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THE V R INS .Q....E C H A if ARC I L !J 0, CHI L E.

INTRODUCTION

The barren deserts of the north, first seen by the
early Spanish conquistadores of Chile, presented to them
little of attraction. These adventurers, coming in the
Sixteenth Century from the mountains of Peru and Bolivia in
the search for gold, were greatly disappointed in the region
of Atacamaj but, upon finding gold in the rich veins of
l~{alga-Malgaat Q.uillota, of Madre de Dios at Valdivia and of

(1)
Culacoya near Concepcion (I, PP. 21-26) , they ~ettled in
the fertile country of the south. Many years thus elapsed
before careful prospectors, combing the northern deserts,
were successful. Early in the Nineteenth Century, however,
came the discovery there of deposits rich in the precious
metals. Gold was found at Guanaco, at Cerro Blanco and in.
many other localities; silver was encountered at Huantajaya,
Caracoles, Ladrillos, Tres Puntas, Arqueros and at
Chanarcillo. The silver veins of these celebrated districts

Numbers refer to the publications listed in the
bibliography.
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proved exceedingly rich in bonanza, and during their maximum
eA~loitation, from about 1860 to 1880, Chile enjoyed a
period of mining prosperity long to be remembered.

Of these districts that of Chanarcillo, situated
50 kilometers south of Copiap6 at a position approximately
of latitude S. 27° 49' and of longitudeW. 70°20', was
richest and perhaps best known. After the discovery of its
Veta Descubridora by the prospector Juan Godoy, during the
period of the gold finds in California, the great richness
of the superficial portions of the veins c~used rapid
development. Over one hundred claims varying in size from
1000 to about"50,000 square metersJ were staked. The town
of the district, Juan Godoy, crept up the lower slopes from
the valley towards the mines, attained a population of ten
thousand or more and was embellished by a plaza with
substantial buildings of church, school and theatre. Good
fortune continued through the Sixties and early Seventies.
Mining, somewhat slow by the old methods of steep zigzag
inclines, caminos, was improved by the driving of vertical
shafts through which ore was hoisted in leathern buckets
by horse whims, the familiar malacates. Hand methods of
mining and drilling were used, and the ore was shipped out
of .the district without concentration; but the continuance
of bonanza at depths of 300 to 400 meters assured the miner
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of rich returns. With deeper exploration, however, results
were disappointing. Lower grade ore was found at depths of
500 to 600 meter~ in the southern part of the district; but
the methods of mining in use were not adapted to the
extraction of such ore. Furthermore in lateral exploration
in the so~thern mines faults carrying heavy flows of water
were encountered. After ineffectual attempts at control by
the introduction of pumping machinery, work ceased about
1885 and the deep connected mines of the district were
flooded. A few tentative efforts have since been made to
resume mining. Some ten years ago, the pumping equipment
at the ConstanciaMine again proved inadequate for the
lowering of the water and more recent projects have been
unsuccessful through a want of mining intelligence by their
operators. Several mines not in the flooded area are now
being worked and one find of high grade ore in the Bolaco
Viejo Mine has of late attracted some attention in Chile;
but at present the district on the whole is in a state of
decay.

The visitor today after leaving the fertile valley
of the Rio Copiap6 at Pabellon and traversing the steep,
tortuous wagon road or the more circuitous route of the
railroad, finds at Chanarcillo a village almost deserted.
Here at Juan Godoy, but 79 kilometers by excellent railroad
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from the old city of Copiap6 and 160 kilometers from the
port of Caldera, is a to~n of ruins. A few only of the
more optimistic remain awaiting the reopening of the great
mines on the scarred mountain above the town.

The present production as might be expected under
these conditions is almost nothing. In 1903 from 160 metric
tons of fairly high grade ore were produced about 800,000
grams of silver (II, p. 109). Years during the decadence
of the district after 1885 have probably witnessed little
greater production than that of 1903. In 1885 one mine, the
Manto de Ossa, produced.silver valued at 1,000,000 pesos of
18 pence. In'1880 the Constanc ia Mine" gave like returns.
From 1869 - 1875 during the best days of Chanarcillo,
178,625 kilograms 'of fine silver was sold from the district,
and the opinion is held by Chilean authorities that this
amount was substantially greater due to "high grading"
(III, p. 426-427). At this period, therefore, Chanarcillo

was mining more than one-fifth of the silver production of
Chile. The total production of the district is difficult
of estimation; but some figures are available on the total
production of cel~ain mines. The Descubridora Mine produced
the value of 40,000,000 pesos of 18 pence j the ;~fantode
Peralta, 15,000,000; the Candelaria about 15,000,000 and the
mines of the Corrida vein between 180,000,000 and 200,000,000
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of 1917 to visit-the district and at this time the earlier
work was enlarged in scope and the field work was performed.
The mines accessible ~ere entered, the geology of the
district and the surrounding region was studied and
tentatively correlated wi th the results. of other work done
farther north and valuable maps and sections were copied.

During the progress of the investigation criticism,
infonmation and assistance were obtained from many sources.
It is, indeed" a pleasure to acknowledge the kindly advice
and supervision of Dr. Waldemar Lindgren and Dr. C. H. Warren
of.the Massachusetts Institute of Technology, and the in-
valuable informat ion rece ived from Senores .Terman Brain and
Nieomedea Echegaray of Chanarcillo. Especial indebtedness
is also felt for the many kind personal favors of Mr. Josias
Rogers, of Copiapo, and for the able assistance in the field
o:rMr. L.e. Baena. The exee llent IJublieat ions upon the
district by Senor Echegaray (IV, v) and by Dr. Pr.A. Moesta
(VI) have proved at all times helpful.
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THE REGION OF NORTH CHILE.

The important silver districts of Chile are dis-
tributed over a length of the narrow coastal strip of the
country greater than 1000 kilometers in elongation.
Huantajaya, 10 kilometers east of Iquique, and Caracoles,
150 kilometers northeast of Antofagasta, lie respectively
about 800 and 450 kilometers north of Copiap6 and are
representative with such minor deposits, as Challacollo, of
a northern silver belt. South of Caracoles is encountered
a stretch of about 400 kilomet~rs barren of rich silver
veins. At Tres Puntas, 65 kilometers north of Copia:p6,how-
ever, a southern silver b~lt begins, and continues through
Ladrillos, 10 kilometers east of Copiap6, and Chanarcillo,
to ,Arqueros and Condoriaco near Coquimbo and some 200 kilo-
meters to the south. This region of North Chile, included
between Coquimbo and Iquique, is that of primary importance
in connection with the silver mining of the country.

Th~ climate of the region varies little from north
to south. From Iquique to a line between Chanaral and
Taltal extends the barren desert of Atacama with its deposits
of salt and nitrate. Precipitation here is slight, occurring
perhaps annually in gentle showers, more often in deposition
of dew from tbe fogs near the coast, but in heavy rainfall
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only once in six to ten years. Vegetation is entirely
absent and the surface is clothed in a mantle of sand and
rock debris. South of this area and north of Copiap6 lies
a zone characterized by a climate much like that of the
north but with a slightly greater rainfall. Vegetation
though sparse is found in many of the quebradas or dry
valleys. The valley of the Rio Copiap6 is green and fert1le
due in great part to efficient irrigation; but to the south
of the river the evidences of increasing precipitation
abound. The steep valleys are dotted with shrubs, bushes and
a-few trees,_while a sparse growth of shrubs and coarse
grass is to be observed often upon the hills ides. Flowing
streams other than the branches of the Copiap6 in the
mountains and that river iteelf are J however, absent, until,
proceeding south, the Rio Huasco is reached and the rainfall
towards Coquimbo becomes progressively greater. The region
on the whole, however, is today essentially arid.

Due perhaps in great part to these climatic
variations, topographically the region is divisible into
three units. In the north the Coast Range rising precipitate-
ly from the sea to an altitude of 1200 to 2000 meters extends
inland some 40 kilometers in a series of rough ranges. At
the eastern flank of these mountains and a few hundred meters
below the peaks lies at an elevation of 1000 to 1200 meters
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the Interior or Central Valley. The valley, flat and roll-
ing, descends to an enclosed centre of drainage and then to
the east, through low hills east of Antofagasta and pre-
cipitously in the/Iquique district, rises to the peaks of
the Cordillera which attain a height of 3500 meters. Be-
yond a plateau east of th~se ranges, extends the chain of

.the high Andes from 5000 to 6750 meters in altitude. In the
second topographic province extending from just south of
Taltal to the Rio Copiapb, from the persistent range at the
coast the slopes descend to a poorly defined continuation
of the Interior Valley and then rise to broken ranges which
mark the eastern boundary of Chile. These mountains drain
not into an enclosed basin as in the north but by deep, well
developed quebradas or dry rivers into the sea. In the
third province the valley of the Rio Copiap6 near the sea
cuts through the continued Coast Range and turns abruptly
through a right angle for a few kilometers into the ~ro-
longation, ill-defined, of the Central Valley. On the east
of this 'north-south course of the river sharp ranges
dissected by flowing streams rise abruptly to the Cordillera~
About 50 kilometers south of the city of Copiapb, the river
has swung to the east, branching into the mountains, and the
Central Valley, relieved by a few low ranges of which Montana
Chanarcillo is one, lies between high cuestas sloping gradu-
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ally east and \Vest. In this province the valleys, both dry
and containing streams, are often steep walled canons, the
streams are swift and filled with rapids, and the relief is
great.

The surface in this southern topographic province,
though deeply dissected, does not, however, intersect the
lowest rocks exposed in the region. This earliest horizon
outcrops first to the north in the Taltal area. It is con-
sidered tentatively to be of Lower Jurassic age and from its
excellent exposure on the Pampa Penon has been named the
Penon formation. The Lower Pefi~n volcanics, ranging in
composition from rhyolite to andesite, are made up of
stratified tuffs, flows and breccias. They are separated
from a similar series of .theUpper Penon by a thin stratum

.of limestone.
Conformably upon the Penon formation lie a series

of flows and clastic volcanic rocks principally of andesitic
and basaltic composition. They have been provisionally
placed in the Lower Jurassic and have been named in the
Penon district the Aeroplano formation.

These formations represent enormous volcanic
activity of Jurassic time. They attain in the Province ,of
Antofagasta a thickness of more than 1000 meters and their
reds, brmvns and yellows lend color to the debris covering
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the Central Valley and its lower slopes toward the Coast
Range and the Cordillera from Taltal to Iquique.

On the Aero~lano effusive rocks lie without marked
discordance limestones with intercalated tuffs. This, the
Loreto formation, so-called from ita observation upon the
Pampa Loreto, carries abundant marine fossils. Gryphaea cf.
arouata and an ammonite somewhat allied to Parkinsonia
parkinsoni have been thus far identified from these beds.
The formation is correlated with the Dogger beds of Copiap6
and is probably of Middle Jurassio age. In the north this
unit is of less thickness than in the Cordillera near
Copiap6; but it is distinctly developed throughout the region.

In Iquique the Loreto limestones outcrop at
Huantajaya and in the eastern Coast Range. Farther south
they' oontinue on the eastern slope of this range and from
Caraooles and Calama follow in a similar manner the west
flank of the Cordillera. From Taltal to Chanaral they prob-
ably underlie much of the Central Valley.

South of Chanaral and continuing into the Province
of Copiapo a series of volcanio beds are found; but at

IChulo, ~ast of Copiapo, another elongated area of limestones
begins,-passes through Chanarcillo and extends onward ,to the
south. This limestone, the Chanarcillo formation, of Lower
Cretaoeous age, in the district of its more detailed study
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has a proven thickness of 700 meters. Pure, shaly and
tuffaceous limestones are interstratified with andesitic
tuffs. This formation and that of the Loreto limestone,
outcropping in the silver districts from Iquique to
Coquimbo, seem to have been exceptionally favorable loci for
the deposition of rich silver veins.

Cretaceous sandstones, conglomerates and shales
with interbedded lavas succeed the limestones of the
Chanarcillo formationj but in unknown relation to them regard-
ing conformity. At Tierra Amarilla, these beds tentatively
giyen the name Tierra Amarilla fo~ation, are well shown in
the cliffs above the Rio Copiapb. They form the cuestas
east and west of Chanarcillo, the top of Cerro Blanco and
some of the western part the mountainous country east of the
Rio Copiap6. To the north, they make up the basement of a
great part of the Coast Range •. At Antofagasta -conglomerate
overlain by red shales and,sandstone with intercalated green
beds of lava compose a strikingly colored series. The
Cretaceous sandstones and lavas are also found in the
Cordillera.

Few :0£ the beds of the Jura-Cretaceous series prob-
ably are free from volcanic debris. The lower section of
the series is almost entirely composed of tuffs, breccias
and flows. The middle sections, principally of limestones,
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contain abundant interstratified effusives and the lime-
stones themselves are often tuffaceous. The upper section
again is of lavas and clastic sediments. Although the later
deposition was characterized by sedimentation, volcanic
activity has been greatly preponderant during this period.

Following the Cretaceous and affecting many parts
of the region, came a period of deep-seated igneous activity.
Great masses of magma were injected into the earth's crust.
They tore and pushed their way upward until cooling they
solidified- as granites, granodiorites and diorites. Large
areas of these intrusive rocks in the form of stocks and
batholiths occur in the Cordillera and in the Coast Range
near Copiap6 and to the north. Smaller bodies cut the
volcanics and limestones of the north and south Central
Valley. These intrusive rocks have not been differentiatedj
they are grouped together as the Copiap6 intrusives and are
believed to be of essentially the same age.

Subsequent to the post-Cretaceous intrusions the
region was affected by great compressive forces. The beds
of the Jura-Cretaceous series in the Coast Range were
tightly foldedj in the Central Valley and in the foothills
of the Cordillera tb~y were more gent13T flexed; and in
Cordillera they were plicated in steep folds and the granites
and granodiorites were strongly jointed. At this time,
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though later slight modifications have no doubt taken place,
the main structural features of the region were developed.

)At Iquique the folds are complex near the coast;
but the dips appear generally to the west at the sea. The
eastern part of the Coast Range here is made up of folded
limestones and the Penon volcanics below. The structure of
this range, therefore, would seem to indicate that the range
lies upon a fluted homocline with north-south trend and

(1)
western dip. The section east of Antofagasta has been
studied in somewhat greater detail than that of the Iquique
Coast Range. At Antofa~sta the dips of Cretaceous rocks
are steep into the sea. Some 40 kilometers to the east, the
folds of the Coast Range have died out and the strata are
nearly horizontal. East of the Central Valley the gently
folded rocks of the Penon formation dip westerly, until,
upon entering the Cordillera, steeply folded limestones and
Cretaceous beds and strongly jointed intrusive rocks are en-
countered~ The structure of this section i~ most clearly
that of an anticlinal or great arch fluted with minor folds.
In Taltal the Antofagasta anticlinal seems somewhat more
poorly dev~loped; but it is perhaps probable that this

(1)
Observations on the geology of the northern r~gion were

made by the author during the examination of nitrate
de!,osits.
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structure, though flat, extends through Chanaral into the
Derartment of Copiapb. The Central Valley south of the Rio
Copiap6 is situated along the axis of an anticline. This
fold, narrow and steep at Chula, broadens and flattens to
the south. At Chanarcillo, it is about 30 to 50 kilometers
in width. To the west the structure is obscure due to in-
trusive rocks; to the east in the Cordillera steep folds
which eA~ose the whole Jura-Cretaceous section probably
obliterate the eastern dips of the arch to the north.

After the relief of the east-west compressive
forces causing this fOlding, the great arches of the anti-
clines and anticlinals were unsupported. In many places
they yielded, subsided and proke into a mass of blocks.
bounded by normal faults. Certain reverse faults of lesser
importance are not to be assigned to this cause; but rather
to the diastrophic forces. A greater number of the minor
faults and all of the known faults of large displacement
are, however, normal. In Antofagasta and Iquique great
north-south faults bound the Central Valley which is a
graben. Faults occur also at angles near 450 to the strike
of folds. In Taltal and Chana~al, the Central Valley and
thus perhaps its determinant faults are less well developed.
In Copia:p6, however, faulting is marked, as in the Chanarcillo
district, and the faults of the Central Valley no doubt are
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to be found. The age of this period of faulting is obscure;
but is believed to be distinctly earlier than the recent
formation of the great fault, the scarp of which determines
the high cliffs on the coast from Arica to Coquimbo.

Mineralization occurred during the period of fault-
ing. Solutions, no doubt derived from deep-lying igneous
rocks, obta ined access through fractures to the. rocks now
exposed at the surface. Veins were formed in the fissures;
gold and copper being often deposited in volcanic rocks and
silver in limestone. Alteration of rock took place near
these fissures and in porous volcanic rocks, as tuffs and
breccias, wide areas were strongly altered by the process of
silicification. Though some mineralization doubtless took
place by contact metamorphism during the intrusion of the
igneous rocks, the important are deposits as well as the
economically worthless evidences of are fanning activity are
due to this metallogenetic period.

The history of the region subsequent to the time of
ore formation and faulting has been on the whole free from

the cataclasmic geologic processes. Volcanoes have poured
out their lavas in the range of the Andes; uplift has prob-
ably taken place; the great coastal fault has been formed;
and earthquakes even yet give frequent evidence of the
present slight movement upon fault planes, particularly upon
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that of the coast; but the region has been subject mainly
to the process of erosion. At this time, therefore, after
that faulting which persisted later than the deposition of
veins, the physiogr~hic history of the region begins.

The chronology of erosion, however, can not be
given in precise detail. Unfortunately time \vas not avail-

"able for the widely conducted exploration necessary for exact
physiographic research. In consequence the earlier history
of erosion is somewhat obscure and the dates of the various
events must remain at present indefinite.

In the northern part of the region, at present
subjected to extremely "arid erosion, evidence is to be found
of a former cycle probably wet. The concordance of surr~it
levels in the foothills of the Cordillera and in the
Cordillera itself, benches observed high on the flanks of
the Andes range and well rounded, water-worn boulders of
numerous gravel deposits of the high benches of Taltal offer
indication of an early topography probably developed by
normal processes of erosion. This topography, perhaps that
of a peneplain, it would seem must have been developed during
Tertiary time.

Uplift having warped the inferr~d peneplain to an
elevation to the east of from 4000 meters in the Andes and
Cordillera to 2500 meters in the foothills, a dry climate,
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it is preserved only on the upper slopes of the mountains.

Herel south of the Rio Copiap~1 steep canons
tributary to broad alluvium-filled valleys cut these
remnants of the older desert stage. Relief is great and
stream capture of west draining valleys often takes place by
the branches of the Rio Copiapo. The greater valleys, to
some extent adjusted, have attained an early maturity and
have been aggraded perhaps by a slight depression. The
tributaries are typically young.

In the region, therefore, the physiographic history
has probably included an early stage of nor~malwet erosion
which proceeded nearly to peneplanation. Arid erosion,
succeeding this stage, had reached the beginning of
maturity throughout the region when in the south elevation
and the imposition of a wetter climate caused the arid
topography to be dissected to renewed youth. At present in
the north the desert cycle persistsj in the south slight
depression has partly filled the main valleys.
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THE REGION OF NORTH CHILE

GEOLOGIC COLffivfN

Desert deposits, alluvium of greater
valleys in Copia:p6.

Water worn bench gravels.
Conian6 intrusive rocks. Granites, grano-

diorites and diorites.
Tierra Amarilla Formation. Sandstones,

conglomerates and shales (with gypsum).Interbedded lavas.
Chanarcill0 Formation. Limestones with

°interstratified tuffs and lavas.
Chanaral Formation. Volcanic rocks.
Loreto Formation. Limestones, interbedded

volcanic rocks. G~~haea cf. arcuata
and Parkinsonia parkinsoni (~) at Pampa
Loreto.

Aero~lano Formation. Volcanic rocks of
andesitic and basaltic composition,
sediments.

Penon Formation. Tuffs, breccias and flows
of rhyolitic and andesitic composition.
A few beds of metamorphosed limestone.
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THE CHANARCILLO DISTRICT

Introductory Statement

The Chanarcillo district is inoluded in a portion,
some 8000 square kilometers in area, of the southern part of
the region of North Chile. This,quadrangle (Plate VII', the
Copiap6 area, extending from about 30 kilometers south of
Chanarcillo to a few kilometers north of Copiap6 and from
Chanarcillo 40 kilometers east and west, oovers that seotion
of the region of prima~ importanoe in connection with the
broader geologic relations of the Chanaroillo veins. In it,
as far as is known, are exposed at the surface rocks only of
the Chanarcillo and Tierra Amarilla formationeand of the
post-Cretaceous intrusions.

These last occur in great bodies composing an
Iigneous complex which invades the western Copiapo area. In

this field, prinoipally underlain by intrusive rocks, may be
found ~n the future volcanic rocks of the pre-Chanarcillo
beds. For the present, however, limited observation requires
ita charaoterization as an area of undifferentiated igneous
rocks. In the eastern part of the area and certain central
portions of indefinite extent, west of Tierra Amarilla and
Juan Godoy are exposed the Tierra Amarilla sandstones cut by
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a few intrus.ive bodies. From Chulo, J'uan Godoy and to the

south ~utcrop the Chanarci1lo limestones. Another small area
of t~eee beds is to be found at a point represented in the

/southeast corner of the map of Plate VII. The Copiapo
intrusions also intersect the limestones in masses of

(1)
relatively small size •

The intersection of the sedimentary beds with the
surface is in accord with definite structural causes. The
axis of a syncline in the Tierra Amarilla beds passes through
Cerro Blanco and onward to the northeast. The area of the
Chanarci1lo limestone last described is upon the eastern
limb of this syncline. From Chu10 southeastward extends
the axis of an anticline. At Chulo the limestones outcrop
in almost vertical beds on this. fold. At Tierra Amarillo
the dips are flatter; the limestone and its cover of the
beautifully exposed Tierra Amarilla sandstone lie at an
inclination of some 30°. To the south of Pabellon the
anticline is invaded by plutonic rocks and the structure is
obscure; but about Chanarcillo it distinctly broadens and

(1)
The geologic data of the area are obtained from personal

observations by the writer and from the sections by
Lorenzo Sundt, Estudios J'eolojioos i Topogra~ico8 del

Deeierto i Puna de Atacama, Vbl. 1,
Santiago de Chile, 1909.
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t~e dips upon ita limbs are perhaps 20°. The fold thus, in
spite of its narrowing to the north, probably pitches to the
southward throughout its length.

strati~ranhio Geolo~

The Chanarcillo distriot, a reotangular area of
about 2.5 kilometers north-south elongation and of 1.6 kilo-

.tv.

meters width upon the hills above the town of Juan Godoy,
is intersected by the axis of this antioline. The beds thus
have gentle dips and in the section of some 800 meters to be
observed at the surfaoe and in the mines are all of the
Chanaroillo formations. Igneous rocks occur in the fo~ of
numerous dikes and of a small stock; but are of distinctly
subsidiary importance. A consideration of the geology of
the district is, therefore, principally ooncerned with the
Chanarcillo formation.

The formation is made up of alternating beds of
pure or. impure limestone and of volcanio rocks. _ The lime-
stones vary aome'llhatin appearance i but they are usually
well bedded in strata a few centimeters to half a meter in
thickness and when weathered to a buff or light brown color
at the surface form a striking contrast to the volcanic rocks •
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The latter at tbe surface are medium grained with a dis-
tinctly tuffaoeous texture. Their color is green to black,
and the oliffs composed of them are dark and irregularly
rough. In the mines certain of the lower horizons of volcanic
beds are fine grained and of a gray color difficult of
distinction from the limestones. The variations in the
physical charaoteristics of the beds have been, however,
quite apparent to the keen peroeption of the Chilean miner
and his subdivisions, the panizos or beds, have often
ooincided with those of the geologist. Indeed the names of

(1)
the eight members into which the formation has been divided
have in several oases been taken from the names of these
beds customary to the miners in the district.

The uppe~ost of these members has been named,
from its outcrop in the prominent cliffs above the
Desoubridora Mine, the Desoubridora limestone. This member
subdivided by the miners into many "mantos" is a distinot
unit. At the top of brecciated texture, it grades below
into chalky limestone and penetrated farther becomes dark
colored and oarbonaceous. At the bottom of its 190 meters
of thickness it ia a pure gray limestone.

The excellent descriptive sections of Dr.F~~A,Moesta
and Se~or N.~ohegaray have been of great value as a
basis for the subdivision of the formation.
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The tops of the higher peaks of the district are

composed of this limestone. It persists upon the slopes of
the hills downward to an elevation of 10no to 1030 meters
to th e northeast and of about 950 meters to the southwest.

Its well bedded strata of some 50 centimeters thickness, its
buff, white or gray color, and i~s rounded outcrops lend a
characteristio appearance to the summits of the mountain of
Chanarc illo •

Mic.Toscopically the typioal Descubridora limestone

is seen to be composed predominantly of fine crystals of
pure caloite. A few coarse crystals.of this mineral are
sparsely desseminated throughout, and narrow veinlets of
calcite penetrate the rock. Interstitially to the calcite
grains of quartz with ragged outline are of usual occurrence.
They contain empty inclusions and. a few shreds of calcite.
More rarely laths of altered feldspar are to be observed.
The rock is distinctly a pure, fine-grained limestone which
has been subjected to no, or very slight, alteration.

Below the Descubridora limestone lies a tuff,
kno~m as the "Panizo Verde" by the miners, and for this
reason called the Verde tuff. This member outcrops on the
lower ~lopes of the mountain and determines the dark, rugged
cliffe of the lower slopes. It is coarse grained, of
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distinctly tuffaceous appearance and is dark green in color.
The thickness is variable, ranging from 30 to a rare 140
meters; but averages perhaps 50 meters. This rock with the
Descubridora limestone underlies the greater part of the
surface of the district.

The Verde .tuf~under the microscope, is found to be
composed of rounded and subangular grains of altered volcanic
rock. The greater part of these grains are of such fine
texture that their component minerals can not be resolved by
the microscope. In others chlorite and actinolite have
replaced former minute phenoc~rsts of ferromagnesian minerals
imbedded in a fine groundmass. A few grains have a coarse
texture ani in these plagioclase feldspar in many laths is
strongly altered to chloritic material. The feldspar prob-
ably is albite. Many areas of'a ferromagneaian mineral are
replaced by actirlolite. Indeed the rounded fragments are
almost completely altered and are cemente,d by calcite and
actinolite. In spite of the altered character of this tuff,
it is believed its original composition was andesitic.

The Negro limestone, "Panizo l:regroy Cenizo" of
the Chileans, is found below the Verde tuff. This bed,
composed of black shaly appearing limestone with intercalated
strata of chalk and of fine breccia, varies in thickness
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from 25 to 65 meters. It is intersected by the surface in
the southeastern and southwestern corners of the district
only; but is found in all of the mines.

The chalky strata of this rock are composed of
pure OaC03_ Under the microscope the black beds character~
iatia of the member are resolved into a fine-grained mass of
interlocking feldspar and calcite c~rstals with a few small
desseminated areas of pyrite. The feldspar evidently as in
the Verde tuff originally albite is seemingly replaced in
part by calcite. Calcite surrounds and penetrates the laths
of plagioclase and is the predominant mineral of the rock.
Actinolite of a nearly colorless variety is a corr~on con-
stituent. The breccia ..is of fine texture similar to that
of the Verde tuff. Rounded and subangular grains of fine
volcanic rock are cemented by coarsely c~rstalline calcite.
The grains themselves are alao filled with crystals of
calcite and more rarely of actinolite. Alteration of the
feldspar of the volcanio fragments to these minerals has no
doubt taken place. This rock, while typically an impure
limestone, is thus not sraly but tuffaceous and has certain-
ly been at least in part of volcanic origin.

The Negro limestone is underlain by a thick bed
of a fine textured. gray-green rock. the Panizo Ahuesado.
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This member is recognized in nearly all of the mines and
varies in thickness from 120 to 165 meters. At a distance
of some 40 to 50 meters below its top it is interrupted by
the thin stratum.of the Bocano limestone. It is of such
fine-grained texture, and of such obscure color that except
for its ~ough break its recognition underground would be of
extreme difficul t~r. The massive beds of the Ahuesado are
easily separated from the black .limestones abovej but are
indefinite in their contact with the succession below.

The Ahuesado may be recognized, ..under the micro-
scope, as a tuff. Coarser beds near the bottom of the
member in the Santa Rita.Mine appear much like the Verde
tuff. Rounded grains of an almost submicroscopical1y
textured volcanic rock are cemented by calcite and shreds
of actinolite. The typical rO'ck, however, is composed of
rounded, evidently abraded, crystals of fel~apar, of a large
amount of calcite accompanied by actinolite, and of a few
lathe of epidote (Pistacitel. The Ahuesado tuff, as is the
case with the other volcanic rocks of the district; has been
severely altered.

The downward succession is continued by a thin
bedded limestone containing alternating pure and impure
strata. It attains a thickness of 120 to 150 meters in the
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Deliria and Constancia mines. This, the Deliria limestone,
resembles in all respects the limestones of the upper
sequence. The purer layers are of calcite; the shaly-appear-
ing strata are tuffaceous.

A second bed of fine tuff about 30 meters thick
occurs next in the series. The Constancia tuff,as it has
been called, is of a character similar to that of the
Ahuesado.

Persisting for some 70 meters below this tuff, is
a blue-gray limestone, thePanizo Azul of the Delirio Mine.
This member is a massive and impure limestone.

The sequence clearly exposed in the mines is
closed below-by a bed of character nearly identioal with the
Verde tuff. It has been named by the miners the Segundo
Panizo Verde. The Segundo tuff, as it will be called, is
at least 70 meters in thickness. It is believed that this
member has not been passed in deep exploration; although an
indefinite report states (III, p. 426) that on the lowest
level of the Deliria shaft a limestone carrying ore had been
found below the Segundo tuff.

The Chanarcillo fonmation is thus made up of beds,
va.rying in thickness from 25 to 190 meters, and composed of
alternating tuff and limestone. The tuffs are altered, range
from exceedingly fine texture to coarsely fragmentary
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character, and were probably of original andesitio composition.
The limestones contain impure. tuffaceous and altered strata
at th~ bottom of the formation; but the uppermost member, the
Descubridora limestone, is on the whole of unimpaired purity.
The formation attains a maximum thickness of 880 meters.

Ilmeous Geology

At a time indefinitely later than the deposition
of the Descubridora limestone, intrusive igneous activity
began in the district. Many dikes were injected into the
rocks of the Chanarcillo formation and are at present
found in the mines and outcropping on the surface. Their
strike is prevailingly southe~st, their thickness varies
from one to three or four meters, and their attitude is
near the ve rt ieal.

The dike rocks are highly altered. Calcite occurs
abundantly throughout the groundmas8 and the phenoc~rsts,
originally no doubt of plagioclase feldspar. Unaltered
feldspar has not been seen in these rocks. Aggregates of

of
interlocking quartz grains and a few crystalslholohedral
outline are imbedded in the groundmass. Chlorite, sericite,
and actinolite are of rare occurrence. Calcite and some
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quartz have certainly been introduced during the alteration
and their presence renders the classification of the rock
difficult. The dikes oan, therefore, only be oalled altered
porphyries possibly of original dioritic or tonalitic
composition.

Igneous activity in the district was olosed, at a
time probab ly cons iderab ly later than the inject ion of the
dikes, by the intrusion of a small stock just east of the
town of Juan Godoy. This rock outcrops in a small area,
perhaps 200 meters across, on Cerro de los Carras. The rock
has been so severely altered that little of 'its origirlal
texture is to be seen. ~ne specimens have a dull gray
vitreous appearance, and little of composition or mineral
characteristics can be determined megascopically. Under the
microscope, however, it is seeOn to be of fairly coarse
texture, the c~'stal8 varying in size to a maximum diameter
of several millimeters. Of its original constituent minerals,
andesine feldspar alone remains in large, typically twinned
crystals. Diopside in coarse grained crystals, showing the
characteristic twinning, occurs in il1-define~ veinlets and
irregular areas and no doubt replaces both the feldspar and
Borne ferramagnesian mineral now quite altered. Associated
with diopside are wollastoniteJ a few grains of epidote and
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a fibrous mineral, perhaps a serpentine, but of indeterminate
character. A later stage of the alteration.has introduced a
mineral in elongated, interlocking, colorless crystals with
bent forms and.undulatory extinction. It has positive optical
character, negative elongation, an index of refraction about
1.60 to 1.62, low birefringence (0.012 -0.015) and.parallel
extinction. It is biaxial wit.h an optic angle (2E) about 500,

the axial plane appears to be perpendicular to the cleavage;
but the optic axis emerges in sections showing no cleavage.
The identity of this mineral is uncertain, for its character-
istics do not seem to agree with any known species. It
replaces both the earlier pyroxene and the feldspar.

The composition of this igneous rock is peculiar.
Its alteration, however, seems certainly o~ a contact meta-
morphic nature and, in all probability, after its consolidation
near the upper contact of the stock, hot solutions of igneous
origin penetrated it under high pressure from below. Lime
may have been introduced; the rock appears to be abnormally
high in this component. Iron was most certainly removed.
1!alTJ of the .minerals.were entirely replaced by those stab.le
under contact metamorphic condi t.ions .and the rock was changed

to its present character.
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Structural Geologv

During and probably persisting after this period
of igneous.activity, the rocks of .the district were subjected
to oom!>ression. The anticline ..whose limbs dip east and west
of Chanarcillo.was formed. In the district itself'which

•lies upon the axis of this fold the rocks have but-gentle
inclination •. Their folding, though slight, is, however, be-
lieved to be of great structural importance.

The flat apex of the anticline is represented in
the Chanaroillo district by a bifurcating fold with a
maximum dip at the eastern and western extremeties of the
district (Plate I) of about 5°. At the northern end of the
area the fold is single, its apex falls upon the claim of
the Manto de Ossa Mine and continues to the northeast. j;1rom
the Manto de Ossa southward this anticline parts •. One
slight flexure,. an. anticline ,passes through the claims of the
Colorado, Desempeno,. San Francisco, Delirio and Constancia
Mines. Another similar. fold extends due south from the
DescubridoraMine. A shallowayncline separates these anti-
clines •. East and west of these flat folds the dips increase
gradually to their maximum. The folding, therefore,. has been
gentle but complex upon the apex of the fSreat anticline; but
Upon the limbs has been steep and essentially simple.
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Probably in genetic connection with this folding,

the vein fractures were formed•. They strike predominantly

parallel to the major axis of folding and dip steeply near

the axial plane. A few are to be found., howeve.r,.. at an angle

near 45° .to the strike of the axis. The fractures we.re mani-

fold,. at least 20 in number, they were imbricating and .dis-

continuous often local1yjbut they no doubt extended to

great depths and were open.

Mineralization

Next penetrating them came-vein forming solutions

of indefinite .but probably igneous origin •. Veins were

deposited varying in width from 25 centimeters to one meter,

and conta ining calci te, barite, quartz, s ideri te, arseno-

pyrite, zincbJende, pyrite and many arsenides, sulph-

arsenides andsulphantimonides of silver. Ore shoots .in

places rich in silver were formed and,beforethe end of

this single, andperhape short, metallogenetic epoch, the

primary or hypogene veins of the district had been produced.

After a period of faulting, during which the

strata and the veins were dislocated by one normal.fault of

marked displacement and by several small faults of essentially
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lateral displacement, the rocks of the district have been

affected principally by the. proQess ..of erosion •. Dur,ing this

wearing down of the surface from its former inferred

pas it ion. to that of. the. present day many.co.nati tuents of the

veins have been dissolved, have been carried downward into

the veins, reopened in part by the movements of faulting, and

have been prec ipi tated. This process, repeated again and

again, has produced rich bodies of ore. In the upper portion

of the veins, in the oxidized zone, chlorides" iodides and

bromides. of silver, native silver anddyscrasite. have been

depoei ted. Below in t'he. enriched zone native silver,

dyscrasite, argentite, stephanite and other sulphides have

been precipitated. The veins in both zones have been widened

in places to a rare 10 meters. This process" that of

axidationand enrichment by supergene solutions of'

atmospheric origin, has been the cause of the great bodies

of bonanza 0 re of Chanarci 110.
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THE VEINS

Direction and Loci of Veins

The history of the veins of Chanarcillo is to be
read only during the late geologic events inferred for the
district. The deposition of sediments, the effusion of
lavas, the injection of dikes into the strata and the in-
trusion of plutonic bodies of igneous rocks have all preceded
the formation of the veins. The results of these pre-vein
processes have in ma~ cases exerted marked influence upon
deposition of the veins; but their effects have been mainly
those always produced by the environment into which vein-
forming. solutions are brou~lt. The vein history itself is
introduced after the close of igneous activity at the
horizon of the present surface of the district and was also
preceded by the period of fOlding.

The connection between the direction of the veins
and the axes of folding is striking. Of these axes, that of
the more persistent anticline strikes N. 25° E.J and that of
a minor divergent anticline branches from the main fold on
the Descubridora claim and strikes directly south. Ten of
the twenty-four veins recognized in the district have a
direction parallel to these axes. Six lie parallel to the
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major foldj four strike with the minor flexure. These ten
veins include all but one of the great continuous veins of
the district and have no doubt produced considerably more
than 70 per oent of the silver mined at Chanarcillo. The
other veins, nine in number, have a strike at about 40° to
the major axis of folding. Three, at N. 65° E., of whioh
the Veta Candelaria is one, are veins of some importance;
six, at N. 15° W., are poor. ~vo curved branohes of the
Corrida Colorada seem each to be composed of joined veins
of these 40° systems at about 90° one to the other. A third
curved vein, the Guias del Descubridora, branches from the
Veta Descubridora at the north, follows it for several
hundred meters, tends toward the N. 65° E. strike, and
finally.to the south dies out in the trough of the shallow
syncline between the greater and less anticline. Two barren
veins, at N. 50° W. and N. 55° W. in the northern part of
the district, are of obscure directional relations. The
greater number of veins, about 90 per cent indeed, however,
may be said to have a direction parallel to an axis of fold-
ing or at about 40° to such an axis.

Moreover, the character of the vein seems to vary
with its position with regard to the folding axis. The
richest vein of Chanarcillo, and the one also continuous
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over a distance of more than two kilometers liea direotly
upon the crest of the greater anticline. This, the Corrida
Colorada, has been the great vein of Chanarcillo. The Veta
Descubridora, a rich produoer, is upon the axis of the minor,
divergent anticline. Away from the axes of the folds the
veins parallel to them growless continuous and' poorer.

Among the veins at 400 to the anticlinal axes but one, the
Veta Candelaria, is rich, and it attains its best development
upon the crest of the two folds at their junction. The dips
of all veins are steep to the west or northwest-. The

stronger, 'more continuous veins thus lie near the axial

planes of the folds, those weaker and of short extension
are upon the limbs.

The Fissures

From such considerations a genetic relation of the
ve in fractures to folding is to be inferred. The mechanics

of the formation of mineralized fissures, however, has al-
ways :proved t.o be a difficult and obscure subject. In many

cases the rocks are of a nature or the alteration is so
severe to give the geologist no precise index of folding,
and the literature is thus deficient in the treatment of
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(1)

fracture origin in mining distriots. Willis , however,
while not discussing the feature, has illustrated fractures,
or small faults, near the axial plane of anticline in
competent strata. The unpublished results of A. R. Whitman
and'of the author in the Cobalt District, Ontario, also give
excellent proof of the genetic connection of folds and vein
fractures. The veins of Chanarcillo seem to offer further
indication of this mode of origin of vein fissures.

An origin of the fractures during folding postulates
the upbending of the anticlinal arches and the subjection of
the competent. strata of limestone and tuff to t enslonal
forces near the axes of the folds •. Fractures of great con-
tinuity would form under these conditions.upon the axesj
parallel to them minor fractures would occur. Furthermore,
the forces of compression, which produced the folds, are in
a di rection of about goo to the axes of fold ing. Such
forces are often known to cause fractures or joints .in rocks
at an angle near 45° to their direction as diagonals of an

(1)
.Willis, Bailey Jlechanics of Appalachian structure:

U. S. Geological Survey, Thirteenth
Annual Reporti Pt. II, p. 217, Plate
LXXVI and fol owing. __
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ellipsoid of strain • As the stress and the consequent
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strain upon the rock increases, the ellipsoid becomes
flatter, the diagonal planes are changed and the angles be-
tween the planes of fraoturing and the direotions of force
become greater. Thus the systems of vein fraotures at 400

to the axes of the folds are easily explicable and indicate
an ellipsoid of strain but slightly changed from the unde-
formed sphere.

The facts of the field seem to agree with such an
hypothesis of fracture origin. Few of the veins lie in a
direction in disagreement to this explanation. The veins of
the Dolores Tercera and the Loreto Fifth have a north-south
strike, but are far removed from the fold of this direction.
The two barren veins of the northern part of the district,
those crossing the claims of the Bolaco Nuevo, Manto de Ossa
and the Manto Peralta, and of the Bolaco Nuevo, Esperanza
and Descubridora respectively, are also of direction obscure
in its conneotion with foIding. Such exceptions are, how-
ever, rare and include only four minor veins out of the
total of twenty-four. The others, constituting more than
80 per cent of the number and all of the more continuous

(1)
Becker, G.F. Finite Homogeneous Strain, Flow and

Rupture of Rocks: Bull. Geol.Soc.}~ericaJ
Vol. 4, pp. 13-90, 1893.
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rich veins, fill fractures of which it may be stated with
some confidence that their origin is due to the ~orces pro-
due ing folding.

VEINS APPROXIMATEIJY I-J. 250 E.

I Corrida Colorada
2 Guias de Carvallo
3 Veta Esperanza
4 Veta Mercedes
~ Veta Loreto laoJ

6 Veta Loreto 2a

VEINS APPROXIMATELY N. - S.

7 Veta D~scubridora
8 Guias del Manto de Ossa
9 Veta Dolores Tercera

10 Veta Loreto 5a

VEINSAPPROXIMATEJ~Y N. 65° E.

11 Veta Candelaria
12 Veta Bolsa
13 Veta Nuevo Bo1aco
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VEINS APPROXI1~TELY N. 15° W.

14 Veta Loreto 3a
15 Veta Loreto 4a
16 Veta Atravieso
17 Veta Chacabuco
18 Veta Desempeno
19 Veta Yungai

VEIl~S CURVED (BOTH N. 65° E. A1lD ll. 15° W. )

20 Veta Forastera (branch)
21 Guias de Colorada (branch)
22 Guias del Descubridora

VEINS APPROXIMATELY N. 55° W.

23-24 Two barren veins of the northern district
These m~ be of later formation and

connected with faults at N. 55° W. (see p.58 )
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The vein fissures thus fall in two groups, that

of the axial fissures and that of the fissures at 400 to the
axes of folda or the shear fissures. The axial fractures
probably produced by tensional stress were doubtless open
certainly in places to a width of 25 centimeters and perhaps
locally to a width of one meter. Movement occurred upon
them as evidenced by the gouge usually upon the footwall;
but this movement slight in extent does not indicate their

classification as faults. The shear fractures, also loci of
small displaoements, similarly were open fissures;. but the
charaoter of their origin suggests that the openings upon
them were generally narrower than upon fissures of the former
class,' The Candelaria fracture" however, must have been a
wide fissure and here the factor of bending may have been
operative. Upon all.fraotures the hanging wall appears to
have been broken by innumerable imbricating cracks and
fissures. Indeed upon the Corrida Colorada a fraoture
parallel to the main fissure in its hanging wall was Oon-
tinuous over a great distance. The footwall has been usually
unbroken, however, and is in many places polished, slicken-
sided and covered by gouge.
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The Primary Mineralization

The primary mineralization was produced by
solutions which penetrated this network, perhaps immediately
upon its opening. They no doubt came from below, were hot
possibly of a temperature of 1500 C. to 3000 e., and were
under high pressure. Their origin, as is often the case with
vein-forming solutions, is obscure; but the contact meta-
morphism of Los Carras diorite is significant in this
connection. This type of alteration of the intrusive strong-
ly indicates in the light of the present knowledge of contact
metamorphic processes that the igneous rocks injected below
the present surface of the district gave off emanations
charged with soda, lime, silica, water and other volatile
substances. These emanations at high temperature and under
great pressure altered the contacts of the intrusion from
the deeper core of which they were derived and undoubtedly
continued onward to impose similar metamorphism upon the
surrounding limestone. A few crystals of albite feldspar
replacing limestone near bedding planes is the only evidence

I

of this latter process obtained in the field. Los Carros
intnlsion is not, however, believed to be the immediate
origin of the vein solutions of Chafiarcillo; but from the
nature of plutonic igneous activity in the region strong
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probability exists that similar intrusions lie at greater
or less depths below the zone penetrated by the mines. Los
Carros stock is merely a cupola of a deeper intrusion which
undoubtedly had other excrescences. From these points, loci
of concentration perhaps of the igneous emanations of the
cooling magma below them, solutions perhaps rose and, after
producing in all probability contact metamorphism of a nature
comparable to that noted at the present surface, penetrated
under great pressure all openings offered them. Fissures
presented an excellent mode of egress and, as the mineral-
laden waters progressed upward along the fractures in the
cooler rocks deposition took place. The Cbanarcillo fissures
were of a nature to become such channels, the presence below
of the magma parent to the solutions is strongly indicated
and it is believed the vein-~orming solutions of the district
had such an igneous origin.

The solutions, whatever their source, introduced
the mineralization of the Chanarcillo veins. During the
period of their access to the fractures the fissures were
filled and the wall rocks were replaced in part by the
minerals of the primary or hypogene' mineralization.

Veins representative of this stage alone are rare
in the district. Almost invariably the primary ore has been
subjected to some supergene alterationj but many important
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ore shoots are predominantly composed of hypogene ore.
Such ore bodies lie at an appreciable depth ~elow the sur-
face. In the northern district extending southward to the
Bocona property on the Corrida Colorada the depth of ore
predominantly primary varies from 200 to 350 meters. South
of this point in the San Francisco and Dolores Primera mines
it is found some 450 to 500 meters in depth. The Delirio
and Constancia mines have encountered such ore at about 400
meters. As few mines of the district have reached a depth
of 500 meters, evidently little primary ore has been extract-
ed. at Chanarcillo.

The depth at which this type of ore occurs is
intimately related to the stratigraphy of the sedimentary
rocks. In fact the statement is accurate that primary ore
is to be found in the third limestone bed below the surface.
Thus in the northern district, defined as above, this ore is
met in depth first in the Delirio limestone. In the southern
area at the depths noted it was developed in the lowest
Delirio limestone and in the Amll limestone.

The veins of prima~r character found in these
Positions are usually somewhat narrower than on the levels
above. They vary in width considerably, of course, but when
minable are usually from 25 centimeters to one meter wide.
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These widths are continuous laterally along the dip of the
limestone strata often for 100 meters or mOrej but. vertical .'
changes in the width of' the primary veins are sudden. A
narrow cleft hardly traceable in the tuffs commonly broadens
upon. entering a limestone bed (panizo) and often attains a
thickness of 75 to 100 oentimeters upon penetrating a pure
stratt~ (manto) of this bed. The stopes of rich ore at the
horizons unaffected by superficial processes thuB are usually
narrow and low-backed (2-10 meters) but extend laterally
often appreciable distances.

Two types of these primary veins are recognized
in the district •. They are composed of similar gangue minerals,
calcite, siderite, barite and. quartz. The first and le60.
important type of the copper veins, however, contains more
siderite. Accompanying the gangue in these veina are chalco-
pyrite, tetrahedrite, zincblende, galena, pyrite, arseno-
pyrite, and traces of the sulpharsenides and s~lphantimonideB
ot"silver. The copper veins are narrow, lie in fi"sstires
striking about N. 15° W. and are found best de~e1oped in.the
Veta Atravieao and its neighbors in the southern area. The
second typ~ and that of Which the rich silver veins of the
district are representative differs from the first mainly in
the quanti tative relation of its component minerals. In the
silver veins, with a gangue of calcite, barite and a little
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siderite and quartz, small amounts of pyrite, galena,
chalcopyrite and tetrahedrite occur. Zincblende and arseno-
pyrite are.abundant oonsti tuen ts, however, and the silver
minerals, pearceite, proustite, polybasite, pyrargyrite and
perhaps miargyrite are in many places present in marked
quantity. The usual narrow ve in of this type in tuff or
impure limestone, neverthele6s~ contains only caloite, barite
and quartz with a sparse sprinkling of minute sulphide
grains. Only upon its entering the purer limestone strata
and upon its widening, do the sulphides of the base metals
and their more complex aocompanying silver compounds enter
the vein. Rere beside a vein of one to two meters thick-
ness the hanging wall is often penetrated by many interlac-
ing rich veinlets. In places are is found away from the
ve in to several meters. The .second ve in, narrow but rich,
characteristic of the hanging wall of the Corrida Colorada
also is confined to these horizons. Rich ore, therefore,
often extends into the hanging wall in limestone; but the.
footwall is polished, covered with clay-like gouge and is
barren.

Such relations prove a definite and important
effeot upon the localization of ore shoots by pure beds of
limestone. This feature is well illustrated by the section
of the Conatancia Mine (Plate IV). All of the prima~ ore of
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.. Chanarcillo is contained in limestones and the better bodies
of such ore are in the pu~er strata of the limestone. Of
but little less efficacy in the determination of ore shoots
are the intersections of veins. The rich zone of the
northern district from the Candelaria and Manto Peralta
prqperties, through the Descubridora, Esperanza, Colorada
and Loreto claims appears to be connected with the cross-
cutting Veta Candelaria. At its immediate crossing with the
Veta Descubridora and the Corrida Colorada bodies of extreme
richness were encountered. rthesepipe-like chimneys of high
grade ore were called "bolsos II or p illovlsby the miners.
Other vein intersections show similar effects, as in the case
of the crossing of the Veta Descubridora and the Guias del
Descubridora, of the various Loreto veins and of the branches
of the Corrida. Dikes have also affected the concentrations
of ore. Fractured somewhat during the folding, they seem
to have offered channels subsidiary to those of the veins
for the circulation of solutions. Their strong alteration
and their mineralization offer proof of the passage of
solutions. Where they are closely spaced as in the centre
of the district near the Colorada Mine and where they have

. branched near veins they have probably been of importance in
the mineralization of the veins. The fact that several of
the better ore-producing areas are each upon a wedge shaped
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block bound~d by dikes dipping away from the area suggests
the possibility of concentration of vein solutions in the
blocks by the dikes. The effect of dikes at their immediate
crossing with veins is obscured by the unfavorable composition
of their rocks, as with the tuffs, for the precipitation of
the silver minerals. The folds have been important factors
determinant of ore shoots. This fact is evident from the
discussion of the origin of the fissures. The bedding may,
however, have served also to deflect rising solutions into
the crests of the anticlinal arches. The cause of the

, difference in character between the ore shoots of the copper
veins and those of the silver veins is a difficult matter.
These copper or "atravieso" veins, however, approach more
nearly than others Los Carros intrusion and, indeed,
penetrate its zone of contact metamorphism. This fact is
suggestive of a more intimate relation between the Los
Carros igneous body and the copper veins than between it and
the silver veins. The presence of copper in the inner and
more intense zones of mineralization and of silver in the
outer zones is characteristic of many mining districts. The
copper veins of Chanarcillo are perhaps indicative of
similar relations of intensity of mineralization.

Thus, while certain veins at about the strike
N. 150 W •.may contain predominant copper min9rals due to
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their proximity to an igneous body, the silver veins are not
affected by this influence in known horizons. The parts of
these veins carrying high concentrations of silver, however,
appear to be due to definite causal factors. To reiterate,
these factors effecting precipitation of silver minerals
are (1) purer limestone strata, (2)'intersections of veins
or fissures, (3) intersections of dikes, of dikes and veins,
and perhaps proximity of dikes to veins, and (4) the
position of veins with regard to the axes of folds. Where
one of these factors has been favorable, are shoots have
formed. Where more than one has been in a fortuitous
combination, exceedingly rich masses of silver minerals are
encountered in the vein.

In this primary ore, the mineralogic relations are
of great interest. Finely crystalline calcite or platy
barite composes the greater part of the vein material. In
many places the two are admixed. Cavities are of usual
occurrence in the vein and vary in size from the common few
millimeters of diameter to those of a centimeter opening.
They are seen wi~~ a hand lense to contain crystalline coat-
ings of calcit~, of quartz and silver sulpha-salts.
Scattered throughout the gangue are small grains or more
rarely massive aggregates of the metallic minerals. Zinc-
blende may rarely be observed in d-isseminated grains. Arseno-
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pyrite in interlacing crystals, in solid aggregates, and in
hollow spheroidal forms is an ever present constituent.
Ruby silver, pearceite and polybasite lie in the gangue in
sharply outlined grains and masses, many of which are angular
in shape and a few of which are of feathery margin. The
gan~\e is in places banded with these grains; in places the
sulphides are evenly disseminated, and elsewhere clean gangue
is in serrated contact with massive sulphide.

Though such megasc~ic relations are of indefinite
interpretation, under the microscope a sequence of mineral
deposition is clearly to be observed. Calcite the first
mineral to be precipitated in the veins is replaced by holo-
hedral crystals of barite. Laths of barite penetrate coarse-
ly crystalline aggregates of calcite grains regardless of
contacts or structure. Where this replacerrent has reached
a more complete stage masses of interlacing barite crystals
are seen with residual calcite included. Quartz accompanied
the barite and in aggregates of coarsely grained interlocking
crystals occupies areas bet\'{eenlaths of this mineral. The
deposition of calcite and its replacement in this manner by

barite ani subordinate quantities of quartz comprised the
first stage of primary mineralization.

The next stage, succeeding the first probably by
an inappreoiable interval, consisted of the precipitation of
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sulphides. Zincblende filled certain cavities but more
often replaced calcite in irregular areas along crystal
boundaries. It was accompanied by ruby silver (proustite)
which occurs in the blende in small irregular blebs. Galena,
pyrite and chalcopyrite are rare components of the silver
veins; but where they have been observed in polished sections
they are seen to be intergrown with zincblende in an
irregular manner typical of contemporaneity.- . This stage of
the primary deposition,. though characterized by the pre-
c 11'1 tation of traces of proust! te, is on the whole a period
of the fonnation .of sulphides of the base metals.

Arse nopyrite in great quant ity was introduced into
the ve ins next in the success ion. It was prec ipitated in
cavities., usually but partly filling them. It replaced cal-
cite along c~Jstal contaots and along cleavage lines. Its
acicular crystals commonly penetrate zincblende and V'3 inlets
of arsenopyrite cut the latter mineral. Ruby silver again
was depos ited in snaIl amounts; and q'Jartz was preoipi tated.
This quartz is to be observed in microcrystalline masses re-
Placing calcite and barite in halos about the arsenopyrite.
It also is developed in holohedral crystals and ~ine
aggregates along t~e contacts of calcite ani barite and re-
places both of these min~rals. This stage, the third of the
sequence, is again a predominantly barren mineralization
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typified by the introduction first in great amounts into the
veins of iron and of arsenic.

Arsenical minerals continued to characterize the
early part of the fourth stage. Pearceite and proust! te
completed the filling of cavities partly occupied by arseno-
pyritl3. They are to be seen in many places in vugs lying in
t'heinteratices of acicular arsenopyrite crystals. TheJ' alao
are depositad upon calci ta in vugs and usually completely
fill the openings. Replacement of gangue, principally of
calcite, by these minerals occurred but was of subordinate
importance to their filling of open spaces. Late in the
fourth stag~,. antimony-bearing minerals appeared. Tetra-
hedrite,. often of the variety freibergite, is found replac-
ing calcite around the contacts of arsenopyrite crystals.
POlybasite replaced the margine of pearceite grains;
pyrargyrite affected similarly masses of proustite. Vugs
were alao filled by polybasite and pyrargyrite and small
blebs of pearoeite and proustite in the antimony minerals
testify to the fact that locally the arsenioal silver
compounds were ati,llstable. Replacement of calc! te by vein-
lets and areas of polybasite and pyrargyrite is a feature
Commonly observed. Thus this fourth and last stage of the
primary mineralization b9gan with predominant open filling
by arsenical silver compounds and closed with replacement by
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antimonial silver sulphides. From (1) the character of the
open fillings, (2) the former absence of antimonial minerals,
(3) the replacements of gangue, (4) the mineral associations
and (5) the absence of replacement of galena by ruby silver
of this stage, the period is bel! eved undoubtedly :primary

and is thus the last stage of the hypogene sequence
preeminent ly important in the formation of the Chanarcillo

veins.
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Procesa
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Faultin~

At a time subsequent to the primary mineralization
of the veins, but separated from it 'by an interval of in-
definable length, the rocks and veins of the district were
dislooated by faults. The early part of this period,
characterized by faults of appreciable displacement, is
re~reBented at Chanarcillo by one fault only. This. the
Loreto fault, strikes N.W. - S.E., dips to the southwest and

-is normal. The displacement upon it, downward on the south-
~estern side, is about of the magnitude of 50 meters. This
fault separates what have been called the northern and
southern areas of the district, in reality the northern and
southern blocks, and the displacement upon it is the cause
of the difference of mineralization of identical strata in
these two blocks. Later fau.lting has produced no important
displacements. The fault striking N. 55° W. in the north
of the district and cutting the Bolaco Viejo shaft throws
the Corrida and Manto de Ossa veins about 140 meters
horizontally; but t~e vertical displacement is slight. This
fault is distributive on at least four faults in the
Candelaria'claim. The San Francisco fault striking N. 75° W.
through the central part of the district produced a pre-
dominant lateral di~lacement of about 30 meters. The San
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BloB faults at the southern extremity of the area are of a
similar nature. They caused marked horizontal displacement;
but dislocated the strata but little vertically. During the
faulting period small faults were formed on dikes and on
veins. Veins were displaoed on dikes, and more rarely on
cross veins; dikes were opened to offer channels for downward
percolating solutions; and the veins were universally
fracture~ and reopened. After the first period of faulting,
tberefore, the rocks of the district were broken into two
blocks of about 50 meters differenoe in elevation; after the
second period the displacements though often great were un-
important; but the veins, dikes and rocks were shattered and
opened in a manner to have a marked influenoe upon succeed-
ing processes affeoting the veins.

Erosion

The period of faulting was followed by erosion.
The rocks of the district were slOWly worn down from a
horizon at least hundreds of meters above the present sur-
face to their outcrops of today. Former cycles or stages of
the physiography seem unimportant in connection with the veins.
For long periods in the past th~ climate appears to have
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been somewhat similar to that of today or to have been more
arid and in consequence of this inference, the present
processes of a superficial nature in t~e veins are believed
to have been operative in the past. ~~atever supergene con-
centrations of silver may have been formed during early
physiographic stages, arid or wet, have certainly been
modified and their minerals redistributed during the last
stage of.erosion.

Thus the discussion of the veins is concerned
merely with the present erosive period and its variations.
The t~ography of the district and its environs shows this
period clearly to have been sfmple. Deep canons and valleys
lead the drainage of Chaffarcillo southward to the broader
valley of the Quebrada de Pajonales. This couTse, proceed-
ing to the sea, is partly filled by alluvium. The topography,
therefore, is young in the highlands about Chanarcillo, is
more mature in the main vallej~, and in the latter localities
indicates a recent slight depression.

Such an interruption of erosion, however, has not
affected the mountains of the district. Here the youthfal
stage has persisted from its beginning. The deep cuts of
the canons have, as they proceeded downward, stimulated the
circulation of surface waters. Possible older concentrations
of silver in horizons now removed have be~n carried downward
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into the veins and precipitated anew. Erosion has not out-
stripped solution and de~osition as sulphides are never ex-
posed in the valleys, but the two processes have in an
orderly manner kept in pace and as the youthful topography
of the district was carved the present supergene concentration
of silver in the veins progressed.

:Enrichment

The primary ores are first found affected
appreciably by supergene or secondary processes at a depth
of 160 to 300 meters in the northern area and of 350 to 400
meters in the southern area. The zone of this first alter-
ation in depth of the hypogene ore, or the zone of enrich-
ment is at the north in the Negro limestone, at the south
in the Delirio limestone. It thus varies in thickness in
the north from 40 to 65 meters and in the south from 120 to
150 meters. It usually occurs in the second limestone
horizon below the surface and separating it from the zone
of unaltered, primary ore beneath, lie the Ahuesado tuff
and the Constancia tuff.

In t~e enriched zone ma~ of the structures and
minerals of the prinary zone remain. In the lo\ver part of



62
the zone supergene effects have often been weak and the
alteration has been slight. In the upper zone, however,
and near faults and fractures, the enrichment has obliterated
the primary Bulphide mineralization. Thus, though the under-
lying and overlying beds of tuff give unusually sharp
delimitation to the zone of enrichment, the zone, nevertheless,
is defined rather by the processes involved in the formation
of the ore than by the quanti tat ive resu! t of such processes.

The secondary deposition of silver is characterized
by the predominance of replacement. The prlrrary ore shoots
are pBeudomo~hed by those of the enriched bodies; their
shape, size and general relations as described above are un-
changed; but by the prec ipitation of minerals containirJg
greater percentages of silver than those of the "hypogene
deposition they have been appreciably increased in richness.
Pearceite, proustite, polybasite and pyrargyrite in the
relations typical of the primary veins have been replaced by
stephanite, argentite, minor amounts of a second generation
of pearceite and polybasite, and by much dyscrasite and
native silver. Replacement of gangue minerals has rarely
been noted in the ores developed during enrichment. The
enriched ores of Cha~~rcil10 thus are due prp.dominantly to
the replacement of the sulphides of early deposition by

Supergene sulphides and native silver.
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Under the reflecting microscope these relations

are clearly to be observed. In the first stages ,of enrioh-
ment ruby silver is replaced by argentite, stromeyrite,
stephanite and traces of polybasite and pearceite. The
typical arrangement of the supergene minerals is in con-
centri.cbands abou t cores of the unaltered ruby silver. In
this stage pyrargyrite is first affected by the secondary
replacements j proust ite is more res istant. Upon enrichment
becoming more intense, dyscrasite and minor amounts of
native silver and silver amalgam are introduced. The native
elements, including dyscrasite, develop in irregular dentritio
areas first in pyrargyrite, later in proustite, pearceite
and polybasite. As their deposition proceeds they replace
completely early sulphides and finally in the upper part of
the enriched zone penetrate the earlier sulphides of enrich-
ment, argentite, stephanite,'pearceite and polybasite in
feathery masses typical of replacement. The result of most
intense enrichment is veins of massive dyscrasite and native
silver. Rarely these two minerals are crystalline and have
been deposited in open spacesj in places they have evidently
in part replaced calcite and are found penetrating c~'stals
of calcite along the cleavage; but the great part of the
silver of these rich veins has replaced sulpnides of earlier
development. This last stage evidently involves a process of
oxidationj~but is distinctly a feature of the zone of enrichment.
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ENRICHIOOIT

Character First Stage Process

Stephanite
Sulphides of silver (Pearceite ) Replacement

(Sulphide enrioh- (Polybasit.e) o~ earlier
ment) Stromeyrite) sulphides

Argentite

Second Stage

Dyscrasite Replacement
native elements of all earlier

Native silver sulph ides & ( of
(Oxidation of gangue)

sulphides) Silver amalgam (Open filling)

The copper veins in this zone show similar process-
es to have been acting upon them. Chalcocite and more rarely
stromeyrite replace chalcopyrite, bornite and tetrahedrite
in the crossing ve inlets qui'te typical of secondary copper
depositionj but strangely absent from supergene structures
in the silver veins. No appreciable concentration of silver
has taken place, however, in tre copper veins in the enriched
zone.



65

The enrichment has been affected less than the
primary deposition by factors of environment. Enrichment,
however, has proceeded more rapidly in the vicinity of
faults, upon reopened veins and near fractures, porous dike
rocks. Intersections of veins, with the consequent openings
due to the post-primary movements, have offered excellent
channels for the circulation of supergene solutions. The
great part of enrichment i8, nevertheless, detenmined by the
primary ore shoots.

Oxidation

Above the enriched zone and separated from it by a
bed of tuff, the Ahuesado tuff in the southern block and the
Verde tuff in the northern, lies the zone of oxidation. This
zone is found in the limestone outcropping at the surface
or, where tuff is exposed, in the first limestone bed below.
Thus in the north the Descubridora limestone is the count!j'
rock of the oxidized veins and in the southern area the
Negro limestone is their usual horizon of deposition. The
zone of oxidation attains in the north a thickness of 190
meters while in the south where it is found beneath the
Verde tuff it is merely some 50 meters thick but extends to
a de~th below the surface of perhaps 100 meters.
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This zone is characterized by the deposition of
halides of silver and.of,oxides of iron. The latter minerals
permeate the walls.of the veins and lend their warm red
colors to the rock. The miners have thus called the oxidized
zone .the "panizo calido" or "warm zone". The ore shoots
here are quite different in size, shape and character from
those of the primary and enriched zones. The veins have been
appreciably widened and in places are observed of a width of
10 meters. The ore shoots have lost the elongated shape
paralleJ to the limestone bedding so typical of the sulphide
zones and are of irregular shape. They attain vertical
dimensions of 30 to 50 meters. and a horizontal extension of
aJmostcontinuous ore of 200 meters or more. Assays were
high in silver.and have been reported of the ricnness of
2 to 2.5 per cent silver. The stopes in this zone are,
therefore, wider, of greater vertical and horizontal extent
and were composed probably of higher grade ore than those
in the deeper productive levels.

The rich ore bodies, which have been extracted
from the stopes of the oxidized zone, have apparently been
concentrated, to judge from present available data, in
definite connection with certain geologic factors. They first
are confined, as the ores below, to limestone strata. Dikes
have, where ~hey cross the veins, evidently influenced
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deposition and caused the extension of ore. shoots to greater
depths than where. they are absent. This effect in some
cases is due to the interruption o~ circulating surface
waters; in others it is brought about by the fracturing of the
dikes and the surrounding rock •. Cross fractures of post-
primary age produce similar local enrichments, but perhaps
greatest in importance as an influence upon the precipitation
of silver in the oxidized ore shoots are the fractures of
latest age parallel to the veins and near their intersections.
Where these factors have proved fortuitous in their
connection with the earlier ore bodies, exceedingly rich
masses of chlorides, bromides and iodides of silver, and of
native silver have been formed.

Under the microscope the oxidized mineTals in
polished section show.a t~~ical and interesting sequence.
Areas of native silver and dyscrasite of the last stage of
enrichment are replaced at their contacts with gangue by
halides of silver. The halides, usually a greenish mineral '

,
t.containing silver, iodine, bromine and chlorine, and

identified as iodobromi te, develops irregularly at the
margins of the dyscrasite and penetrates the latter in
blunt rough-edged veinlete. Many areas of seemingly pure
iodobromi te and cerargyri te contain smoothly rounded blebs
of dyscraeite, minute specks or fine irregular lines of this
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mineral to prove their origin by its replacement.
68

Veinlets

,.

of native silver a~d of dyscrasite are interrupted by their
entire conversion throughout short lengths to iod'obromite.
'Phereargentite, nlby silver or other silver sulpnides have

" persisted unaltered to be exposed to the processes of oxidation,
they are to be frequently observed replaced in part by halides
of silver. Minute specks of ruby s i1ver are, in many places,
surrounded and indented by cerargyrite and iodobromite. Open
filling by the halides is not unusual and cerargyrite,
bromyrite and iodobrornite are to be found coating fractures
and filling vugs. Replacement, however, is the predominant
process of the depoe iti011of these minerals. Calci te has been
partially replaced along cleavage lines by the crnnmon rouge-
colored qxide of iron and these lines of rhombic -shape are

c:: often to be seen in areas of silver halides. Veinlets of
iodobromite also penetrate the twinning o-r calcite. From such

relations the replacement of calcite by silver halides 638ms

'.vell proven, and no doubt expla ins in part the great width

of the veins of the oxidized zone. In places, nevertheless,
calcite is unaltered 'and dyscrasite lying on cleavage planes
o:r.calc i te has been rep laced. Thus under certain cond it ion6

calcite has been replaced by halides of silver, under others
dJ'scrasite, native silver and earlier sulphides have been re-

Placed, and under all circumstances a subordinate amount of
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the fillil1frof spaces has been accomplished by silver
hal ides.

In the copper veins a different but probably

parallel sequence has been inferred. Areas of native copper,
no doubt derived from chalcocite of the complete enrichm~nt
of the primary are, are replaced at their contacts with
gan~le by bands of native silver. The silver is, in turn,
replaced at its immediate contact wi th the gangue by a
narrow coating of cuprite, crystals of which project into
the silver. The deposition of silver here seems of approxi-
mate contemporane ity wi th that of the halides of the silver
veins.

As a next stage of the processes affecting the
silver veins, the halides of the oxidized ores are replaced
by native silver and by argentite. Narrow rims, represented
in the polished section magnified 500 diameters by a mere
line, lie at the contact of calcite and iodobromite and
prove to be native silver. Feathery veinlets of native
silver commonly penetrate areas of halides. Argentite as a
coating of masses of iodobromite has also been observed. The
development of thes9 two minerals, however, closes the
sequence ot deposition in the Chanarcillo veins.
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OXIDATION

First Stage

Cerargyri te
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Process

Replacement of
Iodobromite

Halides of B ilver Bromyri te

Emboli te

Second Sta~e

all earlier
silver minerals
ani of calcite
Open filling

Local enrichment
due to reversal
of oxidation re-
act ions

Native silver

Argentite
Replacement
of halides



ANALYsmS OF vmIN AIm WALT.) ROCK (MO~STA)

,.vOXIDIZED zo~m, CHANARCILLO

I II

8i02 47.97 8i02 22.82

A1203 6.22 A1203 + Fe203 3.53
Fe203 3.90

MgO 16.71 MgO 11.46
CaO 9.65 CaO 29.?3
CO2 11.64 CO2 31.09
K 0 + Ha20 1.27 K20 + Na20 1.692
Ag01 1.55 C 0.93

98.91 101.25

I = Ore bearing altered rock of vein. (manto)
II = Unaltered wall rock.

The altered rock shows appreciable increase in
81°2• A1203J Fe203 and MgO (BaO~), losses of CaO and CO2,
and the addition of AgOl.

71



AUALYSES OF HALIDES OF SILVER OA:OESTA)

,...,
OXIDIZED ZONE, CHANARCILLO

72

I II III IV V VI VII
Ag 73.58 74~76 67.68 64.07 61.40 62.89 45.02

01 24.42 24.68 14.25 11.12 8.81 8.07

Br 18.04 23.07 26.85 27.35

I tr. 1.73 54.25

Hg 1.31 0.07 1.78 2.99 tr.

99.31 99 ~51 99.97 100.04 100.05 100.04 99.27

Subtractin~ H~ as 'chloride.

I II III IV V VI VII

Ag 74.73 74.82 67.68 65.42 63.65 62.89 45.02

C1 24.56 24.68 14.25 11.04 8.58 8.07

Br 18.04 23.57 27.83 27.35

I 1.73 54.25

99.29 99.50 99.97 100.03 100.06 100.04 99.27
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A1TALYSES OF HALIDRS OF SILVER (MOESTA)

Cerargyri toe (Dana)

Ag 75.3

01 24.7

I

100.0

I odyri te (Dana)

46.0

100.0

I and II therefore are cerargyrite.

VII is iodyrite.

The. ratios of 01, Br and I of the remaining

analyses, taking Ag = 1, are as follows:

Ag

C1

Br

I

III

1

0.6415

0.3599

1.0014

IV

1

0.5132

0.4864

0.9996

V

1

0.4101

0.5902

1.0003

VI

1

0.3904

0.58?1

0.0233

1.0008

These ratios indicate distinctly the existence of

isomorphism between cerargyrite, bromyrite and iodyrite and

as the complex halide compounds of silver are quite homo-

geneous,under the microscope at highest magnification such

isomorphism is believed well proven.



-THE MINERAL S~QUENCR OF THE CHANARCILLO VEINS
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SILVER VEINS

Primary
Calcite
(Siderite)
Bari te

(Q,uartz)

Pyrite
Zincblende (Proustite)

COPPER VEI:HS

Primary
Calcite
Siderite
Barite
(Quartz)

Pyrite
Zincblende

Chalcopyrite
Galena

Arsenopyri te
Quartz

Pearceite
Prousti te

1<:\', \ ' ,,'~" ;;-.. V :'~

,,'

"
"

"

Chalcopyri te
(Galena)

Arsenopyri te

Tetrahedrite



75

SILVER VEINS

Enric}1...m~nt

Stephanite
(pearce i te )

(Polybas i te)

(Stromeyrite)
Argentite

Dyscrasite
Native silver
Silver amalgam

Oxidation
Cerargyr i te

Iodobromite

Embolite

Bromyrite

:Uative silver

Argentite

COPPER VErNS

Enrichment

Chalcocite

(Stromeyrite)

Oxidation

Native copper

Native silver
Cuprite
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The Chemistry of the Vein Processes

The chemistry of the primary mineralization is to
be inferred only in its generalities. Solutions containing
carbonates of lime and iron were succeeded by those car~ring
sulphate of barium and a small amount of silica. Next base

c: ~!~jt L.

metal.sulphides, sulphide of arsenic and iron, quartz, sulph-
/",

arsenides of silver and sulphantimonides of silver and copper
were deposited in the order given from solutions of unknown
composition. That the later sequence was precipi tated from
hot alkaline sulphide solutions is doubtful. Complex
sulphides of silver are unstable in such .SOluti?ns,.(IX, p.

L; ;1\ t, ~ .:p. ,; -'-:~" L': t~:;.J~ ;:~

375). The earlier series, including arsenopyrite, undoubted-
ly was formed during the existence of intense conditions of
mineralization. The pressure was high and temperature
perhaps between 150°C. and 300°0. The sequence of silver
depoB ition appears probably to have had its origin under
lower pressure and temperature.

The supergene processes, however, admit of more pre-
cise interpretations. Temperature and pressure are undoubt-
edly those existent in the mines today. (p = atmospheric,
T = 200C~}. Exact chemical research has been conducted re-
garding.the reactions of silver oxidation and enrichment.
The chemical character of the active solutions may be in-
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ferred with Borne accuracy. The difficulties of this field
of chemistry certainly are not insuperable; and, though ma~

'problems must remain for future solution, the sequence of
the Chanarcillo veins offers excellent suggestions for their
attack.

The solutions formed during the oxidation of the
veins are determined principally in composition by the
barren sulphides. Pyrite, so important a mineral in this
connection in many silver veins, is by no means a common

(,0'; ~: ~':. ~';' ," !i\' 'r ., .• '

constituent of the Chanarcillo lodes. Arsenopyrite, however,
,~.> '1s prevalent and it is believed thi-s mineralj oxidizing may

supply the sulphuric acid and ferric sulphate inferred to
be essential in silver enrichment. The acids of arsenic
formed from arsenopyrite/"have been carried to end .,--
Mixed with sulphuric acid and ferric sulphate at the vein
outcrops are sodium chloride, iodide and bromide perhaps
wind-blown from the sea.

In the oxidized zone some of the ferric sulphate
is removed, partly by its replacement of calcite as iron
OXide, partly by hydrolysis due to the neutralization of
sulphuric acid by calcium carbonate. Some ferric sulphate
no doubt remains ,however, and this salt and the halides of
soda constitute the important components of the downward
moving solution. Native silver and argentite of the latest
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sequence under conditions as yet not elucidated are formed
from halides of silver in the upper oxidized zone. They are
soluble in ferric sulphate (X, p. 13) and add silver sulphate
to the solutions. If the solution contains appreciable
amounts of NaCl (more than 34.3 gm. per liter) (X, p. 19) the
silver may exist in part in the solution as silver chloride.
The great part of the halides of silver, however, are prob-
ably removed slowly from the oxidized zone as erosion
proceeds by conversion first into native silver and by
solution of this silver in ferric sulphate.

In the deeper oxidized zone solutions of ferric
sulphate ani sodium chloride encounter native silver and
dyacrasite persisting from the zone of enrichment. The
ferric sulphate dissolves silver; but probably as the
residual s ilver isplen tiful much will be reprec ipitated
immediately by l~aCl, NaBr, or NaI, and thus cause the conmlon
replacement of native silver or dyacrasite by halides of
silver. The equilibrium of halide and sulphate solutions of.
silver is, as yet obscure; but probably the solubility of
Agel will be little affected by ferric sulphate.

The halide radicals being fixed in this horizon,
silver sulphate derived from the solution of silver by ferric
sulphate is tl.ansported downward to the zone of enrichment.
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Some of this silver is precipitated upon the reduction of
ferric sulphate to ferrous sulphate (X, p. 26). Open fill-
ings of silver are undoubtedly due to this cause. Upon
solutions of high silver concentration calcite acts as a pre-
cipitating agent of native silver (IX, p. 372). Replacements
of calcite by silver are thus readily explicable in their
l'arity at Chaharci 110. Hydrogen sulphide and alkal ine
sulphides are of doubtful efficacy as precipitants of the
sulphides of the enriched zonej but metallic sulphides most
certainly are active in the deposition not only of argentite
and of more complex silver ffillphidesbut of native silver
from solutions of silver salts, probably sulphate. Such re-
actions are mentioned in discussions of the chemistl~ of
silver enrichment (IX, p. 38j X, p. 24); but the 'precise
nature of the replacements observed in the Chanarcillo veins
are not at present known. Their further elucidation offers
an attractive field of investigation for the future.
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The Economic Importance of Supergene Processes

The mining of the veins of Chanarcillo has been
greatly affected by the results of oxidation and enrichment.
The methods of extraction of are, the lack of mills for con-
centration of the valuable minerals and the long existent

difficulties of transportation to the metallurgical plants
of Pabe llon and Cop'iape' combined to limit mining to ore of

high grade only. Lack of the rich ore bodies of supergene
origin would, therefore, have impeded the development of the
district and would certainly have curtailed the remarkable
profits obtained from the working of the bonanza ore near the
surface.

But little of primary ore in the diatri~t has been
developed or extracted. In part this fact is due to the
flows of water encountered during deep exploration, in part

to the universally ack~owledged l~N grade of hypogene ores.
The statement, however, is well founded that under former
conditions of mining the deep, low grade veins of the
district can not, in general, be worked at a profit.

The contrast of these ore shoots to those in the
enriched zone is, however, marked. The latter, though in

many places narrow and of slight vertical extension~ were
mined often with great returns. Throughout the well mineral-
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ized veins of the district stapes are to be found in the

enriched zone. The availability of these ore shoots to
mining has been due to the replacement of the predominant
primary sulphides, pearceite, p~oustite and pyrargyrite by

argentite, dyscrasite and native silver. Though the are
shoots were unchanged by enrichment from th.eir original size

and shape, the silver content of- the ores has by the replace-
ments noted been increased from 25 to 80 per cent. Open
filling by secondary minerals has often caused further
additions to the values. Thus tenors of 2000 to 5000 granls

per metric ton (60 - 150 oz. per, ton) of primary veins have
become valuable commercial ore at perhaps 3500 to 8000 grams
per ton.
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SILVER CONTENT OF MIlmRAIJS (DA1TA)

Mineral Pe r c"3nt Art,

Pearceite 55.2 - 56.9
Prousti te 65.4
Polybasi te 75.6
Pyrargyri te 59.9

stromeyrite 50.2 - 52.7
Argenti te 87.1

Dyscrasite 72.9 - 84.3
Silver 100
Cerargyrite 75.3

Iodobromite 60.2
Embolite 63 - 65

Bromyri te 57.4
Iodyrite 46.0

The replacements in the oxidized zone, however,

were, where earlier silver minerals were affected,

impoverishments. Losses of 20 to 35 per cent of silver

content would have been caused if other factors had not

entered. Replacement of calcite by oxidized silver minerals,
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and appreciable filling of cavities by these minerals united
to not only widen the veins and increase the horizontal and
vertical continuity of the ore shoots but to raise the
tenor of the orea. Veins wer~ broadened from 1 meter to :3

and more rarely 10 to 20 meters. ~re shoots were consolidat-
ed into bodies extending tens of meters vertically and 100
to 200 meters horizontally. Ores were changed from a grade
of 3000 to 5000 grams per ton to contents measured in per
cents of silver. In this manner the oxidized zone became
the horizon of bonanza ore of Chanarcillo.

TJrn FUTURE OF UIl\)'ING IN THE DISTRICT

The exceedingly rich bodies of the superficial
portions of the veins and the known ore shoots of high
Rrade in the zone of enrichment have long been exhausted in
the Chanarcillo district. The probability of encountering
further ore of remarkable tenor by exploration is slight.
The Chilean miner is thorough and keen. Hia crooked drifts
and cross cuts follow every fracture or veinlet, and his
work once done can be but little improv~d with regard to the
finding of ore.
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Present development is confined to the search for
primary are in the deeper mines. The Deliria Mine is said
to have found ore containing 1500 to 2000 grams of silver
per ton upon the 600 meter level; but the lower levels of the
mine are now flooded and are inaccesail)le. The Bolaco Viejo
has at a much less dep~h (180 meters) encountered a small
hody of rich primary ore. Few of the mines, however, have
explored the deeper portions of their veins and the statement
may merely be made that ore ia known to occur in certain
mines at horizons unexplored systematically throughout the
district.

Some hope seems to be held in Chile that with deep
mining Chanarcil10 may return to her former richness. Upon
geological considerations, this hope is unfounded. Due to
economic causes, its realization will be at least long
delayed. The installation of costly pumping equipment, the
sinking of deep shafts, the high cost of mining at depths of
600 to 800 meters, and the difficulty of operating a
Concentrator in the district unite to discourage the attempt
at development of low grade ore of unknown extent. The
possibility, however, exists that, with consolidation of the
mining interests and with proper management conducting a
conservative system of exploration, bodies of ore may be dis-
covered which will prove a sound basis for mining enterprise.
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PRIUARY SUCCESSIOl-T



I

Iv

Pyrite (upper pebbled gray) deposited in
gangue (black) with later zincblende (dark gr~y)
coating cavities. Zincblende is replaced by
arsenopyrite (white, lower left centre) and the
cavities are later filled completely by ruby
silver, pyrargyrite and proustite (light gray).

Polished section (X 37)



Arsenopyrite (light gray) in crystals in
gangue (black) and replacing at margins zincblende
(dark gray). Native silver (white) adjoins arseno-
pyrite crystals and replaces an earlier silver
sulphide completely.

Polished section (XIOO)



/

Ruby silver filling cavities coated by arseno-
pyrite (white). Nuclei of arsenopyrite crystallization
are crystals of quartz (black).

Polished section (X 100)



/

Ruby silver (gray) filling interstices of
arsenopyrite (light gray). Black is gangue.

Polished section (X 3?)



Polished section (X 37)

Typical structure of arsenopyrite (light gray)
ruby silver (gray), native silver (white) and
gangue (black).

/,



"R}ffiICHMENT SUCCESSION



Residual cores of ruby silver (pyrargyrite)
(smooth white) surrounded by rough concentric bands
of argentite and stephanite. Etched by light.

Polished section (X 850)



Ruby silver, pyrargyrite (light areas) replaced
by concentric bands of stephanite and argentite.
~tched by KeN.

~olished section (X 850)



Dyscrasite replacing sulphides of silver (gray).
Polished section (X 37)



OXIDATION. SUCCESSION



Native copper replaced by silver. Silver
replaced by cuprite.

Polished section (X 246)



/

Native silver (white) replaced at margins by
iodobromite (gray). Calcite at lower left is re-
placed by halide in typical concentric structures.

Polished section (X 246)



/

Veinleta of native silver and dyacrasite (white)
interrupted by replacement by halides of silver.

Polished section (X 480)



Dyscrasite (white) replaced by
halide of silver (pebbly gray).

Polished section (X 246)



/

Iodobromite replacing calcite along
twinning lamellae.

Polieh~1 section (X 246)



Iodobramite replacing calcite. (Dark Gray).
Note preservation of calcite structure by halide.

Polished section (X 480)



Iodobromite replacing calcite and leaving
native silver unaffected. Note remnants of calcite
cleavage preserved in the halide of silver.

Polished section (X 480)



/
7

Calcite (black) replaced by iodobromite con-
taining specks of dyscrasite (white).

Polished section (X 850)



/

/
..,...-------------

Re3idual rounded areas of dyscrasite in
silver halide (iodobromite).

Polished section (X 480)



/

/.,

Iodobromite replaced by thin marginal line
of argentite.

Polished section (X 480)
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~
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7

Native silver replacing silver halide (iodobromite).

Polished section (X 1000)



/

Native silver replacing silver halide
(iodobromi te) •

Polished section (X 1110)
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PLATE I.

,....
GEOLOGIC MAP OF THE CHANARCILLO DISTRICT

CHILE.

Scale 1:3125
Contour Interval 10 meters

Red areas
Blue "

Orange "
Green tt

Los Carras Intrusive.
Descubridora limestone.
Verde tuff.
Negro limestone.

Brown lines Contours (interval 10 meters).
Black lines(light) Boundaries of claims.
Black
Circles

" (heaVJr) Sections.
lvrine sl1afts.

Vermilion lines Faults.
Orange

Yellow
Red
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Veins.
Unproductive (copper) veins.
Dikes.



Black (dotted) It

Blue areas
Orange "
Green (dark) "
Brown "
Green (ligh t) "
Yellow "
Blue (pale) "
Pink tf

Vermilion linea
Orange "
Yellow "
Red "

Black (fu 11) "

PLA'rR II

SECTION ON AB

CHANARCILLO, CHILE.

Scale 1: 3125

Descubridora limestone.
Verde tuff.

Negro limestone.
Ahuesado tuff.
Deliria limestone.
Constancia tuff.
Azul limestone.

Segundo tuff.

Faults.

Veins.
Ve~n5 (unproductive).
Dikes.

Mine shafts near section.
Mine shafts on section.



PLATE III

SEC TI ON 01-T CD

,...,.
CHAlJARCILLO, CHILE.

Scale 1: 3125

See Plate II.



PLATE IV

SECTION on Elf

,...CHANARCILLO, CHILR.

Scale 1:3125

LEGEND

See Plate II.



PLATE V

PROJECrrION OF THE WORKIUGS

of

CONSTAncIA IJINE

CF~ffARCILL0, CHIL~ •.

Scale 1: 500

LEGRND

See Plate II
White areas represent portions of the vein removed

during mining.



PLATE VI

MAP OF SOUTH AMERICA

Scale 1:80,000,000

MAP OF CHIL~

Scale 1:20,000,000

Area of Plate VII shown in red.
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PLAT"ro VIr

I
GEOLOGIC MAP OF TIm COPIAPO AREA.

Scale 1:500,000

T..IEGE1ID

by the author.

Map based on Chilean Government Surveys,
sections of Lorenzo Sundt and personal observations

Brown areas
Green It

Blue ..
Red ..
Black full lines
Black dashed tt

Blue full It

Elue dotted "

Copiap6 undifferentiated igneous rocks.
Tierra Amarilla Formation.
Chanarcil10 Formation.
Chanarci110 District (area of Plate I).
Railroads.
Axes of folds.
Rivers.
Dry river courses.
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of
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The Andes from the Cordillera Domeyko
Province of Antofagasta.



The Cordillera Domeyko
Antofagasta.



/..

Typical desert view.
Antofagasta.



/

Rough desert topography
Antofagasta.



Desert Topography
Antofagasta.



ILLUSTRATIONS

.of the

CHANARCILLO DISTRICT

CHILE.



,

The t~wn of Juan Godoy and hills
west of the district.

View west from Carros de LOB Carros,
Chaffarcillo.



Low hills of Bocano and San Jose Mines.
Santa Rosa buildings at right.

Ruins of old town at left.
View east from Cerro de Los Carras,

Chanarcillo.



~
.~
I
I
I

Constancia Mine (left), Quebrada de Pajonales
and mountains south of the district.
View S.~. from Cerro de Los Carras,

Chanarcill0.



Deep valley in Deacubridora Limestone
leading to the Quebrada de Pajonales.

View S.E. from Dolores Primera,
Chaffarc illo.



Tyyical outcrop of Descubridora limestone.
Bolaco Viejo dump at centre.

View S.~. from Jueves property,
Chanarc1l1o.



Outcrop of Descubridora limestone.
Bolaco V'iejo surface stope.

Chanarcillo.
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