ores of the nearby Magma mine, 
described by Short.1 Here it is the earliest sulphide, and 
1. Short, M.H. and Ettlinger, I.A.; - ibid. pp. I98-&01. 
is followed by the deposition of sphalerite. By analogy 
the same condition is believed to exist in the Silver King <$res.
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Sphalerite,- Sphalerite is the most ahundant sulphide 
mineral. It occurs in a large number of sections and in 
many makes' up the greater portion of the specimen. In hand 
specimen much of it is light colored and translucent; in 
polished section it is medium gray and microchemical tests 
gave a weak reaction for iron. Sphalerite, like the other 
hypogene minerals of the ores, is present largely as open 
space filling. It however replaces quartz to a much greater 
degree than any of the other sulphides. It is in turn re
placed by the other sulphides, particularly galena, with 
which, it is almost always associated.

Galena.- Hext to sphalerite, galena is the most abund
ant sulphide. Although intimately associated with sphaler
ite it was obviously deposited later, as it replaces that 
mineral along fractures which are controlled by the cleavage 
of the sphalerite. tVhere galena is in contact with ehalco- 
pyrite and tetrahedrite a large number of the marginal re
lations are of the mutual boundary type, but it is later 
than these minerals. It selectively replaces tetrahedrite,as 
shown by numerous tiny tongue-like projections of galena 
into tetrahedrite, and a multitude of small residual islands 
surrounding the larger areas or mainlands of that mineral.

The galena apparently does not contain silver. Micro- 
chemical tests for silver v/ere negative. If present at 
all the amount is small. ,
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Chalcopyrite and t e t r a h e d r i t e Chalcopyrite and 
tetrahe&rite, the most abundant copper minerals, are pres
ent in about equal quantity. Their marginal relations are 
of the mutual boundary type and no definite evidence of re
placement of one by the other was seen, although the two 
minerals are intimately associated. For this reason they are 
believed to be essentially contemporaneous.

The minerals usually occur as open space filling in 
the quartz gangue, but also replA.ce sphalerite to some ex
tent, and the tetrahedrite is extensively replaced by 
galena.

Most of the tetrahedrite is not stained by HNOg, al
though it is slightly tarnished by the fumes, but a little 
of the mineral was slightly stained by the reagent. Speci
mens of both were analysed by microchemical methods in an 
attempt to determine if the silver content of the tetra
hedrite affected the reaction of the mineral to HNOg, as 
freibergite, a silver-bearing tetrahedrite, is usually 
affected positively by HNOg.

The specimens were subjected to both ammonium bichro-
1mate and chloride-tests• The ammonium bichromate test is 

1. Short, M.N. - ibid. pp. 148-152.
highly distinctive, but experience has shown that unless the 
silver content of the mineral is in- excess of one per cent 
this test will fail. The chloride test is much more sens
itive and minerals containing one per cent silver will yield

Xconclusive tests.
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All the tetrahedrite analysed failed to yield a silver 
test with ammonium bichromate, "but gave a strong reation to 
the chloride test, indicating a silver content near one 
per cent. Reactions for both'copper and antimony were 
strong, and in all the tetrahedrite tested there ..was a trace 
of arsenic.

S o m i t e Although less abundant than chalcopyrite, 
bornite was observed in nearly all of the specimens which 
contained chalcopyrite. It occurs chiefly as a replacement 
of chalcopyrite but has also replaced tetrahedrite to some 
extent. The most striking occurrence of bornite is the 
formation of halos around residual grains of chalcopyrite.
This halo occurs most commonly between chalcopyrite and 
stromeyerite (PI. X H T ,  C) but also between chalcopyrite 
and tetrahedrite (PI. XXV, A). Bomitei also forms advance 
islands and minute veinlets in areas of chalcopyrite (PI. XXV, 
B). These veinlets probably follow grain boundaries but 
apparently were not due to the presence of open fractures.
In several sections the bornite. consistently occupies the 
gangue boundaries surrounding areas of stromeyerite, which 
suggest supergene, origin, and certainly should indicate that 
it is later than the stromeyerite. Other evidence described 
later leaves no doubt that the stromeyerite is later than 
the bornite. It seems to the writer that the bornite is 
hypogene, that it replaced chalcopyrite, and possibly some 
tetrahedrite, along the grain boundaries and gangue bound
aries, leaving only residual remnants of the chaldopyrite.
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When supergene solutions attacked these minerals the tetra- 
hedrite was broken down to form stromeyerite, bornite was 
slightly replaced and chalcopyrite was unaffected, a process 
which would produce the present texture.

S t r o m e y e r i t e Hypogene stromeyerite is found- in 
only a few sections. It occurs as reinlets in the quartz 
gangue and as replacement of tetrahedrite and possibly 
chalcopyrite and galena, as large interlocking grains with 
smooth grain boundaries. The mineral is not stained by 
HHOgand is not stained differentially by KCN; thus it is 
reasonably certain that there is no chalcocite intermixed 
with the stromeyerite.

Native Silver.- Native silver is intimately associated 
with this coarse-grained stromeyerite (PI. XXV, D), and 
appears to have had a contemporaneous origin. Hypogene 
native silver has been but rarely reported from sulphide 
deposits of this type and the conclusion that this silver 
is hypogene rests upon the evidence of only two specimens 
in which it was associated with hypogene stromeyerite. Not 
only does the silver exhibit mutual boundary patterns with 
the stromeyerite, but all criteria of supergene origin are 
lacking in the replacement of tetrahedrite and chalcopyrite. 
It would appear that the mineralizing solutions contained

an excess of silver, that all the chalcocite molecule was 
combined in the stromeyerite and that the excess silver 
was deposited as the metal. In one section where native 
silver is not present coarse-grained chalcocite, with
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smooth grain boundaries and no evidence of replacement, is 
associated with the stromeyerite. This chalcocite is also 
believed to be hypogene.

Argentite.- This mineral was found in only one 
specimen and in small quantity. . It is mainly interesting 
for the graphic structure which it .forms with tetrahedrite.
(PL. XXVI, A), the argentite having replaced the tetrahedrite,/ . .

Argentite is in turn replaced by galena.

Supergene minerals

: Stromeyerite.- By far the larger part of the stro
meyerite in the Silver King ore is believed to be super
gene, and is distinctly fine-grained compared with the hyp- 
ogene material. In plain light this difference in grain 
size is not apparent, but the small irregular interlocking 
grains with varying orientation form a striking pattern in 
polarized light. (PI. XXVII, A). Contemporaneous native 
silver is not found associated with this supergene variety.

The stromeyerite has formed by the replacement of tet
rahedrite and bornite, particularly the former. Reticulated 
veinlets of stromeyerite which followed fractures in the 
tetrahedrite (PI. •XXVI,C), residual islands of tetrahedrite 
in stromeyerite (PI. XXVII, D and PI. XXVIII, A) convincingly
demonstrate the supergene nature of the replacing mineral^

- - • " -■ . ' ' 
and the fact that tetrahedrite is more susceptible to the
replacement process than bornite.
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The most striking phenomenon in connection with the 
stromeyerite is the presence of a "bladed structure which 
has been described in detail and fully explained by Guild1 .
1. Guild, P,N. - A  Microscopic Study of the Silver Ores and

their Associated Minerals. Scon. Geol. 
vol. 12, pp. 310-313. 1917.

Fairbanks,E.B. and others.- Laboratory Investigation of
Ores. PP. 225-228. 1928.

This structure is caused by the mixture of stromeyerite and 
chalcocite, the stromeyerite forming the blades, the chal- 
cocite forming the matrix. .Well-formed blades are the ex
ception rather than the rule, and in most specimens the 
stromeyerite and chalcocite formed a mixture of small irreg
ular grains. The structure is rarely visible in plain light 
on a freshly polished surface, but etching with HNOg brings 
out the structure, as the stromeyerite remains unaffected by 
the reagent, wnile the individual structure of each grain of 
chalcocite is brought.out (PI. XXVI, D), Chalcocite also 
effervesces with HNO^, and this will usually betray the 
presence of chalcocite, although in one specimen the grains 
of chalcocite were so minute that no effervesence could be 
seen with a 25 mm objective. The structure may be studied 
to best advantage in polarized light, usuing a 16 mm object
ive, as the stromeyerite is strongly anisetropic, and the 
chalcocite is only weakly so. (PI. XXVII,B)

2The formation of this mixture is described by Guild
2. Guild, F.N. -'ibid. pp. 307-308. 
as follows:
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In the "breakdown of the tetrahedrite molecule the sul
phide of antimony has teen removed leaving the sulphides of 
copper and silver, some of which appear as the double salt 
CugS . AggS (stromeyerite). If the silver-copper portion of 
the tetranedrite molecule be taken as SRpS . SbgSg, and the 
ratio of copper to silver be taken as 2:1, a possible react- 
iOQon is suggested in the equation below:

(GugS) p, Ag2S, Sb2S-5 « Ag2S . Gu2S *-Cu2S 4-SbgSs 
later it will be shown that much of the stromeyerite is min
gled with an excess of the chalcoeite molecule so the pres
ence of the extra copper sulphide in the above reaction 
is accounted for. What becomes of the antimony sulphide can
not be definitely stated, though it seems probable that it 
enters into the formation of complex silver molecules as 
ruby silver,( pyrargyrite) polybasite, or stephanite.

Guild recognizes the possibility that this structure 
might also be formed by exsolution, by the replacementoSf 
chalcoeite by solutions rich in' silver, or by the replace
ment of stromeyerite by solutions rich in copper. Poly
basite, pyrargarite, and stephanite were not observed in 
Silver King ores by the writer.

Textural evidence of supergene origin for the stro
meyerite has already been described. The following associ
ations are believed to strengthen that evidence. Blue chal- 
cocite, which is described in detail under that heading, 
and which is believed to be supergene, makes up a consider
able proportion of the chalcoeite in the stromeyerite-chal- 
cocite mixture, and veinlets of this mineral are associated 
with the replacement of bornite by stromeyerite. many of 
the specimens in which the fine-grained stromeyerite is found 
contains supergene covellite, and only in these specimens 
were malachite and aaurite observed.
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Massive Chaleo cite.- Although supergene massive chal- 
cocite v/as observed in only three of the sections studied, 
its mode of occurrence indicates that it was an important 
constituent of the sulphide ores on the upper levels of 
the mine. Where encountered, it occupies a large portion 
of the specimen, and is in some the only abundant sulphide 
in the section. Under the microscope tne chalcocite is
light blue, distinctly lighter than the supergene massive

1chalcocite from the Magma mine described by Shortv 'The 
1. Short, m .M. and Ettlinger, I.A. - ibid. pp. 202-205. 
mottled character of the Magma ore is present to a slight 
degree only, but the reunded gray patches described by 
Short and believed to represent"ghosts" of replaced bornite 
are readily seen; the difference in color is probably due 
to the incomplete removal of iron. The chalcocite is fine
grained, and HMO does not bring out the cleavage structure3
of the individual"grains as it does on coarse-grained 
hypogene chalcocite from other localities. This chalcocite 
has been derived in large part at least from the hypogene 
copper sulphides. It is seen to replace chalcopyrite and 
tetrahedrite, "both of which may be seen as remnants through 
out the chalcocite (PI. jQCVIII,B,'c,D and PI. XXIX, A), and 
the tetrahedrite has been replaced by the chalcocite along 
fractures (PI. XXVIII,C). Bornite has been almost entirely 
replaced by chalcocite. It is present in most areas as a 
halo surrounding remnants of chalcopyrite, (PI. XXVIII,C)
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but rarely tiny areas of bornite alone may be seen. One is 
tempted to consider the bornite as an evanescent transitional 
phase in the replacement of chalcopyrite, but a similar 
relationship between bornite and strompyerite already des
cribed in detail, suggests that the bornite is hypogene, 
and is a remnant rather than a product of the replacement 
process. This belief is strengthened by the fact that 
ehalcocite frequently replaces chalcopyrite without the 
bornite halo (PI. XXIX, A) and the bornite presents an ex
ceedingly hazy or fuzzy boundary toward the ehalcocite but 
a clear, sharp boundary toward the chalcopyrite. Inclusions 
of bornite in the chalcopyrite contain no ehalcocite.

, Blue Ghalcocite.- This mineral determined by Posnj&k,
Allen and kerwin^to be ehalcocite containing a; small pro-
1. Posnjak,E., Allen,E.T., and Merwin.H.E. - The Sulphides 

of Copper . Econ. Ceol^y p .526, 1915.
portion of covellite in solution, is of frequent occurrence
although it is not abundant. ft is derived from both chal-

vcopyrite and bornite which it frequently replaces along 
minute fractures. (tPl. XXIX, C) . By analogy with covellite 
it is believed to be later than the massive ehalcocite.

Covellite.a Covellite is less common than blue chal- 
cocite. The mode of occurrence of the covellite'is identical 
with that o£ blue ehalcocite, replacing chalcopyrite and 
bornite along minute fractures (PI. XXVII,D). Nowhere in 
the specimens studied was covellite observed as a product 
of oxidation of massive ehalcocite, and therefore the sequence
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of formation of massive chalcocite, blue chalcocite and 
covellite is not illustrated• In the Magma mine, however, 
covellite is later than massive supergene chalcocite,
1. Short, M.U. and Ettlinger, I.A. - ibid. pp. 203-204.
and as blue chalcocite is believed to be incipient covell
ite they are believed to have been formed in the order 
described. Supergene covellite also replaces hypogene 
stromeyerite.

• Chalcopyrite.- iLjs&cond generation of chalcopyrite 
is supergene, but is not abundant in the ores. ' It is inti
mately associated with supergene covellite and appears as 
tiny veinlets in bornite, which it has replaced along open 
fractures and in tongues which branch outward from such 
fractures.

Native Silver.- Native silver is intimately associated
with massive chalcocite and in places makes up about 30 per
cent of the specimen. (PI. (XXIX, B). Guild has described
2. Guild, F.N. - A Microscopic Study of the Silver Ores and

their Associated Minerals. Econ. Geol. 
vol. 12, pp. 328-324. 1917.

their relationship as follows:
The silver is arranged in beautiful filiform struct

ure, the branches of which envelope individual chalcocite 
grains, some of the finer filaments even extending into 
fracture and cleavage cracks of the chalcocite, thus com
pleting the intricate design. (Oe^as^ionally; areas are found 
where the whole design is roughly oriented with reference 
to cleavage directions of chalcocite. All of these features 
are well brought out by etching with potassium cyanide 
solution, when the outline of the individual grains, as . 
well as their cleavage,is made clearer. The areas showing 
the structure described grade into stromeyerite, where the 
native silver disappears altogether, or is confined to 
borders, veinlets or clumps of more or less rounded outline.
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The causes which have been responsible for the filiform 
structure now become clear. . Stromeyerite has been broken 
down into chalcocite and native silver. The chalcocite has 
crystallized into definite grains of varying size. The 
silver in recrystallizing has Termed around these grains, 
extending everywhere into the minutest cracks. As would 
naturally be expected, the silver is also found recrystall
izing in cracks and along borders of other minerals, both 
gangue and ore. .

Most of the structure described may be seen illus
trated in plate XXVIII and XXIX, but nowhere was the mixture 
of chalcocite and silver observed to grade into stromeyerite, 
although remnants of stromeyerite, as well as chalcopyrite 
and tetrahedrite, may be seen in the mixture. In the explan
ation offered for the origin of the mixture, Dr. Guild may 
have in mind either exsolution or replacement. The essential 
contemporaneity which he infers for the two minerals suggests 
exsolution, but the irregular boundaries of the areas of 
native silver and the manner in which the silver forms
reticulated veinlets in the chalcocite (PI XXIX, B), the

. . . .

presence of veinlets of native silver filling open fract
ures in tetrahedrite without associated chalcocite (PI XXVII,C) 
and the replacement of galena by native silver alone certain
ly suggest replacement. It also appears from the relations 
described that both chalcopyrite and tetrahedrite have been 
replaced by chalcocite, and this in turn by native silver.

Cuprite. - Cuprite was observed in only one specimen
studied, but there is no doubt as to its supergene origin 
or its formation later than chalcocite and native silver .
It replaces these minerals as tongues extending into the
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the residual areas, (PI. XXIX, A) and at one place it has 
filled an open fracture extending through chalcocite and 
native silver. (PI. XXIX,B)

Azurite and Malachite.- Azurite and Malachite occur 
in some quantity in the walls of the open pit, where pockets 
may be found containing small, well formed crystals. In , 
polished sections of the ores the minerals occur as stains 
along the minute fractures in the quartz gangue.

Anglesite.- In one specimen anglesite replaced galena, 
forming a network of tiny veinlets which follow open fract- ' 
ures in the galena.

Gangue Minerals

Quartz.- At least 95 per cent of the gangue is quartz 
It occurs in two forms, one a rather fine-grained crystal
line variety, the structure of w,_ich appears in some of the 
photomicrographs and as euhedral crystals extending out from 
the walls of the fine-grained gangue. (P I . XXV,C ). The out
lines of these crystals may be seen in a number of the photo
micrographs. Observations of hand specimens as well as 
thin sections show both varieties of quartz to be due to 
the action of mineralizing solutions which were distinctly . 
later than the Silver King porphyry in which the ore body 
was formed, and the fact has already been brought out that 
the open spaces left after the deposition of this quartz 
were the most favorable locations for the deposition of the 
bulk of the ore minerals.
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Barite.- -although, the quantity of barite occurring in 
the specimens studied is small, it is frequently encountered 
It occurs in two generations:

1. A x s typical open-space filling in the quartz; this 
generation is earlier than the ores as it is cut by 
them.

2. Ehe second generation is later than ore deposition 
as it forms numerous narrow veinlets cutting through 
the sulphides. The later generation is much less 
common than the earlier.

Calcite.- Calcite was infrequently observed as narrow 
veinlets in the quartz gangue. As it was not observed in 
the presence of either generation of barite their relative 
ages were not determined, but as most calcite is generally 
considered to be later than the latest barite in other 
districts it has been assumed here that the calcite is the
younger
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The Apache Silver Mining Company’s Prospect.

The only active work in the Silver King area is being 
carried on by the Apache Silver Mining Company who hold two 
claims to the east and one to the south of the Silver King 
mine. The ground is held under lease and bond from the 
Randwick Mining Company which represents the original locat
ors, Mr. H. S. Bach, and the estate of Mr. Alexander B. Downs.

The claims were located in 1913, and in 1925 a 60 foot 
tunnel was driven in a fracture zone 5 feet in width strik
ing a little east of north and dipping 80°W. The zone is 
located in the quartz diorite just north of the contact 
with the Silver King porphyry. By 1930 the tunnel was in 
140 feet and an inclined winze had been sunk down the dip 
of the fracture zone to a depth of 200 feet. The other 
workings are given in the following table:

Depth Drift west Cross-■cut south
38 feet 5 feet 5 feet
65 " 11 W 9 ##

105 " 75 ft 15 w

158 " 26 n 28 n

195 V 68 M

Equipment consists of a 40 Kw. D. C. generator driven
direct by four cylinder 4^ x 5|s- gasoline engine, a 120 eu. 
ft. Rix portable compressor, a Vulcan hoist driven by an 18 
H. P. Westinghouse motor giving a joisting speed of 150 feet 
per minute, a switch board, framing shed, machinery shed, and 
ore house, with complete miscellaneous equipment and tools 
for operating. The machinery and buildings represent a



(153)

total investment- of. about $8,000.
The operators have shipped 30 tons of hand sorted ore; 

for which no figures are available.
Specimens of ore from the drift on the 105 foot level 

were examined and found to contain pyrite, sphalerite, chal- 
copyrite and tetrahedrite, galena, and stromeyerite, in their 
order of deposition. All the minerals are hypogene. Pyrite 
occurs only as small remnants in chalcopyrite, and although 
sphalerite is rather abundant it is usually found as rem
nants in chalcopyrite, tetrahedrite and galena. Contemp
oraneous chalcopyrite and tetrahedrite are the most abund
ant minerals', and are replaced by galena which occurs in 
large quantity. By analogy with the Silver King ores which 
these resemble to a marked degree, the tetrahedrite is 
probably slightly argentiferous. Tetrahedrite has been 
selectively replaced by coarse-grained hypogene stromeyerite 
which now makes up about 30 per cent of the area occupied by 
the tetrahedrite. Stromeyerite replacement has also affected 
the chalcopyrite which contains numerous tiny blebs and 
small irregular areas of this mineral, and the galena has 
been slightly replaced. -

Mr. H.S. Bach is in charge of present operations for 
the company and in a recent letter to the writer he reports 
a strike of native silver in a short drift to the east on the
105 foot level



Plate 17

The lithograph originally appeared in 
The Resources of Arizona 

by

Patrick Hamilton

1883
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Plate tl

The same view as in the last plate. The foreground an4 
middle distance is alluvium, and the buildings and 
dump of the Silver King mine appear in the center of 
the picture. The lower white limestone to the left 
is Mescal, which lies between two sills of diabase.
The dark formation appearing above the Jfescal lime
stone is Troy quartzite which is overlain by Martin 
limestone. The white cliffs are made up of lower , 
Carboniferous limestone and above these appear the 
steep cliffs of dacite.





Plate VI

Old. ’buildings at Silver King

Arizona

from an unknown publication •
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Plate VIE

Pen and ink sketch.: of the surface plant 
:■, V.' :’ . reproduced from
Shet- Silver King Mine, Arizona

' "::r

: ::: :r . - 'iew; Har^n,' 1883 .



Out Cut



H a t e  V-III.

This outline veiw of the mill at Pinal 
with tailings dump in foreground 

appeared in .
The Silver King Mine, Arizona

:. , : '
W.P. Blake 

lew Haven, 1883 .
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tlto "base of the Troy qmartaite exposed 
on the Magma Chief lidge is a coarse con
glomerate.

He Sent alluvium exposed on the Magma 
•hief road closely resembles the 
Whitet&il conglomerate

A scarp on the Parallel fault is one 
of the few prominent topographic ex
pressions of faulting to be seen with
in the Silver King area.

Coarse alluvium exposed in Silver 
King Creek.
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Fi&texr . • - . :, .

Outerop of Barnes Conglomerate on the 
southwest end. of the Magma Chief Ridge.

fhe eherty nature of the Mescal lime
stone is very well developed, near the 
Magma Chief tunnel.

The white cliffs of Carboniferous lime
stone are outstanding features of the 
Silver King topography. '

The Grandfather lead, an andesite dike, 
can be traced out into the foothills 
of the Pinal Mountains for several 
thousand feet.





Slate XL

A. Lentieular&ia'base sill in lower part 
of the Meseal limestone. Mote the 
zone of transition from the Dripping 
Mpring ghai^zite to the Mescal lime
stone. Looking north.

B. View of the open pit from the north.

C. and D. Breccia at the Base of the Troy
qnartzite formed "by the intrus
ion o f an aha#sit es MLl 1. fJDhe 
daloidal nature of the "border of
the intrusive may be distinguished 

■ ■ ■ . ■ - : - - - ' . .. . ' ■in >6. ^oto^ph..





Plate Xll '

tiaad specimen of breccia formed by in 
trasion of diabase at base of Troy 
q a a r t z i t e ■; ■ ■:/ . . " - ” ' V"; '

Eknd specimen of Pinal s o M s t . The 
black areas are euhedral crystals of
hOfWblende. ' ' • " ■ : - ' ' '
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Plate X i n

Pronounced spheroidal weathering 
Is confined to the area of Silver 
King Porphyry immediately surround 
ing the mineralized zone.





Plate XIV

Flow ‘banding in rhyolite at the 
"base of the dacite series.





Plate XT

Texture of Dripping Spring quart zite e 
Tiny flakes of muscoTite have "been abund
antly developed along the quartz grain 
"boundaries. Crossed nicols. Enlarged 
64 .diameters, ■ ' v ' ' - . ' -

Pre-Cambrian basalt. Lath shaped feldp 
spars, largely altered to sericite, and 
interstitial hematite form a typical ba
saltic pattern. Plain light. Enlarged 
35 diameters. - :

Ophitic texture in diabase. Labradorite 
laths with interstitial augite and mag
netite. The augites which occupy the 
angular interstices between the feldspar; 
laths are single individuals. Crossed 
nicols. Enlarged 21 diameters.

XJralite, the fibrous variety of hornblende, 
replacing augite in diabase. Crossed nicols 
Enlarged 152 diameters.





Plate XVI

Magnetite surrounded "by a confuse! mass 
of biotite flakes and a little hornblende. 
Diabase. Plain light. Enlarged 71 diameters.

Magnetite surrounded by a confused aggregate 
of biotite flakes Which is in turn surrounded 
by hornblende. Diabase. Plain light. En
larged : 1S4 diameters. . ' -' '■ ; -

Brain coral myrmekitie texture of quartz and 
orthoelase in diabase. Crossed nlcols. En
larged 111 diameters.

Spear head myrmekitie texture of quartz and 
orthoelase in diabase. Crossed nlcols. En
larged 128 diameters. :





Plate XVII

A. Latradorite replacing primary green horn- 
. "blende in quartz hornblende diabase. The
graphic structure is formed by hematite 
which, is associated with the alteration of 
the hornblende to biotlte. Plain light.

; Enlarged 66 diameters.

B. Labradorite feldspar and interstitial mag
netite with deuterie hornblende and biotlte
in metamorphosed diabase. The white areas show 
tiny prisms of secondary augite• Plain light. 
Enlarged 41 diameters.

C. Pattern made by plagioelase laths and magnetite 
in the basaltic facies of the diabase. Plain 
light. Enlarged 27 diameters.

D. Representative field of quartz diorite. Roughly 
lath shaped andesine-labradorite feldspar,a 
zoned phenoerystxy interstitial quartz and augite. 
Grossed niceis. Enlarged 28 diameters.





Plate XTIII

A. Heflaeenent of /blotite by chlorite. and epi~ 
dote in bands jiarallel to the cleavage of 
the M o t  it®. Quartz diorite. Plain light.
Enlarge ?§ diameters.

B. Originally euhedral augite corroded and 
replaced by orthoelase and plagioelaee 
feldspar. A little deutericbiotite is 
present. Border facies of quartz diorite.

. . • ' : OtetaedlBlcolBEnlEnlatged lla:r,diameters. ... .

C. Alteration of augite to blotite, the sect
ions of biotite cutting across the struct-

. : V: - ' . ■ ;" . . ■ . ■ . ■■■■•■ ■■■■•
are of the augite. Border facies of quarzt diorite. 
Plain light. Enlarged 67 diameters.

D. Zoned feldspar phenocryst in porphyritie
augite quartz diorite, an •uncommon type . y ' 
of the quartz diorite border facies. The 
phenocryst has a core of labradorite Ab^Angg 
and a rim of andesine AbggAn^g. Crossed nlcols. 
Enlarged 89 diameters.





Plate XIX

A* Representative field of gafrbroic facies 
of quartz diorite. labradorite feldspar 
in Ettbhedral interlocking grains with inter
stitial augite and olivine. The augite is 
slightly altered to brown hornblende.
Crossednieols. Enlarged 26 diameters.

B. Brown hornblende replacing augite around 
grain borders. Gabbroic facies of quartz 
diorite. Plain light; Enlarged 34 diameters.

C. Coarsely crystalline labradorite feldspar 
with interstitial augite which is being 
psuedomorphously replaced by brown horn
blende. Gabbroic facies of quartz diorite. 
Plain light. Enlarged 46 diameters.

D. Graphic pattern produced by inclusions of 
hematite in augite. Gabbroic facies of quartz 
diorite. Plain light. Enlarged 63 diameters.





Plate XX

A. Texture of the Silver King porphyry#
Ike groundaass is andesine, the twinned 
phenoerysts are lahradorite, and the 
zoned phenooryet has a core of lahra- 
dorite and an outer rim of andesine.
Crossed nicols.Enlarged 38 diameters.

B. Glass shard in rhyolite tuff. The flow 
structure is accentuated by ellipsiodal 
bubbles and bubble trains now largely . 
filled with calotte. Plain light. En
larged 156 diameters.

C. Spherulitie structure in devittified 
rhyolite glass, with orthoelasepheno- 
cryst containing albite inclusion. Crossed 
nieols. Enlarged 52 diameters.

D. Slow banded shard and biotite phenooryst in 
dacite tuff. Plain light. Enlarged 60 diameters





Plate XXI

this composite;view 
, •’ ’ . . o f : ■

The Silver King geologic section 
is reproduced from 

fhe Silver King Mine, Arizona
. : . . , by ; \

W.P. Blake 
Hew Haven, 1883



PLATE XXI



Reproduced from 

The Silver King Mine, Arizona

ty

W.P. Blake 

Hew Haven, 1883

Plate XXII
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Plate XXIII

Reproduced from .

The Silver King Mine, Arizona

• • . by

W.P. Blake ;

Sew Haven, 1883
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Plate XXIV

This sketch of a vein of Silver King ore 
originally appeared in 

The Silver King Mine, Arizona 
hy

W.P. Blake 
New Haven, 1883.

1. Porphyry
2, Compart quartz ,
0. White crystalline quartz
4. Ore filling, consisting oft sphalerite, 

galena, and native silver.
5. Vugs containing light colored sphalerite.

\





Plate XXV

A. Hypogene bornite replacing chalcopyrite 
and possibly tefcrahedrite along the 
grain boundaries of these minerals. 
Plain light. Enlarged 342 diameters.

B. Minute veinlets and advance islands of 
hypogene bornite replacing chalco
pyrite. These minerals show mutual 
boundarjropatterns in other parts of 
the same section. Plain light. En
larged 30 diameters.

C. Open space filling beside euhedral 
quartz crystal by chalcopyrite,

. which is replaced by hypogene bor
nite, which is replaced by sppergene 
stromeyerite. Plain light. En
larged 106 diameters.

D. Hypogene tetrahedrite and chalco
pyrite replaced by hypogene stro- 
myyefite and native silver. Plain 
light. Enlarged 94 diameters.

Symbols

bn-bbrnite st-stromeyerite
cp-chalcopyrite ag-silver 
td-tetrahedrite g-quartz





Plate XXVi

a frach^P replacing tetrahedrite in

156 diameters? lleht' ^ ^ g e d

i l l E i r S r
Hlarged 84 diameters.

Symbols

td""+ f^ntite

a6~siiver

cp-cnaicopyrite
bn-bornite
str-stromeyerite
cc-chalcocite
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Plate XZVTI

A. Fine grained structure of supergene 
stromeyerite. Polarized light. 
Enlarged 111 diameters.

B. Bladed intergrowth of supergene 
stromeyerite and chalcocite at 
edge of larger area of supergene 
chalcocite. Polarized light. En
larged 111 diameters.

C . Hypogene stromeyerite replacing hornite, 
apparently controlled "by fractures in 
the Taornite. Note that the stromeyerite does 
not cut through the chalcopyrite.
Supergene covellite is later than the 
stromeyerite. Plain light. En
larged 184 diameters.

. Supergene mottled stromeyerite replacing 
hypogene "bornite along fractures. Bor- 
nite is also replaced by supergene 
blue chalcocite. Plain light, En
larged 425 diameters.

Symbols

strvstromeyerite
cc-chalcocite
bn-bornite

cT-covellite 
bee-blue chalcocite 

q.-quartz
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Plate XXVIII

A. Supergene stromeyerite replacing hypo- 
gene bornite along open fractures. 
Plain light. Enlarged 425 diameters.

B. Hypogene chalcopyrite replaced by 
hypogene bornite. The bornite has 
been replaced by supergene massive chalcocite, which in places'has been 
replaced by supergene native silver. 
Plain light. Enlarged 84 diameters.

C, Supergene chalcocite and native silver 
filling fractures in and replacing 
hypogene. tetrahedrite. Plain light. 
Enlarged 188 diameters.

3), Supergene chalcocite and native silver filling open fractures in quartz 
gangue» Plain light. Enlarged 95 
diameters.

Symbols

str-stromeyerite
bn-bornitecp-chalcopyrite
td-tetrahedrite

q,-quartz 
cc-ehalcocite 
ag-silver
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Plate XXIX

4. Hypogene chalcopyrite replaced by super
gene massive chalcocite and native sil
ver, which are replaced by supergene 
cuprite. Plain light. Enlarged 300 
diameters.

B. Teinlet of supergene cuprite filling 
crack in and replacing supergene chal
cocite and native silver. The replace
ment of the chalcocite by native- silver 
was apparently controlled by the same fract 
ure. Plain light. Enlarged 160 diameters.

C. Supergene blue chalcocite replacing
hypogene bornite and chalcopyrite along, 
open fractures. Note fuzzy boundary. 
Plain light. Enlarged 190 diameters.

D. Exploded bomb structure of hematite 
altering to limonite. Plain light 
Enlarged 61 diameters.

Symbols

ep-chalcopyrite 
ec-ehaleicite 
ag-silver 
hm-hematite

epr-cuprite 
bn-bornite

hoc-blue chalcocite 
Im-limonite
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